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Table 6.2 - Basic information on the development and use of common sediment transport functions 

m 
I 

W 

Function 
Name 

Ackers/ White 

Colby 

Duboys 

Engelund/ 
Hansen 

Lawsen 

Type 

Total Load 

Total Load 

Bed Load 

Total Load 

Total Load 

Depth 
Range 

- 

0.1 - 10 ft 

- 

- 

p 
loads. The function was calibrated for coarse sands 

and gravels. I t  is recommended for rivers when the 
bed material is coarser than 5 mm. 

It is a bed load formula which should not be 
applied to sand bed streams which carry 

considerable bed sediments in suspension. 
The sediments used in the experiments were coarse 

and the shear velocities were low. Almost all the 
sediments moved were bed load. 

The bed load portion may be calculated using any 
bed load function; for example, Schoklitsch, or 

Meyer-Peter and Muller. The function should not 
be used for lightweight and coarser materials. It is 

adaptable for large sand bed rivers and for 
materials with specific gravity of 2.65. 

The function is effective for sediments with specific 
gravity of 2.65. Yang's sand formula is adaptable 

for sand bed laboratory flumes and natural rivers - 
wash load excluded. Yang's gravel formula is 
adaptable for gravel transportation when bed 

material is'between 2 and 10 mrn. 

Sediment 
Size Range 

(rnrn) 

0.04 - 2.5 

0.10 - 0.8 

0.01 - 4.0 
Sizes in 
excess of 
0.15 mm 

0.01- 4.08 

Meyer-Peter/ 
Muller 

Schoklitsch 

Shields 

Toffaleti 

Yang's 
Streampower 

Function 

Developed 
from 

Flume 
Data 

Flume & 
Stream 
Data 
Small 

Flumes 
Large 
Flume 
Data 

Flume 
Data 
P 

Bed Load 

Bed Load 

Bed Load 

Total Load 

Total Load 

Cornnrents 

Provides good description.of movement for 
lightweight sediments in laboratory flumes and 

natural rivers. 
Temperature at 60 OF. The function is 

recommended for sand rivers with depth less than 
10 feet. Effective at velocity range of 1 to 10 fps. 

The formula is not applicable for sand bed streams 
that carry suspended load. 

Appears to satisfactorily predict sediment discharge 
in sand bed rivers. 

Intended to be applied only to natural sediments 
with specific gravity of 2.65. It is adaptable for 
shallow rivers with fine sand and coarse silt. 

0.40-30.0 

0.30 - 5.0 

1.7 - 2.50 

0.062 @ 

0.015 - 1.71 

1 to 1.20 m 

- 

- 

- 

- 

Flume 
Data 

Small 
Flu me 
Data 

Flume 
Data 

Stream 
Data 

Stream 
Data 



Memorandum for Record. 

Subject: Features in HECdT 
Date: September 17, 1999 

There are many features in HEC-6T that are not in the Library Version of HEC-6. A few of the 
more significant ones are: 

the capability to calculate flow around islands and balance the discharge on each side 
(SEE CL-Record); 

the capability to separate the width of the Erosion Zone from the width of the Deposition 
Zone in the Cross Section (See HE-Record); 

the capability for plotting with MBH - PLOT (SEE $PLOTP-Records) 

the capability for shifting records back and forth fkom active data to comment records in 
the input data file and for grouping data into sets by inserting blank lines; 

the capability for prescribing local outflows as a % of the approaching main stem 
discharge (SEE QP-Records): 

the capability for bringing local outflows back into the model at some other entry point in 
the Network (SEE QL-Record); 

the capability for writing the end of model geometrical, sedimentary and hydrological 
data on TAPE12 (SEE Tapel2); 

the capability for varying n-Values with depth in addition to discharge and elevation 
(SEE ND-Records); 

the capability for calculating bed roughness with the Brownlie or Limerinos bed 
roughness equations or with Jarrett's n-value equation (SEE NK-Records) 

the capability for separating the channel into bed and bank subsections for assigning 
roughness (SEE XB-Records); 

21 sediment transport functions (SEE 14-Record); 

the capability for including subsidence (SEE $SUBSID-Record) 

a C:\a_mbhl\V5 13\betatest\feature~.wpd 
September 17, 1999 Page 1 of 1 





SELECTION OF SEDIMENT 
TRANSPORT FELATIONS 

David T. Williams 

WEST Consultants, Inc. 

INTRODUCTION 

Need 

Presently, there are numerous sediment transport relations developed under 
various river and flume conditions. In fact, Alonso (1980) identified 14 bedload 
formulas and 17 total bed material load formulas that have been used to some extent. 
There are many more that have not attained prominence and more formulas will 
continue to be developed. The sediment modeler is then confronted with which of 
these sediment transport relations is the best for the river under investigation. 

Selection of an appropriate sediment transport relation is very important in 
modeling of a river's response to existing and project conditions. Ideally, one would 
measure the sediment transport of a river for a wide range of flow conditions and 
compare the results with computed values usingvarious sediment -rt relations. 
The relation that best fits the data for the full range is then selected. Two problems 
come into mind, however. Often there is not sufficient data, either in time andlor in 
space, to fully evaluate the effectiveness of a transport relation. Another problem is 
that we are often required to simulate future conditions involving significant changes 
in the flow and sediment conditions. For instance, a future upstream impoundment 
may completely change the flow range and the amount of sediment entering the reach 
of concern. A channel shortening could completely chmge the bed material, slope, 
and channel geometry. Cali'bration of a sediment relation for existing conditions may 
not be valid if the described h t u r e  conditions are anticipated. 

In order to properly determine the appropriate sediment transport relation for 
any given river condition, a physically and process based selection method is required. 
This presentation shows some commonly used qualitative selection procedures and 
references a paper by this writer regarding an attempt a t  a quantitative procedure. 



SEDIMENT !IXANSPORT REUTION 
SELECTION PROCESS 

Selection Process 

Sediment transport rates depend on such variables as particlc size and 
gradation, stream dimensions and configuration, amount of washload, bedfom, 
turbulent intensie-, and bed armoring. The mawscale variables such as differing 
hydrology, geology, and climate also affect the transport rate. Because of the large 
range and number of influencing variables, it is not possible to select a sediment 
transport relation that satisfactorily encompasses all the stream conditions that the 
sediment engineer would encounter. However, a stream may be analyzed using 
certain transport functions if the selection of these functions is performed under a 
systematic selection procedure and their limitations are fully understood. 

Qualitative Selection Procedure 

The following selection procedure is suggested by Shen (1971). 

If field data is available: 
i 

I. Use the Modified Einstein Method (Colby and Hembree, 1955) to estimate the 
a 

measured suspended load and bedload based on measured data. There is a 
question of whether Einstein's intensity of bedload transport should be 
arbitrarily divided by a Eador of two. 

2. Separate bed material load from the washload and analyze them separately. 

3. Decide which available sediment transport equation best agrees with the 
measured data and use it to estimate the sediment transport rate for the 
design flow, where actual measurement is not available. 

If no measured data are available: 

1. Use Einstein's (1950) procedure if bedload is a significant portion of the total 
bed material load. Otherwise see 4 below. 

2. Use Colby's (1964) method for rivers with flow depths less than or about 10 
feet: also see 4 below. 

3. Use Toffaleti's (1968) method for large rivers. a 



a 4. Use Shen and Hung (1971) method for flume data and small rivers. 

Yang (1986) makes these further suggestions for no measured data: 

I. Use Meyer-Peter and Miiller's (1948) formula when the bed material is coarser 
than 5mm. 

2. Use Yang's (1973) sand formula for sand bed laboratory flumes and natural 
rivers with washload excluded. Use Yang's (1984) gravel formula for gravel 
transportation when the bed material is between 2 and lorn.. 

3. Use Ackers and White (1973) or Engelund and Hansen's (1967) equation for 
subcritical flow in the lower flow regime. 

4. Use Laursen's (1958) formula for laboratory flumes and shallow rivers with 
fine sand or coarse silt. 

5. A regime or regression equation can be applied to a river only if the flow and 
sediment conditions are similar to that from which the equation was derived. 

The above procedures and recommendations are useful but no guidance is given 
( on what criteria must be satisfied to decide which tramport equation best agrees with 

the data. Also, the range of conditions to be analyzed is often larger than the range 
of data used to develop the transport equation. This does not necessarily preclude 
the use of the relation but no guidance is given to evaluate the confidence one should 
have in these transport functions if applied beyond their data range and there is no 
field data for veri£ication. 

Quantitative Selection Procedure 

Because of the lack of a systematic procedure to quantifv the applicability of 
a sediment transport relation's ability to emulate a river situation, Williams (1986) 
proposed a procedure to give relative weightings to sediment transport relations as 
they apply to a given river system. An abbreviated version of the paper is enclosed. 
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ON THE SELECTION OF SEDIMENT TRANSPORT EQUATIONS 

David T. williams1, M-ASCE, and Pierre Y. ~ul ien ' ,  M-ASCE 

ABSTRACT. 

Existing sediment transport relationships have been calibrated 
under a cer ta in  range of experimental conditions which can be described by 
t h e  dimensionl~?ss grain size, t he  mobility number, and the  dimensionless 
flow depth. For given s t ream flow conditions an index describing the  
number of parameters  within t h e  range of experiinental values is defined. 
The  applicability of four sediment transport equations for sand-bed 
channels under limited flow conditions (Slope = 0.0005 f t / f t  and n= 0.02)can 
b e  assessed from the  value O F  this index. Higher applicability is found at 
flow depths less than 2 ft .  I-ow applicability is observed either a t  flow 
depths  larger than 10 f t  or for sediment sizes smaller than 0.125 mm. 

METHODOLOGY 

In t he  analysis of t he  alluvial river response to natural and 
man-induced changes, engineers and modelers a r e  of ten confronted with 
t h e  selection of an appropriate sediment transport equation. The 
complexity of t he  selection process has been recognized by most 
investigators and existing guidelines include those of Shen (1971) and Yang 
(1 986). 

Existing sedimcnt transport relationships a r e  based upon 
calibration against flume and river data. I t  is believed tha t  an analysis 
highlighting t h e  range of applicability and the inherent limitations of 
sed iment  transport  relationships should be conducive to an implementation 
of existing guidelines. The interesting results of a preliminary 
investigation limited in scope to four sediment transport equations applied 
t o  hypothetical flow conditions a r e  presented. 

1 
Research Hydraulics Engineer, Hydraulics Laboratory, USAE 
Waterways Experiment Station, Vicksburg, MS. 

2 
Asst. Prof., Department of Civil Engineering, Colorado S t a t e  
University, Fort  Collins, Colorado 80523. 



In spite of the complexity of sediment transport due to the large 
number of variables involved, the dominant processes can be described with 
fewer dimensionless parameters. Among the key dimensionless parameters 
selected in this analysis, the relative roughness (or submergence) 2, the  
mobility number F and the dimensionless grain sizes d defined below 

ar gr 
a re  common to sevgral transport equations. 

- 

The parameter d indicates the ratio of gravity to viscous forces 
9r 

applied on sediment particles and involves the following variables: the  
sediment size d, the gravitational acceleration g, the specific gravity of 
sediments G and the kinematic viscosity u. The parameter F is 

9r 
equivalent to  the Shields number; and depends on the shear velocity U,. 
The relative submergence 2, describes resistance t o  flow and varies with 
flow depth D. 

The four sediment transport equations selected are those of Ackers 
and White (1973), Shen and Hung (1971), Toffaleti (1968) and Yang (1973). 
The range of applicability for each of the three dimensionless parameters 
for these equations is shown in Table 1. Note that these values were 
obtained using the combinations of variables that  maximized or minimized 
the parameters. 

Table 1 - Range of the Parameters d F and Z 
g r  9r 

Equation d 
9r 

Ackers- White 

Shen-Hung 

Tof faleti 

Y ang 

Williams et al. 



Under given field conditions, t h e  t h r e e  parameters, d F and Z c a n  
9r' 9 r  

b e  calcula ted from Eqs. 1, 2 and 3 and compared with t h e  ranges  presented 
in Table I. An applicability index is  defined as  t h e  sum of t h e  number of 
p a r a m e t e r s  within t h e  range of values in Table 1 (High = 3 parameters;  
Medium = 2 o r  1 parameter;  Low = 0 parameter). Of course, bes t  results  
are expec ted  for  high values of t h e  index because t h e  field conditions are 
within .the flow conditions used fo r  calibration of t h e  sediment  transport  
equation. Low values of the  index indicate t h a t  the sediment  t ranspor t  
ca lcula t ions  involve extrapolation beyond t h e  range of applicability of t h e  
sed iment  t r anspor t  equation, which may _yield.either7_accurate o r  incorrect  
results. 

t-iypothetical flow conditions have been selected t o  test t h e  usefulness 
of t h e  applicability index t o  sand bed channels. Steady uniform flow in 
wide channels was  considered with keeping t h e  slope cons tan t  a t  0.0005 
f t / f t ,  Manning's n = 0.02, water  t empera tu re  a t  70°F, and specif ic  gravity 
of t h e  sediments  G = 2.65. Sediment transport  capaci ty  was  calculated fo r  
f low depth  ranging f rom 0.5 t o  20 f e e t  assuming uniform sand bed with 
sed iment  size ranging from 0.0625 t o  2mm. In spi te  of these  flow 
limitations,  t h e  variabilities of t h e  th ree  parameters are:  

I RESULTS I 
The  resu l t s  o f  th is  analysis are shown in t e r m s  of applicability tables  

showing t h e  values of t h e  applicability index in a matrix of sediment size 
a n d  flow depth.  As a n  example, t h e  applicability table  for e a c h  of t h e  four 
sed iment  t r anspor t  equations are shown in Table 2. The resul ts  obtained 
f r o m  th i s  analysis of limited flow conditions a r e  ra the r  instructive: (1) 
Mos t  equat ions  have a relatively high applicability a t  flow dep th  less than 2 
f t ;  (2) None of these  equations shows high applicability f o r  sediment  sizes 
l e s s  than  0.125 rnm; and (3) t h e  applicability index fo r  t h e s e  equations a t  
flow depths  larger  than 10 f t  are in general  relatively low. 

Additional informai.iori on t h e  corriparison of sediment  t ranspor t  
capac i ty  of these four equations has been compiled by Williams (1986). 
Extension of th is  investigation t o  a wide range of slope and roughness 
values  has  been undertaken. 

ACKNOWLEDGMENT I 
i 
I 

This study has  been carried ou t  a s  p a r t  of t h e  f i r s t  writer 's  studies a t  
Colorado S t a t e  University. The findings and opinions of t h e  wr i t e r s  do n o t  
necessari ly r e f l e c t  those of t h e  Corps of Engincers. Permission t o  publish 
t h i s  paper w a s  granted by the Chief of Engineers. 

Williams et al. 



Table 2. 
Applicability tables of four sediment transport equations 

(at slope = 0.0005 fWft ,  n = 0.02) 

Method Sediment Size 
(mm) 

Depth, Feet 

0.0625 L L L L L 
Ackers 0.125 M M L L L 
and 0.25 I4 H H M L 
W h i t e  . 0.5, L H M L L 

1 .o L H M L L 
2.0 L M M M L 

- 

Shen 0.0625 M M M M M 
and 0.125 M M M M M 
Hung 0.25 H H M M L 

0.5 H H H M L 
1 .o H H M L L 
2.0 H H M L L 

0.0625 M M M M M 
0.125 H H H I4 H 
0.25 H I4 H I4 M 

Tof f aleti 0.5 H H M M L 
1 .o M M M L L 
2.0 M M L L L 

. . 
0.0625 L L L L L 
0.125 H M M M M 

Y ang 0.25 I -I M M M L 
0.5 H t i  M L L 
1 .O I i  H M L L 
2.0 H M M M L 

4 Williams et al. 
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Pumose 

El Paso Natural Gas Coinpany (EPNG) is proposing to relocate its Line 2039 pipeline which crosses 
the Salt River approximately 0.6 miles upstream of 51" Avenue in Phoenix, Arizona. The new 
a l ikment  would be buried beneath the river at 4Yd Avenue, which is approximately 1 mile upstream 
of 5 1" Avenue. The purpose of this study was to estimate 100-year flood scour depths due to general 
and local scour in the river and the possible lateral extent of the scour. This information was used 
to recommend pipe burial depths and lateral burial limits. 

Scope 

WEST Consultants conducted a detailed scour analysis of the pipeline crossing and the results are 
documented in this report. This general scour analysis was performed using the HEC-6T computer 
model developed by Mr. William A. (Tony) Thomas. HEC-6T is an enhanced version of the 
sediment transport computer program, HEC-6, "Scour and Deposition in Rivers and Reservoirs". 

The U.S. Army Corps of Engineers, Hydrologic Engineering Centers', "River Analysis System" 
computer model, HEC-RAS, was used to determine the hydraulics for local scour calculations. 
~ o c a l  scour (thalweg formation) calculations were performed using analytical methods.   he channel 
migration patterns fiom aerial photos were analyzed to estimate probable lateral movement of the 
river near the proposed pipeline alignment. 

PROJECT DESCRIPTION 

General 

The proposed pipeline burial site, shown in Figure 1 (see Appendix A), is located on the Salt River 
approximately 1 mile upstream of 51aAvenue. Flow regulation occurs as aresult ofRoosevelt Dam, 
Horse Mesa, Mormon Flat, Stewart, Maxwell, and Granite Reef Dams on the Salt River; and 
Horseshoe and Bartlett Dams on the Verde River, a major tributary to the Salt River. The majority 
of these dams are part of the Salt River Project (SRP) and are used primarily for imgation purposes. 
The raising of Roosevelt Dam has been completed and the 100-year flood hydrology used in this 
study has been developed based upon this new condition. 

The drainage area upstream of the site varies from arid to semi-arid. A majority of rainfall-runoff 
is stored in upstream reservoirs for release during irrigation season. Subsequently, the downstream 

a arid regions contribute insignificant streamflow to the system for a majority of the year. Completely 
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dry riverbeds are common occurrences in the lower Salt River from April through December. 
Thunderstorms and flash floods are also common in the summer months but due to the localized 
nature of such storms and reservoir regulation, they do not cause large flows to occur on the Salt 

a 
River. The largest floods are most likely to occur from mid-December through March and are the 
result ofregional storm events. 

Backmound Information and Field Reconnaissance 

WEST Consultants conducted a background information survey in order to obtain any pertinent 
information concerning the hydraulics, hydrology, and sedimentation issues forthe site. An existing 
HEC-6T sediment transport model of the Salt River, which was developed by WEST in a recent 
study done for Kimley-Horn and Associates (Phoenix office), was obtained and used for this project. 
Verbal approval to use the HEC-2 cross section geometry originally developed by Michael Baker, 
Jr. Engineers was provided by Ms. Julie Lemmon of the Flood Control District ofMaricopa County. 
Sediment gradations were provided by Kirnley-Horn and Associates. Additional information was 
provided by the U.S. Army Corps of Engineers, Los Angeles District (Corps), and the U. S. 
Geological Survey. 

HYDROLOGY 

The Corps routed historical flows through the modified Roosevelt Dam, resulting in 32 6-hour 
hydrographs between the years 1888 and 1993. The largest historical hydropph, which occurred 
in 189 1, was routed downstream to a concentration 'point (CP-113) just upstream from the 
confluence with the Gila River. The peak discharge at this concentration point was 17 1,77 1 cfs. The 
historical peak discharge of 171,771 cfs is within 6% of the revised Roosevelt Dam 100- year 
discharge of 162,000 cfs at CP-113. Therefore, the historical flow hydrograph provided by the Corps 
containing the historical peak for the 105-year period was used in this study. The rising and falling 
limbs of the h y d r o ~ a p h  provided by the Corps was truncated, therefore, the missing portions were 
visually estimated (resulting hydrograph is in Appendix A, Fiewe 2). 

HYDRAULIC ANALYSIS 

HEC-RAS Model 

An HEC-2 model, which was also used to develop the HEC-6T model, was converted to HEC-RAS 
for the hydraulic analysis. The model limits are from 0.5 miles downstream of l07Ih avenue (cross- 
section 199.82) at the downstream end to 0.4 miles upstream of 7" Street (cross-section 214.14) at 
the uDstream end. This model was executed for a peak discharge of 171,771 cfs to determine the 
hydraulic parameters needed to calculate the local scour component ofthe total scour at the pipeline 
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a crossing (approximately cross-section 208.48). 

SEDIi iNT TRANSPORT MODELING 

- 

Pumose of Sediment Trans~ort Modelino, 
* -  . 

There are essentially bvo kinds of scour - general (degradation) and local. General scour is 
associated with general streambed lowering over a si,onificant stream reach len-&. This occurs 
under conditions such as depletion of upstream sediment sources (e.g., scour downstream of 
reservoirs), changes in stream gradient, and the nature of the stream size and shape in the general 
area. Local scour is associated with streambed erosion at specific locations across and, to some 
extent, along the stream. Examples of local scour include the deepening incision of the low flow 
channel at constrictions between bridge abutments, flow concentrations at severe stream bends, and 
impinging flows at stream confluences. 

Traditional computation of scour depth addresses only the local scour component of the total scour 
and does not include the general lowering of the streambed during the design event and/or long term 
general scour trends. A more comprehensive approach is to determine the general scour of the 
streambed using the design hydrograph and add the local scour component to the general scour to 
obtain the total scour depth. The concept of local and general scour is illustrated in Figure 3 of 
Appendix A. The calculation of the general scour portion of the total scour requires information on 
the geometry of the stream upstream and downstream of the pipeline crossing, hydraulic parameters 
(depth ,velocity, width, etc.) of each discharge se-gnent of the design hydrogaph, the sediment 
gradation of the bed surface, volume and composition of the sediment entering the reach for each 
discharge, and the flow and duration of each portion of the design hydrograph. 

This type of analysis requires the use of a numerical sediment transport model. The sediment 
transport model, HEC-6T, "Sedimentation in StrearnNetworks," version 5.04.01, February 24,1998 
(developed by William A. Thomas of Mobile Boundary Hydraulics) was selected to model the 
general scour of the stream crossing. 

Description of HEC-6T Model 

HEC-6T is a one-dimensional, movable boundary, open channel flow model designed to simulate 
streambed profile changes over fairly long time periods. In general terms, the model frrst calculates 
the hydraulics of each discharge increment in a hydrograph to determine hydraulic parameters such 
as flow depth, water velocity, and effective flow width for each cross section. It then computes the 
sediment transport potential at each cross section using the hydraulics of the main channel. 
Sediment contribution at the upstream end of the reach being modeled is simulated by the use of a 

8 
sediment vs. discharge relation and is specified by the user. This load is compared to the sediment 
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transport potential of the cross section. If the inflowing load is larger than its transport potential, the 
difference is deposited in the cross section. If the inflowing load is less than the transport potential, 
it is picked up (scoured) from the bed, taking into account the availability of material in the bed (e.g., 
bedrock, annoring, etc.). The sediment load leaving the cross section then becomes the inflowing 
load to the next downstream cross section. This continues until the most downstream cross section 
is simulated. For the next discharge in the hydrograph, the hydraulics are again computed using the 
new cross sectional geometry formed by the previous discharge. The cycle is repeated until the 
entire hyhograph is simulated. 

The creation of HEC-6T input files for each river segment at the pipeline crossing site requires the 
development of channel geometry fiom field surveys, hydraulic analysis for the water discharges 
being simulated, the input of representative streambed material size distributions, the creation of an 
inflowing sediment rating curve,-and development of a design hydrograph. The procedures used in 
developing the HEC-6T inputs are described in the following sections. 

Develo~rnent of Geometrv and Hvdraulics 

The geometry fiom the HEC-2 input file was converted to an HEC-6T "fuied bed" file in a previous 
study done for Kimley-Horn and Associates. Stream bank stations were determined by examining 
the cross section plots, initial executions of the HEC-2 model, and field notes and pictures fiom the 
field reconnaissance. Estimates of Manning n values were made by WEST personnel during the 
field investigations conducted on the previous study for Kimley-Horn and Associates. The bank 
stations and Manning n values were not the same as in the original HEC-2 model because of the 
greater level of detail of this study. It must be understood that flood studies such as those performed 
by the Corps of Engineers and private consultants tend to estimate hi& hydraulic parameters, such 
as Manning n values and channel limits, so that the water surface elevations are maximized. In a 
sediment study, using these results could underestimate the scour potential because the high flow 
depths would underestimate the actual water velocity, an important parameter in sediment transport 
analysis. The HEC-6T model was executed for a full range of flows up to the historic peak 
discharge. The variations behveen the HEC-2 and the fixed bed HEC-6T runs were less than 10% 
of the flow depth for all discharges and at all cross sections. These differences can be zittributed to 

. adjustments of the "n" values and bank locations. 

Streambed Gradation 

All sediment gradations were provided by Kimley-Horn and Associates. Gradations were provided 
for twenty two ofthe thirty one cross-sections used in this model. At cross sections that did not have 
samples taken, the upstream and downstream cross section gradations were linearly interpolated to 
produce a representative gradation. This interpolation is performed automatically in HEC-6T. 



@ Limits of Erodible Bed 

From the field reconnaissance and plots of the cross sections, the lateral limits of scour were 
determined and input to the HEC-6T model. The model assumes that erosion is uniform between 
these limits but deposition can occur outside these limits but only within the wetted portions of the 
channel. In general, the limits of scour are tvithin what is termed the "active bed" and is often 
located just within the main channel limits. Representative cross section plots are included in 
Appendix B. 

Inflowino Sediment Load 

No information was available on the sediment entering the stream crossings from upstream sources. 
To develop a sediment load curve (the relation between water discharge and sediment discharge) by 
grain size, it was assumed that the upstream cross sections were in quasi-equilibrium. This means 
that the sediment gradation of the streambed determines the sediment loads passing the cross 
sections and the amount of sediment entering the reach is generally equal to the amount of sediment 
exiting the reach. For a range of flows, the inflowing sediment for the HEC-6T model was assumed 
and the amount of sediment passing the upstream cross sections was noted. The sediment load 
passing these cross sections was then used as the inflowing sediment load. This iterative process 
was continued until the inflowing sediment load was consistent with the sediment load passing the 
upstream cross sections and no significant scour or deposition occurred in these cross sections 
(consistent with the equilibrium assumption). The inflowing sediment loads from the last iteration 
were used for later analysis. 

Conservative Assurn~tions for Inflowing Sediment Load 

Overestimating the sediment load entering the reach would result in underestimating the scour (if 
any) immediately dotvnstream of the sediment model. Conversely, underestimating the sediment 
load entering would overestimate the scour. In order to be conservative (maximize the scour), the 
previously described calibrated sediment inflowi~lg load was reduced by 50% and used in the model. 
This reduction also considers the potential for sediment trapping in the upstream reservoirs as well 
as any gravel mining operations upstream of the pipeline crossing. 

Calibration and Confirmation of the HEC-6T Model 

No historic geometry changes were available at the pipeline crossing. Normally, information (e.g., 
bed elevation change;gradation change) from a period of record is used to calibrate a model and 
information from a different period of record is used to confinn (verify) the calibrated model. 
Because of the lack of data, the calibration and confirmation process was done by making a series 
of runs with the full equilibrium inflowing sediment load, and 75% and 50% of equilibrium load. 



Another run was made with a channel forming discharge, which was run for 100 days, to identify 
long-term trends within the study reach. The return period of channel forming discharges for arroyos 
in the arid Southwest has been estimated at 5 to 10 years (AMAFCA, 1994) and was used to 

a 
determine long-term general scour. 

Results of Scour Analvsis 

The HEC-6T model computed long-term average scour depth of approximately 9 feet near the 
proposed pipeline site (cross-section 208.95). It must be understood that the results ofthe simulation 
are representative of the general scour and that the actual local scour must be added to the general 
scour to obtain the total scour, as depicted in Figure 3. Determination of local scour is theoretically 
beyond the capabilities of HEC-6T or any one-dimensional sediment transport model; however, 
analytical methods can be used to approximate it. 

Three relations were used to determine the local scour at the pipeline crossing. Two relations 
contained in the Bureau of Reclamation publication, "Computing Degradation and Local Scour" 
(Pemberton and Lara, 1984), are a function of the design discharge: Lacey and Blench. The third 
relation is contained in the Albuquerque Metropolitan Anoyo Flood Control Authority (AMAFCA), 
"Sediment and Erosion Design Guide." For all methods, a peak discharge of 171,771 cfs was used. 

Lacey's method computes the mean equilibrium depth at the design discharge as a function of the 
design flood discharge and a "silt factor" related to the bed sediment size. The scour depth below 
the channel invert is assumed to be 25% of the mean depth for straight reaches, 50% for moderate 
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bends, and 75% for severe bends. The depth of scour is measured from the lowest point in the 
surveyed cross-section. 

Blench's method calculates the depth for zero bed sediment transport as a function of the design 
flood unit discharge and a "zero bed factor" dependent on the median sediment size of the bed 
material. The scour depth below the channel invert is assumed to be 60% of the depth for zero bed 
sediment transport for straight to severe bend reaches. The depth of scour is measured from the 
lowest point in the surveyed cross-section. 

The AMAFCA method determines an equilibrium scour depth as a function ofthe average upstream 
flow depth, Froude number, and impinging flow angle (angle between flow direction and tangent of 
embankment). The depth of scour is measured from the mean bed elevation to the bottom of the 
scour hole. 

Sediment samples taken from cross-section location 208.95 indicates a median grain size (d,,) of 
0.24mm. ,This was used in the Lacey and Blench equations to calculate the local scour depth. 

Using the results given by the three methods as a guide, we estimated the local scour depth in the 
active bed to be 14 feet. Scour depth calculations for each method can be found in Figures 4,5, and 



6 of Appendix A. The general scour depth of 9 feet was added to the local scour depth of 14 feet for 
a total scour depth of 23 feet. A safety factor of 2 feet was then added to account for bed forms 
which is ?4 the estimated dune height of 4 feet. Therefore, a total scour depth with safety factor was 
determined to be 25 feet. However, since this analysis only identifies the vertical limits of scour, 
the lateral limits must also be defined to determine where this maximum scour could occur. 

. . 

Lateral Scour 

The main channel is not well defined and tends to migate during moderate to high flows. For large 
floods, it is anticipated that lateral migration of the main channel, and subsequently the deepest 
scour, will tend to be within pipeline stations 92+00 and 133+00 (as no pipeline stationing was 
available for this study, Baseline Road was assumed to be at station ON0 with stationing increasing 
northward). Based upon this assumption, the recommended burial elevation was kept at the design 
scour depth between these pipeline stations. The results are shown in Figure 7. 

CONCLUSIONS AND RECOMAXENDATIONS 

The following conclusions and recommendations of this study are: 

1. General scour depth as computed by HEC-6 for the design event is 9 feet in the vicinity 
of pipeline crossing. 

2. The local scour was estimated at 14 feet, resulting in a total scour of 23 feet. Adding two (2) 
feet for a safety factor yields a total scour depth of 25 feet at the proposed pipeline. 
Therefore, the pipeline should be buried 25 feet below the lowest gound point along the 
pipeline ali-rmment. 

3. Lateral movement of the channel is anticipated during large flood events. This was taken 
into consideration in determining the recommended lateral extent. Using the stationing 
shown in Figure 7, the pipeline should be at the design scour depth between Station 92+00 
and 133+00. 
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Figure 1 Location Map 

WEST Consoll:~nls, Inc. 
Ji~nuary I999 



e Salt River Historic Hydrograph 
Concentration Point CP-113 

02/21 191 .. 02/26/91 

Date 
Figure 2. 

Historic Peak Discharge = 171,771 cfs 



EXAMPLE OF LOCAL SCOUR 

LOCAL SCOUR = TOTAL SCOUR DEPTH 

EXAMPLE OF GENERAL & LOCAL SCOUR 

GENERAL SCOUR 

Figure 3. Examples of Local and General Scour 



ds = Scour below streambed (ft) 

d m  = Mean depth at design discharge (ft) 
Q = Design discharge (cfs) 
f = Lacey's silt fsctor 

D m  = Mean grain size of bed material (mm) 
Z = Empirical multiplication factor 

' Z  = 0.5 for moderate bends 

Figure 4. 



d ,  = Scour  below streambed (ft) 
d ,, = Depth for zero bed sediment transport (ft) 
q = Design flood discharge per unit width (cfslft) 

Fbo = Blench's "zero bed factor" from nomograph 
b = Channel top width 

. Z = Empirical multiplication factor 

'(0.6 for straight to severe bends, 

Figure 5. 



2 = (0.73 + 0.14 zc2) CosB t 4 qo-ji Sine 
Y 

Y ,  = Equilibrium depth of scour, measured from mean bed level to bottom of scour hole (ft) 
Y = Flow depth (ft) 

F ,  = Froude number 
B = Angle between flow direction and embankment 

; *k+ . 4. - %. 

.- . - + x * % ! i e q  

'(Albuquerque Metropolitan Arroyo Flood Control 
Authority). "Sediment and Erosion Design Guide," March 
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Figure 6. 
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Forenord 

Foreword 

HEC-6 development was initiated by William A. (Tony) Thomas at the Little Rock District 
of the  Corps of Engineers. That program evolved into Version 2.7 in 1976 while Mr. T'nomas 
was a t  the Hydrologic Engineering Center (HEC). Since then, program development by Mr. 
Thomas and his staff has continued at the Waterways Experiment Station (WES). Version 3.2 
was released by HEC in 1986, That version was ported to MS-DOS by HEC, and was the HEC 
"Library Version" of HEC-6 until replaced by Version 4.0 in 1991. 

Version 4.0 was developed at HEC from the 1988 "Network Version" of HEC-6 
(sometimes called TABS-1) developed at WES. Mr. Thomas had added stream network 
capability, as  well as additional transpon functions and a more complete computation of 
cohesive sediment resuspension, and modified the movable bed width computation (see 
Section 2.2.4). Ms. Joan Tinios, working at HEC under the direction of Dr. Michael Gee 
upgraded the source code to FORTRAN 77 Standard. Miscellaneous changes to program 
output  and minor error corrections were also performed at that time. Because of these 
changes, some computed results may diffsr from earlier versions. 

In 1993, further modifications were made to Version 4.0. Version 4.1 will compute 
sediment transport of grain sizes up to 2048 mm. While several new records have been added 
to facilitate data input, we have tried to maintain the capability to use input data from earlier 

a program versions. HEC-6 output has also been improved. 

Current information regarding availability of this and other programs is available fiom 
HEC. While the U.S. Government is not responsible for the results obtained from this program, 
identified errors wiil be eliminated to the extent that time and funds are available. HEC-6 users 
a re  encouraged t o  notify HEC of any suspected errors. 

This manual documents Version 4.1 of the HEC-6 computer program, "Scour and 
Deposition in Rivers and Reservoirs." The first draft was written in 1989 by Mr. David Williams, 
under contract with HEC. HEC staff edited and revised the drak and added the Input 
Description (Appendix A), the Glossary (Appendix B), and an index. The manual was released . 

with Version 4.0 of HEC-6 in June of 1991. Since then, minor errors and discrepancies have 
been corrected and those corrections have been incorporated into this update of the manual 
and  program. - . -  - 

xiii 
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@ Chapter I 

Introduction 

I .I Model Purpose and Philosophy 

HEC-6 is a one-dimensional movable boundary open channel flow numerical model designed 
to simulate and predict changes in river profiles resulting from scour and/or deposition over 
moderate time periods (typically years, although applications to single flood events are 
possible). A continuous flow record is partitioned into a series of steady flows of variable 
discharges and durations. For each flow a water surface profile is calculated thereby providing 
energy slope, velocity, depth, etc. at each cross section. Potential sediment transport rates are 
then computed at each section. These rates, combined with the duration of the flow, permit a 
volumetric accounting of sediment within each reach. The amount of scour or deposition at 
each section is then computed and the cross section adjusted accordingly. The computations 
then proceed to the next flow in the sequence and the cycle is repeated beginning with the 
updated geometry. The sediment calculations are performed by grain size fraction thereby 
allowing the simulation of hydraulic sorting and armoring. Features of HECd include: capability 
to analyze networks of streams, channel dredging, various levee and encroachment alternatives, 
and to use several methods for computation of sediment transport rates. 

Separation of sediment deposition from the hydraulics of flow is valid in some 
circumstances; for example, deposition in deep reservoirs can usually be characterized as a 
progressive reduction in storage capacity if the material is rarely entrained once it is deposited. 
Prediction of sediment behavior in shallow reservoirs and most rivers, however, requires that the 
interactions between the flow hydraulics, sediment transport, channel roughness and related 
changes in boundary geometry be considered. HECd is designed to incorporate these 
interactions into the simulation. 

HEC-6 simulates the capability of a stream to transport sediment, given the yield from 
upstream sources. This computation of transport includes both bed and suspended load as 
described by Einstein's Bed-Load Function (1 950)'. A reach of river with a bed composed of the 
same type of sediment material as that moving in the stream is termed an "alluvial" reach 
(Einstein 1950). Einstein recognized that an alluvial reach provides a record of the sediment 
that the stream has, and does, transport. That record is reflected in the materials that form the 
stream boundaries. Using the hydraulic properties of the flow and the characteristics of the 
sediment material (which can be determined by analyzing samples of the riverbed sediment 
particles), one can compute the rate of sediment transport. HEC-6 implements similar concepts 
to compute the movement of sediment materials for a temporal sequence of flows and, through 
volume conservation of bed material, changes in channel dimensions. The transport, 
deposition, and erosion of silts and clays may also be calculated. Effects of the creation and 
removal of an armor layer are also simulated. 

' Although Einstein's Bed-Load Function is not induded in thi version of HEW,  his concepts of partide movement and 
interchange have guided development of the algorithms used in H E M  to describe the dynamic interactions between bed ..- - ,. ..,, ,,, ........ . . . 
material composition and bed material transport. , .. . ., ... . . . 



Chapter 1 -Introduction 

1.2 Applications of HEC-6 

0 
. . 

A dynamic balance exists between the sediment moving in a natural stream, the size and 
gradation of sediment material in the stream's boundaries and the flow hydraulics. When a 
reservoir is constructed, flood damage reduction measures are implemented, or a minimum 
depth of flow is maintained for navigation, that balance may be changed. HEC-6 can be used t o  
predict the impact of making one or more of those changes on the river hydraulics, sediment 
transport rates, and channel geometry. 

HEC-6 is designed to simulate long-term trends of scour and/or deposition in a stream 
channel that might result from modifying the frequency and duration of the water discharge 
and/or stage, or from modifying the channel geometry (e.g., encroaching on the floodplains). 
HEC-6 can be used to evaluate deposition in reservoirs (both the volume and location of 
deposits), design channel contractions required to maintain navigation depths or decrease the 
volume of maintenance dredging, predict the influence that dredging has on the rate of 
deposition, estimate possible maximum scour during large flood events, and evaluate 
sedimentation in fixed channels. Some early applications of HEC-6 were described by Thomas 
and Prasuhn (1 977) and more recent application advice is provided by HEC (1 992). Guidelines 
for performing sedimentation studies is given in USACE (1 989) and river hydraulics studies in 
USACE (1 993). 

1.3 Overview of Manual 

This manual describes the fundamental concepts, numerical model limitations and 
capabilities, computational procedures, input requirements and output of HEC-6. .A brief 
description of model capabilities and the organization of this manual is presented below. 

Theoretical Basis For Movable Boundary Calculations (Chapter 2) 

This chapter describes the theoretical basis for hydraulic and sediment computations used 
in the computer program HEC-6. It presents the general capabilities of the program and 
describes how the computations are performed. - - -  . . - -  . --  . - 

General Input Requirements (Chapter 3) 

This chapter describes the general data requirements of HEC-6. It describes the input data 
required for implementation of specific HEC-6 capabilities. 

Program Output (Chapter 4) 

This chapter provides information on the various output levels available for displaying the 
geometric, sediment, and hydrologic data; and for listing the initial and boundary conditions. It 
also describes how to save desired information at selected times during a simulation. 

I 

Modeling Guidelines (Chapter 5) 

General modeling guidelines and additional information on how HEC-6 performs its - - - -- - -  
computations are presented in this chapter. I _ - G a s  . , _ +  -. -.- - I . 4 -  

Example Problems (Chapter 6) . . 

This chapter gives example applications of HEC-6. It covers single river and network 
situations and some commonly used features of the program. 
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1.4 Summary of HEC-6 Capabilities 

1.4.1 Geometry 

A river system consisting of a main stem, tributaries and local inflow/outflow points can be 
simulated. Such a system in which tributary sediment transport is calculated is referred to in 
this document as a network model. Sediment transport is calculated by HEC-6 in primary rivers 
and tributaries. There will be upper limits on the number of network branches, number of cross 
sections, etc., due to computer memory limitations. As these may change among HEC-6 
implementations on various computer systems, the user should check the header on the output 
file to determine the limits of the particular version being used. 

1.4.2 Hydraulics 

The one-dimensional energy equation (USACE 1959) is used by HEC-6 for water surface 
profile computations. Manning's equation and n values for overbank and channel areas may be 
specified by discharge or elevation. Manning's n for the channel can also be varied by Limerinos' 
(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 coefficients may be 
changed at any cross section. 

For each discharge in a hydrograph, the downstream water surface elevation can be 
determined by either a user-specified rating curve or a time dependent water surface elevation. 
Internal boundary conditions can be imposed on the solution. The downstream rating curve can 
be changed at any time. Internal boundary conditions can also be changed at any time. 

Flow conveyance limits, containment of the flow by levees, ineffective flow areas, and ' 

overtopping of levees are simulated in a manner similar to HEC-2. Split flow computations are 
not done and no special capability for computing energy losses through bridges is available. 
Supercritical flow, should it occur, is approximated by normal depth; therefore, sediment 
transport phenomena occurring in supercritical reaches are simplified in HEC-6. - - 

HEC-6 can be executed in "fixed bed" mode, which is similar to an HEC-2 application, in that - - - 

only water surface profiles are computed. Sediment information such as inflowing sediment 
load and bed gradations are not needed to run HEC-6 in fixed-bed mode. 

I .4.3 Sediment 

Sediment transport rates are calculated for grain sizes up to 2048 mm. Sediment sizes 
larger than 2048 mm, that may exist in the bed, are used for sorting computations but are not 
transported. For deposition and erosion of clay and silt sizes up to 0.0625 mrn, Krone's (1 962) 
method is used for deposition and Ariathurai and Krone's (1 976) adaptation of Parthenaides' 
(1 965) method is used for scour. The default procedure for clay and si l t  computations allows 
only deposition using a method based on settling velocity. - -  - 

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

a 

3 

-- 
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a. Toffaleti's (1 966) transport function 
b. Madden's (1 963) modification of Laursen's (1 958) relationship 
c. Yang's (1 973) stream power for sands 
d. DuBoys' transport function Olanoni 1975) 
e. Ackers-White (1 973) transport function 
f. Colby (1 964) transport function 
g. Toffaleti (1 966) and Schoklitsch (1 930) combination 
h. Meyer-Peter and Mijller (1 948) 
i. Toffaleti and Meyer-Peter and Miiller combination 
j. Madden's (1 985, unpublished) modification of Laursen's (1 958) relationship 
k. Modification by Ariathurai and Krone (1 976) of Panhenaides' (1 965) method for 

scour and Krone's (1 962) method for deposition of cohesive sediments 
I. Copeland's (1 990) modification of Laursen's relationship (Copeland and Thomas 

1989) 
m. User specification of transport coefficients based upon observed data 

The above methods (except for method a.), utilize the Colby (1 964) method for adjusting 
the sediment transport potential when the wash load concentration is high. Armoring and 
destruction of the armor layer are simulated based upon Cessler's (1 970) approach. Deposition 
or scour is modeled by moving each cross section point within the movable bed (i.e., the area 
which is shifted vertically each time step due to sediment movement). 

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

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

The sediment boundary conditions (inflowing sediment load as a function of water 
discharge) for the main river channel, its tributaries and local inflow/outflow points can be 
changed with time. HEC-6 has the capability to simulate the diversion of water and sediment by 
grain size. A transmissive boundary condition is available at each downstream boundary; this 
boundary condition forces all sediment entering that section to pass it, resulting in no scour or 
deposition at that section. 

1.4.4 General 

Computed information includes the total sediment discharge passing each cross section 
and the volume of deposits (or scour) accumulated at each cross section from the beginning of 
the simulation. HEC-6 also has the ability to simulate the effects of dredging activities. 
Dredging can be initiated when a depth of deposition is exceeded or can occur on a periodic 
basis. Dredging can also be based upon a required minimum depth for navigation. 

Should a river network of a main stem and tributaries be simulated, HEC-6 uses the same 
data that previous versions had used 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 of HEC-6 that include local 
inflows can be used if all JTRlB records are replaced by $LOCAL records and a water 
temperature is entered for each local inflow point. 
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Theoretical Assumptions and Limitations 

HEC-6 is a one-dimensional continuous simulation model that uses a sequence of steady 
flows to represent discharge hydrographs. There is no provision for simulating the development 
of meanders or specifying a lateral distribution of sediment load across a cross section. The 
cross section is subdivided into two parts with input data; that part which has a movable bed, 
and that which does not. The movable bed is constrained within the limits of the wetted 
perimeter and other limitations that are explained later. The entire wetted part of the cross 
section is normally moved uniformly up or down; an option is available, however, which causes 
the bed elevation to be adjusted in horizontal layers when deposition occurs. Bed forms are not 
simulated; however, n values can be input as functions of discharge, which indirectly permits 
consideration of the effects of bed forms if the user can determine those effects from measured 
data. Limerinos' (1 970) method is available as an option for computation of bed roughness. 
Density and secondary currents are not simulated. 

There are three restrictions on the description of a network system within which sediment 
transport can be calculated with HEC-6: 

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 is allowed between any two cross sections. 

1.6 Single Event Analysis 

a HEC-6 is designed to analyze long-term scour and/or deposition. Single flood event 
analyses must be performed with caution. HECd bed material transport algorithms assume 
that equilibrium conditions are reached within each time step (with certain restrictions that will 
be explained later); however, the prototype is often influenced by unsteady non-equilibrium 
conditions during flood events. Equilibrium may not occur under these conditions because of 
the continuously changing hydraulic and sediment dynamics. If such 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. 
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Chapter 2 

Theoretical Basis for Movable Boundary Calculations 

2.1 Overview of Approach and Capabilities 1 
This chapter presents the theories and concepts embodied in HEC-6. Information regarding 

implementation of these theories and concepts in HEC-6 is presented in Chapter 3. 

2.1 .I General 1 
HEC-6 processes a discharge hydrograph as a sequence of steady flows of variable 

durations. Using continuity of sediment, changes are calculated with respect to time and 
distance along the study reach for the following: total sediment load, volume and gradation of 
sediment that is scoured or deposited, armoring of the bed surface, and the cross section 
elevations. In addition, sediment outflow at the downstream end of the study reach is 
calculated. The location and amount of material to be dredged can be obtained i f  desired. 

2.1.2 Geometry • Geometry of the river system is represented by cross sections which are specified by 
' 

coordinate points (stations and elevations) and the distances between cross sections. HEC-6 
raises or lowers cross section elevations to reflect deposition and scour. The horizontal 
locations of the channel banks are considered fixed and the floodplains on each side of the 
channel are considered as having fixed ground locations; however, they will be moved vertically . 
if they are within the movable bed limits specified by the user. 

2.1.3 Hydraulics and Hydrology 

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

The downstream water surface elevation must be specified for subcritical water surface 
profile calculations. In the case of a reservoir the operating rule may be utilized, but if open 
river conditions exist, a stage-discharge rating curve is usually specified as the downstream 
boundary condition. A boundary condition or operating rule may be used at any location along 
the main stem or tributaries. 
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2.1.4 Sediment Transport 

Inflowing sediment loads are related to water discharge by sediment-discharge curves for 
the upstream boundaries of the main stem, tributaries and local inflow points. For realistic 
computation of stream behavior, particularly scour and stable conditions, the gradation of the 
material forming the stream bed must be measured. HEC-6 allows a different gradation at each 
cross section. If only deposition is expected, the gradation of material in the bed is less 
important. 

Sediment gradations are classified by grain size using the American Geophysical Union 
scale. HEC-6 will compute transport potential for clay (particles less than 0.004 mm diameter), 
four classes of silt (0.004-0.0625 mm), five classes of sand (from very fine sand, 0.0625 mm, t o  
very coarse sand, 2.0 mm), five classes of gravel (from very fine gravel, 2.0 mrn, to very coarse 
gravel, 64 mm), two class of cobbles (from small, 64mm, to large cobbles, 256mm) and three 
classes of boulders (from small, 256mm, to large boulders, 2048rnm). 

Transport potential is calculated at each cross section using hydraulic information from the 
water surface profile calculation (e.g., width, depth, energy slope, and flow velocity) and the 
gradation of bed material. Sediment is routed downstream after the backwater computations 
are made for each successive discharge (time step). 

2.2 Theoretical Basis for Hydraulic Calculations 

The basis for water surface profile calculations is essentially Method 11, which is described in 
"Backwater Curves in River Channels," EM 1 1 10-2-1 409 (USACE 1959). Conveyance is calculated 
from average areas and average hydraulic radii for adjacent cross sections. 

2.2.1 Equations for Water Surface Profile Calcuiations 

The hydraulic parameters needed to 
calculate sediment transport potential are 
velocity, depth, width and energy slope - all of 
which are obtained from water surface profile 
calculations. The one-dimensional energy 
equation (Equation 2-1) is solved using the 
standard step method and the hydraulic 
parameters are calculated at each cross section 
for each successive discharge. Figure 2-1 shows 
a representation of the terms in the energy 
eauation. 

"2% a,",' ws2 + - = WS, + - he 
29 29 

I I 
Figure 2-1 

Energy Equation Terms 

where: g = acceleration of gravity 
he = energy loss 
"19 v2 = average velocities (total discharge + total flow area) at ends of 

reach 
WS,, WS, = water surface elevations at ends of reach 
a,, a2 = velocity distribution coefficients for flow at ends of reach. 
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2.2.2 Hydraulic Losses 

2.2.2.d Friction Losses 

River geometry is specified by cross sections and reach lengths; friction losses are 
calculated by Method I I  (USACE 1959). The energy loss term, h, in Equation 2-1 is composed of 
friction loss, h,, and form losses, k, 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, b, loss is calculated as shown below: 

in which: 

where: A,, 4 = downstream and upstream area, respectively, of the 
flow normal to the cross sections 

NSS = total number of subsections across each cross section 
K't = length-weighted subsection conveyance 
4 = length of the j~ strip between subsections 
n = Manning's roughness coefficient 
Q = water discharge 
R,, R, = 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: C, = loss coefficient for expansion or contraction 

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

a expansion. 
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0 2.2.3.2 Wetted Perimeter 

The wetted perimeter, P, is computed as the length of the cross section below the water 
surface. In the case of ~ igure  2-3, this is: 

where: P, = incremental wetted perimeter. 

The equation for the wetted perimeter of the incremental area in Figure 2-4 is: 

P, = (AY * + w31R (2-9) 

where: AY and W are as shown in Figure 2-4. I 
Note that only the distance between coordinate points is considered in p,, not the depths di and 
d,,. In other words, friction due to shear forces between subsections is not considered. 

2.2.3.3 Hydraulic Radius 

The hydraulic radius, R, is calculated for each subsection,,, by: 

where: A, = area of subsection 
Pi = wetted perimeter of subsection 
Rj = hydraulic radius of subsection. 

2.2.3.4 Conveyance 

The conveyance, Kj, is computed for each subsection, j, by: ~ 
The total conveyance, &, in the cross section is: 

N s  

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)  will 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: 
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2.2.3.6 Effective Depth and Width 

@ The sediment transport capacity for non-rectangular sections is calculated using a weighted 
depth, EFD, called the effective depth. The corresponding effective width, EFW, is calculated 
from the effective depth to preserve ~ (d '~ )  for the cross section. 

1, 
2/3 C D, . a, . D,, 

EFD = 
1. 

where: a, = flow area of each trapezoidal element 
D,, = average water depth of each trapezoidal element 
I - the total number of trapezoidal elements in a subsection 

The sediment transport computation i s  based upon hydraulics of the main channel only; - 

therefore, the hydraulic elements are from the geometry within the channel limits only. 

a 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 2-1 6, and compared with the computed section factor at each 
cross section. 

CRT = Q 

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

where: A, = total area of cross section 
W, - total water surface width 

- - - - - -  
I f  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-tatal --'- - -- 

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. I f  supercritical flow is indicated, flow 
depth is determined as described in the following section. 
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a 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 starting water surface elevation. At each 
cross section, HEC-6 examines the appropriate hydraulic parameters to determine if the reach is 
a subcritical or supercritical flow reach. If flow is subcritical, computations proceed upstream in 
the manner described in Section 2.2.1. If it is supercritical, HEC-6 approximates the channel 
geometry using the effective depth and width as described in Section 2.2.3.6 and determines the 
water surface elevation based upon the supercritical normal depth. 

If a subcritical reach is 
eventually encountered, the 
downstream cross section of 
the reach is assumed to be at 
critical depth and backwater 
computations proceed 
upstream for assumed 
subcritical flow conditions. 
Note that for subcritical flow, 
M I  and M2 curves are possible 
in HEC-6 but under 
supercritical flow, S1 and S2 
curves are not computed 
because only supercritical 
normal flow depths are 
calculated. An exam~le of 
such a series of profiies is a shown in Figure 2-5. 

Hydraulic Properties Used For 
Sediment Transport Calculations 

in HEC-6 

Woter Surface 

I X Computed VEL. EFD. and EFW 
for Sediment Tramport 

I 
Reach 

I I 

2.2.3.9 Convergence Equations 

Three major steps are used to converge 
computational trials in computing the upstream. 
cross section water surface elevation. Figure 2-6 
demonstrates the sequence of successive trials to 
converge the standard step method. 

Computational Procedure: 

Trial 1 : Based on the previous water surface 
elevation. 

Figure 2-5 
Examples of Subcritical, Critical, and Supercritical Flow 

Simulations in HEC-6 

0 Computed WSE 
x Assumed WSE Ezl 

I Allowable Error Tolerance - 
4 

9 ,-?T - Converged SoIution 

a ,:4 
Y ,-w---/ Woter surface at Next "" at) Downstream Section &I J-L-- 
d L, 
r" 

1 2 3 4 5 6 7  
Trial Number 

Figure 2-6 
Trial 2 :  Assumed change is ninety percent of AY, Convergence of Assumed and 

Computed Water Surface Elevations 
Trial 3: Trial 1 and 2 elevations assumed are . - 

connected with a straight line and the computed Trial 1 and 2 solutions are also 
connected with a straight line. The intersection of these lines becomes Trial 3's 
assumed value. 
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Trial 4, etc.: This process continues until the assumed and computed values of water surface 
elevation are within the allowable error tolerance. If they are, the computed 
water surface elevation becomes the converged solution. 

Oscillation between positive and negative "errorn is permitted. A note is printed in the 
event a solution is "forced" (after 20 trials) even though the "error" is greater than the allowable 
error. In this case, the last computed water surface elevation is used. 

2.2.4 Representative Hydraulic Parameters Used in Sediment Calculations 

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

Interior Point (section) 

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

EFD = XID EFD(K-1) + XIN EFD(K) + XIU . EFD(K+l) 

EFW = XI D . EFW(K- 1 ) + XI N . EFW(K) + XI U . EFW(K+ 1 ) 

SLO = 0.5. [SLO(K) + SLO(K+l)] 

Upstream Point (section) 

VEL = UBN . VEL(K) + UBI . VEL(K-1) (2-22) 

EFD - UBN EFD(K) + UBI . EFD(K-1) (2-23) 

-- - 
(2-24) 

- -- 
EFW = U BN . EFW(K) + UBI a EFW(K-1) 

Downstream Point (section) 

VEL - DBN - VEL(K) + DBI VEL(K+l ) .-. .. .. - (2-26) - 

EFD = DBN . EFD(K) + DBI EFD(K+l) (2-27) 

EFW = DBN . EFW(K) + DBI EFW(K+l) (2-2 8) 

SLO = SLO(K) 
- -  - - . . 

where: DBN, DBI = 
K-l,K,K+l = 

SLO i 

UBN, UBI = 
VEL a 

XID, XIN, XIU = 

coefficients for downstream reach boundary - ---- - - 

downstream, midpoint, and upstream locations, 
respectively, of a reach 
friction slope 
coefficients for upstream reach boundary 
weighted velocity of the reach 
downstream, interior, and upstream coefficients, 
respectively, for interior points. 

- .  . . - 



Chapter 2 - Theoretical Baas lor Movable Boundary Calculalions 

Several different weighting factors were investigated during the formulation of the 
computation scheme. Table 2-1 shows the set of factors which appeared to give the most stable 
calculation and thereby permits the longest time steps (Scheme 1) and the set which is the most 
sensitive to changes in bed elevation but requires shorter time steps to be stable (Scheme 2). 
Scheme 1 is often the best choice because the computed energy slope may vary drastically from 
section-to-section whereas the actual river's behavior may be dependent upon reach properties. 
HEC-6 defaults to Scheme 2 but this can be changed by entering other values for the weighting 
factors on the 15 record. 

Table 2-1. 
Representative Hydraulic Parameter Weighting Factors 

2.2.5 Hydraulic Roughness 

Boundary roughness of an alluvial stream is closely tied to sediment transport and the 
movement of bed material. Energy losses for water surface profile calculations must include the 
effects of all losses: grain roughness of the movable bed, drag losses from bed forms such as 
ripples and dunes, 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 rates are calculated for each flow in the hydrograph for each grain size. 
The transport potential is calculated for each grain size class in the bed as though that size - - - - 
comprised 100% of the bed material. Transport potential is then multiplied by the fraction of 
each size class present in the bed at that time to yield the transport capacity for that size class. 
These fractions often change significantly during a time step, therefore an iteration technique is 
used to permit these changes to effect the transport capacity. The basis for adjusting bed 
elevations for scour or deposition is the Exner equation (see Section 2.3.1.3). 

2.3.1 Equation for Continuity of Sediment Material 

2.3.1 .I 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 the top of bedrock or - - ,  - 
other geological control beneath the bed surface. In areas where no bedrock exists, an arbitrary 
limit (called the "model bottom") is assigned (see Figure 2-7). 

The control volume for cross section 2 is represented by the heavy dashed lines. The 
control volumes for cross sections 1 and 3 join that for cross section 2, etc. 
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The sediment continuity 
equation is written for this control @ volume; however, the energy 
equation is written between cross 
sections. Because descriptions of 
both sediment continuity and 
conservation of energy should 
enclose the same space; and 
because the averaging of two cross 
sections tends to smooth 
numerical results, the shape of the 
control volume is conceptually 
deformed. 

Figure 2-7 
Control Volume for Bed Material 

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

"sed = B, - Ys . Lu + Ld 

2 
(2-30) 

where: B, = width of the movable bed 
1, L, = length of the upstream and downstream reach, respectively, used in 

control volume computation 
V,,, = volume of sediment in control volume 
Y, = depth of sediment in control volume. 

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

V,=B; D .  Lu + Ld 

2 
(2-3 1 ) 

B, and D are hydraulic parameters, width and depth, which are calculated by-averaging over 
the same space used in solving the energy equation as described in Sections 2.2.1 and 2.2.4. . -  - 

The solution of the continuity of sediment equation assumes that the initial concentration 
o f  suspended bed material is negligible. That is, all bed material is contained in the sediment 
reservoir at the start of the computation interval and is returned to the sediment reservoir at the 
end of the computation interval. Therefore, no initial concentration of bed material load need be 
specified in the control volume. 

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

-iTC-rrC 2.3; t y m e p & - d f  me- Controt Vab-*-".-. . - +. -. - : F T F ~ ~ ~  

The control volume concept employed in HEC-6 represents the alluvium of a natural river. 
Over time, the river will exchange sediment with its boundaries both vertically and laterally, 
changing its shape by forming channels, natural levees, meanders, islands, and other plan 
forms. HEC-6, however, only models vertical sediment exchange with the bed; the width and 
depth of which are user defined. Correct reproduction of the natural river system depends on 
modeling the proper exchange of sediment between the flow field and the bed sediment. The 
physics of that exchange process are not well understood. 

,:-7--- -;L:x;=;z--& .+,.. - . w-sy~:-:y&-hq:"- ~ - ~ ~ ~ ~ ~ - ~ : 2 , ~ ~ 2 ~ : . ~ ~ - ? - - ~ ~ - + ~ . ~ * ~ & ~ ~ ~ . - f i - ; - ~ * - ; ?  :2;-52--?r~-&2L-*y%?-- . - - --- d 
16 

-- - -- - -- - - - 



Chapter 2 - Theorelical Basis for Movable Boundary Calculations 

HEC-6 accounts for two 
sediment sources; the sediment in 4 

The coordinates connected by the solid line in Figure 2-8 define the initial cross section 
shape at the beginning of a 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 which, when 
multiplied by the movable bed width and the representative reach length, equals the required 
scour volume. If a model bottom elevation is not specified in the initial conditions, a default 
value of 10 ft is used, which then becomes the maximum depth of bed material available for 
scour. 

the inflowing water and the bed 
sediment. The inflowing sediment 
load is a boundary condition and is  
prescribed with input data. The 
bed sediment control volume 
provides the source-sink 
component and is also prescribed 
with input data. 

Transport theory for sand and 
larger sizes relates the transport 
rate to the gradation of sediment 
particles on the bed surface and 

2.3.1.3 Exner Equation 

The above description of the processes of scour and deposition must be convened into - .  
numerical algorithms for computer simulation. The basis for simulating vertical movement of 
the bed is the continuity equation for sediment material (the Exner equation): 

Figure 2-8 the flow hydraulics. Armor 
calculations require the gradation Sediment Material in the Streambed 
of material beneath the bed 
surface. The depth to bedrock or some other material that might prevent degradation should 
also be identified to limit the scour process. These requirements are addressed in HEC-6 by 
separately computing the bed surface gradation and the sub-surface gradation. 

C .- o 
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where: B, = width of movable bed 
t = time 
C = average sediment 

discharge (ff/sec) rate 
during time step At 

x = distance along the 
channel 

Y, = depth of sediment in 
control volume. 

Distonce 
F 

4 * r) N - 

Figure 2-9 
Computation Grid 

n - 
w 

a 
E 
i= 

C C C C 
0 .- .- 0 .- 0 - d d 

.- - 
0 0 0 w 
0 a 
V) V) U) U) 

Computationol Region 

Flow .aG{ L u Ld 4 3 
m 

0 Channel Distance X 
(Upstreom) (Downstream) 



. 

Chapter 2 - Theoretical Basis for Movable Boundary Calculations 

Equations 2-33 and 2-34 represents the Exner Equation expressed in finite difference form 
for point P using the terms shown in Figure 2-9. 

G d -  Gu + B s p v i p - Y s d  * (2-33) 
O.S(L, + L,) At 

y i p  = y s p  - At . Cd - C" (2-34) 
(0.5) Bsp Ld + L, 

where: B,, = width of movable bed at point P 
C, C, = sediment loads at the upstream and downstream cross 

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

cross sections 
Y,, Yip = depth of sediment before and after time step, respectively, at 

point P 
0.5 = the "volume shape factorn which weights the upstream and 

downstream reach lengths 
At  = computational time step 

The initial depth of  bed material at point P defines the initial value of Y,,. The sediment 
load, C,, 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, C$, becomes the G, 
for the next downstream control volume. 

The sediment load, C,, is calculated by considering the transport capacity at point PI the 
sediment inflow, availability of material in the bed, and armoring. The difference between C, 
and C, is the amount of material deposited or scoured in the reach labelled as "computational 
region" on Figure 2-9, and is converted to a change in bed elevation using Equation 2-34. 

The transport potential of each grain size is calculated for the hydraulic conditions at the 
beginning of the time interval and is not recalculated during that interval. Therefore, it is - - 
important that each time interval be short enough so that changes in bed elevation due to scour 
or deposition during that time interval do not significantly influence the transport potential 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 is acceptable in one time step is a matter of judgment. Good results have 

- -.-. been achieved by using.either 1 f t  or 10% of the-watsr depth,~wJhj;kveris 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. 

2.3.1.4 Bed Gradation Recomputations - LICTr ) i . . - . - - r r  -.- 
HEC-6 solves the Exner equation for continuity of sediment. If transport capacity is greater 

- - .--.  than the load entering the control volume, available sediment is removed from the bed-to satisfy -.--..... -. -.- 
continuity. Since transport capacity for a given size depends upon the fraction of that size on 
the bed, it is necessary to frequently recalculate fractions present as sediment is'exchanged 
with the bed. The number of exchange increments, SPI, during a time step is theoretically 
related to the time step length, At, velocity, and reach length in each reach by: 

I 
I 

--- -- -*- 
- .  3 :  - -  -2 n s ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ 2 ~ - - ~ ~ ~ ~ ~ ~ - i C ~ : ~ ~ ~ ~ ~ ~ ~  

~L-<~%c'~~:~-~&%..%~~ - -- - 2 - - -. - -, U C  
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@ NO. OF EXCHANGE INCREMENTS = 
At - VELOCIN 
REACH LENGTH (2-3 5) 

Usually the number of exchange increments can be less than this without generating 
significant numerical problems. Specify SPI in field 2 of the I 1  record. Initially, SPI should be set 
to zero (which invokes Equation 2-35) and an extreme hydrologic event simulated. This should 
be the most stable (and computationally intensive) case. Then, starting from SPI-50 or more, 
one should decrease it in increments of 10 until the results becomesignificantly different from 
the results with SPl=O. Use the smallest SPI that gives a solution close to that obtained with 
SPI=O. 

2.3.2 Determination of the Active and Inactive Layers 

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

0 2.3.2.1 Equilibrium Depth 

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

1.49 R2/3 112 V = -  Sf (2-36) -- 
n 

d 1/6 
n=- (2-3 7) 

29.3 

P, - Pf d q r . - . -  (2-3 8) 
Pr DSf 

where: d = grain diameter 
D = water depth 
V = water velocity 
p, = density of sand grains 
p, = density of water 
qr = transport intensity from Einstein's bed load function, related to the 

inverse of Shield's parameter 
5, = friction slope 

For negligible transport, qr equals 30 or greater. Solving Equation 2-38 in terms of S, for a 
specific gravity of sand of 2.65 and with qr set at 30 yields: 

d 
Sf = 18.18D 

(2-39) 
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The surface area of the column may be partially shielded by a rock outcrop or an armor 
layer such that the potential scour area is less than the total surface area of the column. This 
reduces the number of grains, N, exposed to scour as follows: 

N - SA SAE 

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

Assuming a mixture of grain sizes, the depth of scour required to produce the volume of a 
particular grain size that is sufficient to completely cover the bed to a thickness of one grain 
diameter is: 

nd: 
V,, = PC . SA . D,, = N - 

6 

where: d, = smallest stable grain size in armor layer 
D, = depth of bed material which must be removed to reach 

equilibrium in a time step 
PC = fraction of bed material coarser than size d, 
V, = volume of bed material which must be removed to reach 

equilibrium in a time step 

Combining the surface area and volume equations and solving for the required depth of 

0 
scour to fully develop the armor layer gives: 

D,e- - [SA 1x1 . [(nd 3/6i ]  
(nd */4) PC . SA 

(2-46) 

- (5) ['", 
This equation is used with Equation 

2-41 to calculate an equilibrium depth for 
a mixture of grain sizes. In order to 
determine the PC to use in Equation 2-46, 
the proper segment on the bed gradation 
curve is  found by approximating the 
functional relationship between d and PC 
with a sequence of straight line segments 
as shown in Figure 2-1 1. The first step in 
locating the proper segment on the 
gradation curve is to calculate the 
equilibrium depths, Dl, and D2, for the 
grain sizes at points 1 and 2 (Figure 2-1 2) 
using Equation 2-41. If the actual water 
depth, Dw, is less than DZ,, the straight 

1 
1 - 0 

- 
C Cn .- 

2 - c+ g 
S * 

a- 

0- a 2 
:- 2- 

.- LL S 
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line segment from 1 to 2 in Figure 2-1 1 Figure 2-11 
defines the required functional Gradation of Bed Material for Equilibrium Depth 
relationship and the final equilibrium Computation 
depth is calculated. If 4, is greater than 
the equilibrium depth for grain size at point 2, computations move down the gradation curve to 
points 2 to 3, 3 to 4, etc., until either the proper segment is located or the smallest grain size is  
sufficient to armor the bed in which case scour will not occur. 
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HEC-6 designates the zone of material 
between the bed surface and equilibrium 
depth as the active layer and the zone 
from equilibrium depth to the model 
bottom as the inactive layer. The active 
layer provides the source of material 
forming the bed surface. The inactive 
layer initially 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. 
Material is moved from one layer to the 
other layer as the active layer thickness 
changes with water depth, velocity and 
slope. Only the material in the active layer 
is subject to scour. HEC-6 allows sorting 
by grain size during the solution of the 
Exner equation which requires continuous 
accounting of the percent of sediment in 
each size class within each time step. 
When all material is removed from the 
active layer, the bed is completely armored 
for that hydraulic condition. 

Figure 2-1 2 
Equilibrium Depth Conditions 

Assuming that the bed material is well mixed the rate of armoring is proportional to the 
volume of  material removed, and the surface area exposed, SAE, for scour is: 

VOL* 
SAE = - 

"04, 
where: VOL, = volume remaining in active layer 

VOkE = total volume in active layer 

Leaching of the smaller particles from beneath the bed surface is prevented by adjusting - 
the SAE. If a grain of bed sediment is smaller than the armor size, transport capacity is linearly 
decreased to zero as SAE decreases to 40% of the total bed surface (Harrison 1950). Thereafter, 
only the inflowing load of that grain size and smaller is transported through the reach. Particle 
sizes equal to and larger than the armor size are not constrained by this procedure. 

2.3.3.1 Impact of the Active Layer on Depth of Erosion -- - .  .*-.- - .-: ..i -__> -_ - -  -; -- -I_ 

After the depth of the active layer has been calculated, Method 1 completes the bed change 
calculation for that cross section. At each exchange increment (SPI), Method 1 checks the 
volume of sediment in the active layer. However, if all material has been removed before the last 
exchange increment of the time step, HEC-6 does not give a warning message. When this 
happens, the calculated erosion rates and depths will be too small. 

-~ -. -... '.---- - - - _ _ _ _ _ "_:-- _*- -..,-. - .  ,--- ----. -.- .-- - - - - -- - 
To avoid such a condition, the duration of each computation time step must be tested and 

reduced until further reductions do not change the results. This procedure-is similar to'the--"-'-'-" -- "--- 
calibration method described in HEC (1 992). 
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@ 
2.3.3.2 Composition of the Active Layer 

When com~utations beoin. the qradation of the active laver defaults to the inactive laver 
gradation. At ihe beginning of eachnew time step, a new active layer gradation is calcul&ed as 
follows. When the new depth of the active layer is greater than the existing depth, sediment is 
added to the active layer from the inactive layer. When the new depth of the active layer is less 
than the existing depth, sediment is removed from the active layer and added to the inactive 
layer. In either case, a new gradation is calculated for the new mixture in each layer. 

2.3.3.3 Rate of Replenishing the Active Layer 

A streambed having a gravel or cobble surface underlain by finer material is said to be 
armored. This condition does not reduce the stream's potential to transport sediment but 
rather limits the supply of sediment material so that transport theory cannot be used for grain 
sizes finer than those in the armor layer because their rate of movement is constrained by their 
availability, 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: 

e and 

T~ = Y EFD . Sf 

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

EFD = effective depth 
5, = friction slope 
0.047 = Y-intercept of empirical data, from Shields (Vanoni 1975) 
y = unit weight of water 
y, = unit weight of sediment particles 
T~ = bed shear stress 
Tc = critical bed shear 

stress, after 
Meyer-Peter and 
Muller (1 948) 

According to Cessler (1 970), the stability 
of sediment particles on the bed surface is a 
probability relationship as shown on 
Figure 2-1 3. Shields' deterministic curve for 
movement of sediment particles corresponds 
to a tractive force ratio (T,/T,,) of 1.0 in 
Figure 2-1 3 and 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 Figure 2-13 
remain stationary. This does not guarantee Probability o f  Grain Stability 
particle movement, nor do tractive force ratios 
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greater than one guarantee that sediment particles will remain stationary in the bed. This 
relationship is used to calculate a bed stability coefficient, BSF, which includes the panicle size 
distribution of the active layer as follows: 

NCS 

PROB . PROB PI, dm, 
BSF = 

I" 

NCS 

PROB . PI, dm, 

where: dm, = median grain diameter for grain size class i 
i = grain size class analyzed 
NCS = number of grain sizes present 
PI = fraction of bed composed of a grain size class 
PROB = probability that grains will stay in the bed 

Cessler (1 970) proposed that a stability factor equal to or greater than 0.65 indicates a 
stable armor layer. If a partially armored bed is stable for 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 armoF layer destroyed; 
however, a simple linear relationship is used instead. The amount of armor layer destroyed is 
related to the magnitude of the bed stability coefficient, BSF, as: 

SAE = 1.0 - - 
1+1 

BSF (1 -0 - SAE,) 
0.65 

where subscripts i and i+l represent beginning and ending of an exchange increment (see 
Section 2.3.1.4). Material from the active layer is removed until the remai-ning stable grains are 
sufficient to cover the bed at the ending SAE. 

2.3.3.4 Influence of Armoring on Transport Capacity 

All grain sizes are analyzed in each exchange increment. Before the next increment, the 
surface area exposed for scour is calculated. In Einstein's relationship, the hiding factor adjusts 
transport capacity to account for armoring. In some other transport relationships, the transport 
capacity is corrected for armoring by a parabolic relationship which attempts to account for - - - - 

extra scour due to the presence of large individual sediment particles. The relationship used in 
HEC-6 is: 

FSAE = CSAE + (1 -0 - CSAE) SAE- (2-52) 

where: BSAE = coefficient used in calculation of transport under armor 
conditions 

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

FSAE = transport capacity correction due to armoring 
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The value of CSAE is the fraction of transport capacity just sufficient to pass the inflowing 
sediment discharge with no deposition. HEC-6 assigns the value of 0.5 for BSAE unless input 
data specifies otherwise. FSAE varies between 0.5 and 1.0 and applies equally to all grain sizes. 

2.3.3.5 Some Limitations of Method 1 

This method for computing hydraulic sorting and armoring has exhibited the following 
shortcomings: 

(1) In rivers with large gradation coefficients it appeared that there was too much 
leaching of sands; i.e., insufficient "armoring". 

(2) The active layer was too thick in many large sand bed rivers which dampened 
hydraulic sorting. 

(3) A sediment continuity problem was observed when consolidated silts and clays were 
exchanged between the active and inactive layers. 

2.3.4 Hydraulic Sorting of the Bed Material - Method 2 

A second method of computing hydraulic sorting was developed to alleviate some of the 
limitations of Method 1. This algorithm is based on the concept that exchange of sediment 
particles occurs within a thin "cover layer" of bed material at the bed surface which is continually 
mixed by the flow. It is presumed that, as the bed progresses toward an equilibrium condition 
in which deposition and resuspension of each size class is balanced, the slow moving thin cover 
layer becomes coarser and serves as a shield, regulating the entrainment of finer particles . 
below. If the cover layer is replenished by deposition from the water column, it will remain as a 
shield constraining the entrainment of finer material from below. Harrison (1 950) observed that 
this shielding began to occur when as little as 40% of the bed surface was covered. If conditions 
change such that more material is scoured from, than deposited on, the cover layer; then the 
cover layer begins to disintegrate and more fine material can be removed from below, - 

Eventually, the cover layer may be completely removed and the bed surface takes on the. - 

composition of the material below. This conceptual process replaces the concepts of 'surface- - 
area exposed," SAE, and "bed-stability factor," BSF, used in Method 1. 

In Method 2 there are two components of the active layer; a cover layer that is retained from 
the previous time step and a sub-surface layer that is created at the beginning of the time step 
from the inactive layer. The sub-surface layer material is returned to the inactive layer at the 
end of  the time step. The cover layer from the previous time step is limited to an arbitrary 
maximum thickness 2 ft. If the previous cover layer thickness is 2 f t  or greater, the new cover 
layer is assigned a thickness of 0.2 f t  (This is approximately equal to the sampling depth of a 
standard US BM-54 Bed Material Sampler). The residual material is mixed with the inactive layer. 
The initial thickness of the sub-surface layer is calculated using the equilibrium depth concept 
presented in Section 2.3.2.1. The maximum thickness, however, is constrained by an estimated 
maximum scour that could occur during the exchange increment. The estimated maximum - 
scour is calculated from the hydraulics, inactive bed gradation, and selected-transport function. , -. 
This constraint will almost always override the thickness calculated using equilibrium depth. A 
minimum thickness of two times the largest grain size in transport is also imposed. The 
computation of bed layer adjustments during a time step using Method 2 is depicted on Figures 
2-1 4 through 2-1 6. 
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cover layer composition and 
thickness are left over from 
the previous computational 
time step (maximum 2 ft). 

Sub-surface layer is created 
from the inactive layer with 
identical composition. 
Thickness is based on 
equilibrium depth and an 
estimate of maximum possible 
erosion during the time step 
(minimum 2 D,,). 

Figure 2-14 
Bed Layers at Beginning of Time Step. 
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P 
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Cover layer composition 
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finer with deposition. 

Sub-surface composition 
coarsens with erosion because 
it has supplied finer materials 
to cover layer and to flow. 'It is 
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Figure 2-15 
Bed Layers at Intermediate Exchange Increment. 
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Figure 2-16 
Bed Layers at End of Time Step. 
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At the beginning of each exchange increment (subdivision of a time step in which the active 
layer gradation is re-computed, see Section 2.3.1.4) the volume of the cover layer is checked t o  
make sure that there is sufficient material available to cover the bed surface to at least one 
grain diameter. If not, the cover layer and sub-surface layer are combined to form a new cover 
layer. This represents a condition where the cover layer is effectively destroyed by the flow 
energy. A new sub-surface layer is then created from the inactive layer with a thickness and - - .- . 
composition identical to the subsurface layer established during the first exchange increment 
(Figure 2-1 7). 

Bed material size fractions used to calculate sediment transport ca~acity are based on the 
composition of the active laver; i.e., the combined volume of both the cover and sub-surface 
layers. 

The sediment continuity equation is then solved for the exchange increment, adding or 
removing material of the various size classes into or out of the active layer. Deposited material 
is placed in the cover layer. Eroded material is removed from the cover layer first. The cover 
layer is intended to act as a moving pavement or armor layer, reducing the sediment transport 
capacity of finer materials. If there is insufficient volume of a size class present in the cover 
layer to meet the sediment deficit, then material may be withdrawn from the sub-surface layer. 
However, material from a size class cannot be withdrawn from the subsurface layer if there is a 
sufficient volume of coarser size classes in the cover layer to cover the bed to a thickness of one 
grain diameter. When there is not a sufficient volume of coarser material in the cover layer to 
cover 40% of the bed to a thickness of one grain diameter, then supply from the sub-layer is not 
constrained by the cover layer. A linear supply constraint function is applied to cases when the 
bed cover is between 40% and 100%. 

New cover layer is mixture of 
old cover and sub-surface 
layers. 

New sub-surface layer taken 
from inactive layer has same 
thickness and composition as 
at beginning of time step. 
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Figure 2-17 
Bed Layers Change When Cover Layer is Depleted. 

2.3.4.1 Sub-surface Layer 

The sub-surface layer is composed of well mixed sediments brought up from the inactive 
layer plus residual sediment left when the cover layer is destroyed. During erosion it may 
supply bed sediment as required to meet sediment transpon capacity. However, supply of a 
specific size class from the sub-layer is constrained by coarser material in the cover layer. 

a Availability of material is a constraint. Thickness of the active layer is considered to be very 
important and is calculated as described earlier. 
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2.3.4.2 Characteristic Rate of Entrainment 

The characteristic rate of entrainment is associated with flow turbulence. Turbulence 
simulation, however, is beyond the scope of HEC-6. Since sediment entrainment is not 
instantaneous, a characteristic "flow-distance" was created to approximate a finite 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, EMRLR, 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 LENGTH 
30 . DEPTH 

The entrainment coefficient, E'TCON, is then defined by: 

ETCON - 1.368 - ea (2-54) 

ETCON is used to determine what percentage of the equilibrium concentration (for each 
grain size) is achieved in the reach, and has a maximum of 1.0. Research is needed to 
substantiate this entrainment hypothesis as well as the appropriate equation and coefficients. 

2.3.4.3 Characteristic Rate for Deposition 

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

settling velocity as follows: 

where: D,(i) - effective depth occupied by sediment size i - - .... , -. ~. . _ *  

At = duration of time step 
V,(i) = settling velocity for panicle size i 

2.3.4.4 Some Limitations of Method 2 

In low flow deposition zones, the cover layer becomes the depository for fine materials. In a 
natural river it is not mixed with sub-surface material; therefore, it retains i t s  fine composition 
and can be easily removed at high flows. In HEC-6, however, transport capacity is calculated 
based on the composition of the entire active layer. This probably results in under-prediction of 
transport capacities for the finest size classes. This may depress the transport of fines, 
resulting in increased deposition and/or decreased scour. Modifications to the technique of 
computing PI, for Method 2 may be considered in the future if this becomes a problem. 'The - * -' '- 

arbitrary maximum cover layer thickness of 2 f t  may hinder deposition during low energy-. 
conditions. Mixing of fine material will probably result in underestimation-of scoCi'during high 
flows. Erosion of fine material may be too severely constrained by the Harrison (1 950) 
observation (see Section 2.3.3) which also limits withdrawal from the sub-surface layer. 
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2.3.6 Unit Weight of Deposits 

2.3.6.1 Initial Unit Weight 

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

where: P, = porosity of deposits 
SC = specific gravity of sediment panicles 
y = unit weight of water 
y, = unit weight of sediment 

Standard field tests are recommended when major decisions depend on the unit weight. 
Otherwise, use tables on pages 39-41 of "Sedimentation Engineering" (Vanoni 1975) when field 
data is lacking at your project site. 

2.3.6.2 Composite Unit Weight 

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

where: y, y,, y, = unit weight of sand, silt, and clay, respectively 
F, Fs, Fa = fraction of sand, silt, and clay, respectively, in the deposit 

2.3.6.3 Consolidated Unit Weight 

Compaction of deposited sediments is caused by the grains reorienting and 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 = accumulated time in years 
y, - initial unit weight of the sediment deposit, usually after one year of 

consolidation 

Suggested values of y, and B are given on page 43 of Vanoni (1 975). 

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

- .  - - 
yWe = yl + B • 

• logloT - 0.434 B (2 -'5 9) 

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

, a 
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2.3.7 Sediment Particle Properties 

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

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

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

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

Two techniques for calculating particle fall velocity are available in HEC-6. The first is based 
upon the fall velocities determined by Toffaleti ( 1  966) and is similar to Rubey's method (~anoni '  
1975). This method assumes 0.9 as the shape factor. The second, which takes into 
consideration the particle shape factor, utilizes the procedure described in ICWR (1 957), and is 
described in detail by Williams (1 980). The second method is the default. 

2.3.8 Silt and Clay Transport 

2.3.8.1 Cohesive Sediment Deposition 

The equation for silt and clay deposition (Krone 1962) in a recirculating flume at slow - - .. - . -  , d l .  

aggregation rates and suspended sediment load concentrations less than 30biiig)t is: . - - - . -. 

C in - - -k't (2-6 1) 
c 0 

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

&' = vspr - 
2.3D 

P, = probability that a floc will stick to bed (1  - TJT~) 
t = time = reach length/flow velocity 
V, = settling velocity of sediment particles 
T~ = bed shear stress 
T, = critical bed shear stress for deposition. 
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This ratio is multiplied by the inflowing clay or silt concentration to obtain the transport 
potential. The concentration is converted to volume and deposited on the bed. 

2.3.8.2 Cohesive Sediment Scour 

Erosion is based upon work by Parthenaides (1 965) and adapted by Ariathurai and Krone 
(1 976). 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 
T~ = bed shear stress 
T, = critical bed shear for particle scour 
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 ' 

a n d  Krone (1 976) recommended that a 'characteristic timew, T., be used. With a computation 
interval of  At, the mass erosion equation becomes: 

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

.. ,- .-<.- - . . 

Ariathurai and Krone (1 976) give guidance on how to obtain or estimate T,, M,, and M,. Because 
erosion thresholds and rates for cohesive sediments are dependent on specific sediment particle 
and ambient water conditions such as mineralogy, sodium adsorption ratio, cation exchange 
capacity, pH, salinity, and depositional history, in situ and/or laboratory testing are the 
recommended methods to determine the erosion characteristics of cohesive sediments. A good 
discussion of cohesive material transport is found in USACE (1 991). 

2.3.8.3 Influence of Clay on the Active Layer 

The presence of clay in the streambed can cause the bed's strength to be greater than the 
shear stress required to move individual particles. This results in limiting 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 the bed is composed of clay, the entrainment 
rate of silts, sands and gravels is limited to the entrainment rate of the clay. This also prevents 
the erosion of silts, sands and gravels before the erosion of clay even i f  the bed shear is 
sufficient to erode those particles but not enough to erode the cohesive clay. 
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2.3.8.4 Mudflow Constraint on Transport Potential 

0 Because Einstein's concept of the "equilibrium concentration" is utilized for the non- 
cohesive load, no additional constraints are required to limit the concentrations of sands and 
gravels. However, when cohesive sediments are included there is no equilibrium concentration. 
HEC-6 assumes that erosion and entrainment of fines is limited by a "maximum mudflow- 1'- -- 
concentration". The maximum mudflow concentration used by HEC-6, based on two 
measurements at Mt. St. Helens, is 800,000 ppm. If the concentration of fines (i.e., silt and clay) 
at any cross section exceeds 50,000 ppm, a counter is incremented and a message will be 
printed stating the total number of times high concentrations were detected. When the 
concentration exceeds 800,000 ppm, each grain size concentration is proportionally reduced so 
that the total concentration is 800,000 ppm. 
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Chapter 3 

General lnput Requirements 

3.1 General Description of Data Input 

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

3.2 Geometric Data 

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

3.2.1 C r o s s  Sec t ions  (XI, X3, GR) 

Cross sections are specified for 
the initial conditions. Calculations 
are made directly from coordinate 
points (stations, elevations), not 
from tables or curves of hydraulic 
elements. GR records are used to 
input elevation-station coordinates 
to provide a description of the 
shape of a cross section. Elevations 
may be positive, zero or negative. 
Cross section identification 
numbers, entered in field 1 of the 
X I  record for each cross section, 

Figure 3-1 

4 

Cross Section Subsections ,. - - .. -.... . . 

5 .- - 
0 > 
Q 
G 

should be positive and increase in the upstream direction. Corrections for skew (XI .8)2 and 
changes in elevation (X1.9) can be made without re-entering coordinate points. If the water 
surface elevation exceeds the end elevations of a section, calculations continue by extending 
the end points vertically, neglecting the additional wetted perimeter. 

(sr~~.n~) ( n ~ , ~ . E 4 ,  1 

rbank 

l l ; h c q h '  j14 
2 3  

- - A  
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Each cross section may be subdivided into three parts called subsections - the left 
overbank, main channel and right overbank as shown in Figure 3-1. 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 pan of the bend, which is .* .- , - -., .. 
represented by an overbank area, has a reach length larger than the channel or the inside 
overbank area. For meandering rivers, the channel length is  generally greater than the overbank 
reach lengths. 

Distance 

The reference (X1.8) means that the variable being discussed, in this case, skew, can be entered in field 8 of the X l  record). 
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3.2.2 Manning's n Values (NC, NV, $KL, SKI) 

A Manning's n value is required for each subsection of a cross section. It is not possible to 
automatically change n values with respect to time. Static or fixed n values are entered using 
the NC record. The n values may vary with either discharge or elevation in the main channel and 
overbank areas by using NV records. When n varies with discharge, the first n on the NV record 
should be a negative value. An NC record must precede the first cross section even if an NV 
record immediately follows and overrides it. 

Limerinos' (1 970) relationship is available for the determination of Manning's n based upon 
bed gradation. This relationship is: 

where: d, = particle size in the stream bed of which 84 percent of the bed is 
finer, in feet 

R = hydraulic radius, in feet 

To compute n values utilizing Limerinos' relationship, the SKL record is placed in the 
hydrologic data. To return to the input n values, a SKI record must be input. 

The calculation of friction loss through the reach between cross sections is made by' + ' ', - ' 

averaging the end areas of a subsection, averaging the end hydraulic radii and applying the 
subsection n value and reach length to get a length-weighted subsection conveyance. 
Subsection conveyances are summed to get a total value for the cross section reach which is 
used to calculate friction loss. 

3.2.3 Movable Bed (H, HD) 

Each cross section is divided into movable and fixed-bed portions. The H (or HD) record is - -- ' - .  
used to define the movable bed limits, XSM and XFM, which can extend beyond the channel -' -' - 
bank station. Scour and deposition will cause the movable bed to fall or rise by changing the 

. 

cross section elevations within the movable bed at the end of each time step. 

The elevation of the 
model bottom is specified in 
field 2 of the H record. After 
determining the minimum 
channel elevation of each 
cross section, HEC-6 uses the 
model bottom elevation to 
compute the depth of 
sediment material available 
for scour. Optionally, the 
depth of sediment material; 
Y,, can be specified directly by 
using an HD record instead -- 
of an H record for each cross 
section. 

Figure 3-2 
Sediment Material in the Stream Bed 
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a 3.2.4 Dredging (H, HD, $DREDGE, $NODREDGE) 

The H (or HD) record is also used to specify the bottom elevation and lateral limits of the 
dredged channel, as well as the depth of advanced maintenance dredging. The dredged channel 
limits must be within the movable bed. Dredging is initiated by the $DREDGE record in the 
hydrologic data and is assumed to be active for all discharges until a $NODREDGE record is 
encountered. These "on" and "o f f  records can be placed anywhere in the hydrologic data. 
Dredging can be activated any number of times during a simulation by placing pairs of 
$DREDGE, $NODREDGE records in the hydrologic data. 

The elevation of the channel bottom is calculated at the end of each computation interval. 
When the dredging option is used, if the minimum channel elevation is  higher than the specified 
dredging elevation, the dredged channel is lowered to the specified dredging or overdredge 
depth, whichever is lower. Outside of the dredged channel, the points are not changed. 
Sediment material i s  assumed to be removed from the channel and from the system. An option 
is available to initiate dredging i f  the channel bottom elevation is 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. 

3.2.5 Bridges 

HEC-6 has no provision for calculating flow at bridges other than by normal backwater . - 

calculations. Piers can be simulated by adjustment of GR points to reflect net flow area change 
i f  general scour information is of interest at a bridge. Be sure that the top elevations of the CR 
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 to avoid the short time intervals required 
for analyzing general scour at bridges with closely spaced cross sections. All bridge routine 
records in an HEC-2 data file must be removed before use of the file in HEC-6. 

3.2.6 Ineffective Flow Area (X3) - . .  . . 

When high ground or some other obstruction such as a levee prevents water from flowing 
into a subsection, the area up to that point is ineffective for conveying flow and is  not used for 
hydraulic computations until the water surface exceeds the top elevation of the obstruction. 
The barrier can be a natural levee, constructed levee or some other structure. End area, wetted 
perimeter, n value and conveyance computations are not made in the ineffective area portions of 
a cross section. This is similar to the ineffective flow option in HEC-2. Sediment computations .= .. 

will not be made for ineffective areas. 

Three methods for describing ineffective flow area are available. Method 1 confines the 
water within the channel limits unless the water surface elevation is higher than the elevation o f  
either channel limit. If either 
(or both) channel limit 
elevation(s) i s  exceeded, that 
overbank area is used for 
hydraulic conveyance 
calculations (see Figure 3-3). 

Figure 3-3 
Examples of Ineffective Area, Method I 
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Effective Effective 

Method 2. only. Method 2 with Method 1 .  

Method 2 is used to 
specify an effective area width 
of which the left and right 
limits are equidistant 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 3-4. 

Figure 3 4  
Examples of lneffective Area, Method 2 

Method 3 uses the exact 
locations (STENCL and STENCR 
for left and right overbanks) 
and elevations (ELENCL and 
ELENCR for left and right 
overbanks) of ineffective areas 
for each overbank area. This 
method is similar to Method 1 
of the encroachment option in 
HEC-2 as demonstrated by 

Channel Channel 

CR NCR 

Figure 3-5. Method 3 cannot 1 I 

be used together with Method Figure 3-5 
1 or 2. Examples of ineffective Area, Method 3 

Notuml 

Movable &d 
Limib 

HEC-6 automatically tests 
the first and last points in the 
movable bed to ascertain if 
natural levees are forming 
during the computations. If 
this occurs, HEC-6 overrides 
the ineffective area methods 
specified by input data. In 
fact, natural levees formed by 
the movable bed are always 
considered to establish 
ineffective area even i f  that 

Figure 3-6 option was not selected by 
Ineffective Areas Due to Natural Levee Formation input data, as illustrated in 

Figure 3-6. 

3.2.7 Conveyance Limits (XL) 

Sometimes water inundates areas that do not contribute to the water-conveyance: . " 

Conveyance limits are specified by either entering a conveyance width to be centered between _ _ _  - - .  
- .  ~ 

the channel limits or by input of two station locations that define the conveyance limits. - - I 

Deposition is  allowed to occur outside the conveyance limits (but within the movable bed): 
however, scour can occur only within the conveyance limits even if the movable bed limits are 
beyond the conveyance limits. 
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3.3 Sediment Data • Sediment data is specified on records I through PF. This data includes fluid and sediment 
properties, the inflowing sediment load data, and the gradation of material in the stream bed. 
The transport capacity relationship(s) and unit weights of deposited material are also input in . 
this section. 

The grain sizes of sediment particles commonly transponed by rivers may range over 
several orders of magnitude. Small sizes behave much differently from large sizes. Therefore, it 
is necessary to classify sediment material into groups for application of different transport 
theories. The three basic classes considered by HEC-6 are clay, silt, and sands-boulders. The 
groups are identified and subdivided based on the American Geophysical Union (ACU) - 

classification scale (Table 2-1, Vanoni 1975) as shown in Table 3-1. HEC-6 accounts for 20 
different sizes of material including one size for clay, four silt sizes, five sand sizes, five gravel, 
two cobble sizes, and three boulder sizes. The representative size of each class is the geometric 
mean size, which is the square root of the class ranges multiplied together. For example, the 
geometric mean size for medium silt is (0.01 6 0.032)'~ or 0.023 mm. 

Very Fine Si l t  
Fine Si l t  

Medium Si l t  

Table 3-1 
Grain Size Classification of Sediment Material 

Very Fine Sand WFS) 
Fine Sand (FS) 

Medium Sand (MS) 
Coarse Sand (CS) 

Very Coarse Sand WCS) 
Very Fine Gravel (VFG) 

Fine Gravel (FG) 
Medium Gravel (MG) 
Coarse Gravel (CG) 

Very Coarse Gravel (VCG) 
Small Cobbles (SC) 
Large Cobbles (LC) 
Small Boulders (50) 

Medium Boulders (MB) 
Larqe Boulders (LB) 

Class Size 
Number Used Sediment Grain Diameter 
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3.3.1 lnflowing Sediment Load (LQ, LT, LF) 

The aggradation or degradation of a stream bed 
profile depends upon the amount and size of sediment 
inflow relative to the transport capacity of the stream 
(see Section 2.3.1). The inflowing sediment supplies 
entering the upstream boundaries of the geometric 

X 
o model and at local inflow points are called inflowing 
a > sediment loads and are expressed in tons/day. The 
c sediment load should include both bed and suspended 
0 

I- load (total load) and is expressed as a log-log function of 
c .- water discharge in cfs vs. sediment load in tons/day as 

rn 
depicted in Figure 3-7. 

u 
Data is entered on the LT and LF records as a table 

of sediment load by grain size class for a range of water 
discharges. The discharges entered on the LQ record 
should encompass the full range found in the 
computational hydrograph. A complete sediment load 
table is required for every inflow into the network. This 

Q in cfs includes the inflow to each stream seqment as well as all - 
Figure 3-7 local inflows. 

~ a t e r ~ e d i m e n t  inflow In most projects, the sediment load table, once set, Relationship does not need to be modified. However. the o ~ t i o n  
exists to modify or replace a sediment loid table at any time during the sirnulaion.  his option 

a is provide by the SSED option. See Appendix A for a description of this option. 

If the inflowing sediment load is essentially of one grain size, that size should be located in  
Table 3-1, identified by its classification, and assigned the number of its grain size class. For 
instance, if the representative size is 0.035 mm, its classification is medium sand and its sand 
size number is 3. This number is then input for variables ICS and LCS on the 14 record. But if 
the inflowing load is composed of a range of grain sizes, it is desirable to further subdivide sand-_ 
and perhaps silts and clays into the classifications shown in Table 3-1. Use as many of these 
classifications as needed to describe the situation. It is not necessary to start with the smallest 
size nor is it necessary to go to the coarsest size, but once a range of sizes is selected, all grain 
sizes within that range must be included. The ACU classifications in Table 3-1 are stored 
internally in HEC-6 and cannot be modified. 

3.3.2 Sediment Material in the Stream Bed (PF) s .  

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

The gradation of sediment material in the stream bed (the subsurfacegradation) is specified- _ -.-.. 
as a function of percent finer vs. grain size on the PF records. Cross section numbersare used . .- - .- A. - 
in field 2 of the PF records to identify the subsurface gradation location within the geometric 
data set. Subsurface gradations are linearly interpolated for those cross sections for which PF 
records have not been specified. 
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a The gradation of sediment 
particles on the stream bed (the 
bed surface gradation) and the 
distribution of sizes in the 
inflowing load are intimately 
related. One must complement 
the other in sediment transport 
theory. The significant depth 
for sediment transport 
calculations is two grain 
diameters and is difficult to 
sample. Therefore, in using 
HEC-6, it is customary to 
specify inflowing sediment load 
and the subsurface gradation 
and let HEC-6 calculate the bed 
surface gradation. 

C M o v a b k  Bed timilt 

- - 
Bed Surface 

Bed Moterial Crodation 

for Scour 
AvOi'ObL (Control Volume) T 

Model Bottom 

I I 
Distance . -. * I 

Figure 3-8 
Bed Sediment Control Volume 

3.3.3 Sediment Properties (11, I2,13,14) 

Five basic properties are considered: grain size, specific gravity, grain shape factor, unit 
weight of deposits and fall velocity. The grain size classifications shown in Table 3-1 are 
predefined in HEC-6. The specific gravity of bed material has a default value of 2.65 and the 
grain shape factor has a default value of 0.667. These values can be altered by providing the 
new values on the 12-14 records. The fall velocity method is input on the I1 record. 

3.3.4 Sediment Transport 

3.3.4.1 Clay and Silt Transport (I2,13) 

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/c (Krone 1962). The first 
method (MTCL and MTSL = 1 in 12 and 13 records, respectively) allows the deposition of clays 
and silts but does not allow scour. The second method (MTCL and MTSL = 2) allows for both 
deposition and scour as described in Section 2.3.8. When this method is used, two additional I2 
records are required to provide information regarding critical shear stress thresholds for 
deposition and shear stress thresholds and erosion rates for both particle and mass erosion. 
Further details concerning these additional I2 records are given in the Special I2 record 
description in Appendix A. 

3.3.4.2 Sand and Gravel Transport (11, J, K) 

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's (1 966) transport function 
b. Madden's (1 963) modification of Laursen's (1 958) relationship 
c. Yang's (1 973 and 1984) stream power for sands and gravels 
d. DuBoys' transport function (Vanoni 1975) 
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e. Ackers-White (1 973) transport function 
f. Colby (1 964) transport function 
g. Toffaleti (1 966) and Schoklitsch (1 930) combination 
h. Meyer-Peter and Miiller (1 948) 
i. Toffaleti and Meyer-Peter and Miiller combination 
j. Madden's (1 985, unpublished) modification of Laursen's (1 958) relations hi^ 
k. Copeland's (1 990) modification of Laursen's relationship (copeland and ~hbmas  

1989) 
I. User specification of transport coefficients based upon observed data 

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. 

I f  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 for each size class, i ,  is: 

EFD SLO - Cl ' . EFW STO 
" I = [  Al 

where: EFD = effective depth 
EFW = effective width 
SLO = energy slope 
S T 0  = roughness correction factor, see Equation 3-3 
A, B, C = sediment transport coefficients developed using data 
GP = sediment transport potential 

Often the transport potential is affected by variations in flow resistance. To account for 
this, the K record is used to define a factor, no ,  which is multiplied by GP to determine the 
sediment transport potential. ST0 is defined by: .. - 

where: D,E = sediment transport coefficients developed using data 
n = Manning's roughness coefficient 
ST0 = multiplying factor of CP 

3.4 Hydrologic Data 

Hydrologic data is specified on records Q through W. The hydrologic data includes water 
discharges, temperatures, downstream 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 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. 
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3.4.1 Flow Duration (W) 

HEC-6 treats a continuous hydrograph 
as a sequence of discrete steady flows, each 
having a specified duration, AT, as 
illustrated in Figure 3-9. This is done to 
reduce the number of time steps used to 
simulate a given time period, and thus 
reduce execution time. A discharge 
hydrograph blocked out in this manner is 
referred to as a "computational hydrograph". 
One AT value is entered on each W record 
(each set of Q through W records in the 
hydrologic data represents a time step or 
increment of the computational 
hydrograph.) 

COMPUTATIONAL 

U) - 
0 

C .- 

. - 

Time in Days - 

Figure 3-9 
A Computational Hydrograph 

3.4.2 Boundary Conditions 

In a river system there are three types of boundaries: upstream, downstream, and internal. 
The upstream and downstream boundaries are at the cross sections that are most upstream and 
most downstream, respectively, on a stream segment. There are three types of internal 
boundaries: a local inflow point, a tributary junction point, and an hydraulic control point. 

There are also three boundary conditions that can be prescribed by HEC-6: water discharge, 
sediment discharge, and water surface elevation (stage). The water and sediment discharges 
must be defined at each upstream boundary and at each local inflow point. Stage must be. 
prescribed at the downstream boundary of the primary stream segment; and it can be 
prescribed at hydraulic control points. 

3.4.2.1 Upstream Boundary Conditions 
. -- - . . 

Water Discharge (Q, T) . . 

The water discharge entering the river network at the upstream end of each stream 
segment is entered on the Q record. Each value on the Q record represents a discrete steady 
flow from the computational hydrograph for the each stream segment or local inflow. 

The temperature of the inflowing water is set by inserting a T record in the Q, Q, and W 
data. A water temperature (T) record is required for the first time step. The temperature is 
assumed to be the same for subsequent discharges until another T record is encountered. The 
water temperature of a stream segment downstream of a junction point is determined by 
discharge weighting of the tributary/local inflow and main stem temperatures. The water 
temperature is essential for the calculation of particle fall velocities. New fall velocities are 
calculated each time a new T record is read. . - . _  . * _ "  . .. - 

<.. . . - . . 
Sediment Discharge 

The sediment discharge data is entered as a sediment load table vs. discharge on LQ, LT 
and LF records. This is outlined in Section 3.3.1. 
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3.4.2.2 Downstream Boundary Conditions ($RATING, RC, R, S) • A water surface elevation must be specified at the downstream boundary of the model for 
every time step. HECd provides three options for prescribing this downstream boundary 
condition: (1) a rating curve, (2) R records, or (3) a combination of a rating curve and R records. 

The first option 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 function 
of discharge (See Table 3-2). The rating curve need only be specified once at the start of the 
hydrologic data and a water surface elevation will be determined by interpolation using the 
discharge given on the Q record for each time step. The rating curve may be temporarily 
modified using the S record or replaced by entering a new set of $RATING and RC records 
before any Q record in the hydrologic data. 

In the second option, R records can be used instead of a rating curve to define the water 
surface elevation. This option is often used with reservoirs where the water surface elevations 
are a function of time and not flow. To use this method, an R record is required for the first 
time step. The elevation entered in Field 1 of this record will be used for each succeeding time 
step until another R record is found with a non-zero value in Field 1 to change it. In this way, 
you only insert R records to change the water surface to a new value. 

Option 3 is a combination of the first two options. This option makes it possible to use the 
rating curve most of the time to determine the downstream water surface elevation while still 
allowing the user to specify the elevation exactly at given time steps. In this option, the R 
record's non-zero Field 1 value for the downstream water surface elevation will override the 
rating curve for that time step. On the next time step, HEC-6 will go back to using the rating 
curve unless another R record is found with a non-zero value in Field 1. 

3.4.2.3 Internal Boundary Conditions (QT, X5, R) 

The QT record defines the location of a local inflow or tributary junction. The methods for 
prescribing the inflowing water and sediment discharge data are discussed in Section 3142.1 - 
(these are upstream boundary conditions). The water surface elevation of the downstream . 
boundary of a tributary cannot be prescribed by the user; HEC-6 assigns the water surface of the 
cross section downstream of the junction to the downstream boundary of the tributary (this is a 
downstream boundary). 

An XS record in the geometry data creates an internal boundary (or hydraulic control point) 
at which the water surface may be specified. The specified water surface at this internal 
boundary is called an internal boundary condition. Two options are availabie to specify the .- -. 

water surface at this internal boundary. A rule-curve type of option can be specified to establish 
a constant operating elevation of a navigation pool within the geometric data. This is 
accomplished by specifying a water surface elevation and a head loss on the X5 record. When 
the tailwater elevation plus the head loss term is higher than the specified water surface 
elevation, the pool rises. This option was originally developed for hinged pool operations which 
usually had constant head losses for all discharges. The second option allows users to specify a 
rating curve at an internal boundary by using a combination of X5 and R records. This is helpful 
in modeling weirs and drop structures. 
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3.4.2.4 Transmissive Boundary Condition ($B) • If a $B record is encountered in the hydrologic data, a transmissive boundary condition i s  
defined at every downstream boundary in the system. This transmissive boundary condition will 
allow sediment reaching that boundary to pass without changing that cross section. This is 
useful for situations where the conditions at the downstream boundary are anomalous (such as 
at a bridge, weir, drop structure, etc.) and may cause upstream computations to be in error i f  
incorporated into the sediment transport/bed change computations. 

3.4.3 Example Hydrology Input 

An example set of hydrologic data for several time steps is shown in Table 3-2. 
The SHYD record indicates that the hydrologic data follows. The $RATING and RC records 

are used to input a discharge-elevation relationship. Every time step must have *, Q and W (or 
X) records. The * records contain user comments and also control the output level for each 
time step. The A in Column 5 and the B in Column 6 of the * record for event number 1 will 
produce A-level output of the water surface profile computations and 0-level output of the 
sediment transport computations. 

The Q record 
contains the water 
discharge and its 
duration, in days, is on 
the W record. Because 
long time steps may 
cause computational 
oscillations, it may be 
desirable to divide long 
time steps into smaller 
increments. In time step 
3, an X record is used to 
divide a long 10 day time 
step into 20 half day 
increments. 

A water temperature 
0 record is always 
required for the first 
time step. In this 
example, no T record is 
given in time step 2; 
therefore, the second 
time step will use the 
same temperature as 
time step 1 (60.F). The T 
record in time step 
number 3 changes the 
temperature (70.F). 

The water surface elevation in Field 1 on the R record in time step number 3 sets the stage 
for the downstream boundary to 527 ft. This value overrides the Stage-Discharge Rating curve 
entered before time step 1. The rating curve ($RATING and RC records) just before event 

@ number 4 is used to determine the starting water surface for time step number 4 and overrides 
elevation 527 from the R record in time step 3. 

A $$END record marks the end the hydrologic data as well as the entire HEC-6 input file. 
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3.5 Special Command Records (EJ, STRIB, $LOCAL, $HYD, $$END) 

A command record structure was developed to enhance the flexibility of HEC-6. The EJ, 
%HYD, and $$END records are used to delineate the geometric, sediment and hydrologic data. 
These commands are required for all data sets. The El record identifies the end of geometric 
input. The SHYD record identifies the beginning of the hydrologic data. The $$END record 
identifies the end of the input. If tributaries or local inflow/outflow points are being modeled, 
STRIB and $LOCAL records, respectively, are required. The STRIB and $LOCAL records are 
used to distinguish tributary and local data from data for the primary 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 
with HEC-6. This section describes the required data sequence. 

The network option 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. 

Correct methodology for labeling model segments is essential. HEC-6 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. 

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

Control Point: The downstream boundary of the main stem and the junction point 
of each tributary. 

Local Inflow/Outflow Point: Points along any river segment at which water and.sediment enters . . . - 
or exits that segment. 

River Segment: A part of a river system which has an upstream water and sediment 
inflow point.and has a downstream termination at a control point. 
Sediment transport is calculated along a segment. 

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

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

3.6.1 Numbering Stream Segments 

Stream segments and control points should not be numbered arbitrarily. To illustrate the 
numbering procedure, Figure 3-1 0 is used as an example and depicts a stream nenrjork. Each 
river segment's upstream-most inflow point is designated by I, where k is the segment number. 
Local inflow/outflow points are marked with large arrows and labelled by where j is the 
sequence number (going upstream) of local inflow/outflow points along segment i. Control 
points are designated by a circled number. The numbering of segments, inflow/outflow points, 
and control points should follow these steps: 
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Step 1 - Sketch out the stream network system. 

Step 2 - Number the control points 1, 2, and 3 along the main stem at the junctions with 
tributaries. With the main stem as segment 1, number segments 2 and 3. 
Number the main stem's upstream inflow point with I, and for segment 2, I, and 
for segment 3, I,. Label the main stem's local inflow/outflow points, I,,, 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 points I, and I,. Label L,, for the local 
inflow entering segment 4. 

Main Stem I Moin Stem 

I STEP 1 I STEP 2 I 

Main Stem I 
Segment 1 

Segment Main Stem segment 5 
Segment 1 

I STEP 3 I STEP 4 I 
I 1 

Figure 3-1 0 
Example of Stream Network Numbering System 
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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 on segment 5 
(next upstream tributary of segment 4). Since there are no tributaries on segment 
5 and all tributaries from control point 2 are accounted for, go to step 5. 

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

3.6.2 Cross Section Data Sets of Main Stem and Tributaries 

HEC-6 identifies segments by the order in which cross section sets are assembled in 
forming the geometric model. When HEC-6 reads the main stem geometry and, eventually, 
reaches the first record in the geometric data set, it will read one more record. If that record 
is a STRIB record, HEC-6 will begin reading data for a segment in a stream network. This 
process is repeated until all geometric data sets representing river segments are read. The CP 
record following the STRIB record identifies the control point number associated with the 
geometry information for each tributary segment data set. Table 3-3 illustrates these 
requirements for the network shown in Figure 3-1 0. 
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T4 Sediment data ,follows. . '. 

Figure 3-1 1 shows how to position cross sections at a control point. The location of the 
junction (control) point is specified by inserting a QT record just prior to the X I  record for the 
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next cross section upstream from the control 
point location (e.g., 0.78 in Figure 3-1 1). The 
control point number must be coded on that 
QT record. It is not necessary to treat the 
control point reach any differently than other 
reaches. HEC-6 will mix flow, temperature 
and sediment concentrations as though this 
were a normal river reach. There is no 
accounting of momentum losses due to 
impinging flows. 

3.6.3 Sediment Data 

MAIN STEM 
.,-1.16 

TRIBUTARY 

Figure 3-1 1 
The main stem sediment data follows Locating Cross Sections for Stream Networks 

the geometric data in the data file. The main 
stem data specifies the fluid and sediment properties, number of grain size classes and unit 
weight of deposits for the entire network. If sediment properties in I1 through 15 records are 
present in the tributary data sets, they will be skipped by HEC-6. Information for local inflows 
and/or diversions on a segment are input as a part of that segment's sediment data. These are 
identified with a $LOCAL record followed by inflow/outflow 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 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 3-1 0. 

Table 3-4 
Sequence of Sediment Data for a River Network 
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3.6.4 Hydrologic Data 

The ~ ~ d r o i o ~ i c  data set depicted in Table 3-5 is for the stream network shown in 
Figure 3-1 0. In general the water discharge and temperatures (Q and T records) are entered in 
the order of the control point numbers. If the control point's segment contains local 
inflow/outflow points, their discharges and temperatures are entered in the fields after the 
control point information. The information for the next control point is then entered. An 
example of this procedure follows. 

The information in field 1 of the Q (Q) and T CT,) records refers to segment 1 (see Figure 3- 
10). lnformation on these records is for the water exiting segment 1 at control point 1. An 
example is given in Table 3-5. lnformation in fields 2 (QL,., and T,L,,,) and 3 (Q,L,,, and T, L,.J 
are for the local inflow points L,,, and L,,*, respectively, which are on segment 1. Field 4 ($ and 
T,) contains the information on the water entering control point 2 from segment 2. Segment 3 
information is entered in field 5 (Q, and T,) and is for water entering control point 3 from 
segment 3. This procedure is continued for each control point and segment. The flow duration 
(W record) data remains constant for the entire stream network computation for that time step. 
Since HEC-6 does not "route" the water, it is necessary to process the hydrologic data for each 
segment and produce a single duration which best simulates the hydraulic and sediment 
processes of the whole system. 

Table 3-5 
Hydrologic Data lnput for Stream Networks 

3.6.5 Summary of Data lnput Sequence 

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, HEC-6 reads sediment data. Sediment data, one 
set for each stream segment, must be arranged in the sequence of the control point numbers. A 
STRIB command record precedes the sediment data for each tributary. -- 

Hydrologic data follows the sediment data, but a different concept is utilizeiffor entering - 
hydrologic data than was used in the geometric and sediment data sets. No STRIB command -- - . 7 -. 

records are required. Instead, the main stem flow, local inflows and tributary junction flows are ' 

all entered on the same Q record. The starting water surface elevation is read or calculated for 
the downstream boundary (control point 1 ), water temperatures are read for each water 
discharge, and the flow duration is read. 
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3.6.6 Calculation Sequence of Network Systems 

a 3.6.6.1 Hydraulic Computations for Network Systems 

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

3.6.6.2 Sediment Computations 

Although 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 HEC-6 to process the most remote tributary first (highest segment number) to 
determine its sediment contribution to the next stream segment. 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, HEC-6 cycles back to read - . - - 

the next discharge. The process is  repeated until all water discharges have been analyzed. 

3.7 Input Requirements for Other Options 

3.7.1 Fixed-Bed Calculations 

HEC-6 is capable of being executed as a 'fixed bed" model similar to HEC-2. The minimum 
records required are: TI-T3, NC, XI, GR, H, 4, SHYD, *, Q, R, T, W and $$END. The H record - 
can be left blank. Optional records are NV, X3, X5, $RATING and RC. Note that T4 through PF - . - 
records are not required; i f  these records are present, a fixed-bed run is achieved by moving-the- 

- - - 

SHYD through $$END records to just after the EJ record of the geometi3 data set. Fixedlbed - 
runs are used to identify and correct any errors in the geometric data and analyze the hydraulic 
behavior of the model for a full range of flows. Calibration and confirmation of the hydraulics 
are performed similar to procedures used for HEC-2 (HEC 1990). 

Table 3-6 
3.7.2 Multiple Fixed-Bed Example o f  Hydrologic Data Set for Multiple 

Calculations Fixed-Bed Calculations 
$;*=, ' -*-+A.>* . 

If there are no tributaries or local :. ,, 
inflow/outflow points, up to ten profiles r*$;i\t: -:5 DISCHARGES FROM LOW TO HIGH 
may be computed in one run. Table 3-6 %Q?--$>OO. 500. 1000. 5000. 10000. 
contains an example of a time step using r ~ i ~ ~ ; ; 5 1 0 .  512. 513. 516. 518. ' 

five discharges from 1 00 to 10,000 d s  ~:?':;~~..";~o- 70. 70. 70. 70. 
with starting water surface elevations $u2*'1'.$' 1. 1. 1. 1. 

+uL< I, . ̂ ranging from 51 0 to 51 8 ft. Multiple F$*"T. 
profile runs are preferred over single 

0 
runs because the printout is more compact for the same number of discharges making it easier 
to make comparisons. If a $RATING record set has been entered, the R record is not needed. 

5 1 

- - 
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3.7.3 Cross Section Shape Due to Deposition ($GR) 

• By default, HEC-6 adjusts the elevation of each cross section coordinate within the wet 
portion of the movable bed a constant amount for deposition or erosion as illustrated in 
Figure 3-1 2. A nonuniform deposition option is provided by the use of a $CR record in the 
hydrologic data. This nonuniform deposition is a function of water depth which, over time, will 
ultimately result in a horizontal deposition surface. Bed elevation adjustments for erosion 
remain uniform. 

k ~ o v o b l e  Bed Limits ---4 v 

Bed Surface after 
Uniform Deposition 

Originol Bed Surfoce --/ \ /' 
-Model Bottom + 

Distance 
I I 

Figure 3-12 
Uniform Deposition 

Original Bed Surfoce 

Model Bottom 

Distance 

Figure 3-13 
Nonuniform Deposition 

3.7.4 Cumulative Volume Computations ($VOL) . - .- - .  
% . , , . . . . o  .- .,..- -:. .- ,,,. -- -- ---- 

An option is available in HEC-6 to compute the cumulative volume of sediment material - 
- - - - -  . - 

passing each cross section. This option is initiated with the SVOL record. HEC-6 will also 
calculate the storage volume for a table of elevations for each cross section. The VR and VR 
records are use to define the table of elevations. 
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• Chapter 4 

Output Control 

4.1 Output Levels 

The user must determine what information is needed and request a level of output that 
provides it. By default, HEC-6 produces a minimum level of information so that the user will 
know that the data file has been processed and computations have completed; however, this 
output will not be sufficient for analyzing model performance. 

Each major data group (geometry, sediment and hydrology) has a "normal" output level with 
one or more additional levels available to provide more detailed information. These output 
levels are summarized in Tables 4-1 and 4-2, described in the following paragraphs, and 
illustrated in the example problems in Chapter 6. 

Table 4-1 
Summary of lnitial Conditions Output Options 

- 

• 

4.2 Geometric Data, Initial Conditions (TI) 

B-level geometric data output, available on the TI record, is helpful in debugging the input 
records. After the geometry data is deemed correct, this option is usually turned off. For 
production simulations, it is suggested that this option be used to document geometric input. 

4.3 Sediment Data, Initial Conditions (T4) 

The default output produced during processing of the sediment data is usually sufficient for 
most needs. However, the B-level output option on the T4 record will provide echo of the input 
records as well as some trace information through the input routines. This output may allow '- 

a the user to find some less common errors in the input data than is normally apparent. This 
option should be removed after the data have been checked for accuracy. 

53 

Record 

T 1 

T4 

Level 

B 

C 

B 

Description .. - 
Title records are echoed. Each cross section is identified by it's ID 
number. Each special option used is noted. 

Initial geometry, all geometry records are echoed. 

Trace output. Warning messages may be generated by inconsistent 
data. 

Initial condition of inflowing sediment loads and cross-sectional bed _ 
gradations. Also, secondary parameters computed from input 
information defining the initial conditions. 

Echo of input records. Trace Output. 
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Table 4-2 
Summary of Continuous Simulation Output Levels 

* 1 - I No output from hydraulics computations. I Column 5 

Record 

Discharge, starting water surface elevation, water temperature, flow 
duration. General hydraulic parameters for each cross section. I 
Initial geometry, distribution of hydraulic parameters across 
subsections. 

r 
Level 

D I Trace information. 

Description 

Column 6 F 
I I A I Volume of sediment entering and exiting model, trap efficiency. I 

E 

- 

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

Detailed trace information. ~ydraulic data for each incremental area, 
each trial elevation in backwater computations at each cross section. 

No output from sediment computations. 

Detailed output; including transport potential, load, and bed gradation 
per grain size. 

Detailed trace information 

$DREDGE 
Column 8 

A - E  Levels A  - E  provide output from the dredging routines. The 
magnitude of this output ranges from simple data echo (level A) to 
detailed trace information (level E). - --. ----- .- - - -  - 

- - 
Turn off output at all cross sections. 

- - 
Provide output for all cross sections at * record output level. 

$ PRT 
Column 8 

- The stream segment number where needed cross sections are located. I Used with SPRT option. 
- - -  

PS 

END 

I vJ, VR I - I input parameters for elevation-volume table; used with $VOL record.*. ,*l  z,vsr-t--a- 

4VOL 
Column 7 

- 4VOL 
Column 8 

r 

- 

- 

- -  

Cross sections where output is requested. Used with SPRT option. * 

End of SPRT records. 

- 

X 

A  

Cumulative bed and volume change. 

Table of volume versus elevation. 

Cumulative weight of sediment passing each crdG section'for each i ...--- - . I  sediment size class. . _ . Y L  / 

. -  . -- 
.- t-GJ+.:L;-i . .~= ---=- 

. * -  ..... . .  - .  

. , s . i - . , - - r * -  r 

, 
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a 4.4 Hydraulic Calculations (*) 

The water surface profile is calculated before the sediment calculations begin, therefore, an 
A-level hydraulic output for the first discharge calculations is useful for diagnosing immediate 
data problems. B-, D- and E-levels are increasingly detailed and may be useful for unusual 
situations. Subsequently, the user should request output using the A-level only when interested 
in velocity and flow distribution information. Output from the hydraulic calculations is not 
particularly useful once geometric problems are resolved and the n values are calibrated. 

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

Interpretation of HEC-6 performance requires careful selection and analysis of computed 
information. The availability of this information in the output file is governed by the user. The 
most useful sediment output options are on the * record. Since this record is in the hydrology 
section, output can be turned on or off at any time in the simulation. The B-level sediment 
output is the most commonly used and provides all the essential sediment information for 
calibration, confirmation and production runs. C-level output is recommended only for the first 
discharge and then only i f  unusual results are encountered. D- and E-levels should be used only 
for analysis of suspected software errors. By default, output for every cross section is produced 
by the * record output options. 

Often it is desirable to receive output only at selected points in time and only for those 
cross sections of interest. This is accomplished by providing SPRT, CP, PS and END records in 
the hydrologic data. The $PRT record tells HEC-6 that instructions for selective printout follow. 
The CP record indicates the stream segment where the cross sections listed on the following PS 

a records are to be found and the END record completes the input for this option. 

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

4.6 Accumulated Sediment Volumes ($VOL, VJ, VR) . - - . - - .  -.. L - 

The 4VOL record in the hydrologic data causes HEC-6 to compute the cumulative bed 
elevation and volume change of each cross section and the sediment load that has passed each 
cross section. The sediment load information is provided for each grain size class. The $VOL 
record initiates the computation of an elevation-cumulative sediment volume table which is 
helpful for reservoir analysis. The elevation table displays the accumulated sediment volume -. -. 
between each parallel elevation plane specified by an elevation table which is defined by the VJ 
and VR records. In reservoir studies, these planes are usually horizontal but HEC-6 has the 
capability to determine the table based upon a user specified slope of the elevation planes. 

4.7 Summary of Output Controls 

Table 4-1 summarized the output controls for initial conditions. These controls affect the 
output level associated with input data, such as geometry, inflowing sediment loads, bed 
gradations, and sediment characteristics. Table 4-2 summarized the output controls for the 
simulation. These include volume of sediment entering and exiting the reach, sediment trap A, - -.. _ 
efficiency, bed elevation changes, subsectional water velocities, water surface elevations, and 
other hydraulic and sediment information. 
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Chapter 5 

Modeling Guidelines 

5.1 General 

Training Document No. 13, entitled "Guidelines for the Calibration and Application of 
Computer Program HEC-6," (HEC 1992) describes methods and procedures for calibrating and 
applying computer program HEC-6. Other useful documents for sediment transport modeling 
are Thomas (1 977), Gee (1 984), Vanoni (1 9751, USACE (1 989), and USACE (1 993). Data 
requirements for river geometry, sediment characteristics and hydrology are discussed in these 
documents. Sensitivity of computed water surface profiles to data uncertainties is presented by 
HEC (1 986). 

5.2 Establishing Geometry 

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

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

It is necessary to locate the downstream end of the reach where there is a stable rating 
curve or known water surface elevation. For analysis of potential degradation this may be many 
miles downstream from the dam at a rock outcrop or concrete weir. For studies of reservoirs, 
the operating policy will define the reservoir level for the water surface profile computations and 
the program will adjust the bed according to calculated results. 

5.3 Sediment Data 

5.3.1 Sediment Particle Characteristics 

Only inorganic sediments are addressed by the HEC-6 transport functions. Therefore, 
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 particles is present, such as on the Big Sandy River where coal amounted t o  
40% of the sample by weight, a suitable procedure for correcting the calculations must be 
developed. In the Big Sandy River case, the coal was represented by an equivalent sand size and 
treated as inorganic sediment having a specific gravity of 2.65. 
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5.3.2 lnflowing Sediment Load Synthesis I 
If the inflowing sediment load is not available, HEC-6 can calculate it from gradation - 

curves for the bed material. This procedure is less desirable than obtaining measured inflowing 
sediment load data because of the difficulty of obtaining representative sediment samples for 
the entire bed. 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 helps to make a better estimate of the 
noncohesive sediment load than can be made by applying transport theory at only one point on 
the river. 

5.4 Hydrologic Data 

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

Representation of the discharge hydrograph as a series of steady flows requires the 
preservation of total annual water and sediment volume while maintaining the shape and peak 
discharges of 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 longest reach. For 
instance, i f  the average water velocity is 10 ft/sec and the longest reach is 10,000 ft, the 
minimum flow duration for that flow is 10,000 s 10 or 1,000 seconds (0.278 days). Longer 
durations may be used; however, since this is an explicit formulation of the basic equations, 
care must be taken to insure that time steps are not so long that oscillations are introduced into 
the sediment bed and water surface profiles. Limiting bed oscillations may require time-steps 
on the order of the flow-through time for the shortest reach. See HEC (1 992)*forfuittier 
information. 

For moderate to large rivers, it is usually acceptable to approximate an annual 
hydrograph with 15 to 25 discharge segments. In general, the larger the discharge, the shorter 
its duration must be, because the larger discharges carry greater amounts of sediment and 
result in larger bed movements, increasing the possibility of numerical oscillations. A large 

- 

discharge can be entered as several successive constant discharges to satisfy the requirement 
for shorter durations. 
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Chapter 6 

Example Problems 

This section presents several example problems that illustrate the contents of input data 
and computed results files for several typical applications of HEC-6. Detailed descriptions of the 
input data records can be found in the input Description (Appendix A), and are not 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 (1 9841, USACE (1 989) and HEC (1 992). These 
examples are provided only to illustrate the type and sequence of data needed to model various 
situations. They encompass a range of situations from fixed-bed backwater computation to 
simulation of the movement of sediment in a dendritic network of streams. 

Although derived from an actual engineering application, the example problems have been 
altered for illustration purposes. Therefore, the values of the parameters used in these 
problems are not based on field data and should not necessarily be used in an actual project. 

Schematic of Example River System 

Figure 6-1 shows a schematic 
of the river system that was the 
basis for these example problems. 
Each example builds upon the 
previous examples, therefore, only 
the additional or changed data is 
described for each successive 
problem. 

Several options are available 
that allow some data to be defined 
in more than one way. For 
example, the depth of the bed 
sediment control volume can be 
defined explicitly on the HD 
record or expressed in terms of 
the elevation of the model bottom 
on the H record; since only one H 
or HD record is  required for each 
cross section, either record can be 
used at a given cross section. Each 
analyst should select the 
appropriate options for their 
particular application. The 
selection should be based on the 
physical circumstances, study 
objectives, data availability and 
ease of use of the selected option. 

I I 
Figure 6-1 

..-- . 
Upstream 

End of Project 

Bear Creek 

Cross Section 55.0 

Silver Creek 

-- Cross Section 53.0 
+ z  L 

& 

Cross Section 42.0 

Cross Section 32.0 

S .  Fork Zumbro River 

Downstream 
End of Project 
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6.1 Example Problem 1 - Fixed-Bed Application 

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

6.1 .I lnput Data 

The data for Example Problem 1, shown in Table 6-1 a, is designed to operate HECd as a 
fixed-bed model. Note that this data is quite similar to HEC-2 data, although some data records 
(such as QT and X5) have different parameters for HEC-6. These differences are noted in the 
lnput Description (Appendix A). HEC-6 data begins with three title records, TI, T2, and T3. 
These are followed by bed roughness data (NC) and the geometry for each cross section, 
beginning with the X I  record. CR records define the cross section's geometry as a series of 
elevation and station points. The HD records delineate the movable portion of the bed of each 
cross section; though irrelevant for fixed bed operation of HEC-6, an HD record must follow the 
GR data for every cross section in the data file. 

In general, HEC-6 data records are position dependent. The cross sections are entered from 
downstream to upstream. The QT records locate inflow/outflow points and tributary junctions. 
NC records note changes in bed roughness. Comment records, however, are not position 
dependent; they can be placed anywhere in the data. Comment records are indicated by a blank 
ID in field 0 (i.e., the first two characters or columns of the record are blank). Comment records 
can be used throughout a data file to document unusual attributes or conditions in the model. 

Duplicate or repeat cross sections are often used to provide extra computational nodes for 
improving the accuracy of integration of the energy loss equation (HEC. 1986). As indicated by 
the comment records, Section No. 33.3 is a duplicate of Section No. 33.0. This was 
accomplished by copying the data records for Section No. 33.0 and changing the section ID 
number and reach lengths. In this case, Section No. 33.3 also differs from Section No. 33.0 by 
width and elevation adjustments. Width and elevation modifications can be made to any cross 
section in a manner similar to the HEC-2 procedure. A repeat section is defined by an XI record 
with the number of station points (Field 2 )  equal to zero (see Section 53.1 in Example Problem 
5); this is an indicator to HEC-6 that the geometry of the previous section should be re-used for - .  
this section. The repeat section option was instituted early in HEC-6's development due to the 
limitations of file editors and keypunch machines, however, with today's more sophisticated file 
editors (like COED), it is recommended that duplicated sections be used instead. Care must be 
taken to assure that duplicate or repeat cross sections have sediment transport characteristics 
that embody the theory of "reach representativen cross sections (Thomas, 1982). 

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

Fixed Bed 

EXAMPLE PROBLEM NO 1. FIXED-BED APPLICATION. BASIC GEOYIETRY. 
3 LOCAL INFLOWS WTTH A RATING CURVE AT M E  DOWNTEAH BOUNDARY. 
SOUTH FORK. ZUMBRO RIVER " Example Problem 1 

21 32.0 29 10057. 10271. 3630. 3060. 4240. 
GR998.0 9080. 982.0 9250. 982.0 9510. 980.0 9600. 980.01 9925. 
GR979.48 10000. 978.5 10057. 968.6 10075. 959.82 10087. 956.5 10097. 
GR 956.8 10117. 957.8 10137. 959.4 10157. 959.6 10177. 959.82 10196. 
GR966.5 10225. 971.2 10250. 978.5 10271. 978.5 10300. 978.6 10350. 
GR978.91 10370. 978.96 10387. 980.0 10610. 982.0 10745. 982.0 11145. 
GR 984.0 11150. 992.0 11240. 1000.0 11330. 1008. 11425. 
HD 32.0 
X1 33.0 21 1850. 2150. 3130. 3250. 3320. 
GRlOOO.O 980. 990.0 1060. 980.0 1150. 982.0 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.0 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 990.0 3100. 
GR 1000. 3170. 
HD 33.0 

NOTE: -ion 33.3 is r duplicate of Section 33.0. 
Section 33 0 7s a representative cross section for a long r u c k  A 
duplicate is used to b r u k  up the long reach into hro smaller ruches. 

XI 33.3 21 1850. 2150. 1550. 1750. 1750. -95 1.49 
GR 1000. 980. 990.0 1060. 980.0 1150. 982.0 1180. 982.0 1215. 
GR 980.0 1260. 982.0 BOO. 982.0 1350. 980.0 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.4 1850. 979.1 1851. 961.0 1900.8 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 990.0 3100. 
GR 1000. 3170. 
m 33.3 

Silver Lake occupies this reach 
NC .06 .06 .OIs 
XI 42.0 32 9880. 10130. 5370. 
GR 996.0 7130. 998.0 7310. 998.0 
GR 988.0 8780. 986.0 8990. 985.7 
GR990.0 9880. 969.8 9881. 969.8 
GR 969.8 9943. 969.8 10001. 986.7 
GR 969.8 10067. 985.8 10067. 985.8 
GR 989.9 10130. 989.5 10180. 988.6 
GR 986.8 11720. 989.9 12310. 
HD 42.0 

Model Silver Creek as a local inflow. 
QT 
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X 1  5 3 . 0  22 
GR 1004 .  7550. 
GR 994 .0  8940. 
GR 982.8  10000.  
GR 978 .2  10121. 
GR 1002 .  10470.  
H9 5 3 . 0  

model Bear Cre 
qT 
XI 55.0  18  
GR 1004 .  7592.  
GR 984.3  9737. 
GR 974 .8  9975. 
GR 985 .8  10187.  
BD 55.0  
X l  58 .0  22 
GR 1006 .  8542. 
GR 976 .2  9944. 
GR 988.8  10065. 

local i r  

RC 973 .1  973.3  973.5  973.7 973.8 
RC 974.3  974.4  974.5  974.6 974.7 * A PROFILE 1 - AVERAGE ANNUAL DISCHARGE 
Q USO. 150. 78. 340. 
T 
w 1. * A PROFILE 2 - BANK FULL FLOW 
Q 2500. 300. 150. 650. 
W 1 .  

6.1.2 Output 

The output from Example Problem 1 is shown in Table 6-1 b. Various levels of output detail 
are available to the user. These are controlled by several input data items (see Chapter 4); the 
output produced by these options will be described as encountered in the problems. The 
terminology for output is; default, A-level, B-level, etc., each succeeding level providing 
increasing detail. 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 f i le  for the user's future 
reference. lnformation regarding the geometric data follows. 

In Example Problem 1, the default (minimum) geometric output is presented. Additional 
information can be obtained via switches on the T I  record (see Appendix A). Each cross section 
is labelled by its identification number from the X I  record. We suggest that river mile be used-- . ' --.-- . 

to identify cross sections. The "DEPTH of the Bed ..." is based on information from the HD 
record. lnformation regarding cross section adjustment is echoed as well as the locations of 
local inflow points and changes to the energy loss coefficients. 

Following the geometric data output, profiles (or time steps) 1 and 2 produced A-level 
output for the 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 fine : -7 : - . r 
elevation, velocity head, alpha, top width, average bed elevation, and-average velocity in each 
subsection for each cross section to be written to the output file. The discharge value 
represents the subtraction of local inflows as the backwater computation proceeds upstream, . . 1 . -  _. 

-Local flow data should be checked to assure that the main river discharge never'becomes 
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negative. The average bed elevation (AVC BED) 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. 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 hydraulic output may be 
suppressed. 

Table 6-1 b 
Example Problem 1 - Output 

Fixed Bed 

................................................... ................................... 
SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS U.S. ARMY CORPS OF ENGINEERS : 

Version: 4.1.00 - AUGUST 1993 RIDROLOGIC ENGINEERING CENTER 
INPUT PILE: aAMPLE1.MT . 609 SECOND STREF3 
OlnPDT PILE: ExMF'LEl. u.r t DAVIS, CALIFORNIA 95616-4687 
RUN DATE: 30 AUG 93 RUN TIME: 10:27:58 (916) 756-1104 

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

x X ~ ~  xxxxx 
x X X  X  X  X  X  
x X X  X  X  
mwcxxxxx x ) L X X ] M X X M C C X  
x X X  X  X  X  
x X X  X  X  X X  
x X X I I C 0 3 C C X x x x x x  XMW: 

...................................................................... 
EWlIMM LIXITS FOR THIS VSRSION ARE: 

t 10 Stream Segments (Main Stem + Tributaries) • 

150 Cross Sections t 
100 Elevation/Stacion Points per Cross Section 
20 Grain Sizes 
10 Control Points 

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

T1 EXAMPLE PROBLEM NO 1. FIXED-BED APPLICATION. BASIC GEOf4ETRY. 
T2 3 LOCAL INPLOWS YITR A RATING CURVE AT TIiE DOWNSlXUt4 BOUNDARY. 
T3 SOUTH PORK, ZQmRO RIVER ** Example Problem 1 ** 

N values. . . Left Olaanel Right Contraction Expansion 
0.1000 0.0400 0.1000 1.1000 0.7000 

SECJTWK). 1.00 . . .DEPTH o f  the Bed k d i r u r t  b n t r o l  Voluc = 0.00 ft. 

SECTIONNO. 15.000 ... DEPPH of the Bed Sediment Control Volume = 0.00 ft. 

LOCAL INFLOW POPIT I occlrrs upstram fm Section No. IS. 000 

SECTION NO. 32.000 ... DEPPH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO. 33.000 ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO. 33.300 . . .Ad 'ust Sectfon KUJ7H ta  95.00% o f  original.  dust k c t ~ o n  EiEV..7ILM by 1.490 f t .  ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO. 35.000 ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

N values. .. Left Channel Right Contraction E*pansior. 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 ... DEETH of the Bed Sediment Control Volume = 0.00 ft. 

LOCaL INFLOW POINT 2 occurs upstreu f m  Section No. 42.000 

SECTION NO. 44.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 53.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

LOCAL INFLOW POIHT 3 occurs upstrew f m  k c t i o n  No. 53.000 

SECTION NO. 55.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTIONNO. 58.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

63 
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NO. OF CROSS SECTIONS IN SraEAX SEGMENT- 11 
NO. OF INPDT DATA W%SSAGES - 0 

TOTAL NO. OF CROSS SECPIONS IN THE NETWORK - 11 
TOTAL NO. OF STREAM SE-S IN TSE NETWORK- 1 
END OF GEOE(FPR1C DATA 

-~-----.-=11~---=~~11----1--=--1-11--~-------===-==--*--------==----=---.----~-=~-=-- 

TIME STEP I) 1 * A PROFILE 1 - AVERAGE ANNUAL DISCXARGE 

------------------------------------------------------------------------------------------ 
sRAm 

EXAMPLE PROBLEM NO 1. FIXED-BED APPLICATION. BASIC GECHEIXY. 
ACCUMULATED TIME (yrSl . . . . . . . . . . 0.000 

Lbmnstrau Boundary Condition - Rating 
Elevation Stage Discharge ------------------------------------ 

950.000 950.000 0.000 
955.100 955.100 2000.000 
958.000 958.000 4000.000 
960.000 960.000 6000.000 
962.000 962.000 8000.000 
963.600 963.600 10000.000 
965.100 965.100 12000.000 
966.200 966.200 14000.000 
967.000 967.000 16000.000 
967.700 967.700 18000.000 
968.300 968.300 20000.000 
968.900 968.900 22000.000 
969.400 969.400 24000.000 
969 .800 9 6 9  .800 26000.000 
970.200 970.200 28000.000 
970.600 970.600 30000.000 
971.000 971.000 32000.000 
971.400 971.400 34000.000 
971.800 971.800 36000.000 
972.100 972.100 38000.000 

a --- 
DOMStream Boundary Condition Data for SPRBAn SEGHKblP NO. 1 at Control Point it 1 --- 

DISCHARGE TEMPERATURE UAm SURFACE 
(cfs) (dcg F) (ft) 
1250.000 0.00 953.188 

Owe 
Elevation Stage Discharge ------------------------------------- 

972.400 972.400 40000.000 
972.700 972.700 42000.000 
972.900 972.900 44000.000 
973.100 973.100 46000.000 
973.300 973.300 48000.000 
973.500 973.500 50000.000 
973.700 973.700 52000.000 
973.800 973.800 54000.000 
973.900 973.900 56000.000 
974.000 974.000 58000.000 
974.100 974.100 60000.000 
974.200 974.200 62000.000 
974.300 914.300 64000.000 
974.400 974.400 66000.000 
974.500 974.500 68000.000 
974.600 974.600 70000.000 
974.700 974.700 72000.000 
974.800 974.800 74000.000 
974.900 974.900 76000.000 
975.000 975.000 78000.000 

**** D-RCE WATER ENERGY VELMI7Y ALPHA TOP A K  AYC EL (by subsection) 
(CFS) SURFACE LINE HE4D Wnrm BED 1 2 3 

SECX'ION NO. 1.000 
**" 1250.000 953.188 953.251 0.063 1.000 123.928 948.191 0.000' 2 .019 0.000 

FLOWDISTRIBUTION (2) - 0 .000100 .000  0.000 
SECTION NO. 15.000 
**** 1250.000 957.150 958.285 1.135 1.000 67.126 954.971 0.000 8.546 0.000 

FLOW DIrnBUTION (I) - 0.000 100.000 0.000 

--- LOCAL INFLOW WINT I) 1 is upstream of Section No. 15.000 --- 
DISCHARGE TEMPERATURE 

(cfs) (deg F) 
Local Inflov: 150.000 0.00 

Total: 1100.000 0.00 

SEffION NO. 32.000 
***' 1100.000 963.529 963.580 0 .051 1.000 130.197 958.863 0.000 1 .811  0.000 

PLOW DISTRIBUTION (2) - 0.000 100.000 0.000 
SECrION NO. 33 .000  
****  1100.000 964.565 964.599 0.034 1.000 219.876 961.193 0.000 1.484 0.000 

FLOW D I S T R I m O N  (a) - 0.000 100.000 0.000 
SECX'ION NO. 33.300 
**" 1100.000 965.348 965.405 0.057 1.000 205.246 962.559 0 .000 1 .922 0.000 

FLOW DISTRIBUTION (2) - 0.000 100.000 0.000 
SECTION NO. 35.000 
***+ 1100 .000  966.613 966.986 0.373 1 .000 77.367 963.711 0.000 4.898 0.000 

FLOW DISTRIBUTION (a) - 0.000 100.000 0.000 
SECTION NO. 42.000 -- - .. 
****  1100 .000  972.961 972.994 0.032 1 .000 242.312 969.815 0.000 1 .443 0.000 

FLOWDISTRIBUTION (2) - 0 . 0 0 0 1 0 0 . 0 0 0  0.000 

- - -  LOCAL INFLOW POINT # 2 is upstream of Section No. 42.000 ---  
DISCHARGE TEMPERATURE 

(cfs) (deg Fl 
Local Inflow: 78.000 0.00 

Total : 1022.000 0.00 

SECTION NO. 44.000 
* * * *  1022 .000  973.803 973.819 0.015 1.000 260.206 969.857 0.000 0.995 0.000 

PLOW DISTRIBUTION (2) = 0.000 100.000 0.000 
SECTION NO. 53 .OOO 
* * * *  1022.000 975.218 975.804 0.586 1.000 78.162 973.089 0.000 6 .141 0 .000 

FLOU DISTRIBUTION (2) - 0.000 100.000 0.000 
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- - -  LO= m?Ial PO= 8 3 is UpmCXmU of sUX.iUIl NO. 53.000 - - -  

a W Q R P O I ~  
(dm) ( d a  P) 

Laul Inflora 340.000 0.00 
Total: 682.000 0.00 

SECTION NO. 55.000 
* 682.000 978.823 978.863 0.040 1.000 101.072 974.641 0.000 1.624 0.000 

PLOW DISTRIBUTION (5) = 0.000 100.000 0.000 
SECTION NO. 58.000 
"** 682.000 979.887 980.091 0.204 1.000 56.154 976.536 0.000 3.625 0.000 

PLOW DISPRIBmION (*I  = 0.000 100.000 0.000 

=~=1-=----------111I--I..)11III~~-....~~I.II.II~II-------------========-======~====~==~====~-~~ 

TIME STEP 1) 2 * A P R O P I L g 2 - B A N I : m P L O Y  

EXAMPLE PROBLgn NO 1. m - B g D  APPLICARON. BASIC GEOMXRY. 
ACcmMJLATED TIHB (yrs) . . . . . . . . . . 0.003 

---  Downstream Boundary Condition Data for SrRXM SB- NO. 1 at Control Point # 1 --- 
DIS- -TURE WATER SURFACE. 

(cf 8 )  (deg PI (ft) 
2500 .OOO 0.00 955.825 

**** DISCHARGE MTER fYDm YELDCrrY A m  TW AVG AVG VEL (by subsection) 
Cats) SURFACE LINE nE4D WmTH BED 1 2 3 

SECTION NO. 1-000 --. 

"** 2500.000 955.825 955.927 0.102 1.000 151.140 949.377 0.000 2.565 0.000 
PLOW DISTRIBUTION . 0.000 100.000 0.000 

SECTION NO. 15-000 --- - -. - - - - - -  
*** '  2500.000 959.673 960.191 0.518 1.000 169.528 957.119 0.000 5.774 0.000 

PLOW DISTRIBUTION (2) = 0.000 100.000 0.000 

- - -  LOCAL INFLOW WINT # 1 is upstream of Section No. 15.000 - - -  
DIS- TElQEILATmLE 

(cf o) (deg PI 
Local Inflow: 300.000 0.00 

T o w :  2200.000 0.00 

SECTION NO. 32.000 
2200.000 965.362 965.465 0.103 1.000 140.643 959.281 

PLOW DI.mRnUTION ( * )  = 
SECTION NO. 33.000 
*'** 2200.000 966.551 - 966.604 0.053 1.000 232.014 961.404 

PLOW DISTRIBUTION (5) = 
SECTION NO. 33.300 
**" 2200.000 967.192 967.273 0.082 1.000 215.861 962.746 

PLOW DISTRIBUTION (*I  = 
SECTION NO. 35.000 
"** 2200.000 968.416 968.811 0.395 1.000 168.513 965.827 

PLOW DISTRIBUTION ( I )  - 
SECTION NO. 42.000 

2200.000 974.977 975.025 0.048 1.000 242.514 969.809 
m u  DISTRIBVTION (t) = 

- -  - LOCAL INFLOW POINT # 2 is upmtreu of Section No. 42.000 --- 
DISQURGB 7 

(cfs) (ass F) 
Local Inflow: 150.000 0.00 

Total: 2050.000 0.00 

SECTION NO. 44.000 
* * "  2050.000 975.775 975.802 0.027 1.000 268.762 969.954 

PLOW DISlllIBUTION (5) - 
SECTION NO. 53.000 
" * *  2050 .OOO 977.052 977.665 0.613 1.000 97.657 973.710 

PLOW DISTRIBUTION (2) = 

- - -  LOCAL INPLOW POm 1 3 is upstream of section No. 53 .ooo --- 
DISCBARCg TXMPElWlURX 

(cf s) (deg P) 
Local Inflow: 6s0.000 0.00 

Total: 1400.000 0.00 

SECTION NO. 55.000 
"" 1400.000 980.715 980.794 0.080 1.000 108.982 975.039 

PLOW DISTRIBUTION ( + I  = 
SECTION NO. 58.000 
* * * *  1400.000 981.937 982.255 0.318 1.000 63.384 977.053 

PLOW DISTRIBUTION (5) - 
------------------------------------------------------------------------------------------ 
S S END 

0 DATA ERROM Dm-. 

TOTAL NO. OF RW SlgPS lLgAO - 2 
TOTAL NO. OF WS PROFILES - 2 
ITERATIONS IN EQ - 0 

COM PUTATIONS CCWPLEIIID 
RUN TIME - 0 HOURS, 0 & 0.00 SECONDS 
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6.2 Example Problem 2 - Hydraulic and Geometric Options 
- 

This problem builds on Example Problem 1 ; it is also a fixed-bed run and illustrates some of 
the more frequently used options for describing certain geometric and hydraulic conditions. 
The input file for Example Problem 2 is shown in Table 6-2a. Input items that differ from 
Example Problem 1 are discussed in Sections 6.2.1 through 6.2.5. Output is described in 
Sections 6.2.6 through 6.2.7. 

6.2.1 Manning's n Vs. Elevation 

Some situations are better modeled by 
varying n values vertically rather than 
horizontally; this is done in Example 
Problem 2 at Section No. 15.0 by using NV 
records (see Appendix A for details). The 
n vs. elevation functions derived for 
Section No. 1 5.0 are shown graphically in 
Figure 6-2. These functions will be used at 
all subsequent (upstream) cross sections 
until another NV or NC record is found. 
Elevations on NV records are constant for 
all subsequent cross sections, therefore, 
as the computation proceeds upstream 
they may become too low. In this 
example, the NC record at Section No. 
32.0 returns the computations to an n vs. 

@ 
subsection function. The NV record can 
also be used to vary n with discharge. 

6.2.2 Internal Boundary 
Conditions 

- Channel n .----- ---  Left Overbonk n 
Right Overbonk n 

- 1  : 
1 :  
I : 
I !  

990 1 :  
1 : 

I : 
# ,.- 

8 .. 
/ *.. 

950 
0 . 0 ~ 4  

Manning's n volue 

Figure 6-2 -- 
Manning's n vs. Elevation, Section-No. 15 . 

Study reaches will occasionally contain hydraulic controls, such as weirs and gated 
structures, where the step backwater solution is not appropriate. The effects of such structures 
can be simulated using X5 and R data to define an lnternal Boundary Condition (IBC). In 
Example Problem 2, Section No. 33.0 is immediately upstream of a gated spillway that can 
arbitrarily control the upstream water surface elevation. Also, Section No. 35.0 is at the 
upstream face of an erosion control weir which maintains a fixed water surface elevation of 
974 f t  at that section during low flow conditions. 

An internal boundary condition breaks the project reach into two smaller subreaches, 
creating a new upstream boundary and a new downstream boundary at that break point. The 
new upstream boundary is the cross section downstream of the internal boundary condition; the 
new downstream boundary is the cross section containing the X5 record defining the internal " .  . -. boundary condition. . - 

Some modifications to the reach geometry are needed when an internal boundary condition 
is added to the model. Because Section No. 32.0 is representative of the reach downstream of - 
the spillway at Section No. 33.0, Section No. 32.1, a duplicate of Section No. 32.0, was added at 
the downstream face of the spillway. This new cross section was assigned downstream reach 

@ lengths equal to those originally defined for Section No. 33.0 and the reach lengths of Section 
No. 33.0 were set to 0.0. The "2" in Field 4 of the X5 record for Section No. 33.0 causes the 
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water surface elevation for that cross section to be read from Field 2 of the R record in the flow 
data. Thus, for this example, the specified water surface elevation at Section No. 33.0 will be 
966 ft for the first discharge and 978 ft for the second. The larger of this water surface 
elevation or that computed by the step backwater i s  used. 

Similarly, Section No. 33.9, a duplicate of Section No. 33.3, was added downstream of 
Section No. 35.0; its reach lengths are those originally set for Section No. 35.0 and the reach 
lengths for Section No. 35.0 were also set to 0.0. The X5 record entered with this cross section 
indicates that the minimum water surface elevation and head loss at this point are 974 ft and 
0.5 ft, respectively. 

6.2.3 Ineffective Flow Area 

A portion of Section No. 15.0 
is deemed to be ineffective; that 
is, it carries no flow. This is 
described with the X3 record, 
which allows easy modification of 
existing cross section data to 
reflect encroachments. In this 
case, the left encroachment starts 
at the intersection of the left bank 
at elevation 961 ft and extends at 
that elevation to station 10,700 ft. 
The right encroachment starts at 
station 1 1,000 ft and extends at 
elevation 970 ft to the right bank. 
This is implemented in HE'-6 by 
raising the CR points within an 
encroachment to the 
encroachment elevation. 

Another commonly used 
lneffective Flow option is available 
to restrain flow within the channel 
until the water surface is above the I 
35.0 to model the natural levees in t 

L I 
Figure 6-3 . . . - 

Cross Section 15.0 witti-encroachments .- 

ank elevation. This option is used in Section No. 33.9 and 
at  reach. 

Table 6-2a 
Example Problem 2 - Input 

Hydraulic Options 

T1 EXAMPLE PROBLEM NO 2 .  HYDRAULIC AND GEOMETRIC OPTIONS. 
T2 3 LOCAL INFLOWS, USE OF R RECORDS. 
T3 SOUTH FORK, ZUMBRO RIVER " Example Problem 2  ** 
NC . 1  . 1  . 04  . 1  . 3  
X1 1 . 0  31  10077 .  10275 .  0 .  0 .  0 .  
GR 1 0 0 4 .  9915.  978 .4  10002.  9 5 6 . 0  10060 .  959.2  10077.  9 5 9 . 3  10081.  
GR 9 5 0 . 0  10092 .  948.48  10108.  9 4 6 . 6  10138 .  944 .7  _-10158. 955,2 -10225. ?__  - - ..--* - s  *,, 

GR 9 5 6 . 2  10243: 958 .9  ' -10250. - - -  9 5 9 . 8  10275.- = 959 .8  10300.  - 959,9 , 10325 .  -"- , 
GR 9 5 8 . 8  10350 .  9 5 7 . 4  10400.  9 7 0 . 0  10700 .  966 .0  10960.  970 .0  11060.  
GR 9 6 8 . 0  11085.  968 .0  11240.  9 7 0 . 0  11365.  9 7 0 . 0  11500.  970 .0  11615.  
GR 9 6 2 . 0  11665 .  9 6 2 . 0  12400.  9 7 6 . 0  12550 .  980 .0  12670.  982 .0  12730.  
GR 9 8 4 . 0  12735 .  
W 1 . 0  
NV 22 -045 965.6 .064 988.8 
NV 12 .08 965.6 .13 988.8 
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NV 33 .1 965.6 .ll 982.0 .12 988.8 
Xl 1s.o 27 10665. 10850. 3560. 3030. 3280. 
X3 10700. 961.0 11000. 970.0 
GR 992.0 9570. 982.0 10110. 976.0 10300r 976.0 10490. 966.0 10610. 
GR 964.7 10665. 956.0 10673. 953.0 10693. 954.0 10703. 955.6 10723. 
GR 958.6 10750. 959.3 10800. 957.0 10822. 957.3 10825. 961.5 10850. 
GR 962.0 10852. 964.0 10970. 966.0 11015. 961.0 11090. 962.0 11150. 
GR970.0 11190. 972.0 11310. 980.0 11410. 984.0 11570. 990.0 11770. 
GR 990.0 11865. 1000.0 12150. 
W 15.0 

Model Cascade Creek as a local inflow. 
QT 
NC .1 .l .05 
X1 32.0 29 10057. 10271. 3630. 3060. 4240. 
GR998.0 9080. 982.0 9250. 982.0 9510. 980.0 9600. 980.01 9925. 
GR979.48 10000. 978.5 10057. 968.6 10075. 959.82 10087. 956.5 10097. 
GR 956.8 10117. 957.8 10137. 959.4 10157. 959.6 10177. 959.82 10196. 
GR 966.5 10225. 971.2 10250. 978.5 10271. 978.5 10300. 978.6 10350. 
GR978.91 10370. 978.96 10387. 980.0 10610. 982.0 10745. 982.0 11145. 
GR 984.0 11150. 992.0 11240. 1000.0 11330. 1008. 11425. 
HD 32.0 

Section 32.1 is a dup7icate o f  Sec 32.0 which i s  representative o f  the reach 
downstream o f  the spi77way a t  Sec 33.0. Sec 32.1 7s a new upstream boundary. 

XI 32.1 29 10057. 10271. 3130. 3250. 3320. 
x3 10 
GR998.0 9080. 982.0 9250. 982.0 9510. 980.0 9600. 980.01 9925. 
GR979.48 10000. 978.5 10057. 968.6 10075. 959.82 10087. 956.5 10097. 
GR 956.8 10117. 957.8 10137. 959.4 10157. 959.6 10177. 959.82 10196. 
GR 966.5 10225. 971.2 10250. 978.5 10271. 978.5 10300. 978.6 10350. 
GR978.91 10370. 978.96 10387. 980.0 10610. 982.0 10745. 982.0 11145. 
GR 984.0 11150. 992.0 11240. 1000.0 11330. 1008. 11425. 
HD 32.1 

A spillway is located here. 
X1 33.0 21 1850. 2150. 0 0 0 
x5 2 
XL 250. 
GR 1000. 980. 990.0 1060. 980.0 1150- 982.0 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.0 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 990.0 3100. 

a GR 1000. 3170. 
W 33.0 
NOTE : Section 33.3 is a duplicate of Section 33.0. 
Section 33.0 is a good representative Cross Section for a long reach. A 
duplicate is used here to break up the long reach into two smaller reaches. 

X1 33.3 21 1850. 2150. 1550. 1750. 1750. .95 1.49 
XL 250. 
GR 1000. 980. 990.0 1060. 980.0 1150. 982.0 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.0 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 990.0 3100. 
GR 1000. 3170. 
HD 33.3 

Section 33.9 is a dup7icate o f  Section 33.3. I t  i s  p7aced a t  the downstream 
face o f  the weir being defined a t  Section 35.0 and i s  a new upstream boundary. 

X1 33.9 21 1850. 2150. 1050. 1050. 1050. .95 1.65 
x3 10 
GR 1000. 980. 990.0 1060. 980.0 1150. 982.0 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.0 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 990.0 3100. 
GR 1000. 3170. 
HD 33.9 
A weir is located here. 

X1 35.0 22 9894. 10245. 0 0 0 
x3 10 
x5 974. 0.5 
GR 984.0 9035. 980.0 9070. 978.0 9135. 980.0 9185. 982.0 9270. 
GR 980.0 9465. 981.7 9595. 983.7 9745. 984.7 9894. 963.4 9894.1 
GR 963.3 9954. 967.1 9974. 967.4 10004. 968.2 10044. 967.6 10054. 
GR 973.4 10115. 977.4 10120. 983.7 1015s. 984.0 10245. 982.0- 10695. 
GR 982.0 10895. 1004.0 11085. 
W 35.0 
NC .06 .06 .045 
X1 42.0 32 9880. 10130. 5370. 5000. 5210. 
GR 996.0 7130. 998.0 7310. 998.0 7930. 992.0 8205. 990.0 8495. 
GR988.0 8780. 986.0 8990. 985.7 9570. 986.45 9707. 989.44 9857. 
GR 990.0 9880. 969.8 9881. 969.8 9941. 985.8 9941. 985.8 9943. 
GR 969.8 9943. 969.8 10001. 986.7 10001. 986.7 10003. 969.8 10003. 
GR 969.8 10067. 985.8 10067. 985.8 10069. 969.8 10069. 969.8 10129. 
GR 989.9 10130. 989.5 10180. 988.6 10230. 987.6 10280. 985.2 10430. 
GR 986.8 11720. 989.9 12310. 
HD 42.0 

68 
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Model Silver Creek as a local inflow. 
QT 
xl 44.0 28 9845. 10127. 3200. 3800. 3500. 
XL 98.50. 10200. 
GR 1002. 8035. 992.0 8150. 990.0 8305. 990.0 8735. 988.0 8835. 
GR 996.0 9285. 1017.6 9425. 990.0 9505. 986.0 9650. 984.1 9788. 
GR 980.6 9845. 970.9 9868. 972.2 9898. 970.5 9968. 967.5 9998. 
GR 968.9 10028. 967.4 10058. 967.1 10078. 971.9 10118. 976.8 10127. 
GR 977.8 10150. 976.9 10193. 982.0 10206. 981.2 10300. 979.2 10325. 
GR 983.1 10400. 999.8 10450. 1002.4 10464. 
HD 44.0 
X1 53.0 22 10000. 10136. 3366. 2832. 2942. 
GR 1004. 7550. 1000.0 7760. 998.0 8440. 996.0 8640. 996.0 8780. 
GR 994.0 8940. 986.0 9245. 986.3 9555. 986.3 9825. 983.8 9900. 
GR 982.8 10000. 978.2 10011. 974.0 10041. 972.2 10071. 972.6 10101. 
GR 978.2 10121. 988.7 10136. 989.3 10154. 999.2 10200. 1000.1 10320. 
GR 1002. 10470. 1004.0 10700. 
HD 53.0 

model Bear Creek as a local inflow. 
QT 
X1 55.0 18 9931. 10062. 2275. 3430. 2770. 
GR 1004. 7592. 1000.0 7947. 996.0 8627. 990.0 9052. 986.0 9337. 
GR984.3 9737. 984.7 9837. 985.5 9910. 987.2 9931. 978.1 9955. 
GR 974.8 9975. 974.2 10005. 972.9 10035. 973.2 10045. 983.8 10062. 
GR 985.8 10187. 986.0 10307. 990.0 10497. 
HD 55.0 
X1 58.0 22 9912.0 10015.0 1098. 1012. 1462. 
GR 1006. 8542. 1004.0 8952. 1000.0 9702. 997.2 9812. 996.3 9912. 
GR 976.2 9944. 975.4 9974. 978.2 9991. 990.4 10015. 988.3 10062. 
GR 988.8 10065. 988.3 10065. 989.3 10169. 990.0 10172. 992.0 10242. 
GR 992.0 10492. 988.0 10642. 986.7 10852. 988.0 11022. 986.0 11097. 
GR 986.0 11137. 988.0 11192. 
HD 58.0 
EJ 
s m  * A PROFILE 1 = AVERAGE ANNUAL DISCHARGE 
Q 1250. 150. 78. 340. 
R 960. 966. 
T 60. 60. 60. 60. 
W 5. * B PROFILE 2 = FLOOD EVENT (0.5% CHANCE FLOOD) 

1200. 600. 2600. 8 lo;%: 978. 
W 1. 
St= 

6.2.4 Conveyance Limits 

Ineffective flow areas can also be specified with XL data. In Example Problem 2, Section No. 
33.0 has non-conveying areas centered about the channel on both sides, leaving a conveyance 
width of 250 ft: Since Section No. 33.3 is a duplicate of Section No. 33.0, the conveyance limit is 
duplicated at this section. At Section No. 44.0, conveyance limits have been specified at 
stations 9,850 and 10,200, leaving a conveyance width of 350 f t  (not centered about the 
channel). The difference between the ineffective flow area option and the conveyance limits 
option is that deposition may occur in wetted areas outside the conveyance limits, but not in 
ineffective flow areas. Although both methods mayyield the same hydraulic conditions, 
sediment deposition may differ. Refer to Sections 3.2.7 for more details. 

6.2.5 Downstream Boundary Water Surface Elevation 

In Example Problem 1, the downstream boundary water surface elevation was computed for 

-. -"----& 
each flow by interpolation within a rating curve provided by the user. Alternately, when the 

- - . -do@nstielaFG-tefsG-~ete?lation - -..-.- i~lridcpmdem~f-&w;-ar Wka:ttserJoir'pociE,~;"7;~ "r ,=-i7>c:zzp~ 
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 at the downstream boundary is 
960 f t  for the first discharge and 973 f t  for the second. 

69 
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I 6.2.6 A-Level Hydraulic Output I 
A-level hydraulic output was produced for the first flow profile (time step) of Example 

Problem 2. This output, shown in Table 6-Zb, is quite similar to that of Example Problem 1. 
Note that the water surface elevation at Section No. 33.0 of 966 ft  reflects the elevation 
specified on the R record. 

A-level hydraulic output is a subset of B-level hydraulic output. It can, therefore, be seen 
that at time step 2, the 974 ft minimum pool elevation for Section No. 35.0 (as specified on the 
X5 record) was submerged by tailwater and, therefore, a head loss of 0.5 f t  was added to the 
tailwater elevation of 978.675 ft resulting in a computed water surface elevation of 979.1 75 ft .  

The large discharge for time step 2 produced a sufficiently high water surface profile that 
the flow at Sections 33.0 and 44.0 is bounded by the conveyance limits. This can be seen in the 
column labeled "TOP WIDTH" where the values are 250 ft  and 350 ft respectively for these cross 
sections. 

6.2.7 B-Level Hydraulic Output 

B-level hydraulic output was produced for the second flow profile of Example Problem 2. 
This output is more detailed than the A-level output produced by the first profile. It may be 
used to check the effective geometry of each cross section as well as the computed value o f  
most of the hydraulic parameters used in the backwater calculations. For example, to check the . . 

operation of the n vs. elevation function at Section No. 15.0, refer to the table "REACH 
PROPERTIES BY STRIP". The n values used for the left overbank, channel, and right overbank are 
0.0963, 0.051 2, and 0.1 046, respectively. These are interpolated from the input NV table for a 
computed water surface elevation of 973.1 58 ft. Also, note that the CR data shown for Section 
No. 15.0 reflect the X3 encroachment. Elevations on the left side are kept above 961 f t  to . 
station 10,700. The same is seen on the right side as elevations are kept at 970 ft  after station 
11,000 until the original ground line is encountered. 

Table 6-2b 
Example Problem 2 

Hydraulic Output 

................................................. **. ****.*******..****.**..*..t... 
SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS U.S. ARMY CORPS OF ENGINEERS 

Version: 4.1.00 - AUGUST 1993 BYDROLCGIC EXGINEERING CEKIZR 
INPWI' FILE: EXAMPLE2 .DAT t 609 SECOND STREET . 
OUTPGT FILE: EXAMPLE2 .OUT DAVIS, CALIFORNIA 95616-4681 
RUNDATE: 30AUG93 RUNTIHE: 10:28:02 (916) 756-1104 

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

...................................................................... 
* MAXIMUM LIMITS FOR THIS VERSION ARE: . - .. - -  - - .>  A--- -- - 

10 Stream Segments (Main Stem + Tributaries) 
t IS0 Cross Sectlons 

100 Elevatlon/Station Points per Cross Section - " - - <  . 1.. L . L .  --,, .- . . . 
20 Grain Sizes 
10 Control Points 

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

T1 EXAMPLE PROBLEM NO 2. HYDRAULIC AND GEOMETRIC OPTIONS. 
T2 3 LOCAL INFLOWS, USE OF R RECORDS. 
T3 S O W  FORK, ZUMBRO RIVER ** Example Problem 2 * *  
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N values. . . Left Channel Right Contraction Expansion 
0.1000 0.0400 0.1000 1,1000 0.7000 

SECTION NO. 1.000 
... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

N-Values vs. Elevation T ' l e  
Channel Left Overbank Right Overbank 

0.0450 966. 0.0600 966. 0.1000 966. 
0.0640 919. 0.1300 989. 0.1100 982. 

SECTION NO. 15.000 ... Lef t  Encroachent defined a t  station 107W.000 at  elevation 961.000 ... Right Encroachnnt defined a t  station 11000.000 at elevation 970.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

I LOCAL INEMW POINT 1 occurs upstream from Section No. 15.000 

I N values. . . Left Channel Right Contraction Expansion 
0.1000 0.0500 0.1000 1.1000 0.7000 

SECTION NO. 32.000 
... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 32.100 . . . Ine f fec t ive  Row Area - Uethoc! 1 - Left Overbank Right Overbank 
Natural Levers a t  Station 10057.000 . 10271.000 

Ineffect ive Elevation 978.500 976.500 . . .DEPTH of the Bed Sediment Control Volume = ,0.00 ft. 

SECTION NO. 33.000 ... Internal  Boundary Condition 
Water Surface Elevation d l 1  be read from R-REUXO, Field 2 
Head Loss = 0.000 ... Limit  CtWVEYANCE t o  250.000 f t .  centered .bout midpoint o f  channel. ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECX'ION NO. 33.300 . . .Ad ust k c t ! o n  NID7H t o  95. GUX of original. . . . ~ b j u s t  S c t l o n  ELEYATICMLS by 1.490 f t .  ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

I SECTION NO. 33.900 

I a ... Adjust Section UIUI'E to 95.001 of original. . . .Adjust Section EL7ZVATIONS 1.650 ft. . . . Ine f fec t ive  Row Area - Me%d 1 - Left Ovvrhnk Rioht Overbank - - - -  
Natural Levees at Station 1757.500 2042.500 

Ineffective Elevation 986.060 986.150 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 35.000 . . . Internal  Boundary Condition 
Water Surface Elevation = 974.000 
Head Loss = 0. 500 . . . Ine f fec t ive  Flow A m  - Uethod I - Left Overbank Right Overhnk 

Natural Levees at Station 9894.000 10245.000 
Ineffective Elevation 984.700 984.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

N values. . . Left Chamel Right Contraction Expansion 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

I - .  - .  LOCAL INFLOW W I N T  2 occurs upstream from Section No. 42.000 

SECTION NO. 44.000 ... L i m i t ~ A N C E b c t ~ n s t a t i o n r  9150.0008nd IIUW.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 53.000 . . .DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

I LOCAL INFLOW POINT 3 occurs upstream from Section No. 53.000 

SECX'ION NO. 55.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SEmIONNO. 58.000 ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

TOTAL NO. OF CROSS SECTIONS IN THE NRWORK = 13 
TOTAL NO. OF STREAM SEGMENTS IN THE NFPWORX= 1 
END OF GEOUETRIC DATA 

1-1-11-1-111=1-1=1-===========-==-----.-=-===-==-========-====.=--====---==-====-==-.--==- 
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SHYD 
FIXED-BED MOD= 

~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ 1 1 1 1 o ~ o I U U U I I I o o o ~ I . I o I I ~ . I U o o ~ o - - - o - - o - - . - - - ~ - - - - - - - - - ~ . . ~ ~ ~ ~ ~ - ~ ~ . . ~ ~ ~ ~ ~  

TIME .STEP # 1 * A PROPILg 1 - AVERK;B ABR[RL DISCBAILOB 

EXAMPLE PROBLEM NO 2. ETQUULIC MID -C OFROIOS. 
ACCUMULATED TIXE (yr8) .......... 0.000 

- - -  Downstream Boundary Condition naea for SPILgAn S m  NO. 1 at Control Point # 1 - - -  - 
DIS- T E W K R A m  HATER SURFACE 

(cfs) (dcg P) (ft) 
1250 .OOO 60.00 960.000 

* * * *  DISCEARGE UATER VgtOCITY ALPHA TOP AVG AVG VEL (by subsection) 
(CPS) SURPACE LTNB lIBAD . WIDTB BED 1 2 3 

SECTION NO. 1.000 
* * * *  1250.000 960.000 960.008 0.008 1.266 412.262 951.520 0.i20 0.731 0.075 

FLOW DISPRIBUPION ( % I  = 0.589 98.210 1.201 
SECTION NO. 15.000 
* * * *  1250.000 960.343 960.518 0.174 1.000 143.121 957.736 0.000 3.350 0.000 

FLOW DISPRIBUPION ( * I  - 0.000 100.000 0.000 

- - -  LOCAL INPLOW P O W  t 1 i8 upstream of Section No. 15.000 --- 
DISCBARGE 'l'mPmAm 

(cia) (dog PI 
Local Inflow: 150.000 60.00 

Total: 1100.000 60.00 

SECTION NO. 32.000 
* * * *  1100.000 964.111 964.151 0.041 1.000 133.277 959.020 

FLOW DISPRIBUTION (%I - 
SECTION NO. 32.100 
"" 1100.000 965.009 965.038 0.029 1.000 138.576 959.202 

PLOW DI-UI'ION (%I - 
SECTION NO. 33.000 .. .Internal Boundvv Condftfm - Water Surface = 966. 000 

SECTION NO. 33.300 
"" 1100.000 966.410 966.441 0.031 1.000 210.966 962.711 - -~ . --. -.- -. - -~ -- 

a - FLOW DI&RI~~?ON - 
SECTION NO. 33.900 - 
**"  1100.000 966.792 966.820 0.027 1.000 212.251 962.893 

PLOW DISTRXBUI'ION (%I - 
SECTION NO. 35.000 

.Internal Boundary Cardftfan - #tar Surface = 974.000 .. 
*.** 

HudLarsr  0.500 
1100.000 974.000 974.008 0.008 1.000 221.700 967.056 

FLOW DISI'RIBIEXON ( * I  - 
SECTION NO. 42.000 .... 1100.000 974.356 974.371 0.016 1.000 242.451 969.819 

PLoW D I ~ U T I O N  ( 2 )  - 
- - -  LOCAL INPLOW POm t 2 is uprtream of Section No. 42.000 --- 

DIS- 
(cf.1 (deg P) 

. Local Inflw: 78.000 60.00 
Total: 1022.000 60.00 

SECTION NO. 44.000 
- * * *  1022.000 974.697 974.707 0.010 1.000 264.095 969.892 O.OOC 0.805 0.000 

PLoW DISPRIBUPXON (%I - 0.000 100.000 O.C'GO 
SELCTION NO. 53.000 
"-* 1022.000 975.359 975.884 0.525 1.000 79.436 973.146 0.000 5.813 0.000 

PLOW DISPRIBUI'ION ( * I  = 0.000 100.000 0.000 

- - - LOCAL INPLOW m W  t 3 is upstream of Section No. 53.000 --- 
DISCBARGE T S M P E R A ~  

(cfs) (deg P) 
Local Inflov: 340.000 60.00 

Total: 682.000 60.00 

SHCTION NO. 55.000 .... 682.000 978.831 978.872 0.042 1.000 100.844 974.694 0.000 1.635 0.COQ 
PLoW DISIRIBrnION (2) - 0.000 100.000 O . U L \ >  

SECTION NO. 58.000 
- * * *  682.000 979.918 980.119 0.201 1.000 56.248 976.547 0.000 3.596 c . o C . ~  

PLoW DISPRIBrnION ( % I  - 0.000 100.000 L . O C \  

.......................................................................................... 
TIME STEP # 2 * BB PROFILE 2 - FLOOD (O.5I W C X  PLMID) 

EXAMPLE PROBLEM NO 2. HYDRAULIC M D  GECUXnUC OPTIONS. 
ACC'JMULATED TIHE (yrr) .......... a 0.014 

... Downstream Boundary Condition Data for SrXBAn SEGMXUT NO. 1 at Control Polnt X 1 - - -  
DISQURCE m K I L A T U R X  WATEU SURFACE 

refs) (deg P) (it) 
10000.000 60.00 973.000 
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* * * *  DISCHARGE WATER ENERGY V E ~ C I ~  ALPHA TOP AVG AVG VEL (by subsection1 
(CFS) SURFACZ LINE HEAD WXUPH BED 1 2 3 

SECTION NO. 1 .000  

Cross Section Geometry (SPA.ELEV) 
9915 .000  1004.000 10002.000 978.400 10060.000 956.000 10077.000 959.200 10081.000 959 .300  

10092 .000  950.000 10108.000 948.480 10138.000 946.600 10158.000 944.700 10225.000 955 .200  
10243 .000  956.200 10250.000 958.900 10275.000 959.800 10300.000 959.800 10325.0.00 959.900 
1 0 3 5 0 . 0 0 0  958.800 10400.000 957.400 10700.000 970.000 10960.000 966.000 11060.000 970 .000  
1 1 0 8 5 . 0 0 0  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  
1 2 7 3 5 . 0 0 0  984.000 

**** 10000 .000  973.000 973.013 0 .013 4.272 2501.875 951.520 0 .301  1 .243  0 .258 
FLOW DISTRIBUTION - 1.914 52.875 4 5 . 2 1 1  

R E A M  PROPERTIES BY .STRIP 1 2 3 
ImrP n o w  n -99999.000 -99999.000 -99999.000 

U/S SECTION ... CONVEYANCE 43459.641 1200769.591 1026719.286 
AREA 635.95 4252.96 17543.21 

HYD RADIUS 9.8620 20.9515 7 .8160 
REACH.. . Manning's N 0.1000 0.0400 0.1000 

SQRT (L) 0.0000 0.0000 0.0000 
D/S SECTION ... AREA 0 .00  0 .00 0 .00 

HYD RADIUS 0.000 0 .000 0.000 

SECTION NO. 15.000 

Cross Section Geometrv (STA.ELEV~ 

****  10000 .000  973.158 973.259 0 .102 2 .191 800.329 958.554 0.795 2 .878  0 .700  
PLOW DISTRIBUTION ( % I  = 5.853 77 .741  16.406 

R E A M  PROPERTIES BY STRIP 1 2 3 
INEPF PLOW EL -99999.000 -99999.000 -99999.000 

U/S SECTION. .. CONVEYANCE 34197.889 454198.571 95851.669 
AREA 736.62 2701.62 2342.75 

HYD .RADIUS 5.2173 13.9368 4.8880 
REACH. . . Pkn11711g's N 0.0963 0.05l2 0.1016 

SQRT (L) 59.6657 57.2713 55.0454 
D/S SECTION. .. AREA 635.95 4252.96 17543.21 

HYD RADIUS 9.862 20.951 7.816 

--- LOCAL INFLOW POINT # 1 is upstream of Section No. 15.000 --- 
DISCHARGE TEMP- 

(cfs) (deg P) 
Local Inflow: ~ 2 0 0 . 0 0 0  60.00 

Total: 8800.000 60.00 

SECTION NO. 32.000 

Cross Section Geometry (STA.nEV) 
9080 .000  998.000 9250.000 982.000 9510.000 982.000 9600.000 980.000 9925.000 980.010 

1 0 0 0 0 . 0 0 0  979.480 10057.000 978.500 10075.000 968.600 10087.000 959.820 10097.000 956.500 
10117 .000  956.800 10137.000 957.800 10157.000 959.400 10177;OOO 959.600 10196.000 959.820 
10225 .000  966.500 10250.000 971.200 10271.000 978.500 10300.000 978.500 10350.000 978.600 
10370 .000  978.910 10387.000 978.960 10610.000 980.000 10745.000 982.000 11145.000 982.000 
11150 .000  984.000 11240.000 992.000 11330.000 1000.000 11425.000 1008.000 

**** 8800.000 974.581 974.786 0.205 1.000 195.704 962.193 0.000 3 .630  0 .000 
FLOW D I ~ I B U T I O N  (2) - 0.000 100.000 0 .000 

REACH PROPERTIES BY STRIP 1 
INEFF FLOW EL -99999.000 

U/S SECTION.. . CONVEYANCE 0.000 
AREA 0.00 

HYD RADIUS 0.0000 
REACH.. . Manning's N 0 . I 0 0 0  

SORT (Ll 60.2495 
D/S SECTION ... AREA 736.62 

HYD RADIUS 5.217 

SECTION NO. 32.100 

Cross Section Geometry (STA,ELEV) 
- 9 0 8 0 . 0 0 0  998.000 9250.000 962.000 9510.00P 982.000 960U.000 - 980.000 '--9925:000 980.010 
10000 .000  979.480 10057.000 978.500 10075.000 968.600 10087.000 959.820 10097.000 956.500 
1 0 1 1 7 . 0 0 0  956.800 10137.000 957.800 10157.000 959.400 10177.000 959.600 10196.000 959.820 
1 0 2 2 5 . 0 0 0  966.500 10250.000 971.200 10271.000 978.500 10300.000 978.500 10350.000 978.600 
1 0 3 7 0 . 0 0 0  978.910 10387.000 978.960 10610.000 980.000 10745.000 982.000 11145.000 982.000 
1 1 1 5 0 . 0 0 0  984.000 11240.000 992.000 11330.000 1000.000 11425.000 1008.000 

****  8800 .000  976.143 976.304 0 .161 1.000 202.931 962.684 0 .000 3 . 2 2 2  0 .000 
FLOW DISTRIBUTION (2) - 0.000 100.000 0 .000 
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REACH PROPERTIES BY STRIP 1 2 3 
INEFF FLOW EL 978.500 -99999.000 978.500 

U/S SECTION.. . CONVEYANCS 0.000 448358.998 0.000 
AREA 0.00 2731.27 0.00 

HYD RADIUS 0.0000 12.9813 0.0000 
REAM. .. Manning ' s N 0.1000 0.0500 0.1000 

SORTIL) 55.9464 57.6194 57.0088 
D/S SECTION... AREA 0.00 2424.45 0.00 

RYD RADIUS 0.000 11.972 0.000 

SECTION NO. 33.000 . . . I n t e m l  Boundary Condition - Water Surface ii 978.000 
tiead Loss = 0. 000 

Cross Section Geomecry (STA,ELEV) 
980.000 1000.000 1060.000 990.000 1150.000 980.000 1180.000 982.000 1215.000 982.000 

1260.000 980.000 1300.000 982.000 1350.000 982.000 1420.000 980.000 1540.000 980.000 

REAM PROPERTIES BY STRIP 1 
INEFT FLOW EL -99999.000 

U/S SECTION.. . CONVEYANCE 0.000 
AREA 0.00 

HYD RADIUS 0.0000 
REACH. .. Manning's N 0.1000 

SQRT(L) 0.0000 
D/S SECTION. . . AREA 0.00 

HYD RADIUS 0.000 

SECTION NO. 33.300 

Cross Section Geometry (SPA, ELEV) 
931.000 1001.490 1007.000 991.490 

1197.000 981.490 1235.000 983.490 
1643.500 983.490 1738.500 983.490 
1805.760 962.490 1994.240 962.490 
2660.000 983.490 2945.000 991.490 

"** 8800.000 978.266 978.363 0.096 

REACH PROPERTIES BY SPRIP 1 
INEFF FLOW EL -99999.000 

U/S SECTION. . . C O m A N C S  0.000 
AREA 0.00 

an, RADIUS 0.0000 
REACH.. . Manning's N 0.1000 

SQRT (L) 39.3700 
D/S SECTION... AREA 0.00 

an, RADIUS 0.000 

SECTION NO. 33.900 

Cross Section Geometry (STA,EL,EV) 
931.000 1001.650 1007.000 991.650 

1197.000 981.650 1235.000 983.650 
1643.500 983.650 1738.500 983.650 

1092.500 981.490 1121.000 983.490 
1282.500 983.490 1349.000 981.490 
1757.500 985.900 1758.450 980.680 
2018.750 970.261 2041.550 977.490 
3011.500 1001.490 

1.000 237.500 963.377 0.000 2.488 
PLOW DISRIBUTION (a) - 0.000 100.000 

2 3 
-99999.000 -99999.000 
630880.219 0.000 

3536.31 0.00 
14.7069 0.0000 
0.0500 0.1000 

41.8330 41.8330 
4028.19 0.00 
15.934 0.000 

****  88oo.ooo 971.486 978.574 0.088 1.000 277.066 965.114 0.000 2.375 0.000 
FLOW DISTRIBrnON (a) - 0.000 100.000 0.000 

REACH PROPERTIES BY STRIP 1 2 
INEFF FLOW EL 986.060 -99999.000 

U/S SECTION.. . CONVEYANCE 0.000 611504.940 
AREA 0.00 . 3704.84 

HYD RADIUS 0.0000 13.0880 
REACH.. . Manning's N 0.1000 0.0500 

SQRTIL) 32.4037 32.4037 
D/S SECTION... AREA 0.00 3536.31 

HYD RADIUS 0.000 14.707 

SECTION NO. 35.000 . . . Internal Boundary Condition - Water Surface = 974.000 . . .. 
Head Loss = 0.500 

Cross Section Geometry (STA,ELEV) 
9035.000 984.000 9070.000 980.000 
9465.000 980.000 9595.000 981.700 
9954 .OOO 963.300 9974 .OOO 967.100 

10115.000 973.400 10120.000 977.400 
10895.000 982.000 11085.000 1004.000 

- - - a s - .  - - - .  -. - -- 
9135.000 978.000 9185.000 980.000 9270.000 982.000 
9745.000 983.700 9894.000 984.700 9894.100 963.400 

10004.000 967.400 10044.000 968.200 10054.000 967.600 
10155.000 983.700 10245.000 984.000 10695 . OOP rfl:!. 000 

1.000 234.784 967.632 0.000 3.301 0.000 
PLOW DImIBOTION (r) - 0.000 100.000 0.000 

REACH PROPERTIES BY STRIP I 
INEFF FLOW EL 984.700 

U/S SECTION.. . CONVEYANCE 0.000 
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REAM PROPERTIES BY STRIP 1 
INEFF PLOW EL -99999.000 

U/S SECTION. .. CONVEYANCE 32889.590 
AREA 990.96 

HYD RADIUS 1.5513 
REAM. . . Mannins8 s N 0.0600 

D/S SECTION. .. AREA 22.82 
HYD ILADIUS 0.338 

SECTION NO. 58 .000  

Cross Section Geometry (SPA,ELEV) 
8542 .000  1006.000 8952.000 1004.000 
9944 .000  976.200 9974.000 975.400 

10065 .000  988.800 10065.000 988.300 
1 0 4 9 2 . 0 0 0  992.000 10642.000 988.000 
1 1 1 3 7 . 0 0 0  986.000 11192.000 988.000 

REAM PROPERTIES BY STRIP 1 
INEF~PLOW EL -99999.000 

U/S SECTION. . . CONVEYANCE 0.000 
AREA 0 . 0 0  

HYD RADIUS 0.0000 
REAM.. . Manning's N 0.0600 

SORT (L) 33.1361 
D/S SECTION. .. AREA 990.96 

mD RADIUS 1 .551  

2 .280 1047.266 976.369 0.750 3.454 
FLOW DISTRIBUPION (*I  - 13.274 82.684 

1.806 576.704 978.997 0.000 6 .959 
FLOW DISTRDUTION - 0.000 92.947 

0  DATA ERRORS DEl'ECPED. 

TOTAL NO. OF TIME STEPS READ - 2 
TOTAL NO. OF WS PROFILES - 2 
ITERATIONS IN EXNER EQ - 0 

COMPUTATIONS COMPLFPED 
RUN TIME = 0 HOURS, 0 MINUTES 6 1.00 SECONDS 
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Example Problem 3 - Movable Bed 

The following example demonstrates how to add sediment data to the previously developed 
file. Existence of sediment data within the input file causes HEC-6 to compute sediment 
transport rates and modify the cross section geometry as described in Section 2.3. Sediment 
related data consists of the delineation of the movable bed, characteristics and gradation of 
sediment within the bed, and inflowing/outflowing sediment loads and gradations. The 
sediment data is inserted between the EJ record of the geometry data and the SHYD record of 
the flow data. Table 6-3a shows the input data developed for Example Problem 3. 

6.3.1 Movable Bed Limits 

Information delineating the movable bed have been added to the HD record of each cross 
section. For example, at Section No. 1.0, the movable bed limits have been defined at stations 
10,081 and 10,250. The "fixed" CR points are those outside of the movable bed stations; that 
is, should a limit of the movable bed coincide with a CR point, that point is movable and the 
next point outward is fixed. 

The vertical limit (initial depth) of the movable portion of the cross section must also be 
defined. Data describing the location of this bedrock is entered in Field 2 of the HD record for 
each cross section. In Example Problem 3, it was determined that the reach represented by . - 

Section No. 58.0 had bedrock 3.4 f t  below the thalweg. Section No. 33.0 through Section No. 
42.1 have either concrete or bedrock at the thalweg. 

6.3.2 Sediment Title Records 

Five title records (T4T8) are required at the beginning of the sediment data; these records 
are available for user documentation of the sediment data. 

6.3.3 Sediment Transport Control Parameters - - 

Parameters governing the computation of sediment transport rates and selection of grain 
sizes are entered on the I records. For Example Problem 3, the number of times that the bed 
material gradation is to be re-calculated within a time step is set to 5 on the I1 record (see 
Section 2.3.1.4). Default values for the other parameters on this record will be used. Only sands 
and gravels are analyzed in Example Problem 3. Since there are no clays or silts in either the -- 

bed or the inflowing load, there are no 12 or 13 records. Ten sand and gravel sizes are being 
analyzed as seen by the 1 in Field 3 and 10 in Field 4 of the 14 record. The transport 
computation method chosen is that of Yang (4 in Field 2 of the 14 record). Default values for the 
other parameters were selected, by not providing data. It is important to remember that the 
range of grain sizes selected on the 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 
either the bed or inflowing materials. 

The "most stable" weighting scheme for the hydraulic parameters has been selected via the 
15 record (see Section 2.2.4). 
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1 6.3.4 lnflowing 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 LQ, LT, and LF . 
records. The LQ record contains the water discharges and the LT record contains the 
corresponding total inflowing sediment loads. The entire range of discharges in the hydrograph 
being simulated must be spanned by these data. For Example Problem 3, the range of water 
discharges in the load table is from 1 to 90,000 cfs and the related inflowing sediment loads 
vary from 0.01 1 to 400,000 tons/day. The distribution of grain sizes is described by the LF 
records which contain the fraction of the total load comprised of any particular grain size. 
These data are entered from fine to coarse and must correspond to the size ranges selected 
with the I2 to 14 data. 

There are three local inflows of water and sediment in this problem; their locations are 
defined by the QT records in the geometric data. The tables of sediment load 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 t o  
upstream. 

Table 63a 
Example Problem 3 - Input 

Movable Bed 

T1 W P L E  PROBLEM NO 3. MOVABm BED 
TZ 3 MCAL INFLOWS 
T3 SOUTH FORK, ZUneRO RIVER ** Example Problem 3 ** 
NC .1 -1 .04 .1 .3 
XI 1.0 31 10077. 10275. 0. 0. 0. 
GR 1004. 9915. 978.4 10002. 956.0 10060. 959.20 10077. 
GR 950.0 10092. 948.48 10108. 946.6 10138. 944.70 10158. 
GR 956.2 10243. 958.9 10250. 959.8 10275.. 959.80 10300. 
GR 958.8 10350. 957.4 10400. 970.0 10700. 966.00 10960. 
GR 968.0 11085. 968.0 11240. 970.0 11365. 970.00 11500. 
GR 962.0 11665. 962.0 12400. 976.0 12550. 980.00 12670. 
GR 984.0 12735. 
rn 1.0 10. 10061.0 10250. 
NV 22 .045 965.6 .064 988.8 
NV 12 .08 965.6 .13 988.8 
W 33 .1 965.6 .11 982.0 .I2 988.8 
X1 15.0 27 10665.0 10850. 3560. 3030. 3280. 
X3 10700. 961.0 11000. 970.0 
GR 992.0 9570. 982.0 10110. 976.0 10300. 976.00 10490. 
GR 964.7 10665. 956.0 10673. 953.0 10693. 954.00 10703. 
GR 958.6 10750. 959.3 10800. 957.0 10822. 957.30 10825. 
GR 962.0 10852. 964.0 10970. 966.0 11015. 961.00 11090. 
GR 970.0 11190. 972.0 11310. 980.0 11410. 984.00 11570. 
GR 990.0 11865. 1000.0 12150. 
HD 15.0 10. 10673.0 .10852. 

Cascade Creek - local Inflow 
OT 
NC .1 
X1 32.0 
GR 998.0 
GR979.48 
GR 956.8 
GR 966.5 
GR978.91 
GR 984.0 
HD 32.0 
Section 

X1 32.1 
X3 10 
GR 998.0 
GR979.48 
GR 956.8 
GR 966.5 
GR978.91 
GR 984.0 
HD 32.1 

-1 .05 
29 10057.0 10271. 3630. 3060. 4240. 

9080. 982.0 9250. 982.0 9510. 980.00 9600. 
10000. 978.5 10057. 968.6 10075. 959.82 10087. 
10117. 957.8 10137. 959.4 10157. 959.60 10177. 
10225. 971.2 10250. 978.5 10271. 978.50 10300. 
10370. 978.96 10387. 980.0 10610. 982.00 10745. 
11150. 992.0 11240. 1000.0 11330. 1008.0 11425. 

10. 10075. 10275. 
32.1 is a duplicate of Sec 32.0, needed to model IBC at 

29 10057.0 10271. 3130. 3250. 3320. 



A spillway is locatsd here. 
Xl 33.0 21 1850. 2150. 0 0 0 

GR 980.0 1260. 982.0 1300. 982.0 1350. 980.00 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.00 2800. 990.0 3100. 
GR 1000. 3170. 
HD 33.0 0. 18Sl. 2149. 

NOTE: Section 33.3 1s a duplicate of Section 33.0. 
Section 33.0 is a good representative cross section for a long reach. A 
duplicate is used here to break up the long reach rnto two smaller reaches. 

X1 33.3 21 1850. 2150. 1550. 1750. 1750 .95 1.49 
XL 250. 
GR 1000. 980. 990.0 1060. 980.0 1150. 982.00 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.00 1420. 980.0 1540. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.00 2800. 990.0 3100. 
GR 1000. 3170. 
IQ) 33,3 0. 1851. 2149. 
Sectron 33.9 is a duplicate of Sec 33.3. needed to model IBC at Sec 35.0 

Xl 33.9 21 1850. 2150. 1050. 1050. 1050. .95 1.65 
X3 10 
GR 1000. 980. 990.0 1060. 980.0 1150. 982.00 1180. 982.0 1215. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 980.00 1420. 980.0 1540. 
GR982.0 1730. 982.0 1830. 984.41 1850. 979.19 1851. 961.0 1900.8 
GR.961.0 2099.2 976.0 2149. 984.5 2150. 982.00 2800. 990.0 3100. 
GR 1000. 3170. 
HD 33,9 0. 1851. 2149. 
A welr is located here. 

Xl 35.0 22 9894. 10245. 0 0 0 
X3 10 
XS 974. 0.5 
GR 984.0 9035. 980.0 9070. 978.0 9135. 980.00 9185. 982.0 9270. 
GR 980.0 9465. 981.7 9595. 983.7 9745. 984.70 9894. 963.4 9894.1 
GR963.3 9954. 967.1 9974. 967.4 10004. 968.20 10044. 967.6 10054. 
GR 973.4 10115. 977.4 10120. 983.7 10155. 984.00 10245. 982.0 10695. 
GR 982.0 10895. 1004.0 11085. 
HD 35.0 0.  9954. 10155. - - -  Silver W e  - - - 
NC .06 .06 -045 
X1 42.0 32 9880. 10130. 5370. 5000. 5210. 
GR 996.0 7130. 998.0 7310. 998.0 7930. 992.00 8205. 990.0 8495 
GR 988.0 
GR 990.0 
GR 969.8 
GR 969.8 
GR 989.9 
GR 986.8 
HD 42.0 

Silver 
m 
X1 44.0 
XL 
GR 1002. 
GR 996.0 
GR 980.6 
GR 968.9 
GR 977.8 
GR 983.1 

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

0. 
Creek - 

2 8 

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

986.0 8990. 
969.8 9881. 
969.8 10001. 
985.8 10067. 
989.5 10180. 
989.9 12310. 
9881. 10021. 

local inflow 

HD M . 0  1 .  9868. 10193. 
XI 53.0 22 10000. 10136. 
GR 1004. 7550. 1000.0 7760. 
GR 994.0 8940. 986.0 9245. 
GR 982.8 10000. 978.2 10011. 
GR 978.2 10121. 988.7 10136. 
GR 1002. 10470. 1004.0 10700. 
HD 53.0 10. 10000. 10136. 

Bear Creek - local inflow 
qT 
X1 55.0 18 9931. 10062. 
GR 1004. 7592. 1000.0 7947. 
GR984.3 9737. 984.7 9837. 
GR 974.8 9975. 974.2 10005. 
GR 985.8 10187. 986.0 10307. 
HD 55.0 10. 9931. 10062. 
Xl 58.0 22 9912. 10015. 
GR 1006. 8542. 1004.0 8952. 
GR 976.2 9944. 975.4 9974. 
GR 988.8 10065. 988.3 10065. 
GR 992.0 10492. 988.0 10642. 
GR 986.0 11137. 988.0 11192. 
HD 58.0 3.4 99lz. 10015. 

Exarn~ie Problem 3 
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EJ 
T4 South Fork. Zwbro River - Stream w e n t  I ** h p 7 e  Problu 3 ** 
TS LOAD ClJRVE FRO+! GAGE DATA. 
T6 BED GRADATIONS EROM FIELD SAMPLES. 
T7 Use rull  Range of Sands and Gravels 
T8 SEDIMENT TRANSPORT BY Yangls STREAM WWER [ref ASCE JOURNAL (YANG 197111 
I1 5 
I4 SAW 4 1 10 
IS .5 .5 .25 .5 .25 0 1.0 
u) 1 50 1000 5800 90000 
LT TOTAL .OX10 1.5 320 4500. 400000 
ff VFS 1 9  .I19 .498 .511 -582 
ff ES .328 .328 -331 .306 .280 
ff MS .553 .553 -156 .I54 .I10 
ff CS .OOO .OOO -011 .016 .020 

VCS .OOO .OOO .004 .008 .005 
ff VPG .OOO ,000 -000 .004 .002 
ff FG .000 .000 -000 .001 .001 
ff UG .ooo .ooo .ooo .ooo .ooo 
ff CG -000 .ooo -000 .ooo .ooo 
ff VCG .O .O -000 -000 .ooo 
PF EU4HP 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 .I25 1.0 
PFC.0625 0.0 
PFEXAnP 32.0 1.0 64.0 32.0 99.5 16.0 99.0 8.0 98.5 
PEC 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 
PP EXAMP 58.0 1.0 64.0 32.0 97.0 16.0 94.0 8.0 94.0 
PEC 4.0 90.0 2.0 79.0 1.0 56.0 -50 4.0 .I25 0.0 
SLOC4 L 

LOAD TABLE - CASCADE CREEK - A LOCAL INFLOW 
LQL 1 loo 1000 10000 
LTLTOTAL .0040 10 500 30000 
LEL VFS .664 .664 .015 .I98 
LEL ES .207 .207 .245 .I81 
LEL US -086 .086 .605 .lo7 
LEL CS -031 -031 .052 -098 
LFL VCS -008 .008 .039 .I27 
LFL VFG .0030 -0030 .0200 .I160 
LEL FG .0010 -0010 .OX10 .0910 
LFL MG .OOOO .OOOO .0110 .0530 
LEL CG .oooo .oooo .oooo .0220 
LEL VCG .OOOO .OOOO .OOOO .0060 

LOAD TABLE - SILVER CREiEK - A LOCAL INPLOW 
LQL 1 100 1000 10000 
LTLTOTAL .0040 10 500 30000 
L E L V E S  .664 .664 .015 .I98 
LPL ES .207 .207 .245 .I81 
L!ZL US .086 -086 .SO5 .lo7 
LFL CS -031 -031 .052 .098 
LFL VCS .008 .008 .039 .127 
LEL VFG .0030 -0030 .0200 .I160 
LFL FG -0010 .0010 .0110 .0910 
LFL MG .OOOO .OOOO .0110 .0530 
LFL CG .OOOO .OOOO .OOOO .0220 
LFL VCG .OOOO .OOOO .OOOO .0060 

LOAD TABLE - BEAR CREEK - A LOCAL INFLOW 
LQL 1. 100. 500. 1000. 30000. 
LTLTOTAL .0020 30.0 500. 1200 22500 
LFL VFS .201 .201 , .078 .078 .I37 
LFL ES .342 .342 .I72 .I75 .218 
LEL MS .451 .451 .454 .SO1 .476 
LEL CS .001 .OOl .l97 .I42 .158 
LFL VCS .OOO .OOO .OOO .003 -008 
LFL VFG .OD00 .0000 .0000 .0000 .0020 
LEL FG .0000 .000 .0000 .0000 .0010 
LFL MG .0000 .000 .0000 .0000 .0000 
LFL CG .OOOO .OOO .OOOO .OOOO .OOOO 
LFL VCG .0000 .000 .0000 -0000 .0000 
s m  * A now 1 - BASE FLOW OF 750 CFS 
Q 750. 61. 29. 128. 
R 956. 962. 
T 65. 72. 70. 67. 
W 2. * 6 FLOW 2 - 50 DAYS AT BANK EWLL DISCHARGE 
Q 2500. 300. 150. 650. 
R 965. 970. 
W 50. 
S PRT 
CP 1 
PS 15.0 32.0 32.1 
FND 
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* AC FLOW 3 = NEAR BANK FULL DISCHARGE 
Q 1250. 150. 78. 340. 
R 960. 966. 
u 1. 
SPRT A * 8 F L O W  4 - BASE F L O W  OF 7 5 0  CFS 
Q 750. 61. 29. 128. 
R 957. 963. 
w 1. 
$SEND 

6.3.5 Bed Material Gradation 

The initial gradation of material in the bed sediment control volume is described with PF 
(percent finer) and PFC (percent finer continuation) records. In Example Problem 3, this data has 
only been provided at 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 specific details of these data records. 

6.3.6 Flow Data 

The flow data input structure is similar to that shown in the previous examples. One of the 
differences, however, is the selection of A-, B- and C-level output for sediment computations on 
the * records. Also, the hydrologic data are extremely important to the results of a movable 
bed simulation. Particular care must be taken when selecting the period of record or 
hypothetical event to be simulated and time step sizes to be used. Water temperature may also 
be important in some instances. See Gee (1 984) and HEC (1 992) for information regarding 
preparation of flow data. 

6.3.7 Output of Sediment Model 

Table 6-3b shows the output file for Example Problem 3. The geometric data output, similar 
to that produced by Example Problem 2, is followed by sediment data. At this point, no 
hydraulic or sediment transport computations have been performed. Rather, the input data 
have been 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 inflowing sediment load table from stream segment 1 ; 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 "REACH CEOMFTRY FOR STREAM SEGMENT 1" depicts the status of the 
bed sediment control volume at the beginning of the simulation, as described by the input data. 
Note that the movable bed widths are not necessarily the same as given in the HD data. For 
example, at Section No. 1 .O, the movable bed limits are specified at stations 10,081 and 10,250 
which coincide with existing points in the CR data, therefore, these points are part of the 
movable bed. The movable bed width used for computations extends halfway to the next, fixed, 
CR points (at stations 10,077 and 10,275). 

Movable Bed Width - 10275*10250 10081 -1 0077 - 
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The table headed "BED MATERIA!, GRADATION' contains the information from the PF and 
PFC records. That data has been converted from percent finer values to bed fractions per grain 
size and computed for each cross sektion. This table allows for checking of the interpolation at 
each grain size boundary as well a,sp_t each cross section. 

The next section contains the load tables for the local inflows, these are similar to the table 
for the main river. 

The last table produced by the sediment data is titled "Bed Sediment Control Volumes." The 
"control volume' is the volume of bed sediment used at each cross section for the sediment 
transport computations. Cenerally,this control volume is defined as the depth of the bed times 
the width times the length. The lerigth used equals one-half the sum of the channel reach 
lengths upstream and downstream of the cross section. However, i f  a cross section is  an 
upstream or downstream boundary,.then the upstream or downstream reach length, 
respectively, is zero. As previously noted, an X5 record creates an internal boundary condition 
within the model, effectively creating a downstream boundary at the X5's cross section and an 
upstream boundary at the preceding cross section. In locating the new boundaries at these two 
cross sections, the reach length betyeen them should be zero. For this reason, care should be 
taken when locating cross sections at internal boundary conditions. 

6.3.8 Output of Hydraulic and Sediment Transport Computations 

All output that follows the sediment data is produced by the hydraulic and sediment 
transport computations. By default, HEC-6 will produce no output from these computations 
unless an output flag is set for either (or both) the hydraulic or sedimentation computations. A- 
level sediment output was generated for the first time step of this example. This output is 
limited to 'TABLE SA-l', which shows cumulative (since the beginning of the simulation) trap. 
efficiency information. The 'ENTRY POINT" is any cross section in the model at which something 
special occurs; "something specialm includes upstream and downstream boundaries, local inflow 
and tributary junction points (QT), and internal boundary conditions (X5). Note that trap 
efficiency is computed at each downstream boundary. "TABLE SA-1" for the last time step shows 
that after 54 days, 13.29 acre-ft of sands and gravels had entered the model at Section No. 58.0; 
with 16.1 5 and 0.36 acre-ft entering at local inflows, the total inflowing sediment load to Section 
No. 35.0 is 29.81 acre-ft. The total load leaving Section No. 35.0 is 5.52 acre-ft, yielding a trap 
efficiency o f  81% for that part of the model reach. 

B-level sediment output was requested for the second and fourth time steps. This output 
begins with information regarding flow changes as the sediment computations proceed from 
upstream to downstream. Next is the A-level trap efficiency table. This information is followed 
by "TABLE SB-1", which shows the instantaneous ("snap shot") sediment inflows and outflows by 
grain size for the entire model. The "SEDIMENT INFLOW enters the model at the upstream 
boundary (Section No. 58.0) and the "SEDIMENT OUTFLOW leaves the model at the downstream 
boundary (Section No. 1.0). The last table produced by B-level output is "TABLE SB-2: STATUS OF 
THE BED ..." which contains both cumulative and instantaneous information. The BED CHANCE is 
cumulative from time zero, while the rest of the data are for this time step, only. For example, 
the "REACH CEOMR-RY" table produced after processing the sediment input data shows that the 
thalweg (minimum elevation'GR point within the channel) at Section No. 1.0 was initially 944.70 
ft. After a simulation time of 54 days, TABLE SB-2 for time step 4 shows that there was a 
computed bed change of 1.22 f t  at Section No. 1.0, resulting in a thalweg elevation of 945.92 ft. 
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a 6.3.9 Detailed Sediment Output 

Additional information regarding the sedimentation computations can be obtained with 
C-level output. Although this output was originally designed for use by HEC-6 developers, some 
of the information may be of use for project applications. 

The Selective Printout option (SPRT) was used to limit output to Sections 15.0, 32.0 and 
32.1 for time step 3. A-level hydraulics output for these cross sections begins the output for 
this time step. This is followed by C-level sediment output; first, the relevant flow information is 
listed for the Upstream boundary, then the fall velocity of each grain size is calculated based on 
the inflowing water temperature. Next is the detailed output for each of the selected cross 
sections. Because a local inflow enters the stream segment upstream of Section No. 15.0, local 
flow data and a new trap efficiency table precedes the detailed output for Section No. 15.0. The 
new fall velocity table is included because the particle fall velocities change due to the change in 
water temperature caused by the local inflow. 

The detailed output for each cross section begins with the "HYDRAULIC PARAMETERSn table. 
This table contains the flow velocity (VEL), energy slope (SLO), effective depth (EFD), effective 
width (EFW), Manning's n (N-VALUE), average shear stress, T (TAU), the grain shear velocity, U* 
(USTARM), and the Froude number. See Vanoni (1 975) for definitions of these hydraulic 
variables. 

At this point, it should be noted that the velocity listed in the A-level hydraulics output table 
may not be equal to the velocity listed in the "HYDRAULIC PARAMETERS" table in the detailed 
sediment output. For example, at Section No. 15.0, the velocity calculated by the hydraulics 
computations is 1.637 ft/sec, but due to the weighting factors entered on the 15 record, the 
weighted velocity at the current cross section that is used in the sedimentation computations is 
calculated as follows: 

Weighted VEL . XID . E L  at Downstream Section . XIN VEL at Current Section 
+ XIU . VEL at Upstream Section - 0.25 (1.371) + 0.5 (1.637) * 0.25 (3.048) - 1.923 

Listed in the "BED SEDIMENT CONTROL VOLUME COMPUTATIONS" table is a new surface 
area of the bed sediment control volume. The K-PORTION is that area of the control volume 
bounded by the conveyance limits. The S-PORTION is the area of the control volume outside the 
conveyance limits; this will be greater than zero only when the movable bed limits extend 
beyond the conveyance limits. 

The "GRADATION OF ACTIVE PLUS INACTIVE DEPOSITSn table shows the gradation of the bed 
material at this cross section at this time. The first column is the contents of the bed by grain 
size, as fractions of the total bed. For example, at Section No. 15.0, 1% of the bed is very fine 
sand, 7% is fine sand, etc. These size classes were specified on the I records. The column is the 
same data as percent finer for each grain size; e.g., 99.1% of the bed material is smaller than 
coarse gravel. 

At the start of the simulation, the bed sediment was 10 f t  deep at Section No. 15.0 (HD 
data). The detailed output for this cross section shows that by the end of time step 3, 9.64 ft of 
sands and gravels remain in the inactive layer and 0.1 7 ft are in the active layer. This indicates 
a loss of 0.1 9 f t  from the bed which corresponds to the 0.1 9 ft of erosion shown in TABLE SB-2 

a for this cross section. 
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Table 6-3b 
Example Problem 3 - Output 

Movable Bed 

................................................... ................................... 
SCOUR AND DEPOSITION IN RIVERS AM) RESERVOIRS * U.S. ARMY CORPS OF ENGINEERS 

Version: 4.1.00 - AUGum 1993 HYDROLOGIC ENGINEERING CENTER 
INPUT FILE : EXAMPLE3. DAT 609 SECOND SPREFT 
OUTPUT FILE : EXAMPLE3. OUT DAVIS, CALIFORNIA 95616-4687 
RUNDATE: 01SEP93 RUNTIME: 10:29:27 (916) 756-1104 

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

...................................................................... 
MAXIMUM LIMITS FOR THIS VERSION ARE: 

10 Stream Segments (win Stem + Tributaries) 
150 Cross Sections . 100 Elevation/Station Points per Cross Section 
20 Grain Sizes 
10 Control Points 

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

T1 SXAMPLE PROBLEM NO 3. MOVABLE BED 
T2 3 LOCAL INFMWS 
T3 SOUTH FORK. ZUMBRO RIVER ** Example Problem 3 ** 

N values. . . Left Channel Right Contraction Expansion 
0.1000 0.0400 0.1000 1.1000 0.7000 

SECTION NO. 1.000 . . .DEPTH o f  the Bed Sediment Control Voluc r 10.00 ft.  

N-Values vs. Elevation Table 
Channel Left Overbank Right Overbank 

0.0450 966. 0.0800 966. 0.1000 966. 
0.0640 989. 0.1300 989. 0.1100 982. 
0.0000 0. 0.0000 0. 0.1200 989. 

SECTION NO. 15.000 ... Left Encroachment defined at station 10700.000 at elemtion 961.000 ... Ri ht Encroachment defined at station 11000.000 at elevation 970.000 . . .D& o f  the Bed Sediment Control Volue = 10.00 ft. 

LOCAL INFLOW POINT 1 occurs upstream from Section No. 15.000 

N values.. . Left Channel Right Contraction Expansion 
0.1000 0.0500 0.1000 1.1000 0.7000 

SECTION NO. 32.000 . . .DEPTH o f  the Bed Sediment 6 n t m l  V o l u r  = 10.00 ft. 

SECTION NO. 32.100 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 10057.000 10271.000 

Ineffective Elevation 978.500 978.500 . . .DEPTH o f  the Bed Sedircnt Control Volue = 10.00 ft. 

SECTION NO. 33.000 ... Internal Boundary Condition 
Water Surface Elevation will be read from R-RECORD, Field 2 
Head Loss - 0.000 ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. . . .DEPTH o f  the Bed Sediment Contro7 Volue = 0.00 f t .  

SECTION NO. 33.300 ... Adjust Section WIDTH to 95.001 of original. ... Adiust Section ELEVATIONS by. 1.490 ft. 
. . .~imit CONVEYANCE to 250.00b ft. centered about midpoint of channel. . . .DEPTH o f  the Bed Sediment Control Volue = 0.00 f t .  

SECTION NO. 33.900 ... Adjust Section WIDTH to 95.001 of original. ... Adjust Section ELEVATIONS by 1.650 ft. ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 1757.500 2042.500 

Ineffective Elevation 986.060 986 .I50 . . .DEPTH o f  the Bed Sediment Control Voluc = 0.00 f t .  

SECTION NO. 35.000 ... Internal Boundary Condition 
Water Surface Elevation - 974.000 
Head Loss - 0.500 
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... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank I Natural Levees at Station 9894 .OOO 10245.000 
Ineffective Elevation 984.700 984.000 .. .DEPTH o f  the  Bed Sediment Control V o l v c  = 0.00 f t .  

N values ... Left Chamel Right Contraction Expansion 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 .. .DEPTH o f  t h e  Bed Sediment Control V o l v c  r 0.00 f t .  

LOCAL INFLOW POIKP 2 occurs upstream from Section No. 42.000 

SECI'ION NO. 44.000 ... Limit CONVEYANCE between stations 9850.000 and 10200.000 ... DEPTH o f  the  Bed Sediment Control V o l w  1.00 f t .  

SECTION NO. 53.000 ... DEPTH o f  the  Bed Sediment Control V o l u c  = 10.00 f t .  

LOCAL INFLOW POIKP 3 occurs upstream from Section No. 53.000 

SECTION NO. 55.000 .. .DEPTH o f  the  Bed Sediment Control V o l u c  = 10.00 ft.  

SECTION NO. 58.000 .. .DEPTH o f  t h e  Bed Sediment Control V o l u c  x 3.40 f t .  

NO. OF CROSS SECTIONS IN STREAM S E W -  13 
NO. OF INWT DATA MESSAGES - 0 

TOTAL NO. OF CROSS SECTIONS IN TEE NElUORK - 13 
TOTAL NO. OF STREAM SEGXEUTS IN THE HElWORK- 1 
END OF GEWETRIC DATA 

T4 South Fork, Zumbro ~ i v e r  - Stream Segment 1 ** Example Problem 3 ** 
T5 LOAD CURVE FROM GAGE DATA. 
T6 BED GRADATIONS FROM FIELD SAMPLES. 
T7 Use Pull Range of Sands and Gravels 
T8 SEDIMENT TRANSPORT BY Yang's SPREAn POWER [ref ASCE JOURNAL (YANG 1971)l 

EXAMPLE PROBLM NO 3. MOVABLE BED 
3 LOCAL INPLOWS 
SOUIX FORK. ZUMBRO RIVER ** Example Problem 3 ** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEDIMENT PROPERTIES AND PARAMFPHLS 

SPI IBG KNQ SPGF ACGR NFALL IBSHER 
I1 5. 0 1 1.000 32.174 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SANDS - BOULDERS ARE PRESENT 

KTC IASA LASA SPGS GSF BSAE PSI UWDLB 
I4 4 1 10 2.650 0.667 0.500 30.000 93.000 

U S I K  W P O R T  U P A m  REUlILWSHlF # 4, YANG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COEFFICIEHTS FOR mmAnoN ~ P I E  WERE spEaRw 

DBI OBN X I D  XIN XN UBf UBN JSL 
I 5  0.500 0,500 0.250 4.500 0.250 0.000 1.WO 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GRAIN SIZES UTILIZED (mean diameter - mm) ---------------------------------------------------------------------- 
VERY FINE SAND.... 0.088 
FINE SAND ......... 0.177 
MEDIUM SAND.. ..... 0.354 
COARSE SAND.. ..... 0.707 
VERY COARSE SAND.. 1.414 

VERY FINE GRAVEL.. 2.828 
FINE GRAVEL ....... 5.657 ... MEDIUM GRAVEL.. 11.314 ... COARSE GRAVEL.. 22.627 
VERY COARSE WVEL 45.255 

SEDIPIEhT LOAD TABLE FOR STREAM SEQfEW # 1 
LOAD BY GRAIN SIZE CLASS (tons/&y) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

La I 1.00000 I so. woo I 1000.00 I saoo.OO / 90000.0 / - - - - - - - - - - - -  ------------ ------------ ------------ ------------ 
LF W S  
LF FS 
LF MS 
LF CS 
LF VCS 
LF W G  
LF PG 
LF MG 
LF CG 
LF VCG - - - - - - - - - - - -  ------------ ------------  - - - - - - - - - - - -  - - - - - - - - - - - -  

TOTAL /0.110000E-011 1.50000 1 320.000 1 4500.00 1 400000. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.130900E-02 
0.360800E-02 
0.608300E-02 
0.10000OE-19 
0.100000E-19 
0.100000E-19 
0.lOOOOOE-19 
0.100000E-19 
0.100000E-19 
O.1OOOOOE-19 

0.178500 
0.492000 
0.829500 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.10000OE-19 
0.100000E-19 

2299.50 
1377.00 
693 .OOO 
72.0000 
36.0000 
18.0000 
4.50000 
0.100000E-19 
0.100000E-19 
O.1OOOOOE-19 

159.360 
105.920 
49.9200 
3.52000 
1.28000 
0.10000OE-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

232800. 
112000. 
44000.0 
8000.00 
2000.00 
800.000 
400.000 
0.100000E-19 
0.100000E-19 
0.100000E-19 
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.................................... 
CROSS RgA(g WOVABLB Z4ITIX BED-ELEVATIONS ACCWWlAl'ED CIiAMJEL DISTANCE 
SECTION LKNePg BKD LgPT S I D E  TBALUEG RIGHT S I D E  FROM WWNSTREAn 

NO. ( f t l  YIDTB I f t )  ( f t )  ( f t )  ( f t )  (miles) 

BED MTERUL tRADAlIaV ---------------------- 
SECNO SAE M A X  DXPI X P I  TCl'AL BED MTERIAL FR4c7m% 

( f t )  ( f t )  BED per grain s i z e  --------------------------------------------------------------------------------------------------- 
1.000 1.000 0.105 0.105 1.000 1.000 

15.000 1.000 0.151 9.151 1.000 1.000 VP SAND 0.010 VC SAND 0.113 M GRVL 0.011 
F SAND 0.070 I VF GRVL 0.041 C GRVL 0.022 
M SAND 0.327 F GRVL 0.033 VCGRVL 0.002 
C SAND 0.367 1 I I 

32.000 1.000 0.210 0.210 1.000 1.000 

33.000 1.000 0.210 0.210 1.000 1.000 VP SAND 
I F  SAND 

VF SAND 0.010 
F SAND 0.070 
M SAND 0.290 
C SAND 0.360 

VF SAND 
F SAND 
M SAND 
C SAND 

32.100 1.000 0.210 0.210 1.000 1.000 

I n SAND 
C SAND 

VC SAND 0.120 M GRVL 0.015 
VF GRVL 0.060 C GRVL 0.035 
F GRVL 0.040 VC GRVL 0.000 I I 

W SAND 
P SAND 
M SAND 
C SAND 

33.300 1.000 0.210 0.210 1.000 1.000 W SAND 
I P  SAND 

. I n SAND 
C SAND 

35.000 1.000 0.210 0.210 1.000 1.000 VP SAND 
I F  SAND 

33.900 1.000 0.210 0.210 1.000 1.000 

I M SAND 
C SAND 

W SAND 
F SAND 
n SAND 
C SAND 

0.010 
0.070 
0.375 
0.375 

VC SAND 
V F G R V L  
F GRVL 

0.008 
0.062 
0.321 
0.397 

VCSAND 
VFGRVL 
F GRVL 

0.008 
0.062 
0.321 
0.397 

VC .SAND 
V F G R V L  
F GRVL 

0.008 
0.058 
0.293 
0.408 

VCSAND 
VF GRVL 
F GRVL 

0.007 
0.056 
0.276 
0.415 

0.105 M GRVL 
0.025 C GRVL 
0.025 I VCGRVL 

VC SAND 
VF GRVL 
F GRVL 

0.007 
0.056 
0.276 
0.415 

0.124 n GRVL 
0.038 C GRVL 
0.027 I VCGRVL 

VC SAND 
VF GRVL 
F GRVL 

0.124 M GRVL 
0.038 C GRVL 
0.027 1 VCGRVL 

0.134 M GRVL 0.004 
0.045 C GRVL 0.011 
0.028 I VC GR'n 0.011 I 
0.140 H GRVL 0.004 
0.049 C GRVL O.Oi2 
0.029 1 VC GRVL 0.012 1 
0.140 M GRVL 0.004 
0.049 C GRVL 0.012 
0.029 I VC GRVL 0.012 I 

42.000 1.000 0.210 0.210 1.000 1.000 VF SAND 0.005 VC SAND 0.169 M GRVL 0.002 I F SAND 0.044 VF GRVL 0.069 C GRVL 0.018 
M SAND 0.192 I F GRVL 0.033 1 VC GRVL 0.018 1 

I C SAND 0.450 ( 

VC SAND 0.189 M GRVL 0.002 
VF GRVL 0.082 C GRVL 0.022 
F GRVL 0.035 VC GRVL 0.022 I I 44.000 1.000 0.220 0.210 1.000 1.000 VP SAND 0.003 

F SAND 0.036 
M SAND 0.136 
C SAND 0.473 

VC SAND 0.206 M GRVL 0.001 
V F G R V L  0.094 C GRVL 0.025 
F GRVL 0.037 VC GRVL 0.025 I I 53.000 1.000 0.210 0.210 1.000 1.000 VP SAND 0.002 

F SAND 0.030 
M SAND 0.088 
C SAND 0.492 
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VC SAND 0.222 M GRVL 0.000 
VF GRVL 0.104 C GRVL 0.028 
P GRVL 0.039 VC GRVL 0.028 I 
VC SAND 0.230 M GRVL 0.000 
VFGRVL 0.110 C GRVL 0.030 
F GRVL 0.040 VC GRVL 0.030 

55.000 1 .000  0.210 0.210 1 .000 1 .000 

58.000 1 .000  0 .210 0.210 1 .000 1 .000 

VP SAND 0.001 
P SAND 0.023 
W SAND 0.044 
C SAND 0.510 

VP SAND 0.000 
P SAND 0.020 
M SAND 0.020 
C SAND 0.520 

. . L m L  INFLOW DATA.. . 
SEDIMENT LOAD TABLE FOR STREAM SEGMENT X 1 

AT LOCAL 1 N F L E ) W  POINT X 1 
LOAD BY GRAIN SIZE CLASS (tons/day) .............................................................. 

LQL I 1 . 0 0 0 0 0  I l O O . 0 0 0  I lOOO.00 IlOOOO.0 I ------------ ------------ ------------ ------------ 
LFL VFS 
LFL FS 
LFL M.5 
LFL CS 
LFL VCS 
LFL VFG 
L FG 
LFL MG 
LFL CG 
LFL VCG 

0.2656OOE-02 
0.828OOOE-03 
0.344000E-03 
0.12400OE-03 
0.320000E-04 
0.120000E-04 
0.400000E-05 
0.lOOOOOE-19 
0.100000E-19 
0.100000E-19 ------------ ------------ ------------ ------------ 

TOTAL 10.400000E-021 10.0000 1 499.000 1 29970.0 1 -------------------------------------------------------------- 
SEDIMEHT LOAD TABLE FOR STREAM SEGMENT $ 1 

AT LOCAL INFLOW POINT X 2 
LOAD BY GRAIN SIZE CLASS (tons/day) .............................................................. 

LQL I 1 . 0 0 0 0 0  I 1 0 0 . 0 0 0  ~ 1 0 0 0 . 0 0  ~ 1 0 0 0 0 . 0  I ------------ ------------ ------------ ------------ 

6.64000 
2 .07000 

0.860000 
0.310000 
0.800000E-01 
0.300000E-01 
0.100000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 

LFL VFS 
LFL PS 
LFL US 
LFL CS 
LFL VCS 
LFL VFG 
LFL PG 
LFL MG 
LFL CG 
LFL VCG 

7.50000 
122.500 
302.500 
26.0000 
19.5000 
10.0000 
5.50000 
5.50000 

0.100000E-19 
0.100000E-19 

0.265600E-02 
0.828OOOE-03 
0.344000E-03 
0.124000E-03 
0.320000E-04 
0.120000E-04 
0.400000E-05 
0.100000E-19 
0.100000E-19 
0.100000E-19 

5940.00 
5430 -00 
3210.00 
2940.00 
3810.00 
3480.00 
2730.00 
1590.00 
660.000 
180.000 

------------ ------------ ------------ ------------ 
TOTAL l0 .400000E-02l  10.0000 1 499.000 1 29970.0 1 -------------------------------------------------------------- 

SEDIMENT LOAD TABLE FOR STREAM SEG13EKT # 1 
AT LOCAL I N P L O W  POINT # 3 

LOAD BY GRAIN SIZE CLASS (tons/day) ........................................................................... 
LQL I 1 .00000 I 100.000 I 500.000 1 1000.00 ( 30000.0 I ------------ ------------ ------------ ------------ ------------ 

6.64000 
2.07000 

0.860000 
0.310000 
0.800000E-01 
0.300000E-01 
0.100000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 

LPL VFS 
LFL FS 
LFL MS 
LFL CS 
LFL VCS 
LFL VFG 
LFL FG 
LFL HG 
LFL CG 
LFL VCG 

7.50000 
122.500 
302.500 
26.0000 
19.5000 
10.0000 
5.50000 
5.50000 

0.100000E-19 
0.100000E-19 

0.402000E-03 
0.684000E-03 
0.902OOOE-03 
0.200000E-05 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

5940.00 
5430.00 
3210.00 
2940.00 
3810.00 
3480.00 
2730.00 
1590.00 
660.000 
180.000 

------------ ------------ ------------ ------------ ------------ 
TOTAL 10.1990003-021 29.8500 1 450.500 1 1198.80 1 22500.0 1 --------------------------------------------------------------------------- 

BW SWPIEhl CllVTR0.L WLIMES 

STREAH SEG- # 1: EXAMPLE PROBLEM NO 3.  MOVABLE BED 
LENGTH V O L U M E  1 ? 1 (It) I I ":y I (cu..€tl I I a . y d )  I 

6.03000 
10.2600 
13.5300 

0.300000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

123304. 
319274. 
313189. 
134952.  

G . O O O O O O  
0.000000 
0.000000 
0.000000 
0.000000 

33720.9 
233684. 
155855. 
17093.0  

1 .000  
1 5  .000 
32.000 
32.100 
3 3  .000 
33.300 
33.900 
3 5  . O O O  
42.000 
44.000 
53.000 
5 5  . O O O  
58  . O O O  

39.0000 
86.0000 
227.000 
98.5000 

0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

NO. OF INPUT DATA MESSAGES- 0 
END OF SEDIMENT DATA -- 11-.-111--1..-.11.----~.-----.--.-------.---.-.-.....-----.--------.-.------.-.-..-----. 

87 

1640.000 
3760 . O O O  
3780.000 
1660.000 

875.000 
1400 .000  

525.000 
2605.000 
4355.000 
3221.000 
2856.000 
2116.000 

731 .000  

93.6000 
210.000 
721.200 
170.400 
3.60000 

0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

3082.50 
4905.00 
10710.0 
3555.00 
180.000 
45.0000 
22.5000 

0.100000E-19 
0.100000E-19 
0.100000E-19 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
203.000 
229.266 
223.706 
219.500 
294.017 
287.165 
284.050 
235.467 
203.228 
282.665 
220.920 
198.870 
185.667 

10.000 
10.000 
10.000 
10.000 

0.000 
0.000 
0.000 
0.000 
0.000 
1.000 

10.000 
10.000 

3.400 

0.332920E+07 
0.862040E+07 
0.845610E+07 
0.364370E+07 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

910465. 
0.630947E+07 
0.420808E+07 
461456. 
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s m  
BEGIN COXF'UTATIONS. 

TIME STEP X 1 * A FLOW '1 = BASE FLOW OF 750 CFS 

TABLE 9-1. TRAP emam m m s ~ m m  # 1 
EXAMPLE PROBLW NO 3. MOVABLE BED 
ACCUMULATED AC-ET ENTERING AND LEAVING TXIS STREAH SEGMENT ...................................................... 

TIME KNTRY SAND 
DAYS WRIT INFLOW OmTLOW TRAP EFT 
2.00 58.000 0.09 . 

53.000 0.04 
42.000 0.00 • 

TOTAL- 35.000 0.14 0.00 1.00 ...................................................... 
TIME m y  SAND 
DAYS POINT INFLOW OUTFLOW TRAP EFF 
2.00 35.000 0.00 
TOTAL- 33.000' 0.00 0.00 0.49 ...................................................... 
TIME m y  SAM) 
DAYS WRIT INFLOW O m W  TRAP EPP 
2.00 33.000 0.00 

15.000 0.00 . 
TOTAL- 1.000 9 0.00 0.02 -3.36 ...................................................... 

1-1---=-==1----------1-1----====.----=----=----------=-*-----=----==---==*-===--*-------==-=- 

TIME STEP t ' 2 * B EZOW 2 - 50 DAYS AT BANX PULL DISCHARGE 
- - - - - - - 

EXAMPLE PROBLEM NO 3. MOVABLE BED 
ACCUMULATED TIME (yrs I .... 0.142 
~OWDURATICP~(Q~SI ...... 50.000 

UPSTREAM BO-Y CONDITIONS ---------------------------------------------------------------------- 
Stream Segment # 1 DISdIARGE SEDIMENT LMD TEMPERATUiE 
Section No. 8 . 0 0  Islsl I Itons/&yl I ldqF) ---------------------------------------------------------------------- 

INFLOW I 1400.00 1 529.90 I 62.04 

Upstream of SECRON NO. 53.000 is.. . 
LOCAL INPMW POINP t 3 SEDIMENTLOAD TEnPERATuRE I DIT-a I Itons/&yI I ldeg PI ...................................................................... 

MAIN SI'EM INFLOW 1400.00 529.98 62.04 
650.00 I 647.71 1 67.00 ...................................................................... 

l tnAL 1 2050.00 I 1177.69 1 63 -61 

Upstream of SECI'ION NO. 42.000 is... 
LOCAL INFLOW W I M  t 2 SEDINGKPLDAD TEMPHLATQRX I I (tons/ddyI I ldeg FI ---------------------------------------------------------------------- 

MAIN STEM INPLOW 2050.00 1177.69 63.61 
LOCAL INFLOW I 150.00 I 14.45 ( 70.00 ---------------------------------------------------------------------- 

TtxAL I 2200.00 1 1192.13 1 64.05 

Upstream of SECTION NO. 15.000 is . . . .  
LOCAL INFLOW POIM t 1 SEDIMENTLOAD TEnPHLATURE I "7- I ItonsldayI I ldegP1 ...................................................................... 

MAIN STEM INFLOW 2200.00 1192.13 64.05 
LO- INFLOW I 300.00 1 40.00 1 72.00 ...................................................................... 

mu I 2500.00 I 1232.13 1 65.00 

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

TIME EKIRY SAND 
DAYS WRTP INFLOW OUTFLOW TRAP EFF 
52.00 58.000 13.17 . 

53.000* 16.03 

TIME WPRY SAND . 
DAYS POINT INFLOW OUTFLOW TRAP EFF 
52.00 35.000 * 5.51 
TOTAL- 33.000 • 5.51 1.47 0.73 .*........*.*..*...*.....*.........*.****.....* 
TIME ENntY * SAND 
DAYS W m  INFLOW OUTFLOW TRAP EFF * 
52.00 33.000 1.47 . 

15.000 0.99 
TOTAL- 1.000 • 2.46 0.07 0.97 ...................................................... 
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TABLE SB-1: S E D I m  LOAD PASSING THE BOUNDARIES OF STREAM SEG- X 1 -------------------------------------------------------------------------------- 
SEDIMENT INFLOW at ~ h e  Upstream Boundary: 

GRAIN SIZE LOAD (tons/&y) I GRAIN SIZE LOAD (tons/dayl -------------------------------------------------------------------------- 
VERY PINE SdND.... 265.63 VERY FINE GRAVEL.. 
FINE SAND. ........ 173.06 PINEGRATIEt ....... 
HEDIDH SAND.. ..... 82.59 1 KEDITBl GRAVEL..... ....... COARSE SAND 6.27 C&~E GRAVEL..... 0.00 
VXRY COARSE SAND.. 2.42 1 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 529.98 
SEDIMEKT OUTFLOW from the Oownatream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/&yl -------------------------------------------------------------------------- 
VERY FINE SAND.... 0.00 
PINE SAND.. ....... FINE GRAVEL.. ..... 0.00 
H E D m  SAND.. ..... MEDIUM ma..... 0.00 ..... COARSE SAND.. ..... 0.00 
VERY COARSE SAND.. 0.00 ------------- ------------- 

TOTAL - 1.94 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME - 52.000 DAYS -------------------------------------------------------------------------------- 
SECTION BED CIIANGE WS ELEV TBALWEG 0 TRANSPORT RATE (tons/day) 
NUMB= (ft) (ft) (ft) (cfsl SAND 

58.000 -0.60 981.86 974.80 1400. 557. 
55.000 0.10 980.67 973.00 1400. 525. 
53.000 0.40 977.12 972.60 2050. 1044. 
44.000 0.08 975.90 967.18 2050. 1014. 

------------------------------------------------------------------------------------------ 
S PRT 

END 

1----1-------------__-1--1--11-11--------~-~~~~~~-~=~~~~-~~~=.---~~~-~~~~~-=--------=~-=--..---~~=-~ 

TPIE m P  I 3 * AC now 3 - NEAR BANX FULL DISCHARGE 

EXAnPLE PROBLES NO 3. MOVABLE BED .......... ACCUMULATED TIim (yrs) 0.142 

--- Downstream Boundary Condition Data for STREAM S E G m  NO. 1 at Control Point # 1 --- 
DISCHARGE TEMPERATURE WATER SURFACE 

*"+ DISaURGE WATER ENERGY MUXZtY A W U  TOP A VG AVG VEL (by subsection) 
(CFS) SURFACE LINE HEAD Wnrm B W  1 2 3 

SECTION NO. 15.000 
****  1250.000 960.477 960.622 0.144 1.000 144.463 957.639 0.000 3.046 0.000 

FLOW DISTRIBUTION (2) - 0.000 100.000 0.000 

- - -  MCAL INFLOW POINT # 1 is upstream of Section No. 15.000 --- 
DISCHARGE TEMPERATURE 

(cfs) . . (deg F) 
Local Inflow: 150.000 72.00 

Total : 1100.000 64.05 

SECTION NO. 32.000 
* * * *  1100.000 963.699 963.941 0.042 1.000 132.795 958.838 0.000 1.637 0.000 

now DISTRIBUTION (2) - 0.000 1oo.000 o.000 
SECTION NO. 32.100 
* * * *  1100.000 964.813 964.842 0.029 1.000 138.333 959.013 0.000 1.371 0.000 

FLOW DISTRIBUTION (2) - 0.000 100.000 0.000 

- _ - - - - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EXAMPLE PROBLEM NO 3. MOVABLE BED .... ACCUMUIATED TIME (yrs) 0.145 
FLOW DURATION (days) ...... 1.000 

UPSTREAH BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stream Segment # 1 DISCIIARGE SEDIHEKT LOAD TEMPERATURE 
Section No. 58.000 I Icfsl I Itons/dayl 1 Icleg Fl 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

INFLOW I 682.00 1 149.81 I 61.89 
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INAaTVE LAYER ACKVE UYER 
X D m  X DEPTH 

SEDINEKP INFLOW at SECTION NO. 58.000 
GRAIN SIZE LOAD ltons/day) I GRFiIN SIZE LOAD ltons/day) .......................................................................... 

CLAY 0.0000 0.00 0.0000 0.00 
SILT 0.0000 0.00 0.0000 0.00 
SAND 1.0000 9.76 1.0000 0.05 
TOTAL 1.0000 9.76 1.0000 0.05 

VERY PINE SAND. . . . 66.90 
FINE SAND......... 53.32 
MEDIUM SAND. .. . .. . 29.58 
COARSE SAND....... 0.01 
VERY COARSE SAND. . 0.00 

AVG. UNIT 
WEIGHT 
0.046500 

VERYFINEGRAVEL.. 0.00 
FINE GRAVEL.. . . . . . 0.00 
MEDIUM GRAVEL..... 0.00 
COARSE GRAVEL..... 0.00 
VERYCOARSEGRAVEL 0.00 

AVG. UNIT 
WEIGKP 
0.046500 

------------- ------------- 
TOTAL = 149.81 

PALL VELOCmES - Method 2 
D ~ ~ Z R  VELOCITY REY. NO. CD ............................................................ 

VF SAND 0.000290 0.1860300E-01 0.4558130 59.31192 
P SAND 0.000580 0.5765145E-01 2.825166 12.35143 
M SAND 0.001160 0.1327884 13 -01437 4.656360 
C SAND 0.002320 0.2803304 54.94943 2.089569 
VC SAND 0.004640 0.4807405 188.4667 1.421041 
VF GRVL 0.009280 0.7191215 563 .8404 1.270145 
E GRVL 0.018559 1.039704 1630.395 1.215254 
M GRVL 0.037118 1.472894 4619.401 1.211086 
C GRVL 0.074237 2.082985 13065.61 1.211086 
VC GRVL 0.148474 2.945788 36955.21 1.211086 

.......................................................................................... 
TRACE OUTPUT FOR SECPION NO. 32 .lo0 ....................................................... 

HYDRAUUC PARAMETERS: 
E L  SW EFD EFU N-VALUE TAU W A R M  FROUDE IYO. 

1.371 0.000271 6.763 118.634 0.0500 0.11467 0.24306 0.093 

BED S E D I m  CONTROL VOLUKE COMmATIONS: 
NEW SURFACE AREA (SP ET) : TOTAL K - m m  S- PORTION 

214970.00 214970.00 0.00 

QZAOAXCW OF ACTNE PLUS PUCTNE D E W s r n  
BED MATERIAL PER GRAIN SIZE: BED FRACTIMY PER- BED FRACTIN PERCEKT FINER 

VF SAND 0.012074 1.207441 VF GRVL 0.038537 94.998190 
E SAND 0.062093 7.416711 F GRVL 0.027800 97.778156 
M SAND 0.319568 39.373478 M GRVL 0.004329 98.211069 
C SAND 0.394570 78.830455 C GRVL 0.008945 99.105534 
VC SAND 0.123140 91.144443 VC GRVL 0.008945 99.999998 

SAND 
** ARMOR LAYER ** 
STABILITY COEFPICIENT- 0.81992 
MIN.GRAIN DIAM - 0.001943 
BED SURFACE EXPOSED - 0.28365 

COMPOSITE UNIT WP OF ACTIVE LAYER 
COMPOSITE UNIT WP OF INACPIVE LAY= 
DEPTH OF SURFACE LAYER (ft) 
WEIGHT IN SURFACE LAYER (tons) 
DEPTH OF NEW ACTIVE LAYER (ft) 
WEIGHT IN NEW ACTIVE LAYER I tons I 
WEIGHT IN OLD ACTIVE LAYER(tons) 
USEABLE WEIGKP, OLD INACTIVE LAYER 
SURFACE AREA OF DEPOSIT (sq ft) 

* *  INACTIVE LAYER ** 
BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION 

VF SAND 0.008485 0.848488 VF GRVL 0.038120 
F SAND 0.062410 7.089446 F GRVL 0.027476 
M SAND 0.321199 39.209296 M GRVL 0.004279 
C SAND 0.396583 78.867631 C GRVL 0.008840 
VC SAND 0.123768 91.244461 VC GRVL 0.008840 

" ACTIVE LAYER " 
BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION 

VF SAND 0.715456 71.545615 VF GRVL 0.120357 
F SAND 0.000000 71.545615 F GRVL 0.091254 
M SAND 0.000000 71.545615 M GRVL 0.014211 
C SAND 0.000000 71.545615 C GRVL 0.029361 
VC SAND 0.000000 71.545615 VC GRVL 0.029361 

C FINES, COEF(CFFML), MX POTENTIAL- 0.0000OOE+00 0.100000E+Ol 0.237600E+07 
POTENTIAL TRANSPORT (tons/day): VF SAND 0.560062E+03 VF GRVL 0.100000E-06 

F SAND 0.199470E+03 F GRVL 0.100000E-06 
M SAND 0.125719E+03 M GRVL 0.lOOOOOE-06 
C SAND 0.947155E+02 C GRVL O.1OOOCOE-06 
VC SAND 0.76565lE+02 VC GRVL 0.10000OE-06 

PER- FINER 
95.056453 
97.804637 
98.231907 
99.115953 
99.999998 

PERCENT FINER 
83.581306 
92.706690 
94 .I27749 
97.063875 
100.000000 
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SEDIMENT OUTFLOW FROM SECPION NO. 32.100 
GRAIN SIZE LOAD ( tons /day)  I GRAIN SIZE LOAD (torLS/day) -------------------------------------------------------------------------- 

VERY FINE SAND.... 148.98 VERY FINE GIIAVEL.. 0.00 
FINE SAND.. ,. . . . . . 9.07 1 FINE GRAVEL ....... 0.00 
MEDIUH SAND....... 23.59 W I D n  GRAVEL.. . . . 0.00 
COARSE SAND..... . .  21.05 COARSE GRAVEL..... 0.00 
VERY COARSE SAND. . 5.30 VERYCOAXSGRAVEL 0.00 

.......................................................................................... 
TRACE OUT- FOR SECPION NO. 32.000 ....................................................... 

nYDmUL1c PAmlGERs:  
WL SLO EW EFW N-VALUE TAU USPARM EROUDE NO. 

1 .923  0.000527 5.733 110.118 0.0500 0.18875 0.31184 0.142 

BED S E D I m  CONTROL VOLUME COnPUl'ATIONS: 
NEW SURFACE AREA (SQ : TQPAL K- PORTION S - PORT1 ON 

495163.69 495163.69 0.00 

GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS 
BED MATERIAL PER GRAIN SIZE: BKD FRACPION PER= FINER BED FRACPION PEXCENT FINER 

VF SAND 0.011063 1.106303 VF GRVL 0.025317 95.945944 
F SAND 0.070203 8.126581 F GRVL 0.025337 98.479681 
M SAND 0.374483 45.574892 U GRVL 0.005068 98.986453 
C SAND 0.373745 82.949358 C GRVL 0.005068 99.493225 
VC SAND 0.104649 93.414209 VC GRVL 0.005068 99.999998 

SAND 
* *  ARMOR LAYER * *  
s r m I L I n  COEFFICIENT= 
MIN.GRAIN DIAM - 
BED SURFACE MWSXD = 

INACTIVE LAYER * DEPTH 
CLAY 0.0000 0.00 
SILT 0.0000 0.00 
SAND 1.0000 9.84 

TOTAL 1.0000 9.84 

AVG. UNIT 
WEIGHT 

0.046500 

ACTIVE LAYER 
t DEPTH 

0.0000 0.00 
0.0000 0.00 
1.0000 0.03 
1.0000 0.03 

COnWSITE UNIT KT OF ACTIVE LAYER ( t / c f ) =  0.046500 
COMWSITE UNIT Wl' OF INACTIVE LAYER ( t / c f )  - 0.046500 
DEPTIi OF SURFACE LAYER ( f t )  DSG 0 .1  
WEIGHT IN SURFACE LAYER ( t o n s )  KPSIr 1918.8 
DEPTH OF NEW ACTIVE LAYER ( f t )  DSg- 0.0042 
WEIGHT IN NEW ACl'IVE LAYER ( t o n s )  WIXXAL. 97.6 
WEIGHT IN OLD ACPIVE LAYERItons) WAL- 635.8 
USEABLE WZIGHT, OLD INACSIVE LAYER M I L -  226538.3 
SURFACE AREA OF DEPOSIT ( s q  f t )  SABK- O0.49516369E+O6 

** INACTIVE LAYER ** 
BED MATERIAL PER GRAIN SIZE: BED FRACPION PERCEHP FINER BED FRACPION 

VFSAND 0.009994 0.999449 VF GRVL 0.025198 
F SAND 0.069961 7.995595 F GRVL 0.025198 
M SAND 0.374794 45.474949 U GRVL 0.005040 
C SAND 0.374794 82.954303 C GRVL 0.005040 
VC SAND 0.104942 93.448522 VC GRVL 0.005040 

* *  AcrIVE LAYER **  
BED MATERIAL PER GXUN SIZE: BED FRACTION PERCENT FINER BED -ION 

VF SAND 0.391813 39.181331 VF GRVL 0.067850 
F SAND 0.156193 54.800582 F GRVL 0.075005 
M SAND 0.263868 81.187410 GRVL 0.015090 
C SAND 0.000000 81.187410 C GRVL 0.015090 
VC SAND 0.000000 81.187410 VC GRVL 0.015090 

C FINES, COEF(CFFML), MX POTENTIAL- 0.000000E+00 O.lOOOOOE+01 0.237600E+07 
P O T m I A L  TRANSPORT ( t o n s / & y ) :  VF SAND 0.279192E+04 VF GRVL 0.1080663+01 

F SAND 0.906230E+03 F GRVL 0.100000E-36 
M SAND 0.533420E+03 n GRVL 0.1000OOE-06 
C SAND 0.403607E+03 C GRVL 0.1OOOOOE-06 
VC SAND 0.382254E+03 VC GRVL 0.100000E-06 

SEDIMEET OUTELOW FROM SECPION NO. 32.000 
GRAIN SIZE LOAD ( tons /day)  I GRAIN SIZE LOAD (tons/day)  .......................................................................... 

VERY FINE SAND.. . . 256.66 1 VERY FINE GRAVEL.. 0.04 
FINE SAND......... 78.38 FINE GRAVEL....... 
MEDIUM SAND ....... 185.55 MEDIUM GilAVEL..... 
COARSE SAND....... 116.49 I COARSE GRAVEL. .... 
VERY COARSE SAND.. 30.96 1 VERY COARSE GRAVEL 0.00 

PERCWP FINER 
95.968320 
98.488119 
98.992078 
99.496038 
99.999998 

PERCENT FINER 
87.972420 
95.472886 
96.981924 
98.490962 

100.000000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Upstream o f  SEClTW M. IS. 000 is . .  . 
L K 4 L  INFLOW WIhT I 1 I DISCHARGE I SWMENT L[W) I TPIPERA7URE 

I ( c f s )  I ( rons/day)  I (deg F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MAIN STEM INFLOW 1100 . O O  362.61 64.05 
LOCAL INFLOW I 150.00 [ 14.45 ( 72.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL I 1250.00 1 377.06 1 65.00 
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SEDIMEKT LOAD mom LOCAL INFLOW: 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/dayl - .  ____-------------_-------------------------------------------------------- 

VERY FINE SAND. ... VERY FINE GRAVEL. . 0.08 
FINE SAND.. ....... PINE GRAVEL.. ..... 0.03 
KEDIW SAND. ...... MEDIUM GRAVEL..... 0.00 
COARSE SAND. ...... 0.68 COARSE GRAVEL..... 0.00 
VERY COARSE SAND.. 0 -21 1 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL = 14.45 

FALL VELOCTnES - Method 2 
DIAMETER VELOCITY RM. NO. CD ............................................................ 

VF SAND 0.000290 0.193144lE-01 0.4941259 55.02308 
F SAND 0.000580 0.5916114E-01 3.027072 11.72910 
M SAND 0.001160 0.1355164 13.86779 4.470784 
C SAND 0.002320 0.2833008 57.98200 2.045980 
VCSAND 0.004640 0.4824925 197.4999 1.410740 
V F  GRVL 0.009280 0.7200893 589.5120 1.266733 
F GRVL 0.018559 1.040325 1703.352 1.213806 
M GRVL 0.037118 1.472894 4823.231 1.211086 
C GRVL 0.074237 2.082985 13642.13 1.211086 
VC GRVL 0.14474 2.945788 38585.85 1.211086 .......................................................................................... 

TRACE O m  FOR SECTION NO. 15.000 ------------------------------------------------------- 
Hn,RAUUC PARAM-: 

VEL SLO EFD El% N-VALUE TAU USTAR'f FROME NO. 
2.137 0.000485 6.241 112.022 0.0450 0.18889 0.31196 0.151 

BED SEDIMENT CtWlROL W L M  C)[rWITATIMYS: 
NEW SUREACE AREA (SQ ? T I  : TOTAL K - m f f l  S-PORTION 

543327.92 543327.92 0.00 

m A n c m  OF A ~ W E  PLUS mcnv~ mosrn 
BED MATERIAL PER GRAIN SIZE: BED FRAmffl P E R W  RNER BED FR4CRaV P E R M  m E R  

V F S A N D  0.010616 1.061792 VP GRVL 0.045645 93.051050 
F SAND 0.070017 8.063516 F GRVL 0.034096 96.460669 
M SAM) 0.325449 40.608371 M GRVL 0.010834 97.544118 
C SAM) 0.365690 77.177345 C GRVL 0.022336 99.777722 
VC SAND 0.113092 88.486534 VC GRVt 0.002223 99.999998 

SAND 
** ARMOR LAYER ** 
s m a I L I n  COEFFICIENT- O. '18-131 
MIN.GRAfN DSAM - 0.002878 
BEDSURFACEMPOSEO = 0.00000 

IHACTLVE LAYER Acl'IvE LAYER 
t DEPTH t DEFTH 

CLAY 0.0000 0.00 0.0000 0.00 
SILT 0.0000 0.00 0.0000 0.00 
SAND 1.0000 9.64 1.0000 0.17 
TOTAL 1.0000 9.64 1.0000 0.17 

AVG. U M T  AVG. UNIT 
WEIGIPT WEIGRP 
0.046500 0.046500 

COMPOSITE UNIT WT OF ACTIVE LAYER (t/cf)- 0.046500 
COMPOSITE UNIT WT OF INACPIVE LAYER (t/cf) = 0.046500 
DEPTH OF SURFACE LAYER (ft) DSL- 0.1 
WEIGHT IN SURFACE LAYER (tons) YTSL= 2105.4 
DEPTH OF NEW ACPLVE LAYER (ft) DSE- 0.0000 
WEIGHT IN NEW ACTIVE LAYER(tons) WTE(XAL- 0.0 
WEIGXT IN OLD ACPIVE LAYER (tons) HAL= 4252.7 
USEABLE WEIGKP, OLD INACPIVE LAYER WIL- 243631.1 
SURFACE AREA OF DEPOSIT ( sq f t I SABK- 0.54332792E+06 

* *  INACTIVE LAYER * *  
BED MATERIAL PER GRAIN SIZE: BED ERACPION PERCENT FINER BED PRACl'ION PERCENT FINER 

VESAND 0.010000 1.000000 VE GRVL 0.044734 93.180849 
F SAND 0.070000 8.000000 F GRVL 0.033457 96.526594 
M SAND 0.327074 40.707446 M GRVL 0.010638 97.590423 
C SAND 0.366543 77.361700 C GRVL 0.021915 99.781913 
VC SAND 0.113457 88.707445 VC GRVL 0.002181 99.999998 

* *  ACTIVE LAYER * *  
BED MATERIAL PER GRAIN SIZE: BED ERACPION PERCENT FINER BED FUCl'ION PERCENT FINER 

VESAND 0.046017 4.601728 VF GRVL 0.097841 85.615105 
F SAND 0.071005 11.702227 F GRVL 0.070689 92.683996 
M SAND 0.232303 34.932536 M GRVL 0.022074 94 .a91357 
C SAND 0.316834 66.615964 C GRVL 0.046463 99.537628 
VC SAND 0.092150 75.831001 VC GRVL 0.004624 100.000000 

C FINES, COEFICFEML), HX POTENTIAL- 0.0000003+00 O.l00000E+01 0.270000E+07 
POTENTIAL TRANSPORT (tons/day): VF SAND 0.326022E+04 VE GRVL 0.230126E+01 

F SAND 0.107158E+04 F GRVL 0.328571E-03 
M SAND 0.638850E+03 M GRVL 0.100000E-06 
C SAND 0.4953168+03 C GRVL 0.100000E-06 
VC SAND 0.4912243+03 VC GRVL 0.100000E-06 
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TABLE SA-1.  TF!AP XFPICIENCJ ON fZRXAM SBG13KHT # 1 
~ P I l O B L g W K ) 3 .  mvABLI(BxD 
ACCUM%ATI(D AC-PT EKPgPIWC M D  LXA- TEIIS SPREAn SEGMD4T 

...................................................... 
TIME mrrRY Sam 
DAYS WIm' sxFL€m OUm'LoY TRAP KPP 

53 .00  58.000 4 13.25 
5 3 . 0 0 0 *  16.13 
42.000 0.36 

TOTAL- 35.000 29.74 5.52 0.81 
...................................................... 

TIME Xm'RY SAND 
DAYS WLWP nmLOW OvrFIAY TRAP BPP 

53 .OO 35.000 5.52 
TOTAL- 33.000 5.52 1.54 0.72 

. * * * . * * * * * * * * * * * t e e ~ ~ * t e ~ e ~ e ~ e ~ ~ ~ ~ ~ t ~ * ~ ~ ~ * e ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~  

TIME gKPRY SAND 
DAYS P0X-m INFLOW cxtlTlAW TILAP BPP 

53 .00  33.000 * 1.54 
15.000 1 .00  

TOTAL- 1.000 * 2.54 0 .07  0.97' 
* * * . t * * * * * e * * * e * t * e * * e * e ~ t e * t * t e ~ t . ~ e e ~ t ~ ~ ~ e ~ ~ * ~ ~ * e ~ ~ ~  

SEDIMENT -W PD. 15.000 
GRAZN S I Z B  LQAO (coru /&y)  I S I Z S  LOAD ( t o n s / d a y )  -------------------------------------------------------------------------- 

TABLE SB-1: SXD- LOAD PASSING TBg BOVMUPIBS OF STReAM SE- t 1 -------------------------------------------------------------------------------- 
SEDIMEKP INPLOW at  the U p a t r e a m  Boundary: 

GRAIN SIZB LOAD ( t o ~ / & y )  I GXXN S I Z B  LOAD ( t o n s / d a y )  

VEXY PINB SAHD.... 139.47 
FINE SAND.;. ...... 75.72 
MmIDH SAND ....... 168.18 
COARSE S A N D . . . . . . .  162.61 
VERY COARSg Sam.. 47.90 

VERY PINE SAND.... ff 3; I VXIU FXNX a"".. 0.00 
FINE SAND ......... FINE a"".. ..... 0 .00  

VgPf PIHB GRAVEL.. 0 .18 
PIHB GILA=. ...... 0.00 
-Ion GZAVEL.. ... 0.00 
COABSX GB.AVEL..... 0.00 
VglllCOAILSBGRAVEL 0.00 

MEDIUM SAND ....... 
COARSE SAND... .... 
VERY COARSE SAND. . 

- TOTAL - 149.81 
SEDIMEKP OUlTLOW frou~ thc DonrstmM Boundary 

GRAIN S I Z E  LOAD (~oM/&Y)  I Gi fNH SIZX MAD ( t o n s / d a v 1  - - .  . . .  -------------------------------------------------------------------------- 
VERY F I N E  SAND.... WRY PINg GRAVEL.. 0.00 
FINE SAND ......... P W  GRAVKL.. ..... 0.00 
MEDIUM SAND ....... XEDXm GRAVEL..... 0.00 
COARSE SAND ....... 2.79 CDAPSB GBAWL.. ... 0 .00  
VERY COARSE SAND.. Ilii 1.08 I VgaT CoASSZ GRAVEL 0.00 ------------- ------------- 

TOTAL = 9.99 

TABLE SB-2: STATUS OF ?BE BXD PROPILE AT TlXB 9 53.000 DAYS -------------------------------------------------------------------------------- 
SECTION BgD CBANGB US KLgV TBALYBC Q TRANSPORT RATE ( t o n s / d a y )  
NUMBER ( f t )  ( f t )  ( f t )  ( c f s )  SAM) 

58.000 -0.83 979.94 974.57 682. 818. 
55 .000  0.04 979.11 972.94 682. 1476. 
53 .000  0.25 975.42 972.45 1022. 4056. . 
44 . O O O  0 .19  974.82 967.29 1022. 560. 
42.000 0.94 974.43 970.74 , 1100. 15.  
35.000 0.17 974.00 963.47 1100. 6 .  
33.900 0.48 966.96 963.13 1100. 528. 
33.300 0 .13  966.48 962.62 1100. 442. 
33.000 0.36 966.00 961.36 1100. 156.  
32 . l o 0  -0.20 964.81 956.30 1100. 208. 
32.000 -0.15 963.90 956.35 1100. 668. 
15.000 -0.19 960.48 953.51 1250. 593. 

1 . 0 0 0  1 . 0 7  960.00 945.77 1250. 10.  

A c c u m u l a t e d  W a t e r  D i s c h a r g e  from day zem ( s f d l  
MAIN 

127750.00 

------------------------------------------------------------------------------------------ 
SPRT A 
. . .  Select ive P r i n t o u t  O p t i o n  

A - P r i n t  a t  a l l  croms sectione 

TIME STEP # 4 * B FLOW 4 - aASB F L O W  OF 750 CPS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  
F a Y P L E  PROBLEM NO 3 .  MOVABLE BED 

ACCUMULATED TI= ( y r s )  .... 0.148 
FLOW DURATION ( d a y s )  ...... 1.000 
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UPSTREAM BOUNDARY CONDITIONS ...................................................................... 
S t r e a m  S e g m e n t  # 1 DISCliARGE SEDIMEt$r LOAD TEMPERATURE 
S e c t i o n  No .  58.000 I ( c f s )  I ( t o n s / d a y )  I (deg F )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INPLOW ( 532.00 1 93.30 I 63.44 

U p s t r e a m  o f  SECTION NO. 53.000 is. . .  
LOCAL INFLOW POINT # 3 

...................................................................... 
MAIN SrPI =OW 532.00 93.30 63.44 
LOCAL INFLOW I 128.00 I 43.20 1 67.00 ...................................................................... 

TOTAL I 660.00 1 136.50 1 64.13 

U p s t r e a m  o i  SECTION NO. 42.000 is  ... 
LOCAL INFLOW POINT # 2 

...................................................................... 
W N  S E M  INFLOW 660.00 136.50 64.13 

29.00 1 1.221 70.00 ---------------------------------------------------------------------- 
TOT= I 689.00 1 137.72 1 64.38 

U p s t r e a m  o f  SECPION NO. 15.000 is... 
LOCAL INFLOW POINT # 1 SEDIMEt$rLOAD TEMPERATURE I D1:r I (tons/,v) I (de, F l  ---------------------------------------------------------------------- 

MAIN SPM INFLOW 689.00 137.72 64.38 
LOCAL INFLOW I 61.00 I 4.32 1 72.00 ...................................................................... 

TOT= I 750.00 I 142.04 1 65.00 

TABLE SA-1. TRAP XFFICIENCY ON STREAH. SEGMENT # 1 
EXAMPLE PROBLEM NO 3. MOVABLE BED 
ACCUMULATED AC-ET ENZZRING AND LEAVING THIS  STREAM SEGXSNT ...................................................... 

TIME ENPRY SAND 
DAYS W I N T  INFLOW OUTELOW TRAP EFF 
54.00 58.000* 13.29 

53.000 16.15 

TIME m y  SAND 
DAYS W I m  I N F L O W  OUTROW TRAP E F F  
54.00 35.000 5.52 
TOTAL= 33.000 5.52 2.04 0.63 

...................................................... 
TIME ENTRY * SAND t 

DAYS W I X T  INPLOW OWITLOW TRAP EFF 
54.00 33.000 2.04 

15.000 1.00 
TOTAL= 1.000 3.04 0.08 0.97 

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

TABLE S B - 2 :  STATUS OF THE BED PROFILE AT TIME - 54.000 DAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SECI'ION BED CHANGE WS ELEV THALWEG Q W S P O R T  RATE ( t o n s / & ~ )  
NUMBER ( f t )  ( f t )  ( f t )  ( c ~ s )  SAND 

58.000 -0.94 979.24 974.46 532. 415. 
55.000 0.00 978.47 972.90 532. 833. 
53.000 0.23 974.73 972.43 660. 1274. 
44.000 0.22 974.40 967.32 660. 138. 
42.000 0.94 974.18 970.74 689. 1. 
35.000 0.17 974.00 963.47 689. 0. 

TABLE SB-1: s m I m  LOAD PASSING THE BOUNDARIES OF STREAM S E ~  # 1 -------------------------------------------------------------------------------- 
SEDIMENT INFLOW a t  the U p s t r e a m  B o u n d a r y :  

GRPlIN S I Z E  LOAD ( t o n s / d a y )  I GRAIN S I Z Z  LOAD ( t o n s / d a y )  -------------------------------------------------------------------------- 
VERY F I N E  SAND. ... 38.08 ....... F I N E  SAND.. 34.16 
MEDIUM SAND. ...... 21.06 ..... CORRSE SAND.. 0.00 
VERY COARSE SAND. . 0.00 

VERYFINEGRAVEL..  0.00 
FINEGRAVEL ....... 0.00 
MEDIUM GRAVEL.. ... 0.00 
COARSEGRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 ------------- ------------- 
. - TOTAL - 93.30 

SEDIMENT OUTFLOW f r o m  t h e  D o w n s t r e a m  B o u n d a r y  
GRAIN S I Z E  LOAD ( t o n s / d a y )  I GRAIN S I Z E  LOAD ( t o n s / d a y )  .......................................................................... 

.. VERY P I N E  SAND.. 6.28 VERY FINE GRAVEL.. 0.15 
F I N E  SAND. ........ 2.82 FINE GRAVEL.. ..... 0.19 
MEDIUM SAND ....... 6.67 I MEDIUM GRAVEL..... 0.07 
COARSE SAND ....... 6.38 COARSE GRAVEL..... 0.00 
VERY COARSE SAND.. 2.69 VERY COARSE GRAVEL 0.00 - - - - - - - - - - - - -  ------------- 

TOTAL = 25.24 
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3 2 . 1 0 0  -0 .10  963.74 956.40 689.  49 .  
32 .000 -0 .18 963.13 956.32 689. 694. 
1 5 . 0 0 0  -0 .24 957.66 953.46 750. 1530.  

1 .000  . 1.22 957.00 945.92 750 .  2 5 .  

------------------------------------------------------------------------------------------ 
s s m  

0 DATA ERRORS DETECSED. 

TOTAL NO. OF TIME STEPS READ - 4 
TOTAL NO. OF WS PROFILES - 4 
ITERATIONS IN EXNER EQ - 260 

CCf4PUTATIONS COMPLETED 
RUN TIME - 0 HOURS. 0 MINOTES 6 2 . 0  0  SECONDS 
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6.4 Example Problem 4 - Some Sediment Options 

Several options are available in HEC-6 to control sedimentation. Among these are dredging, 
transmissive boundary conditions, an alternate bed roughness computation method, and the 
opportunity to enter a new sediment load table or rating cuwe at any point in the hydrograph. 
In any study, selection and use of any of these options must be based on sound engineering 
analysis. Example Problem 4 illustrates how to use these options. 

The data for this example problem (shown in Table 6-4a) also shows the use of output 
control to select output at specified cross sections (SPRT and PN) and request cumulative 
volumes of sediment passing each cross section (SVOL). Table 6-4b shows the simulation 
output for this example; since the output produced by the geometry and sediment input data 
does not differ from that of Example Problem 3, it has been omitted from Table 6-4b. 

6.4.1 Dredging 

- - - -- - 

Figure 6-4 

Frequent dredging occurs in the reach bounded by Sections 35.0 and 44.0. The geometric 
data for the cross sections in this reach were modified via the HD record to identify the dredged 

Cross Section 35.0, Example Problem 4 

channel template. The dredging option - 
is activated by a $DREDGE record in 
the flow data and will be performed at 
the start of each time step until 
deactivated by a SNODREDGE record. 

The default output produced by 
the dredging option is limited to the 
quantity of material removed from the 
bed and is only given for those cross 
sections at which material was 
removed. The output for Example 
Problem 4 (Table 6-4b), shows that the . 

dredging algorithm was initiated 
before time step 2 and terminated 
after time step 3. The table labelled 
"TONS OF SEDIMENT DREDGED FROM 
THIS REACH" indicates that prior to 
time step 3, 13568.3 tons of material 
was dredged from Sections 42.0 and 
44.0. 

Table 6-4a 

- 
t 

1000- 

: - =-(.-a Movable bed limits 
- Section 35.0 GR doto 

-- Dredging template 

.---*a 

- 
ZI 

970 - 

9 W - ~ , n I 8 r t , , ~ m ~ 8 8 , , n , . , n r t , , , 4 ~ , n r ~  

8500 9000 9500 1OOqO 10500 11000 11500 

Distance ~n feet 

Example Problem 4 - Input 
Sediment Options 

T1 EXAMPLE PROBLEM NO 4. SOME SEDIMENT OPTIONS. 
T2 3 LOCAL INFLOWS 
T3 S O W H  FORK, ZUMBRO RIVER * *  Example Problem 4 *' 
NC .1 .1 .04 .l .3 
X1 1.0 31 10077. 10275. 0. 0. 0. 
GR 1004. 9915. 978.4 10002. 956.0 10060. 959.2 10077. 959.3 10081. 
GR 950.0 10092. 948.48 10108. 946.6 10138. 944.7 10158. 955.2 10225. 
GR 956.2 10243. 958.9 10250. 959.8 10275. 959.8 10300. 959.9 10325. 
GR 958.8 10350. 957.4 10400. 970.0 10700. 966.0 10960. 970.0 11060. 
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GR 986.8 11720. 989.9 12310. 
HD 42.0 0. 9881. 10021. 971.0 

SILVER QLEEK - Local Inflow 
pT 
X1 44 .O 28 9845. 10127. 3200. 3800. 
X L  9850. 10200. 
GR 1002. 8035. 992.0 8150. 990.0 8305. 
GR 996.0 9285. 1017.6 9425. 990.0 9505. 
GR 980.6 9845. 970.9 9868. 972.2 9898. 
GR 968.9 10028. 967.4 10058. 967.1 10078. 
GR 977.8 10150. 976.9 10193. 982.0 10206. 
GR 983.1 10400. 999.8 10450. 1002.4 10464. 
HD 44.0 1. 9868. 10193. 971.0 
X1 53.0 22 10000. 10136. 3366. 2832. 
GR 1004. 7550. 1000.0 7760. 998.0 8440. 
GR 994.0 8940. 986.0 9245. 986.3 9555. 
GR 982.8 10000. 978.2 10011. 974.0 10041. 
GR 978.2 10121. 988.7 10136. 989.3 10154. 
GR 1002. 10470. 1004.0 10700. 
HD 53.0 10. 10000. 10136. 

BEAR CREXK - Local Inflw 
pT 
X1 55.0 18 9931. 10062. 2275. 3430. 
GR 1004. 7592. 1000.0 7947. 996.0 8627. 
GR 984.3 9737. 984.7 9837. 985.5 9910. 
GR 974.8 9975. 974.2 10005. 972.9 10035. 
GR 985.8 10187. 986.0 10307. 990.0 10497. 
HD 55.0 10. 9931. 10062. 
Xl 58.0 22 9912. 10015. 1098. 1012. 
GR 1006. 8542. 1004.0 8952. 1000.0 9702. 
GR 976.2 9944. 975.4 9974. 978.2 9991. 
GR 988.8 10065. 988.3 10065. 989.3 10169. 
GR 992.0 10492. 988.0 10642. 986.7 10852. 
GR 986.0 11137. 988.0 11192. 
HD 58.0 3.4 9912. 10015. 
EJ 
T4 South Fork, Zumbro River - Stream Segment 
T5 LOAD CURVE FROM GAGE DATA. 
T6 BED GRADATIONS PROn FIELD SAMPLES. 
T7 POLL RANGE OF SANDS AND GRAVELS 
T8 SEDIMENT TRA?VSFORT BY Y A X ' S  Sl'REAH WWER 
I1 5 
I4 SAND 4 1 10 
I5 .5 .5 .25 .5 .25 
LQ 1 50 1000 5800 90000 
LT TOTAL .0110 1.5 320 4500. 400000 
LF VPS .I19 .119 .498 -511 .582 
LF FS -328 .328 -331 -306 .280 
LF US .553 -553 .I56 -154 .I10 
LF CS .OOO .OOO .011 .016 .020 
LF VCS -000 .OOO .004 -008 .005 
LF VFG .000 .OOO .OOO .004 .002 
LF FG .000 .000 .000 .001 .001 
LF MG .000 -000 .000 -000 .000 
LF CG .000 -000 .000 .000 .000 
LF VCG .O .O .OOO .OOO .OOO 
PF EXAMP 1.0 1.0 32.0 16.0 96.5 
PFC 2.0 85.0 1.0 73.0 .5 37.0 
PFC.0625 0.0 
PF EXAMP 32.0 1.0 64.0 32.0 99.5 
PFC 4.0 96.0 2.0 93.5 1.0 83.0 
PFC .I25 1.0 .0625 0.0 
PF M A M P  58.0 1.0 64.0 32.0 97.0 
PFC 4.0 90.0 2.0 79.0 1.0 56.0 
$LOCAL 

LOAD TABLE - CASCADE CREEK - A LOCAL INFLOW 
LQL 1 100 1000 10000 
LTLTOTAL .0 0 4 0 10 500 30000 
LFL VFS .664 .664 .015 .I98 
LFL FS .207 .207 .245 .I81 
LFL HS .086 .086 -605 .lo7 
LFL CS .031 .031 .052 .098 
LFL VCS .008 .008 .039 -127 
LFL VFG -0030 .0030 .0200 .I160 
LFL FG .0010 .0010 .0110 .0910 
LFL MG .a000 .OOOO .OllO .0530 
LFL CG .0000 .OOOO .OOOO .0220 
LFL VCG .OOOO .OOOO .OOOO .0060 

LOAD TABLE - SILVER CREEX - A LOCAL INFLOW 
LQL 1 100 1000 10000 
LTLTOTAL -0 0 4 0 10 500 30000 
LFL VFS .664 .664 .015 .I98 
LFL FS .207 .207 .245 .I81 
LFL MS .086 .086 .605 -107 

1 ** Example Problem 4 * *  
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i 
CS .031 .031 .052 .098 

LFL VCS .008 .008 -039 .I27 
LFL VFG .0030 .0030 .0200 .I160 
LFL FG .OOlO .0010 ,0110 .a910 
LFL , f f i  .OOOO .OOOO .OllO .0530 
LFL CG .oooo .oooo .oooo -0220 
LFL VCG .a000 ,0000 .OOOO -0060 
LOAD TABLE - BEAR CREEX - A LOCAL INFLOW 

XAQL 1. 100. 500. 1000. 30000. 
LTLTOTAL .DO20 30.0 500. 1200 22500 
LFL W S  .201 .201 .078 -078 .I37 
L n  PS .342 .342 .I72 .175 .218 
LFL HS .451 .451 .454 .SO1 .476 
LFL CS .001 -001 .I97 .I42 .I58 
LFL VCS .OOO .OOO .OOO .003 .008 
L n  VPG .oooo .oooo .oooo .oooo -0020 
L R  FG .0000 .OOO .a000 .OOOO .OOlO 
LFL f f i  .0000 .OOO .OoOo .OOOO .OOOO 
LPL CG .oooo -000 .oooo .oooo .oooo 
LFL VCG .OOOO .OOO .OoOO .0000 .0000 
s m  
SB 2 
SKL * A FLOW I - BASE F M U  OF 750 CES 
Q 750. 61. 29. 128. 
R 956. 962. 
T 65. 72. 70. 67. 
w 2. 
S p R n M  * B PLOW 2 - 50 DAYS AT BANX FULL DISQIARGE 
Q 2500. 300. 150. 650. 
R 965. 970. 
X 2.5 50. * PLOW 3 - NEAR BAM[ FULL DISCHARGE 
Q 1 2 5 0 .  150. 78. 340. 
R 960. 966. 
W 1. 
S S 0  

NEW LOAD TABLE FOR PUPJ 
L P O m  1 0 
LQ 1 50 
LTTOTAL .0110 1.5 
LF W S  1 9  .I19 
LF PS .328 .328 
LF HS .553 .553 
LF CS .345 .345 
LF VCS .025 .025 
LF VFG -005 .005 
LE FC .ooo .ooo 
LP MG .ooo .ooo 
LF CG .OOO .OOO 
LF VCG .O .O 

NEW LOAD TABLE FDU SILVER LXEU( 
LPOINT 1 2 
LQL 
Ln? 
LFL 
LFL 
LFL 
LFL 
LFL 
LEL 
LFL 
LFL 
LEL 
LFL 
END 

'OTAL 
VFS 
FS 
MS 
CS 

VCS 
VFG 
FG 
MG 
CG 
VCG 

RC 
RC 
SPRT 
CP 
PS 
END 
SrnREDCE * C 
Q 750. 
R 957. 
W 1. 
SWL A 
$SEND 

FLOW 4 = BASE FLOW OF 750 CFS 
61. 29. 128. 
963. 
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6.4.2 Transmissive Boundary Condition 

With the addition of the $B record at the beginning of the hydrologic data, HEC-6 
implements a transmissive boundary condition at each downstream boundary. This option 
causes all inflowing sediment to pass through the affected cross section without interacting with 
the bed. A caution: this option applies to all downstream boundaries in the model. 

As in Example Problems 2 and 3, this example has two internal boundary conditions which 
effectively divide the model into 3 subreaches, each with its own downstream boundary. 

The effect of the transmissive boundary condition on the 3 downstream boundaries can be 
seen by carefully reviewing the output of Example Problem 4. For instance, looking at TABLE SB- 
2 for the last time step, Sections 35.0, 33.0, and 1.0 all show that no bed change has occurred 
after a simulation of 52 days. 

6.4.3 Limerinos' Bed Form Roughness Function 

The Limerinos function (1 6) for bed form roughness is used in this example ($KL record). 
The value o f  Manning's n resulting from this computation can be found in the "HYDRAULIC 
PARAMETERS" table of the C-level sediment output. For example, the n value calculated by the 
Limerinos equation for the last time step for Section No. 42.1 is 0.01 53. Note, this computation 
overrides the roughness data (NC and NV records) in the geometric data. 

6.4.4 Flow Duration Option 

The use of X rather than W data to select the time step is also illustrated in this problem. 
This option allows a long period of constant flow to be subdivided into multiple computational 
time steps without repeating *, Q, W data. 

In this example, time step 2 represents 20 separate (incremental or computational) time 
steps each having a duration of 2.5 days. At the end of the last incremental time step, output is 
produced depicting the state of the river system for the last 2.5 day time step (i.e., 
instantaneous data such as the sediment load data in TABLE SB-2 are only for the last 2.5 day 
time step, while cumulative data, such as trap efficiency and bed change, represent changes 
since the start of the simulation.) Caution, because of this dichotomy, output produced by a 
time step such as this can be misleading. See Example Problem 7, Section 6.7.2. 

6.4.5 Modifying the Sediment Load Tables 

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 3SED option. Example Problem 4 
demonstrates the use of this option by changing the inflowing load curve for the main river and 
one local inflowing load curve prior to the last flow in the hydrograph. Tables echoing this data 
are shown in the output after time step 3. 

6.4.6 Downstream Rating Curve 

Prior to the last time step, a rating curve ($RATING) was added to replace the stage 
hydrograph (R records). Although a rating curve is usually defined prior to the first time step, it 
can be placed (or replaced) before any time step of the simulation. 
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6.4.7 Accumulated Sediment Transported 

Summary information regarding weight and volume of sediment can be requested via the A- 
level output option on the JVOL record. A-level output begins with the table labelled 
"SUMMARY TABLE: MASS AND VOLUME OF SEDIMENT". This table lists cumulative values of 
sediment transported through and deposited at each cross section since time zero. The 
difference between the sediment volurne entering and leaving a cross section represents the 
material scoured from or deposited into the control volume associated with that cross section. 
This value is given under the heading "SEDIMENT DEPOSITED IN REACH IN CUBIC YARDS"; 
negative values represent scour. Under the heading "TOTAL SEDIMENT per grain size THROUGH 
EACH CROSS SECTION" are tables listing the total sediment transported through each cross 
section's control volurne since the start of the simulation by grain size. Because the %PRT 
option was invoked to limit output to Sections 1.0 and 15.0, only tables for these cross sections 
have been produced. 

Table 6-4b 
Example Problem 4 - Output 

Sediment Options 

................................................... ................................... 
SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS U.S. ARMY CORPS OF ENGINEERS 

Version: 4.1.00 - AUGUST 1993 WDROLCGIC ENGINEERING CENTER 
INPUT FILE: example4.DAT . 609 SECOND SPREFP 
OUTPUT FILE: ewmple4.OUT DAVIS. CALIFORNIA 95616-4687 
RUNDATE: 31AUG93 RUNRME:16:06:03 (916) 756-1104 

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

...................................................................... 
* MAXIMUM LIMITS FOR TRIS VERSION ARE: 

10 Stream Segments (Main Stern + Tributaries) 
150 Cross Sections 

t 100 Elevation/Station Points per Cross Section 
20 Grain Sizes . 
10 Control Points 
............................................................ 

The output produced during processing of the geometry and sediment data does not differ 
from that produced for Example Problem 3. It has therefore been omitted from this table. 

Refer to Table 6 3 b .  

SHYD 
BEGIN COMPUTATIONS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SB 2 ... Transmissive Boundary Condition - MV 
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TIME STEP X 1 * A FLOW 1 - BASE FLOW OF 750 CFS 

TABLE SA-1. TRAP EFFICIENCY ON STREAE( SE- # 1 
EXAnPLE PROBLM NO 4.  SCUE SEDIEIEKP OPPIONS. 
ACCUMULATED AC-FT ENTERING AND LEAVING TIIIS SPREAn SE- 

...................................................... 
TIME ENTRY* SAND 
DAYS POIKP • INFLOW OmTLOW TRAP EFP 
2.00 58.000 0.09 

53.000 0.04 
42 . O O O  0.00 

TOTAL- 35.000 0.14 0.00 1.00 
...................................................... 

TIME EKPRY SAND . 
DAYS P o r n  INFLOW ODTPMW TRAP EFP 
2.00 35.000 0.00 . 

TOTAL- 33.000 0.00 0.00 0.36 
********** ............................................ 

TIME ENTRY SAND . 
DAYS POINT INPLOW OVPPLOW TRAP E f P  
2.00 33.000 0.00 

15.000 0.00 
TOTAL- 1.000 0.00 2.96 -692.13 

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

STREAN SEGMENT t 1: EXAMPLE PR(W(LM NO 4. SQ(IE SWPIEW wtTGr6. 

SECNO. 42.000 
ELEYATTQV OF D R E K E D  QUhNEL LUibDIK 1.00 FEET OF OVER 970.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIME STEP # 2 * B FLOW 2 - 50 DAYS AT BANK FULL DISCHARGE 
COMPUTING PROM TIME= 2.0000DAYSTOTIXE- 52.0000DAYSIN 20CCMPUTATIONSTEPS 

- - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 4 .  SOME SEDIEIEKP OPPIONS. 

AC-TED TIME (yrs) .... 0.142 
F%OW DURATION ( d a y s ) .  ..... 2.500 

UPSTREAM BOUNDARY CONDITIONS ---------------------------------------------------------------------- 
St ream Segment # 1 DISCHARGE SEDI- LOAD TEMPERATURE 
S e c t i o n  No. 58.000 1 1cf.I 1 Itons/&y) I ( d q  F) ...................................................................... 

m?xow I 1400.00 1 529 .981  . 62.04 

Upstream of  SECTION NO. 53.000 is ... 
LOCAL INFLOW POINT # 3 

...................................................................... 
MAIN STEM INELOW 1400.00 529.98 62.04 
LOCAL INFLOW I 650.00 1 647.71 ( 67.00 ---------------------------------------------------------------------- 

TOTAL I 2050.00 I 1177.69 1 63.61 

Upstream of  SECPION NO. 42.000 is.. . 
LOCAL INFLOW POINT # 2 SEDIMENT LDAD TEMPERATORE I 'If? I ( tons/&y) I (deg FI ---------------------------------------------------------------------- 

MAIN STEM INFLOW 2050.00 1177.69 63.61 
LOCAL INFLOW I 150.00 1 14.45 1 10.00 ...................................................................... 

- I  2200.00 1 1192.13 1 64.05 

Upstream of  SECTION NO. 15.000 is... 
LOCAL INFLOW POINT # 1 SEDIMENT MAD TEMPERATURE I D1fT I ( tons/dayl  1 (deg PI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAIN STEM INFLOW 2200.00 1192.13 64.05 
LOCAL INFLOW I 300.00 1 40.00 I 72.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOT= I 2500.00 1 1232.13 1 65.00 

TABLE SA-1. TRA!? EFFICIENCY ON STREAM SEGMENT I 1 
EXAMPLE PROBLEM NO 4.  SOME SEDIMENT OFTIONS. 
ACCIDWLATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT .......***. **.**.*.*****......*...t.***.**.***.... 

TIME ENTRY SAND t 

DAYS WINT INFLOW OUTFLOW TRAP EFP 
52.00 5 8 . 0 0 0 .  13.17 

53.000 * 16.03 

TIME E!nRY SAND . 
DAYS POINT INFLOW OUTFLOW TRAP EW 

52.00 35.000 2.05 . 
TOTAL- 33.000 • 2.05 0.08 0.96 ...................................................... 



Chapter 6 Example Problem 4 

TIME ENTRY * SAND . 
DAYS POINT * INFLOW 0-W TRAP EFF * 

52.00 33.000 0.08 

TOTAL - 529.98 
SEDI- OVITLOW from the Damstream Boundary 

GiWN SIZE LOAD (tons/day) I GRAIN SIZE LOAD ( ~ o ~ s / & Y )  

TABLE SB-1: SEDWP34T LOAD PASSING TRE BOQIKWUES OF STREAM SEGMENT # 1 -------------------------------------------------------------------------------- 
SEDIMENT INFLOW a t  the Upstream Bouadary: 

GRAIN SIZE LOAD (tons/day) I GRAW SIZE LOAD (tons/day) -------------------------------------------------------------------------- 

VERY FINE SAND.... VERY P I S  GRAVEL.. 0.03 
FINE SAND.. . . . . . . . FIWE GRAVEL.. . . . . . 0.00 
MEDIUH SAND....... MEDIUM GRAVEL..... 0.00 
COARSE SAND... .... COARSEGRAVEL... .. 0.00 
VERY COARSE SAND.. VZRY COARSE GRAVEL 0.00 

VERY FINE SAND .... 265.63 
FINE SAND.. . . . . . . . 173.06 
MEDIUM SAND.. . . . . . 82.59 
COARSE SAND....... 6.27 
VERY COARSE SAND. . 2 -42 

TRBLE SB-2: ----------- 
SECTION 
NUMBER 

58.000 
55.000 
53.000 
44.000 
42.000 
35.000 
33.900 
33.300 
33.000 
32.100 
32.000 
15.000 

1 .000  . . . . . .  

VERYFINEGRAVEL.. 0.00 
FINE GRAVEL....... 0.00 
m I O N  GRAVEL..... 0.00 
COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

SPAn7S OF ------------ 
BED CHANGE 

( f t )  
-2.79 
-1.24 
-1.55 

0.92 
1 . 7 5  
0.00 
0.69 
0.01 
0.00 

-0.52 
-0.05 
-0.18 
0.00 . . . . . .  

------------- -*---------A- 

THE BED PROFILE AT TIME .----------------------- 
WS w TBALWEG 

( f t )  ( f t )  
978.33 972.61 
978.30 971.66 
976.02 970.65 
974.67 968.02 
974 -19  971.55 
974.00 963.30 
970.03 963.34 
970.01 962.50 
970.00 961.00 
965.75 955.98 
965.23 956.45 
964.99 953.52 
965.00 944.70 

b . . . . . . . . . . .  

. O O O  DAYS -------------- 
- TRANSPORT 

SAND 
577. 
837. 

1885. 
1258. 

138.  
138.  

9. 
4 .  
4. 

107.  
138 .  

23. 
23. . . . . . . -  

.------------ 
RATE ( t o n s / & ~ )  

STREW SECMENT I 1: W L E  PROBLEM NO 4 .  SWE SWPIENT WlZMLS. 

SEC NO. 42.000 
E L E V A T Z a Y O F D R E D C E D Q U M Y E L ~ ~  1.00iTETOFOVERDREDGINGP 970.00 

SEC NO. 11.000 
ELEVATICYV OF DREDCED QUMYEL I K L W I N C  1.00 FEET OF OVER DRaXgYG 970.00 
n;W OF SEDPIENT I)IRELK;ED FRDM 7HU REA- 13568.3 A C W U T E D  FR(m OOhMTRE4M ENlk 

CUBIC YARDS 
13568. 

10607.1 10607. 

?w&kNT LOAD T;~SLE FOR-SlRE4M SECRENT I 1 
AT L O a L  XNFtOW POINT 1 2 

. . . . I . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STREAM SEGMENT # I : EXAMPLE PROBLEW NO 4 .  SOME SEDIl4Em' OPTIONS. ------------------------------------------------------------------------------------------ 
ssw 
LPOINT 1 0 
SEDIMENT LOAD TABLE FOR SIREAM SEC;FIFNT # 1 

~ o n n  BY GRAIN SIZE CLASS (tons7day) ........................................................................... 
LQ I 1 .00000 I 50.0000 I 1000.00 I 5800.00 I 90000.0 I ------------ ------------ _----_------ ------------ ------------ 

~ - - - 
LOAD BY G R ~ I N  SIZE &US (tons/&y) -------------------------------------------------------------- 

LQL I l . o o o o o  I 1oo.ooo I loo0.00 I 1oooo.o I ------------ ------------ --------_-_- _-__-- - -_-__ 
LFL VFS 0.265600E-02 6.64000 7.50000 5940.00 
LFL FS 0.828OOOE-03 2.07000 
LFL LFL MS CS / 0.344000E-03 0.124OOOE-03 1 0.860000 0.310000 1::::::: I::::::! 1 

26.0000 2940.00 
LFL VCS 0.32000OE-04 O.BOO0OOE-01 19.5000 3810.00 

LF VFS 
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF MG 
LF CG 
LF VCG - - - - - - - - - - - -  ------------ ------------ ------------ ------------ 

TOTAL 10.151250E-011 2.06250 1 320.000 1 4500.00 1 400000. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LP0IN-r 1 7 

0.1309OOE-02 
0.3608OOE-02 
0.608300E-02 
0.3795003-02 
0.275000E-03 
O . ~ ~ O O O O E - O ~  
0.100000E-19 
0.lOOOOOE-19 
0.100000E-19 
0.100000E-19 

0.178500 
0.492000 
0.829500 
0.517500 
0.375000E-01 
O.~SOOOOE-02  
0.100000E-19 
0.10OOOOE-19 
0.100000E-19 
0.100000E-19 

159.360 
105.920 
49.9200 
3.52000 
1.28000 

O . ~ O O O O O E - . I ~  
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

2299.50 
1377.00 
693.000 
72.0000 
36.0000 
18.0000 
4.50000 

0.100000E-19 
0.100000E-19 
0.100000E-19 

232800. 
112000. 
44000.0 
8000 .OO 
2000.00 
aoo .ooo 
400.000 

O.1OOOOOE-19 
0.100000E-19 
0.100000E-19 



Example Problem 4 Chapter 6 

LFL VFG 0.120000E-04 0.300000E-01 10.0000 3480.00 
LFL FG 0.400000E-05 0.100000E-01 5.50000 2730.00 
LFL MG / 0.1OOOOOE-19 1 0.lOOOOOE-19 1 5.50000 1 5 9 0 . 0 0 1  
LFL CG 0.100000E-19 0.100000E-19 0.100000E-19 660.000 
LFL VCG 0.100000E-19 0.100000E-19 0.100000E-19 180.000 ------------ ------------ _--------_-- ------------ 

TOTAL 10.400000E-021 10.0000 1499.000 129970.0 1 .............................................................. 

$ PRT ... Se lec t i ve  P r i n t w t  Option - Print at the followinq cross sections 

___-____---------_------------------------------------------------------------------------ 
SRATUU; 

I k a n s t r u r  Boundary Condition - Rating Cum 

- -- 
TIME STEP # 4 * C FLOW 4 - BASE FLOW OF 750 CFS 

Elevation Stage Discharge ------------------------------------ 
950.000 950.000 0.000 
955.100 955.100 2000.000 
958.000 958.000 4000.000 
960.000 960.000 6000.000 
962.000 962.000 8000.000 
963.600 963.600 10000.000 
965.100 965.100 12000.000 
966.200 966.200 14000.000 
967.000 967.000 16000.000 
967.700 967.700 18000.000 
968.300 968.300 20000.000 
968.900 968.900 22000.000 
969.400 969.400 24000.000 
969.800 969.800 26000.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 4. SCME SEDIHEKP OPTZONS. 

ACCUMULATED TIME (yrs) . . . . 0.148 
now DURATION (days) . . . . . . 1.000 

Elevation Stage Discharge ..................................... 
972.400 972.400 40000.000 
972.700 972.700 42000.000 
972.900 972.900 44000.000 
973.100 973.100 46000.000 
973.300 973.300 48000.000 
973.500 973.500 50000.000 
973.700 973.700 52000.000 
973.800 973.800 54000.000 
973.900 973.900 56000.000 
974.000 974.000 58000.000 
974.100 974.100 60000.000 
974.200 974.200 62000.000 
974.300 974.300 64000.000 
974.400 974.400 66000.000 

UPSTREAM BOUNDARY CONDITIONS ...................................................................... 
Stream Segment # 1 

...................................................................... 
INFLOW I 532.00 1 96.26 1 63.44 

SEDIMENT INFLOW at SECPION NO. 58.000 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD ( tons/day) -------------------------------------------------------------------------- 

------------- ------------- 
TOTAL = 96.26 

VERY FINE SAND. . . . 38.08 
FINE SAND......... 34.16 
MEDIUM SAND....... 21.06 
COARSE SAND.. . . . . . 2.35 
VERY COARSE SAND.. 0.6 1 

FALL VELOCITIES - Method 2 
DIAMETER VELOCITY ---------------------------------- 

VF SAND 0.000290 0.1895778E-01 
F SAND 0.000580 0.5840962E-01 
M SAND 0.001160 0.1341560 
C SRND 0.002320 0.2818261 
VC SAND 0.004640 0.4816294 
VF GRVL 0.009280 0.7196122 
F G2VL 0.018559 1.040018 
M GRVL 0.037118 1.472894 
C GRVL 0.074237 2.082985 
VC GRVL 0.148474 2.945788 

VGRYPINEGRAVEL.. 0.00 
FINE GRAVEL....... 0.00 
MEDIUM GRAVEL. .... 0.00 
COARSEGRAVEL. .... 0.00 
VERY COARSE GRAVEL 0.00 

RM. NO. ------------ 
0.4746927 
2.925091 
13.43676 
56.45410 
192.9560 
576.5988 
1666.653 
4720.706 
13352.15 
37765.65 
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U p s t r e a m  of S E m I O N  NO. 15.000 is. .. 
LOCAL INFLOW POINT t I S E D I m  LOAD TEUPERA- I I ( t o n s / d . y l  I l d e g  PI ...................................................................... 

MAIN STEM INELOW 689 .OO 140.68 64.38 
LO- INELOW 1 61.00 1 4.32 1 72.00 _--------------------------------------------------------------------- 

ma I 750.00 I 145.00 I 65 .OO 

SEDIHENT LOAD FROM LOCAL INFLOW: 
GRAIN S I Z E  LOAD ( t o n s / d a y )  I GRAIN S I Z E  LOAD ( t o n s / d a y )  -------------------------------------------------------------------------- 

VERY F I N E  SAND.. . . 2.87 VERY FINE GRAVEL. . 0.01 
F I N E  SAND. ...... .. 0.89 FINE GRAVEL....... 0.00 
MmIUM SAM) ....... 0.37 1 MEDIUM GRAVEL...-. 0.00 
COARSE SAND. .. .. . . 0.13 COARSE GRAVEL..... 0.00 
VKRY COARSE SAND.. 0.0 3 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 4.32 

FALL VELOCITIES  - M e t h o d  2 
D U V ~ E X  VELOCITY REY. NO. CD ------------------------------------------------------------ 

VF SAND 0.000290 0.1931441E-01 0.4941259 55.02308 
F SAND 0.000580 0.5916114E-01 3.027072 11.72910 
M SAND 0.001160 0.1355164 13.86779 4.470784 
C SAND 0.002320 0.2833008 57.98200 2.045980 
VC SAND 0.004640 0.4824925 197.4999 1.410740 
VP GRVL 0.009280 0.7200893 589.5120 1.266733 
P GRVL 0.018559 1.040325 1703.352 1.213806 
M GRVL 0.037118 1.472894 4823.231 1.211086 
C GRVL 0.074237 2.082985 13642.13 1.211086 
V C  GRVL 0.148474 2.945788 38585.85 1.211086 

* * * * * * * * * * * * * * . * * * * * * * * * * * * * 7 * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * 7 . * * * *  . 
TRACEOQTW'l'FORSECTIONNO. 15.000 ------------------------------------------------------- 

HYDRAULIC PARAMFPERS: 
VEL S M  EFD EFw N-VALUE TAU USTARH FROUDE NO. 

4.382 0.000558 4.555 72.960 0.0167 0.15863 0.28588 0.362 

BED SEDIMENT CONTROL VOLUME COHPUTATIONS: 
NEW SURFACE AREA (SO IT): TOTAL X- PORTION S-PORTION 

336901.25 336901.25 0.00 

GRADATION O F  ACPXVS PLUS INACPIVE DEPOSITS 
BED MATERIAL PER GRAIN S I Z E :  BED FRACPION PER= FINER BED FRACTION PERCENT FINER 

VPSAND 0.010519 1.051939 VPGRVL 0.045573 93.063185 
F SAND 0.068551 7.907044 F GRVL 0.034049 96.468071 
M SAND 0.324948 40.401812 U GRVL 0.010808 97.548838 
C SAND 0.367062 77.107991 C GRVL 0.022292 99.777989 
VC SAND 0.113979 88.505902 VC GRVL 0.002220 99.999998 

SAND 
**  ARMOR LAYER * *  
S T A B I L I T Y  COEFFICIENT- 0.80177 
M I N - G m N  DIAM - 0.030569 
B E D S U R F A C E E X P O S E D  = 0.00000 

INACPIVE LAYER ACTIVE LAYER 
% DEPTH 5 D E P M  

CLAY 0.0000 0.00 0.0000 0.00 
S I L T  0.0000 0.00 0.0000 0.00 
SAND 1.0000 9.25 1.0000 0.57 

TOTAL 1 .0000  9.25 1.0000 0.57 

AVG. U N I T  AVG. UNIT 
WEIGHT WEIGRT 

0.046500 0.046500 

COMPOSITE U N I T  KT OF ACTIVE LAYER ( t / c f l =  0.046500 
COMPOSITE U N I T  KT O F  INACTIVE LAYER ( t / c f ) =  0.046500 
DEPTH O F  SURFACE LAYER ( f t )  DSL- 0 .1  
WEIGHT I N  SURFACE LAYER ( t o n s )  W S L -  1305.5 
DEP17I O F  NEW ACTIVE LAYER ( f t )  DSE- 0.0373 
WEIGHT I N  NEW A f f I V E  L A Y E R ( t o n s )  W34XAL- 584.9 
WEIGHT I N  OLD ACTIVE LAYER( t o n s )  WAL- 8927.8 
USEABLE WEIGHT, OLD INACTIVE LAYER WILL- 144962.8 
SURFACE AREA OF DEPOSIT  (sq f t )  SABX- 0.33690125E+06 

INACTIVE LAYER * *  
BED MATERIAL PER GRAIN S I Z E :  BED FRACXION PERCENT FINER BED FRACTION PERCENT FINER 

M SAND 0.010000 1.000000 VF GRVL 0.044734 93 .I80849 
F SAND 0.070000 8.000000 F GRVL 0.033457 96.526593 
n SAND 0.327074 40.707446 n GRVL 0.010638 97.590423 
C SAND 0.366543 77.361700 C GRVL 0.021915 99.781912 
VC SAND 0.113457 88.707445 VC GRVL 0.002181 99.999998 

* *  ACTIVE LAYER " 
BED MATERIAL PER GRAIN S I Z E :  BED FRACTION PERCENT FINER BED FRACl'ION PER- FINER 

VF SAND 0.018953 1.895284 VF GRVL 0.059193 91.152666 
F SAND 0.045024 6.397700 F GRVL 0.043652 95.517835 
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M SANE 0.290415 35.439182 M GRVL 0.013558 96.873609 
C SAND 0.375493 72.988468 C GRVL 0.028407 99.714290 
VC SAND 0.122449 85.233411 VC GRn 0.002857 100.000000 

C FINES, COEF(CFFML), I.M POTENTIAL- 0.000000E+00 O.l00000E+01 0.162000E+O7 
PGTRiTIAL TRANSPORT (tons/day): VF SANE 0.7676313+04 VF GRVL 0.5400073+02 

F SAND 0.2222086+04 F GRVL 0.8566783+02 
M SAND 0.1200961+04 f4 GRVL 0.924255E+02 
C SAND 0.879011E+03 C GRVL 0.343755E+01 
VC SAND 0.8853633+03 VC GRVL 0.100000E-06 

BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION PER- FIKER 
VFSAND 0.011944 1.194380 VF GRVL 0.064549 90.362954 
F SAND 0.037695 4.963900 F GRVL 0.047476 95.110553 
M SAND 0.276179 32.581777 M GRVL 0.014690 96.519579 
C SAND 0.387609 71.342665 C GRVL 0.031077 99.687310 
VC SAND 0.125654 83.908024 VC GRVL 0.003127 100.000000 

.. ........................................................................................ 
%CE O m  FOR SECTION NO. 1.000 ....................................................... 

SEDIMENT OUTFLOW FROM SECI'ION NO. 15.000 
GRAIN SIZE LOAD (tons/&y) I GRAIN SIZE LOAD (tons/day) .......................................................................... 

HYDRAULIC PARAMETERS: 
VEL SM EPD EPW N-VAWE TAU USPARM EROUDE NO. 
4.011 0.000004 5.838 83.730 0.0176 0.00159 0.02864 0.293 

VERY PINE SAND. . . . 115.42 
FINE M......... 101.72 
MEDIUM SAND .... ... 348.91 
COARSE SAND....... 332.83 
VERY COARSE SAND.. 108.39 

BED SEDIMENT CONTROL VOLUME C-ATIONS: 
N6W SURFACE AREA (SQ ET) : TOTAL K- PORTION S-PORTION 

209373.61 209373.61 0.00 

VBRY FINE GRAVEL.. 3.19 
FINE GRAVEL....... 3.74 
HEDIUH GRAVEL.. . . . 1.25 
COARSE GRAVEL..... 0.10 
VERYCOARSEGRAVEL 0.00 

- - 
TRANSMISSIVE BOUNDARY CONDITION - lYPE 2 
BED MATERIAL PER G I U l B  SIZE: BED FRACPION PERCENT FINER BED FRACXION PERCENT FINER 

VFSAND 0.010000 1.000000 VF GRVL 0.060000 90.999998 
F SAND 0.070000 8.000000 F GRVL 0.040000 94.999998 
M SAND 0.290000 36.999999 M GRVL 0.015000 96.499998 
C SAND 0.360000 72.999998 C GRVL 0.035000 99.999998 
VC SAND 0.120000 84 -999998 VC GRVL 0.000000 99.999998 

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMWP 11 1 
EXAMPLE PROBLEM NO 4. SOHE SEDIMENT OFTIONS. 
ACCUMULATED AC-FT ENTERING AND LEAVING TEIS STREAM SEGMENT 

*..*.. ................................................ 
T I B  ENTRY * SAND . 
DAYS POINT INFLOW OUI'FLOW TRAP EFF 
54.00 58.000 13.30 

53.000 16.15 
42.000 * 0.36 

TOTAL- 35.000 29.81 2.05 0.93 
.* **.*.*t**....*.*.**...*..**......****.****.**...***. 

TIME ENTRY SAND 
DAYS POINT • INFLOW OUTELOW TRAP EFF ' 
54.00 35.000 2.05 
TOTAL- 33.000° 2.05 1.22 0.40 

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

TIME ENTRY SAND 
DAYS POINT INFLOW OVITLOW TRAP EFF 
54.00 33.000 1.22 t 

15.000 1.00 . 
TOTAL- 1.000 • 2.22 4.07 -0.83 ... ...*.*.*.*.*....*.*........**....*******.**.*.****. 

SEDIMENT OUTFLOW PROM SECTION NO. 1.000 
GRAIN SIZE LOAD (tona/day) I GRAIN SIZE M)AD (tons/day) .......................................................................... 

VERY FINE SAND.... 115.42 
FINE SAND.. .. .. . .. 101.72 
MEDIUM SAND .... . .. 348.91 
COARSE SAND.. . . . . . 332.83 
VERY COARSE SAND. . 108.39 

VERYFINEGRAVEL.. 3.19 
FINE GRAVEL....... 3.74 
MEDIUM GRAVEL... . . , 1.25 
COARSE GRAVXL..... 0.10 
VSRY COARSE GRAVEL 0.00 

TABLE SB-1: SEIIIMENT LOAD PASSING THE BOUNDARIES OF STREAM SEGNWT # 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEDIMENP INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY FINE SAND. . . . 38.08 
FINE SAND. .... .. . . 34.16 
MEDIUM SAND....... 21.06 
COARSE SAND..... .. 2.35 
VERY COARSE SANE. . 0.61 

VERY FINE GRAVEL.. 0.00 
F I m  GRAVEL.. . . . . . 0.00 
MEDIUM GRAVEL..... 0.00 
COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 96.26 
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------------------------------------------------------------------------------------------ 
SVOL A 

S E D I m  ODTPLOV f m m  the Oorrutrum B o u n d ~ r y  
GRAIN S I Z B  Lors (tonn/day) I GRAIN SIZE LOAD (cons/day) -------------------------------------------------------------------------- 

STIZEAM S E W  # 1: KXAt4pL.X PROBLgn NO 4.  SOME SEDIMENT OPTIONS. 

VERY PINE S A N D . .  . . 115.42 
FINE SAND..'....... 101.72 
MEDIUM SAND.. . . . . . 348.91 
COARSE SAND.. . .. . . 332.83 
VERY COARSE SAND.. 108.39 

SL(llrC(RY TABLE: CUY AhD MUWE OF SEDPIEUT -------------------------------------------------------------------------------------------------------------- 
SECTION S E D I m  TEIROUCR SECPION (tons) SEDIMENT DEPOSITED I N  REACH i n  cu. yds 

TOTAL SAND SILT CLAY mPAL CUMULATIVE SAND S I L T  CLAY 

VgRY PINE W V E L . .  3 .19  
PINE G R A V E L . . . . . . .  3.74 
&LED= GRAVEL.. . . . 1.25 
CUARSE GRAVEL..... 0 .10 
VZRY COARSE GRAVEL 0.00 

INFLOW 26932.  26932. 0. 0.  21451. 

------------- - - - - - - - - - - - - -  
T(IPAL - 1015.54 

TABLE SB-2: SPATUS OF TBB BgD PROPILB AT Rns - 54.000 DAYS -------------------------------------------------------------------------------- 
SECTION BQ (IBANGX WS ELxV TBALYBG Q TRANSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cf6) SAND 

58.000 -2 .93 976.06 972.47 532. 195.  
55.000 -1 .23 975.95 971.67 532. 193. 
53 .OOO -1.54 974.32 970.66 660. 156. 
44.000 0 . 0 1  974.07 968.04 660. 7 .  
42 .000  0 .00  974.02 970.00 689. 0 .  
35 .000  0.00 974.00 963.30 689. 0 .  
33 .900  0 .22 964.63 962.87 689. 2576.  
33.300 0 .03  963.41 962.52 689. 2295. 
33 .000  0.00 963.00 961.00 689. 2295. 
32 .100  - 0 . 3 1  961.87 956.19 689. 85. 
32.000 -0 .07 961 .21  956.43 689. 241.  
15 .000  -0 .23 957.71 953.47 750. 1016. 

1 . 0 0 0  0.W 957.00 944.70 750. 1016.  

Accumulated Water D i s c h a r g e  from day zero ( s fd)  
HAIN 

3500.00 

LOCAL 32721.  32721. 0 .  0. 26062. 

53 .000  104248.  104248. 0. 0.  -19495. -35520. -19495. 
44 .000  73173.  73173. 0. 0. 24751. -10769. 24751. 

LOCAL 733.  733. 0. 0. 583. 

42 .000  4159.  4159. 0. 0.  55553. 44784. 55553. 
35 .000  4159.  4159. 0. 0.  0.  44784. 0 .  
33 .900  2940.  2940. 0. 0. 9 .  45755. 971. 
33.300 2475.  2475. 0 .  0 .  370.  46125. 370. 
33 .OOO 2475. 2475. 0. 0.  0. 46125. 0 .  
32.100 5577.  5577. 0. 0. -2471. 43655. -2471. 
32 .000  7299.  7299. 0. 0.  -1371. 42283. -1371.  

LOCAL 2027.  2027. . 0. 0 .  1615. 

15 .000  8242.  8242. . 0. 0. 863. 43147. 863.  
1 . 0 0 0  8242.  8242. 0. 0.  0.  43147. 0 .  

TOTAL SWPIEhT - per grain size - THROUQl E4CH C3MSS SECTXCW (tons) ................................................................................ 
UPSTREAM INFLOW 

VF SAND 13463.  VC SAND 122. C GRVL 0 .  
F SAND 8809. V P  GRVL 0 .  VC GRVL 0.  
M SAND 4222.  P GRVL 0. 0 .  
C SAND 316.  

LOCAL INFLOW 
VF SAND 2765.  VC SAND 0 .  C GRVL 0 .  
F SAND 6123. V P  GRVL 0 .  VC GRVL 0 .  
M SAND 17758.  F GRVL 0. 0 .  
C SAND 6075.  

LOCAL INFLOW 
VF SAND 346. VCSAND 11. C GRVL 0.  
F SAND 214.  VP GRVL 4 .  VC GRVL 0 .  
M SAND 122 .  P GRVL 2 .  
C SAND 34 .  

L O W  INFLOW 
VF SAND 367.  VC SAND 55.  C GRVL 0 .  
F SAND 732. V F G R V L  24. VC GRVL 0 .  
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n SAND 
C SAND 

SEClTCMI NO. 
VF SAND 
F SAND 
M SAND 
C SAND 

S E m m  NO. 
VF SAND 
F SAND 
M SAND 
C SAND 

709. F GRVL 10. 
129. 

3214. F GRVL 14. 0. 
2742. 

1.000 
320. VCSAND 851. C GRVL 3. 
1079. VF GRVL 13. VC GRVL 0. 
3214. F GRVL 14. 0. 
2742. 

0 DATA ERRORS Dm-. 

TOTAL NO. OF TIME m P S  READ - 4 
TOTAL NO. OF WS PROFILES - 23 
ITERATIONS IN EXNER EQ - 1150 

COMPVTATIONS COMPLETED 
RUN TIME - 0 HOURS, 0 MINUTES L 9.00 SECONDS 
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6.5 Example Problem 5 - Reservoirs 

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

6.5.1 Reservoir Data 

Example Problem 5 input is shown in Table 6-5a and illustrates the data for a problem with 
two reservoirs; one at the downstream boundary (Section No. 1.0) and one at Silver Lake - which 
begins at Section No. 35.0 and extends upstream to Section No. 53.0 (much farther upstream 
than is illustrated in Figure 6-1). Section No. 33.3 is at the approximate upstream extent of the 
pool for the downstream reservoir and Section No. 53.0 is at the upstream end of Silver Lake. 
The operation of the downstream reservoir is simulated by the time history of pool elevations 
entered in field 1 of the R records in the flow data. Similarly, the X5 record at Section No. 35.0 
that defines the downstream boundary of the Silver Lake reservoir indicates that the time history 
of pool elevations will be in Field 2 of the R record. The X5 record at Section No. 53.1 marks the 
upstream limit of Silver Lake. The two X5 records divide the model into 3 subreaches; the first, 
which represents the downstream reservoir, is bounded by Sections 1.0 and 33.9, the second 
subreach, Silver Lake, is bounded by Sections 35.0 and 53.0, and the third, the contributing 
upstream reach, is bounded by Sections 53.1 and 58.0. Thus the information produced for each 
subreach can be used to analyze the behavior of the two reservoirs and the contributing 
upstream reach. 

Table 6-5a 
Example Problem 5 - Input 

Reservoir Model 

T l  EXAHPLE PROBLEM NO 5. REShRI01=. 
R 2 RESERVOIRS. 3 LOCAL IrTPLOYS. 
T3 S O W  PORK, ZIMRRO RIVER ** Example Problem 5 ** 
NC .1 -1 .04 -1 .3 
X1 1 .0  3 1  10077. 10275. 0. 0. 0. 
GR 1004. 9915. 978.4 10002. 956.0 10060. 959.2 10077. 959.3 
GR 950.0 10092. 948.48 10108. 946.6 10138. 944.7 10158. 955.2 
GR 956.2 10243. 958.9 10250. 959.8 10275. 959.8 10300. 959.9 
GR 958.8 10350. 957.4 10400. 970.0 10700. 966.0 10960. 970.0 
GR 968.0 11085. 968.0 11240. 970.0 11365. 970.0 11500. 970.0 
GR 962.0 11665. 962.0 12400. 976.0 12550. 980.0 12670. 982.0 
GR 984.0 12735.  
W 1 . 0  1 0 .  10081. 10250. 
NV 22 -045 965.6 .064 988.8 
NV 1 2  .08 965.6 .13 988.8 
NV 33  -1 965.6 .11 982.0 .12 988.8 
XI 15.0 27  10665. 10850. 3560. 3030. 3280. 
X3 10700. 961.0 11000. 970.0 
GR 992.0 9570. 982.0 10110. 976.0 10300. 976.0 10490. 966.0 
GR 964.7 10665. 956.0 10673. 953.0 10693 954.0 10703. 955.6 
GR 958.6 10750. 959.3 10800. 957.0 10822. 957.3 10825. 961.5 
GR 962.0 10852. 964.0 10970. 966.0 11015. 961.0 11090. 962.0 
GR 970.0 11190. 972.0 11310. 980.0 11410. 984.0 11570. 990.0 
GR 990.0 11865. 1000.0 12150. 
HD 15 .0  10.  10673. 10852. 

CASCADE CREEK - LOCAL INFLOW 
qT 
NC .1 .1 .05 
Xl  32.0 29 10057. 10271. 3630. 3060. 4240. 
GR 998.0 9080. 982.0 9250. 982.0 9510. 980.0 9600. 980.01 
GR979.48 10000. 978.5 10057. 968.6 10075. 959.82 10087. 956.5 
GR 956.8 10117. 957.8 10137. 959.4 10157. 959.6 10177. 959.82 
GR 966.5 10225. 971.2 10250. 978.5 10271. 978.5 10300. 978.6 
GR978.91 10370. 978.96 10387. 980.0 10610. 982.0 10745. 982.0 
GR 984.0 11150. 992.0 11240. 1000.0 11330. 1008. 11425. 
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HD 32.0 1 0 .  10075. 10275. 
X 1  3 3 . 0  2 1  1850. 2150. 3 0 .  3250. 3320. 
XL 250. 
GR 1000.  980. 990.0 1060. 980.0 1150. 982.0 1180. 
GR 980.0 1260.  982.0 1300. 982.0 1350. 980.0 1420. 
GR 982.0 1730.  982.0 1830. 984.41 1850. 979.19 1851. 
G R 9 6 1 . 0  2099.2 976.0 2149. 984.5 2150. 982.0 2800. 
GR 1000.  3170.  
HD 3 3 . 0  0 .  1851. 2149. 

NOTE: Section 33.3 is a duplicate of Section 33 .0 .  
X1  33.3 2 1  1850.0 2150.0 1550. 1750. 1750. .95 
XL 250. 
GR 1000.  980.  990.0 1060. 980.0 1150. 982.0 1180. 
GR 980 .0  1260.  982.0 1300. 982.0 1350. 980.0 1420. 
GR 982.0 1730.  982.0 1830. 984.41 1850. 979.19 1851. 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 
GR 1000.  3170.  
W 33 .3  0 .  1851. 2149. .95 

Section 33 .9  is a duplicate of Sec 33.3, needed to model IBC at 
X l  3 3 . 9  2 1  1850.0 2150.0 1050. 1050. 1050. 
X3 1 0  
GR 1000.  980. 990.0 1060. 980.0 1150. 982.0 1180. 
GR 980.0 1260.  982.0 1300. 982.0 1350. 980.0 1420. 
GR 982.0 1730.  982.0 1830. 984.41 1850. 979.19 1851. 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 982.0 2800. 
GR 1000.  3170.  
HD 33.9 0 .  1851. 2149. 
X I  3 5 . 0  2 2  9894. 10245. 0 0 '  0 .  
X3 1 0  

1.65 
Sec 35.0 

XS 2 
GR 984 .0  9035. 980.0 9070. 978.0 9135. 980.0 9185. 982.0 9270. 
GR 980 .0  9465. 981.7 9595. 983.7 9745. 984.7 9894. 963.4 9894.1 
GR 963.3 9954. 967.1 9974. 967.1 10004. 968.2 10044. 967.6 10054. 
GR 973.4 10115.  977.4 10120. 983.7 10155. 984.0 10245. 982.0 10695. 
GR 982.0 10895.  1004.0 11085. 
W 35.0 0 .  9954. 10155. - - - SILVER LAXE - - - 
NC .06 - 0 6  .045 
X 1  42 .0  3 2  9880. 10130. 5370. 5000. 5210. 
GR 996.0 7130.  998.0 7310. 998.0 7930. 992.0 8205. 990.0 8495. 
GR 988.0 8780. 986.0 8990. 985.7 9570. 986.4 9707. 989.4 9857. 
GR 990.0 9880. 969.8 9881. 969.8 9941. 985.8 9941. 985.8 9943. 
GR 969.8 9943. 969.8 10001. 986.7 10001. 986.7 10003. 969.8 10003. 
GR 969.8 10067. 985.8 10067. 985.8 10069. 969.8 10069. 969.8 10129. 
GR 989.9 10130.  989.5 10180. 988.6 10230. 987.6 10280. 985.2 10430. 
GR 986.8 11720. 989.9 12310. 
HD 42 .0  0 .  9881. 10021. 

SILVER CRBEX - LOCAL INPLOW 
QT 
X 1  44 .0  2 8  9845. 10127. 3200. 3800. 3500. 
XL 9850.0 10200.0 
GR 1002.  8035. 992.0 8150. 990.0 8305. 990.0 8735. 988.0 8835. 
GR 996.0 9285. 1017.6 9425. 990.0 9505. 986.0 9650. 984.1 9788. 
GR 980.6 9845.  970.9 9868. 972.2 9898. 970.5 9968. 967.5 9998. 
GR 968.9 10028.  967.4 10058. 967.1 10078. 971.9 10118. 976.8 10127. 
GR 977.8 10150.  976.9 10193. 982.0 10206. 981.2 10300. 979.2 10325. 
GR 983 .1  10400.  999.8 10450. 1002.4 10464. 
HD 44 .0  10 .  9868. 10193. 
X 1  53.0 2 2  10000. 10136. 3366. 2832. 2942. 
GR 1004.  7550.  1000.0 7760. 998.0 8440. 996.0 8640. 996.0 8780. 
GR 994.0 8940. 986.0 9245. 986.3 9555. 986.3 9825. 983.8 9900. 
GR 982.8 10000. 978.2 10011. 974.0 10041. 972.2 10071. 972.6 10101. 
GR 978.2 10121.  988.7 10136. 989.3 10154. 999.2 10200. 1000. 10320. 
GR 1002.  10470.  1004.0 10700. 
HD 5 3 . 0  10 .  10000. 10136. 

Section 5 3 . 1  is a RXPKAT of Sec 53.0, needed to model an IBC at THIS location. 
NOTE: no water surface is defined at this IBC, i.e. No Hydraulic Cntrl Strctr 

X1 5 3 . 1  0 10000. 10136. 0 0 0 
X5 
HD 5 3 . 1  10 .  10000. 10136. 

BEAR CREEK - LOCAL INFLOW -. 

QT 
X1 5 5 . 0  18  9931. 10062. 2275. 3430. 2770. 
GR 1004.  7592.  1000.0 7947. 996.0 8627. 990.0 9052. 986.0 9337. 
GR 984.3 9737. 984.7 9837. 985.5 9910. 987.2 9931. 978 .1  9955. 
GR 974.8 9975. 974.2 10005. 972.9 10035. 973.2 10045. 983.8 10062. 
GR 985.8 10187.  986.0 10307. 990.0 10497. 
HD 5 5 . 0  1 0 .  9931. 10062. 
X1  5 8 . 0  2 2  9912. 10015. 1098. 1012. 1462. 
G R 1 0 0 6 .  8542. 1004.0 8952. 1000.0 9702. 997.2 9812. 996.3 9912. 
GR 976.2 9944. 975.4 9974. 978.2 9991. 990.4 10015. 988.3 10062. 
GR 988.8 10065.  988.3 10065. 989.3 10169. 990.0 10172. 992.0 10242. 
GR 992.0 10492.  988.0 10642. 986.7 10852. 988.0 11022. 986.0 11097. 
GR 986.0 11137.  988.0 11192. 
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HD 58.0 3.4 9912. 10015. 
EJ 
T4 South Pork. Zumbro River - Stream Segmenc 
T5 LOM CURVE PROn G X X  DATA. 
T6 BED GRADATIONS FRCU FIXLD SAMPLES. 
T7 Use full range of Sands and Gravels 
T8 SEDIWKKP TRANSPORT BY rang's STREAM POWER 
I1 5 
I4 SAND 4 1 10 
I5 -5 .5 .25 .5 .25 
LQ 1 50 1000 5800 90000 
LT TOTAL .0110 1.5 320 4500. 400000 
LF VFS .I19 .I19 .498 -511 .582 
LF FS .328 .328 .331 .306 .280 
LF E(S .553 .553 .I56 .I54 -110 
LF CS .OOO .OOO 0 .016 .020 
LF VCS .000 .OOO -004 -008 .005 
LF VPG .OOO .OOO .OOO -004 .002 
LF PG .ooo -000 .ooo -001 .001 
LF ffi .ooo .ooo .ooo .ooo .ooo 
LF CG .000 .OOO .000 -000 .000 
LF VCG .O .o .ooo .ooo .ooo 
PF KXAnP 1.0 1.0 32.0 16.0 96.5 
PFC 2.0 85.0 1.0 73.0 .5 37.0 
PFC.0625 0.0 
PF ExAnP 32.0 1.0 64.0 32.0 99.5 
PFC 4.0 96.0 2.0 93.5 1.0 83.0 
PFC -125 1.0 .0625 0.0 
PF KXAnP 58.0 1.0 64.0 32.0 97.0 
PPC 4.0 90.0 2.0 79.0 1.0 56.0 
$LOCAL 
LQAD TAELE - CASCADE CREEK - A LOCAL 1-W 

LOL 1 100 1000 10000 
LTLTUTAL .0040 10 500 30000 
LPL VPS .664 .664 .OX5 .I98 
LFL PS -207 -207 .245 -181 
LPL US .OR6 .086 .605 .lo7 
LPL CS .031 .031 .052 .098 
LFL VCS .008 .008 .039 .I27 
LFL VFG -0030 .0030 .0200 .I160 
LFL PG .0010 .0010 .0110 -0910 
LFL ffi .OOOO .OOOO .OllO -0530 
LPL CG .0000 .0000 .0000 .0220 
LFL VCG .OOOO .OOOO .OOOO .0060 

LAAD TABLE - SILVgR CRXXK - A LOCAt INFLOW 
LOL 1 100 1000 10000 
LTLTUTAL -0040 10 500 30000 
LFL VPS .664 -664 .015 .I98 
LFL PS .207 -207 -245 .I81 
LFL HS .086 .086 .605 .lo7 
LPL CS -031 -031 -052 .098 
LFL VCS .008 .OOB .039 .I27 
LFL VFG -0030 .0030 .0200 -1160 
LFL FG .0010 .OOlO .OllO .Oslo 
LFL UG .OOOO .OOOO .0110 .0530 
LFL CG .OOOO .OOOO .OOOO -0220 
LFL VCG -0000 .0000 .OOOO .0060 
LOAD TABLE - BEAR QLEEX - A LOCAL INFLOW 

LQL 1. 100. 500. 1000. 30000. 
LTLTGTAL .0020 30.0 500. 1200 22500 
LFL VFS .201 .201 .078 .078 .137 
LFL FS -342 .342 -172 -175 .218 
LFL MS .I51 4 1  -454 .601 ,476 
LFL CS -001 -001 9 7  .I42 .I58 
LFL VCS .OOO .OOO .OOO .003 .008 
LFL VFG .OOOO .OOOO .OOOO .OOOO .0020 
LFL FG .0000 .000 .0000 .0000 .0010 
LFL MG .OOOO .OOO .OOOO .OOOO .OOOO 
LFL CG .OOOO -000 .OOOO .OOOO .OOOO 
LFL VCG .0000 .000 -0000 .0000 .0000 
SHYD 
SPRT 
CP 1 

PS 1.0 35.0 53.1 
END 
SWL X 0 
VJ 16 
VR 944 946 941 950 952 954 
V?? 964 966 %8 970 972 974 
SPRT A * A now 1 . BASE n o w  OF 750 CFS 
Q 750 6 1 29 128 
R 960. 973.5 

[ref nSCE JOURNAL (PANG 197311 

0 1.0 
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FLOW 2 - 50  DAYS AT BANK FULL DISCHARGE 
300 .  150.  650.  

975 
2 .5  50. 

R O W  3 - NEAR BANK FULL DISCHARGE 
150 .  78 .  340.  

974.5  

now 4 - BME now OF 750 CPS 
61 29 1 2 8  

973 

6.5.2 ElevationSurFace Area and Elevation-Storage Tables 

Tables of elevation vs. surface area and storage can be obtained by use of the SVOL, VJ, 
and VR records in the flow data. In this example, these records were used to request that these 
tables be produced for a series of horizontal planes extending from elevation 944 f t  (the 
approximate thalweg of Section No. 1 .O) to elevation 974 f t  (the approximate thalweg of section 
No. 53.0) in 2 f t  increments. Care should be taken to ensure that the endpoints of each cross 
section are higher than these elevations; otherwise, HEC-6 will extend the ends of the sections 
vertically and the surface areas and volumes will be too small. 

The output for Example Problem 5 is shown in Table 6-5b. Prior to time step 1 and after 
time step 4, tables containing the surface areas and storage volumes for Sections 1.0, 35.0, and 
53.1 at each elevation specified on the VR records. (The SPRT option was used to limit the 
$VOL output to these cross sections.) For example, at Section No. 35.0, the initial storage 
volume at elevation 968 ft is 859.78 acre-ft; and after the last time step, the storage volume is 
855.45 acre-ft. This indicates that approximately 4.3 acre-ft of sediment was deposited between 
Sections 35.0 and 58.0 below elevation 968 ft, reducing the storage capability of Silver Lake. 
One only needs to use information in the table for elevations above the thalweg of the cross 
section at the dam of interest. These tables can be used to construct elevation-deposition and 
deposition-distance relations. 

6.5.3 Trap Efficiency 

The computation of trap efficiency and the interpretation of "TABLE SA-1" were presented in 
Section 6.3.8 for Example Problem 3. In this example, the X5 records were used to delineate the 
upstream and downstream extent of the reservoirs causing trap efficiency to be computed for 
each. For example, looking at TABLE SA-1 of time step 4 for the middle reach which represents 
Silver Lake, 42.71 acre-ft has entered the reservoir from the upstream reach, 0.37 acre-ft from 
Silver Creek and 3.55 acre-ft have passed through Silver Lake, giving it a trap efficiency of 91% 
for this simulation. The downstream reservoir has a trap efficiency of 99%. Negative trap - . .  .. . 

efficiencies indicate scour. - .  - . - 
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Table 6-5b 
Example Problem 5 - Output 

Reservoir Model 

*****t*****.*******.***********.*****.******.*****. ................................... 
SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS O.S. ARW CORPS OF ENGINEERS . Version: 4.1.00 - AUGUST 1993 t HYDROLCGIC ENGINEERING CENTER 
INPUT FILE: EXAMPLE5.DAT 609 SECOND SlXZZ . 

* OUTPUT FILE: EXAMPLE5.OVP DAVIS, CdLIFORNIA 95616-4687 * 
RUN DATE: 31 AUG 93 RUN TIME: 15:53:06 • (916) 756-1104 
................................................ ............................... 

...................................................................... 
MAXIMUM LIMITS FOR ?HIS VERSION RRE: t 

10 Stream Segments ( w i n  Stem + Tributaries) 
150 Cross Sections t 

100 Elevation/Station Points per Cross Section 
20 Grain Sizes 

t 10 Control Points * 
...................................................................... 

TI EXAMPLE PROBLEM NO 5. RESERVOIRS. 
n 2 RESERVOIRS. 3 LCCU INFLOWS. 
T3 SOUTH FORK, ZUHBRO RIVER ** Example Problem 5 ** 

N values.. . Left Channel Right Contraction Expansion 
0.1000 0.0400 0.1000 1.1000 0.7000 

SEWION NO. 1.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. 

N-Values vs. Elevation Table 
Channel Left Overbank Right Overbank 

0.0450 966. 0.0800 966. 0.1000 966. 
0.0640 989. 0.1300 989. 0.1100 982. 
0.0000 0. 0.0000 0. 0.1200 989. 

SECTION NO. 15.000 ... Left Encroachment defined at station 10700.000 at elevation 961.000 ... Right Encroachment defined at station 11000.000 at elevation 970.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. - 

LOCAL INFLOW W I N T  1 occurs upstream from Section No. 15.000 

N values.. . Left Channel Right Contraction Expansion 
0.1000 0.0500 0.1000 1.1000 0.7000 

SECTION NO. 32.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 33.000 ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECl"1ON NO. 33.300 ... Adjust Section WIDTH to 95.005 of original. ... Adjust Section ELEVATIONS by 1.490 ft. ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO. 33.900 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 1850 .OOO 2150.000 

Ineffective Elevation 984.410 984.500 ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO. 35.000 
... Internal Boundary Condition 

Water Surface Elevation will be read from R-RECORD, Field 2 
Head Loss = 0.000 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 

Natural Levees at Station 9894.000 10245.000 . _ - 
Ineffective Elevation 984.700 984.000 - .  

... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

N values.. . Left Channel Right contraction Expansion 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 
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LOCAL INFLOW POINT 2 occurs upstream from Section No. 42 .OOO 

SECTION NO. 44.000 ... Limit CONVEYANCE between stations 9850.000 and 10200.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTIONNO. 53.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 53.100 ... Internal Boundary Condition ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

LOCAL INFLOW POIKT 3 occurs upstream from Section No. 53 -100 

SECTION NO. 55.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 58.000 ... DEPTH of the Bed Sediment Control Volume - 3.40 ft. 

NO. OF CROSS SECTIONS IN STREAH S E G m -  13 
NO. OF INPUT DATA MESSAGES - 0 

TOTAL NO. OF CROSS SECTIONS IN THE NETWORK - 13 
TOTAL NO. OF STREAH SEGMENTS IN THE NETWORX= 1 
END OF GEOWXRIC DATA 

- - 

The output produced during processing of the sediment data does  not differ from that 
produced for Example Problem 3. It has therefore, been omitted from this table. 

. - 
Refer to lable  63b. - 

s m  
BEGIN COMPUTATIONS. 

------------------------------------------------------------------------------------------ 
S PRT ... Selective Printout Option 

- Print at the following cross sections 
CP 1 -- - 
PS 1.0 35.0 53.1 
END 

STREAM SEGKENT # 1 : EXAMPLE PROBLEM NO 5. RESERVOIRS. 

SUWMARY TABLE: MASS AND VOLUME OF SEDIIGNT .............................................................................................................. 
SECTION SEDIMENT THROUGii SECTION (tons) SEDIMEKT DEPOSITED IN REACH in CU. yds 

TOTAL SAND SILT CLAY TOTAL CUMULATIVE SAND SILT CLAY 

INFLOW 0. 0. 0. 0. 0. 

58.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
55.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
53.100 0. 0. 0. 0. 0. 0. 0. 0. 0. 
53.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
44.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
42.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
35.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
33.900 0. 0. 0. 0. 0. 0. 0. 0. 0. 
33.300 0. 0. 0. 0. 0. 0. 0. 0. 0. 
33.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
32.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
15.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 
1.000 0. 0. 0. 0. 0. 0. 0. 0. 0. 

E L N  SURFACE WLUME WLUME 
ARE4 AC-FT 0' 9- r - 

SECTION NO. 1.000 
974.00 0.00 0.00 0.00 

SECTION NO. 
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970.00 
972.00 
974.00 

SECI'ION NO. 53.100 
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 

SPRT A ... Selective P r i n t o u t  O p t i o n  
A - P r i n t  a t  a l l  cross sections 

--.--=-------1-=----==-------==--=-==----=..--~-=-=~---~I--I---I=--~s--a~-=~~~~=~~~~~~~~~~ 

TIME .STEP # 1 * A PLOW 1 - BASE PCOW OF 750 CPS 

TABLE SA-1. TRAP B P P I C I D i C Y  ON STREAM SXGXENT # 1 
EXAMPLE PROBLXH NO 5. RESBXVOIRS. 
ACCTJMULATXD AC-FT gKPgaJrPG AND LEA= T H I S  SEGMENT 

...................................................... 
T I M E  XNTRY SAND 
DAYS P O W *  INFLOW Cfn7LaW TIWIIPF* 
10.00 58.000 * 0.46 

53.100 0.21 . 
TOTAL- 53.100. 0.67 5.24 -6.78 

...................................................... 
T I M E  ENTRY SAND 
DAYS POfKP* INPLOW OUrFLmI TRAPIIPF* 
10.00 53.100 5 -24 . 

42.000 0.01 
TOTAL- 35.000* 5.25 0.00 1.00 

*..* .................................................. - .  . 

T I M E  ENTRY SAW 
DAYS W I N T  INPLOY o l n ' P m W  TRAP EPF 
10 .OO 35.000 0.00 

TIME STEP # 2 * A FLOW 2 - 50 DAYS AT BANX PULL DISQIARGB 
COMPUTING FROM TIME- 10.0000 DAYS TO TIME- 60.0000 DAYS I N  20 COMPUTATION STEPS 

TABLE SA-1. TRAP E F F I C I m  ON SPRBAn t 1 
E X A n P m  PROBLKll NO 5. XESZXVOIRS. 
ACCUMlUTgD AC-FT EKPXRINC AND LEA- T H I S  SPRERK SEGMEhT 

...................................................... 
T I M E  ENTRY SAND 
DAYS POINT INFLOW 0UPPIX)Y TRAP I(PP 
60.00 58.000 13.54 

53.100* 16-20 
TOTAL- 53.100 29.74 40.95 -0.38 

**..** ................................................ - -- ----- 
T I M E  ENTRY SAND . -- - - 
DAYS POINT INPLOY OmFLOY TIU\P E m  
60.00 53.100 40.95 

42.000 0.36 
TOTAL- 35.000 41.31 3 -55 0.91 ..... ................................................. 

T I M E  ENTRY SAND . 
DAYS POINT INPLOW OUTFLOW TIU\P E?T 
60.00 35.000 3.55 • 
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1-------111--1-1_----------*-------------.--------*------*-------------------9------------ 

TIME STEP # 3 * A FLOW 3 - NEAR BANX FULL DISCHARGE 

TABLE SA-1. TRAP' EFFICIENCY ON .STREAM SEGMEKT t 1 
EXAMPLE PROBLEM NO 5. RESERVOIRS. 
ACCXWLXTED AC-FT EWERING AND LEA= THIS .STREAM S E W  

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

TIME ENTRY SAND . 
DAYS POINT INFLOW OUTFMW TRAP EFF 
61.00 58.000' 13.62 

53.100 16.30 
TOTAL- 53.100 29.92 41.19 -0.38 

**** .................................................. 
TIHE mTRY SAND . 
DAYS POINT INFLOW OUTFLOW TRAP EF7 
61.00 53.100. 41.19 

42.000 0.37 . 
TOTAL- 35.000 41.56 3.55 0.91 ...................................................... 
TIC2 m y  SAND 
DAYS POINT * INFLOW OClTFLOW TRAP XF7 
61.00 35.000 3.55 

15.000 1.02 • 
TOTAL- 1.000 • 4.57 0.06 0.99 

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

TI= STEP # 4 * B FLOW 4 - BASE FLOW OF 750 CPS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPS PROBLEM NO 5. RESERVOIRS. 

ACCUHULATED TIME (yrs) .... 0 .I70 
F M W  DURATION (days) ...... 1.000 

UPSREAM BOUNDARY CONDITIONS ---------------------------------------------------------------------- 
Stream Segment # I DISCHARGE SEDIEIEKP LOAD TEMPERATURE 
Section No. 58.000 1 (CIS) I (tons/day) 1 (deg 1) ---------------------------------------------------------------------- 

INFLOW I 532.00 1 93.30 I 63.44 

Upstream of SEtXION NO. 53.100 is ... 
LOCAL INFLOW POINT # 3 SEDIEIEKP LOAD W T U R E  I D1:- 1 (tohs/day) I (deg F) 

U U N  Sl-EM INPLOW 532.00 93.30 63.44 
128.00 ( 43.20 1 67.00 -----------------_---------------------------------------------------- 

TOTAL I 660.00 1 136.50 I 64.13 

Upstream of SECXION NO. 42.000 is... 
LOCAL INFLOW WINT # 2 SEDIMEm LOAD TEMPERATURE 1 I (tons/dw) 1 (dcg F) ---------------------------------------------------------------------- 

MAIN STEM INFLOW 660.00 136.50 64.13 
29.00 I 1.22 1 70.00 _--------------_-_---------------------------------------------------- 

TOTAL I 689.00 I 137.72 1 64.38 

. Upstream of SECXION NO. 15.000 is.. 
LOCAL INFLOW POINT # 1 SEDIEIEKP LOAD TEMPERATURE I D1:- I (tonsldav) 1 (deg F) 

UAIN STEM INFLOW 689.00 137.72 64.38 
61.00 1 4-32 I 72.00 ---------------------------------------------------------------------- 

TOTAL I 750.00 1 142.04 1 65.00 

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1 
EXAMPLE PROBLEM NO 5. RESERVOIRS. 
ACCUMUL&TED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT 

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

TIHE ENTRY SAND 
DAYS POINT INTLOW OUTFLOW TRAP EFF 
62.00 58.000' 13.66 

53.100' 16.32 . 
TOTAL- '53.100 29.99 41.34 -0.38 ...................................................... 
TIME ENrRY SAND 
DAYS POINT INFLOW OUTFLOW TRAP EFF 
62.00 53.100 41.34 

42.000 . 0.37 
TOTAL- 35.000 41.71 3.55 0.91 * ...................................................... 
TIME ENTRY SAND 
DAYS POINT INFLOW OVfiLOW TRAP EFF 
62.00 35.000 3.55 

15.000 1.02 . 
TOTAL- 1.000 • 4.57 0.06 0.99 ...................................................... 
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TABLE SB-1: SEDIHENP LOAD PASSING TEE BOUNDARIES OF STRGAH SEGMENT # 1 
---------------------------------------------------*----------------------------  

SEDIMENT INFLOW at the Upstream Boundary: 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 

VERY FINE SAND. . . . 38.08 
FINE SAND.. .. . .... 34.16 
MEDIUM SAND ....... 21.06 
COARSE S A N D . . . . . . .  0.00 
VERY COARSE SAND.. 0.00 

VERYFINEGRAVEL.. 0.00 
FINE G R A V E L . . . . . . .  0.00 
KEDIUM GRAVEL..... 0.00 
COARSE GRAVEL.. . . .  0.00 
VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 93.30 
SEDIMEKP OWFIOW from the Downstream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 
VERY FINE SAND. . . .  VERY PINE GmVEL. . 0.00 
FINE SAND.. . . . . . . . PINE GRAVEL.. . . . . . 0.00 
MEDIUM SAND.. . . . . . MEDIUM GRAVEL.. . . .  0.00 
COARSE SAND.. . . .. . 0.08 COARSEGRAVEL ..... 0.00 
VERY COARSE SAND. . 0.02 % I B i  1 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOT= - 0.32 

TABLE S B - 2 :  STATUS OF THE BED PROFILE AT TIME - 62.000 DAYS -------------------------------------------------------------------------------- 
SECPION BED CHANGE WS ELEV THALWEG Q TRANSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cfs) SAND 

58.000 -2.12 978.00 973.28 532. 196. 
55.000 -0.97 977.02 971.93 532. 237. 
53 -100 -1.18 975.27 971.02 660. 303. 
53.000 -2.09 975.27 970.11 660. 243. 
44.000 1.98 974.14 969.08 660. 85. 
42.000 0.68 973.32 970.48 689. 17. 
35.000 0.23 973.00 963.53 689. 1. 
33.900 0.00 965.13 961.00 689. 1. 
33.300 0.00 964.81 962.49 689. 7. 
33.000 0.00 963.72 961.00 689. 11. 
32.000 -0.55 962.68 955.95 689. 159. 
15.000 0.25 960.18 953.95 750. 175. 
1.000 0.93 960.00 945.63 750. 0. 

.......................................................................................... 
SPRT ... Selective Printout Option - Print at the following cross sections 
CP 1 
PS 1.0 35.0 53.1 
E m  ------------------------------------------------------------------------------------------ 
SWL X 

SPREAM SEGMENT # 1: EXAWPLE PROBLEH NO 5. RESERVOIRS. 

SUkMARY TABLE: UASS AND VOLUME OF SEDIMENT -------------------------------------------------------------------------------------------------------------- 
SECTION SEDI- TMlOUGH SECRON (tons) SEDIMEKT DEWS= I N  REAM in cu. yds 

TOTAL SAND SILT CLAY TOTAL ClnlmATIVE SAND SILT CLAY 

INFLOW 27675. 27675. 0. 0. 22043. 

58.000 33913. 33913. 0. 0. -4968. -4968. -4968. 0. 0. 
55 -000 43560. 43560. 0. 0. -7684. -12652. -7684. 0. 0. 

LOCAL 33067. 33067. 0. 0. 26338. 

53.100 83742. 83742. 0. 0. -5667. -18319. -5667. 0. 0. 
53.000 104383. 104383. 0. 0. -16441. -34760. -16441. 0. 0. 
44 .OOO 38587. 38587. 0. 0. 52407. 17646. 52407. 0. 0. 

LOCAL 742. 742. 0. 0. 591. 

42.000 12452. 12452. 0. 0. 21408. 39054. 21408. 0. 0. 
35.000 7197. 7197. 0. 0. 4185. 43240. 4185. 0. 0. 
33.900 7193. 7193. 0. 0. 3. 43243. 3. 0. 0. 
33.300 7192. 7192. 0. 0. 0. 43243. 0. 0. 0. 
33.000 7186. 7186. 0. 0. 5. 43248. 5. 0. 0. 
32.000 25290. 25290. 0. 0. -14420. 28828. -14420. 0. 0. 

LOCAL 2062. 2062. 0. 0. 1642. 

15.000 16144. 16144. 0. 0. 8927. 37755. 8927. 0. 0. 
1.000 119. 119. 0. 0. 12764. 50519. 12764. 0. 0. 

E L N  SURFACE WLME WLME - .  - . - - 
AREA AC-FT CY 

S E m I O N  NO. 1.000 
974.00 0.00 0.00 0.00 

SECTION NO. 35.000 
944.00 0.00 0.00 0.00 
946.00 0.23 0.04 68.42 
948.00 1.60 1.80 2907.75 

117 
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SECTION NO. 53.100 
944.00 

0 DATA ERRORS Dm-. 

TOTAL NO. OF TIME STEPS RBAD - 4 
TOTAL NO. OF US PROFILES - 23 
ITERATIONS IN EXNER EQ - 1495 

COMPUTATIONS COMPLETKD 
RUN TIME - 0 HOURS, 0 MINUTES h 6.00 SECONDS 
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Example Problem 6 - River Network System 

This example problem adds tributaries to the existing problem. Tributaries are described 
with cross section and sediment data; therefore, sediment transport and bed movement is 
calculated for the tributaries as well as for the main stem. See Chapter 3, Section 3.6 for a 
detailed description of data preparation for network systems. It is suggested that the data for 
each segment of the system be tested and corrected separately so that any subsequent errors 
are due to the construction of the network system data and not due to errors in any individual 
segments. A schematic of the system is shown in Figure 6-5. Silver Creek is treated as a local 
inflow, all other segments are tributaries. 

6.6.1 Network Layout and Numbering 

Tokeo Creek Upstream 
Seg. 4 End of Project 

1-4 I- 1 

--Cross Section 55.0 
Cross Section 4.0 CP3 

--Cross Sution 55.0 

L- I , I  

-Cross Section 44.0 

--Cross Section 42.0 

1-2 
C m s  Section 32.0 - Cascade Creek 

CP2 
h s  Section 15.0 -- 

/. Fork Zumbro River 
Seg. 1 

CP1 
Downstream 

End of Project 

The numbering of stream 
segments and control points must 
follow the scheme presented in 
Section 3.6. This is shown for 
Example Problem 6 in Figure 6-5. 
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 a t  
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 
1-3. Silver Creek is the only local 
inflow, so it is designated L-1 , l  , 
with the first number being the 
segment into which it flows and the 
second being which local it is on 
that segment. 

Figure 6-5 
Schematic of a Network System 

6.6.2 Geometric Data Structure 

The input data file for Example Problem 6 is shown in Table 6-6a.-The data for the main - . ., . 

river segment is first, with QT records indicating locations of the tributaries (see Section 3.6,2,); -- L'-:--:^:- 
an EJ record marks the end of the geometry data for each stream segment. The number in Field 
1 o f  the QT record is the control point associated with the entering tributary; thus, the first QT- - 
record encountered is for Cascade Creek which enters the main stem at control point 2 
(upstream of Section No. 15.0). A second QT record is located after Section No. 42.0; since this 
is a local inflow, there is no control point number on the QT record. A third QT record, entered 
after Section No. 53.0, marks the entrance of Bear Creak at control point 3. The geometry data 
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for each tributary is then entered in sequence by segment number. Therefore, the second set of 
cross section data is for Cascade Creek, the third is Bear Creek, and the fourth is Takeo Creek. 
Note the use of the QT record within the Bear Creek geometry data to locate the confluence of 
Takeo Creek at control point 4. 

6.6.3 Sediment Data Structure 

The sediment data are entered in a sequence similar to the geometric data. Note, however, 
that the sediment load tables for local inflows on a given segment follow the sediment data for 
that segment. In other words, first the sediment data for the main river segment is entered, 
then the load tables for any local inflows on that segment; thereafter the sediment data for each 
tributary follows in sequence of segment number. The sediment data for each tributary begins 
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 6-6. The first flow on the Q 
record is that leaving the 
downstream boundary of the main 
stem (500 cfs), the next is the local 
inflow (Silver Creek) to the main 
stem (29 cfs). Since there are no 
more local inflows on the main 
stem, Field 3 contains the flow (61 
cfs) for segment 2, Cascade Creek. 
Bear Creek flow (1 28 ds) is in Field 
4 and Takeo Creek flow (90 cfs) in 
Field 5. Note, this sequence is the 
same as the order in which the 
sediment load tables were defined. 

Tokeo Creek Upstrrom 
Seg. 4 End of Project 

Bear Creek 

Q= 128 
Clorr Section 55.0 

Cron Section 4.0 

Silver Creek 0=410 

Cross Section 44.0 

Coscode Creek 
Seg. 2- 

CtO.1 Section 32.0 
CPZ 

CIors kctbn 15.0 k . Fork Zumbro River 

0=5W Seg. 1 

Downstream 
End of Project 

1 I 
Figure 6-6 

Flows of a Network System 

Table 6-6a 
Example Problem 6 - Input 

Network System 

TI  EXAMPLE PROBLPl NO 6. South Fork, ZLMBRO RIVER - Streaa -ent 1 
T2 CASCADE & BEAR: TRIBS OF ZUMBRO; TAKEO: TRIB OF BEAR; SILVER: M)(IRL 

ZUMBRO RIVER PROJECT - Dendritic System * *  Example Problem 6 * *  . . 
T3 
NC .I00 .I00 .040 .1 . 3  
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NV 22' .045 965.6 .064 988.8 
NV 33 1 965.6 .11 982.0 -12 
X1 15.0 27 10665. 10850. 3560. 3030. 
X3 10700. 961.0 11000. 
GR 992.0 9570. 982.0 10110. 976.0 10300. 
GR 964.7 10665. 956.0 10673. 953.0 10693. 
GR 958.6 10750. 959.3 10800. 957.0 10822. 
GR 962.0 10852. 964.0 10970. 966.0 11015. 
GR 970.0 11190. 972.0 11310. 980.0 11410. 
GR 990.0 11865. 1000.0 12150. 
HD 15.0 10. 10673. 10852. 

W C I D E  CREEK - TRIBUTARY 
QT 2 
NC .10 -10 .05 
X1 32.0 29 10057. 10271. 3630. 3060. 
GR 998.0 9080. 982.0 9250. 982.0 9510. 
GR979.48 10000. 978.5 10057. 968.6 10075. 
GR 956.8 10117. 957.8 10137. 959.4 10157. 
GR 966.5 10225. 971.2 10250. 978.5 10271. 
GR978.91 10370. 978.96 10387. 980.0 10610. 
GR 984.0 11150. 992.0 11240. 1000.0 11330. 
HD 32.0 10. 10075. 10275. 
X1 33.0 21 1850. 2150. 3130. 3250. 
XL 250 
GR 1000. 980. 990.0 1060. 980.0 1150. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 
GR 1000. 3170. 0.0 0. 0.0 0. 
HD 33.0 0.0 1851. 2149. 

Section 33.3 ia a duplicate of Section 33.0. 
X1 33.3 21 1850. 2150. 1550. 1750. 
XL 250 
GR 1000. 980. 990.0 1060. 980.0 1150. 
GR 980.0 1260. 982.0 1300. 982.0 1350. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 
GR 1000. 3170. 0.0 0. 0.0 0. 
HD 33.3 0.0 1851. 2149. 

Section 33.9 is a duplicate of Sec 33.3, needed 
X1 33.9 21 1850. 2150. 1050. 1050. 
X3 10 
GR 1000. 980. 990.0 1060. 980.0 1150. 
GR980.0 1260. 982.0 1300. 982.0 1350. 
GR 982.0 1730. 982.0 1830. 984.41 1850. 
GR 961.0 2099.2 976.0 2149. 984.5 2150. 
GR 1000. 3170. 0.0 0. 0.0 0. 
HD 33.9 0.0 1851. 2149. 
XI 35.0 22 9894. 10245. 0 0 
X3 10 
X5 2 
GR 984.0 9035. 980.0 9070. 978.0 9135. 
GR 980.0 9465. 981.7 9595. 983.7 9745. 
GR 963.3 9954. 967.1 9974. 967.4 10004. 
GR 973.4 10115. 977.4 10120. 983.7 10155. 
GR 982.0 10895. 1004.0 11085. 
W 35.0 0 9954. 10155. - - - SILVER LAKE - - - 
NC .06 .06 .045 
X1 42.0 32 9880. 10130. 5370. 5000. 
GR 996.0 7130. 998.0 7310. 998.0 7930. 
GR 988.0 8780. 986.0 8990. 985.7 9570. 
GR 990.0 9880. 969.8 9881. 969.8 9941. 
GR 969.8 9943. 969.8 10001. 986.1 10001. 
GR 969.8 10067. 985.8 10067. 985.8 10069. 
GR 989.9 10130. 989.5 10180. 988.6 10230. 
GR 986.8 11720 989.9 12310. 
HD 42.0 0 9881. 10021. 

SILVER CREEK - LOC4L INFLOW 
PT 
X1 44.0 28 9845. 10127. 3200. 3800. 
XL 9850 10200 
GR 1002. 8035. 992.0 8150. 990.0 8305. 
GR996.0 9285. 1017. 9425. 990.0 9505. 
GR 980.6 9845. 970.9 9868. 972.2 9898. 
GR 968.9 10028. 967.4 10058. 967.1 10078. 
GR 977.8 10150. 976.9 10193. 982.0 10206. 
GR 983.1 10400. 999.8 10450. 1002.4 10464. 
HD 44.0 10. 9868. 10193. 
Xl 53.0 22 10000. 10136. 3366. 2832. 

to mode 
1050. 

!1 IBC at 
.95 

Sec 35. 
1.65 
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GR 1004. 7550. 1000.0 7760. 998.0 8440. 996.0 8640. 996.0 8780. 
GR 994.0 8940. 986.0 9245. 986.3 9555. 986.3 9825. 983.8 9900. 
GR 982.8 10000. 978.2 10011. 974.0 10041. 972.2 10071. 972.6 10101. 
GR 978.2 10121. 988.7 10136. 989.3 10154. 999.2 10200. 1000.1 10320. 
GR 1002. 10470. 1004.0 10700. 
HD 53.0 10 .  10000. 10136. 

B U R  OPEEK - m A R Y  

8 2 
T I  KIAEIPLg 6 Coat. ZIJMBRO RIVKR P r o j e c t  - CASCADE CREEK - Stream Segment 2 
n CASCADB IS A T R I B ~ Y  OF TIIE ZDHBRO RIVER M ) W N ~  OF SILVEX LAKE 
T3 CASCADE CRJ3BK GECElgPRY - STXBAM SBGHENP 2 * *  Example Problem 6 *+  
NC . I20  . I20  -045 .I .3 
XI 1.0 25  5000. 5100. . 0. 0. 0 .  
GR 995.0 4570. 980.0 4600. 970.0 4690. 968.0 4740. 968.0 4850. 
68965.24 4900. 964.6 4950. 964.0 4975. 963.7 5000. 961.5 5003. 
GR 959.8 5014. 960.2 5025. 959.9 5038. 960.1 5068. 960.4 5073. 
GR 962.5 5075. 963.1 5083. 968.9 5094. 969.6 5100. 970.3 5150. 
GR 970.0 5260. 972.0 5280. 972.0 5400. 980.0 5460. 982. 5780. 
H 1.0 4925. 5121. 
X1 3.0 24 4942. 5050. 460. 280. 537. 
GR 1000.  4715. 983.9 4897. 982.9 4942. 973.2 4959. 973.0 4967. 
GR 970.2 5000. 964.78 5007. 964.3 5017. 965.1 5027. 965.17 5027. 
GR 968.7 5042. 969.9 5050. 969.4 5067. 971.1 5092. 970.3 5103. 
GR 972.7 5180. 970 5207. 972.8 5217. 971.1 5242. 970.7 5267. 
GR 975.2 5277. 3 7 6 . 5 6  5300. 980.0 5360. 982.0 5690. 
H 3.0 964.3 4942. 5103. 
X1 4.0 1 8  4950. 5045. 300. 280. 240. 
GR 1000.  4775. 991.3 4875. 988.1 4931. 981.6 4941. 981.7 4950. 
GR 975.4 4961. 972.9 4975. 970.6 5004. 968.3 5015. 969.2 5025. 
GR 969.4 5040. 981.2 5045. 981.2 5075. 985.7 5082. 985.9 5100. 
GR980 .0  5270. 982.0 5330. 982.0 5700. 
H 4.0 968.3 4950. 5047. 
X1 6.2 1 7  5000. 5130. 405. 350. 474. 
X3 1 0  
GR 994.0 4700. 990.0 4720. 986.0 4750. 986.0 4940. 987.4 5000. 
GR 983.1 5000. 979.0 5016. 972.0 5032. 972.0 5092. 974.0 5100. 
GR 976.0 5109. 982.7 5126. 987.5 5130. 986.0 5210. 980.0 5420. 
GR 980.0 5830. 982.0 5900. 
H 6.2 972.0 5000. 5130. 
W 
STRIB B U R  CREEK Q(I(IETRY, SEGneJ7 3 m 0 L  POINT 3 
8 3 
T 1  EXAlQLZ 6 Cont : - m R O  RIVgR P r o j e c t  - BEAR CREEK - Stream Segmefit 3 
T2 BSAR I S  A TRIBUTARY OF THS ZQMBRO RIVER UPSTREAM OF SILVER CREEK 
T3 BBAR CRgXK GB-Y - STRBAn SEGMENT 3 " Example Probiem 6 * *  
NC -090 .090 .046 .3 .5 
X1 1 . 0  1 9  10115. 10250. 0. 0. 0 .  
GR 996.0 9020. 990.0 9420. 988.0 9550. 994.0 9780. 985.3 10055. 
GR 985.0 10115. 978.18 10137. 977.2 10147. 977.0 10157. 977.1 10200. 
GR 978.2 10209. 981.6 10216. 982.8 10225. 984.7 10250. 985.9 10275. 
GR 987.1 10300. 988.0 10380. 990.0 10560. 1000.0 10890. 
H 1 .0  10115. 10275. 
XI 2 . 1  2 1  1511. 1629. 210. 310. 260. 
GR 995.2 600. 992.0 790. 990.0 970. 990.0 971. 990.0 972. 
GR 989.0 1000.  988.0 1080. 988.0 1290. 990.0 1450. 990.8 1490.  
GR 989.8 1493. 986.7 1511. 977.3 1516. 977.3 1629. 986.7 1629. 
GR 990.7 1650.  988.0 1840. 992.0 2000. 994.0 2100. 998.0 2450. 
GR 1002. 2580. 
H 2 .1  1511. 1629. 

TAKE0 CREEK - 7RrBVTARY 
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LF VCS .008 .008 .039 .I27 
LF VFG .0030 .0030 .0200 .I160 
LF FG .0010 .OOlO .0110 ,0910 
LF MG ' .OOOO .OOOO .OllO .0530 
LF CG .OOOO .OOOO .OOOO .0220 
LF VCG .0000 .0000 .0000 -0060 

rn 
T 4  W W E  CREEK - S)RCW SEGMEM 2 ** Exawple Prob la  6 ** 
T S  FIRST TRIB ON Zumbm River. 
T6 LOAD CURVE PROM GAGE DATA. BED GRADATIONS F R m  PI= SAMPLES. 
R Use full range of sands and gravels - Yaag's Stream P-r. 
T8 Zumbro River Project 
LQL 1 100 1000 10000 
LTLTOTAL .0040 10 500 30000 
LPL W S  .664 .664 .015 .I98 
LFL FS .207 -207 -245 .I81 
LFL MS .086 .086 .605 .lo7 
LFL CS .031 .031 .052 .098 
LFL VCS .008 .008 .039 .I27 
LFL W G  .a030 .0030 .0200 .I160 
LFL PG .0010 .0010 .all0 .Oslo 
LFL MG .OOOO -0000 .0110 -0530 
LFL CG .oooo .oooo .oooo -0220 
LFL VCG .0000 .OOOO .OOOO .0060 
PF CASC 1.0 1.0 64. 32. 94. 16. 85. 8. 70 
PFC 4. 50. 2. 32. 1. 18. .5 9. .25 5 
PPC .125 2.5 .0625 0. 

STRfB 
74 BEAR CREEK - Stream Segnnt 3 ** Exarrple P r o b l a  6  ** 
TS SECOND UP- TRIB ON Zumbro River. 
T6 LOAD CURVE PROM GAGE DATA. BED GRADATIONS FROM FIELD SANPLES 
T7 Use full range of sands and gravels. Yaag's Stream Parer. 
T8 Zumbro River Project 
L a  1 100 500 1000 30000 
LTLTOTAL .0020 30.0 500. 1200 22500 
L F L W S  .201 .201 .078 .078 .I37 
LFL PS .342 .342 .I72 .I75 .218 
LFL MS .451 .I51 .454 .601 .476 
LFL CS .001 .001 .I97 .I42 .IS8 
LFL VCS -000 .OOO .OOO .003 .008 
L n  VEG .0000 .0000 .0000 .oooo .oo2o 
LFL FG .0000 .000 .0000 .0000 .0010 
LFL MG .OOOO .OOO .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 .I25 3. .0625 0. 
PP BEAR 6. 1. 4. 2. 99.5 1. 99. .5 89.5 
PFC .25 22.5 .I25 2.5 -0625 0. 

STRTB 
M T A K E O C R E M - S t r e r 5 e g r u r t 4  * * E x ~ p l c P r o b l a 6 * *  
T5 FIRST TRIBUPARY ON Bear Creek. 
T6 LOAD CURVE IS FROH GAGE DATA. BED GRADATIONS FROM PI- SAMPLES. 
T7 Use full range of sands and gravels. Yangls Stream Power. 
T8 Zumbro River Project 
LQL 1 100 500 1000 30000 
LTLTOTAL .0020 30.0 500. 1200 22500 
L R V F S  .201 .201 .078 .078 .137 
LPL PS -342 -342 .I72 .I75 .218 
LFL MS .451 .451 -454 .601 .476 
LFL CS -001 .001 .I97 .I42 .158 
L R V C S  .OOO .OOO -000 .003 .008 
LFL VFG .OD00 .0000 .0000 .0000 .0020 
LFL FG .0000 .000 .0000 .0000 .0010 
LFL MG .OOOO .OOO .OOOO .OD00 .OOOO 
LFL CG .OOOO .OOO .OOOO .OOOO .OOOO 
LFL VCG .0000 .000 .0000 .0000 .0000 
PF TAKE0 1. 1. 4. 2. 99.5 
PFC .25 27. .I25 3. .0625 0. 
PI? TAKE0 6. 1. 4. 2. 99.5 
PFC .25 22.5 .I25 2.5 .0625 0. 
s m  * AB now 1 - BASE FLOW OF 750 CFS 
Q 750 29 61 128 9 0 
R 956. 970. 
T 65 7 0 72 67 73 
W 2 
S PRT 

Zumbro River, Sections 35.1 and 55.0 
CP 1 
PS 35.1 55.0 
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Takeo Creek, Seccion 6.0 
CP 4 
PS 6.0 
END * AC ' FLOW 2 - 50 DAYS AT EANX FULL DISQiARGE 
Q2500.0 150 300 650 450 
R 965. 978. 
X 5 50 * A FLOW 3 - NBAR BANK 'FULL DISQiARGE 
Q 1250. 78 150 340. 250 
R 960. 975. 
w 1. * B FLOW 4 - BASE FLOW OF 500 CFS 
Q 500 29 61 128 90 
R 955. 973. 
W 2 
$5- 

6.6.5 Network Output 

The output produced for a network system is very similar to that of a single stream 
problem. The output for Example Problem 6 is shown in Table 6-6b; The geometric data is 
output (as entered) 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 (and comment) 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 hydrologic data are output in the sequence in which the backwater computation 
is performed. Segment 1 is calculated first, from downstream to upstream and the water surface 
elevation at each control point is printed. When segment 1 is complete, the backwater 
computations start at the downstream boundary of segment 2 using the water surface 
computed at control point 2 as the starting water surface. This process continues though the 
remainder of the tributaries in order. 

The temperature in each stream segment changes as differing water temperatures enter 
from the tributaries and local inflows. For example, in time step 1, the inflow from Cascade 
Creek is 61 cfs at 72'F and the flow in the main stem below that confluence is 750 cfs at 65'F. . 

Therefore, the flow in the main stem above the confluence is 689 cfs at 64.38"F (689.64.38 + 
61 72 = 750 65). 

In previous examples it was noted that the sedimentation computations proceed from 
upstream to downstream, in reverse order from the hydraulic computations. In this example 
network system, this means that the sedimentation computations begin at the upstream 
boundary of segment 4, work downstream to the confluence with segment 3, then proceed to 
the upstream boundary of segment 3 and so on. Sediment output contains the same 
information previously discussed; identified primarily by cross section and segment. 

Output can be limited to specified cross sections on any stream segment. As seen in the 
previous example problems, this is done via the SPRT, CP, and PN records. The output level is 
governed by the output options on the * record. For example, prior to time step 2, the $PRT 
option was used to limit output to Sections 35.1 and 55.0 on the main river segment and 
Section No. 6.0 on segment 4, Takeo Creek; A-level hydraulic and C-level sediment output was 
requested for time step 2 on the * record. 
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Table 6-6b 
Example Problem 6 - Output 

Network System 

................................... ................................................... 
SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS U.S. ARMY CORPS OF ENGINEERS 

Version: 4.1.00 - AUGUST 1993 HYDROLOGIC ENGINEERING CENTER 
INPUT PILE: example6.DAT 609 SECOND -El' 
OUTPUT FILE: example6.0[fi . DAVIS, CALIFORNIA 95616-4687 
RUNDATE: 3 l A U G 9 3  RUNTIME: 18:54:00 (916) 756-1104 ................................... ................................................... 

...................................................................... 
HAXIMUM LIMITS FOR THIS W I O N  ARE: 

10 Stream Segments (Main Stem + Tributaries) . . 150 Cross Sections . . 100 Elevation/Station Points per Cross Section t 

20 Grain Sizes 
t 10 Control Points t 

*~. .~*~. . .~ . . .~ . . . . . . . . . t . t . . . t t . . . t t***. .**.***.*~*. . .******. . .*** 

TI W L E  PROBLEM MO 6. South Fork, W R O  RIMR - Stream Segaent 1 
T2 CASCADE L BEAR: TRIES OF ZlJMBRO; TAKEO: TRIB OF BEAR; SILVER: LOCAL 
T3 ZUMBRO RIVER PROJECT - Dendritic System ** Example Problem 6 * *  

N values. .. Left Channel Right Contraction Expansion 
0.1000 0.0400 0.1000 1.1000 0.7000 

SECTION NO. 1.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. 

N-Values vs. Elevation Table 
Left Overbank Cbannel Right Overbank 

0.0800 966. 0.0450 966. 0.1000 966. 
0.1300 989. 0.0640 989. 0.1100 982. 
0.0000 0. 0.0000 0. 0.1200 989. 

SECTION NO. 15.000 .. .Left Encroachment defined at station 10700.000 at elemtion 961 .boo ... Right Encroachment defined at station 11000.000 at elevation 970.000 . . . .  DEPTH of the Bed Sediment Control Volume = 10.00 it. 

TRIB(TTARY ENTRY POINT 1 occurs upst- from Section No. 15.000 a t  Control Point # 2 

N values... Left Channel Right Contraction Expansion 
0.1000 0.0500 0.1000 1.1000 0.7000 

SECTIONNO. 32.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. 

SECTION NO. 33.000 ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. ... DEPTH of the Bed Sediment Control Volume = 0.00 ft. 

SECTION NO.. 33.300 ... Adjust Section WIIITH to 95.001 of original. ... Adjust Section ELEVATIONS by 1.490 ft. ... Limit CONVEYANCE to 250.000 ft. centered about midpoint of channel. ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 33.900 
... Adjust Section W I m  to 95.001 of original. 

. . .  .Adjust Section ELEVATIONS by 1.650 ft. ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 1757.500 2042.500 

Ineffective Elevation 986.060 986.150 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 35.000 ... I n te rna l  Boundary Condition 
Water Surface E7evation w i l l  be read f m  R-RECORD, Field 2 
Head Loss - 0.000 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 

Natural Levees at Station 9894.000 10245.000 
Ineffective Elevation 984.700 984.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

N values... Left Channel Right Contraction Expansion 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 
... DEPTH of the Bed Sediment Control Volume . 0.00 ft. 
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LOC4L PrrFLOW POINT 1 occurs upstre= f m  Section No. 42.000 

SECTION NO. 44.000 ... Limit CONVEYANCE between stations 9850.000 and 10200.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 53.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. 

TRIBUTARY ENTRY POINT 2 occurs upstmu f m  Sut ion  N4. 53.000 a t  Control Point # 3 

SECTION NO. 55.000 ... DEPTH of the Bed Sediment Control Volume = 10.00 ft. 

SECTIONNO. 58.000 . . .DEPTH of the Bed Sediment Control Volume = 3.40 f t . 
NO. OF CROSS SECTIONS IN SraeAn SEGHENT- 12 
NO. OF IN'PUl' DATA KESSAGES - 0 

n EXAWLE 6 Cont. ZLMBRO RMR Project - U S W E  CREEK - Stream Scgwnt 2 
'I? CASCADE IS A TRIBUTARY OF THE ZUMBRO RIVER WWNSTREAt4 OF SILVER LAKE 
T3 CASCADE CFSEX GEOMFPRY - STREAM SEGMEKP 2 ** Example Problem 6 * *  

N values.. . Left Channel Right Contraction Expansion 
0.1200 0.0450 0.1200 3.1000 0.7000 

SECTION NO. 1.000 ... ELFVATION Of Model Bottom - 949.800 ft. 

SECTION NO. 3.000 
. . .ELFVATION Of Model Bottom - 964.300 ft. 

SECTION NO. 4 -000 ... ELEVATION of Model Bottom - 968.300 ft. 

SECXION NO. 6.200 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 5000.000 5130.000 

Ineffective Elevation 987.400 987.500 ... ELEVATION of Model Bottom - 972.000 ft. 

NO. OF CROSS SECTIONS IN STREAM SEGMENT- 4 
NO. OF INPUT DATA KESSAGES - 0 

n W L E  6 Cont. ILMBRO RMR Project - B U R  CREEK - Stream ScSHnt 3 
R BEAR IS A TRIBUTARY OF THE ZUPlBRO R I V W  UPSTREAH OF SILVER CREEK 
T3 BEAR CREEK GECMZlTY - STREAH SEGMENT 3 * *  Example Problem 6 ** 

N values ... Left Channel Right Contraction Expansion . -. 
0.0900 0.0460 0.0900 1.3000 0.5000 

SECTION NO. 1.000 ... ILSVATIONofModelBottom- 967.000ft. 

SECTION NO. 2.100 ... ELEVATION of Model Bottom - 967.300 ft. 

. , T R I B W A R Y  ENTRY POINT 1 occurs upstream fm Section No. 2.100 at  6nt ro7  Point # 4 

SECTION NO. 4.000 ... ELEVATION of Model Bottom - 978.300 ft. 

SEmION NO. 6.000 ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 
Natural Levees at Station 10100 .OOO 10222.000 

Ineffective Elevation 995.600 992.000 ... ELEVATION of Model Bottom - 982.700 ft. 

NO. OF CROSS SECTIONS IN STREAM SEGMENP= 4 
NO. OF INPUT DATA MESSAGES - 0 

TI EXAMPLE 6 Cont. ZLMBRO RNER Project - TAKE0 CREEK - Stream kgrent- 4 . - - - 
T2 TAKE0 CREEK IS A TRIBUTARY OF BEAR CREEX UPSTREAM OF SECTION 2.1 . - - -  
T3 TAXEO CREEK GEOMETRY - STREAM SEGMENT 4 ** Example Problem 6 +* 

N values. .. Left Channel Right Contraction Expansion 
0.0900 0.0460 0.0900 1.3000 0.5000 

SECTION NO. 1.000 
... Adjust Section ELEVATIONS by 2.000 ft. ... ELEVATION of Model Botcom - 969.000 fc. 

SECTION NO. 2.100 
... Adjust Section ELEVATIONS by 2.000 ft. ... ELEVATZUNof ModelBottom= 969.300fc. 

SECTION NO. 4.000 
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... Adjust Section ELEVATIONS by 2.000 ft. ... ELEVATION of Model Bottom - 980.300 fc. 

SECPION NO. 6.000 
. . .Adj ust Section ELEVATIONS by 2.000 ft. ... Ineffective Flow Area - Method 1 - Left Overbank Right Overbank 

Natural Levees at Station 10100.000 10222 .OOO 
Ineffective Elevation 997.600 994.000 

... ELEVATION of Model Bottom - 984.700 ft. 

NO. OF CROSS SECPIONS IN STREAM SEGHENP- 4 
NO. OF INPUT DATA MESSAGES - 0 

mTAL NO. OF CRbSS SEOTavS XN THE NEThORK = 24 
TOTAL MJ. OFSTRE4MSECXEXK XN THEN- 4 
END OF GEOKETRIC DATA 

T I  South Fork. Zmbro River - St- %pent 1 ** Exasple Probles 6 ** 
T5 LOAD CURVE FROM GAGE DATA. 
T6 BED GRADATIONS FROM FIELD SAMPLES. 
T7 Use full range of sands and gravels 
T8 SEDIMENT TRANSPORT BY Yangas STXEAH POWEX [ref ASCE JOURNAL (YANG 1971) 1 

EXAMPLE PROBLPf NO 6. South Fork, m R O  RlVER - Stream Segment 1 
CASCADE & BEAR: TRIES OF ZVMBRO; TAKEO: TRIB OF BEAR; SILVER: LOCAL 
ZUMBRO RIVER PROJECT - Dendritic System * *  Example Problem 6 * *  

REACH GEOMETRY FOR STREAM SE- 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CROSS R E A M  MOVABLE INITIAL BED-ELEVATIONS AC-TED CHANNEL DISTANCE 
SECl'ION LENGTH BED LEET SIDE TXALWEG RIGHT SIDE FROM DOWNSTK3U.l 
NO. (ft) WIDTH lft) (ft) (ft) (ft) (miles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEDIMENT PROPERTIES AND P- 

SPI IBG MNQ SFGF ACGR WALL IBSHER 
I1 5. 0 1 1.000 32.174 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SANDS - BOULDERS ARE PRESENT 

MTC IASA LASA SFGS GSF BSAE PSI UWDLB 
I4 4 1 10 2.650 0.667 0.500 30.000 93.000 

USING TRANSPORT CAPACITY RELATIONSKIP It 4, YANG 
GRAIN SIZES UTILIZED (mean diameter - mm) ---------------------------------------------------------------------- 

0.000 
1.000 183.500 959.300 944.700 958.900 0.000 0.000 

3280.000 
15.000 242.000 961.000 953.700 962.000 3280.000 0.621 

4 2 4 0  ano 

VERY FINE SAND. . . . 0.088 
FINE SAND.. . . . . . . . 0.177 
MEDIUM SAND.. . . . . . 0.354 
COARSE SAND. . . . . . . 0.707 
VERYCOARSESAND.. 1.414 

VERY FINE GRAVEL.. 2.828 
FINE GRAVEL.. .. . . . 5.657 
MEDIUM GRAVEL.. . . . 11.314 
COARSE GRAVEL. . . . . 22.627 
VWYCOARSEGRAVEL 45.255 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COEFFICIENTS FOR COMmATION SCHP(E XERE SPECIFIED 
DBI DBN XID XIN XITl W I  WN JSL 

I5 0.500 0.500 0.250 0.500 0.250 0.000 1.000 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S W M E M  LOAD TABLE M S7'REAW SEQIEHI I 1 

LOAD BY GRAIN SIZE CLASS (cons/&y) --------------------------------------------------------------------------- 
LQ I 1.00000 I 50.0000 I 1000.00 I 5800.00 I 90000.0 I ------------ ------------ ------------ ------------ ------------ 

232800. 
112000. 
44000.0 
8000.00 
2000 .OO 
800.000 
400.000 
0.100000E-19 
0.100000E-19 
0.100000E-19 

LF VPS 
LF FS 
LF HS 
LF CS 
LF VCS 
LF W G  
LF FG 
LF MG 
LF CG 
LE VCG ------------ ------------ ------------ ------------ ------------ 

TOTAL ~0.llOOOOE-011 1.50000 1 320.000 ( 4500.00 1 400000. 1 ........................................................................... 

0.130900E-02 
0.360800E-02 
0.6083OOE-02 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

2299.50 
1377.00 
693 -000 
72.0000 
36.0000 
18.0000 
4.50000 
0.100000E-19 
0.100000E-19 
0.100000E-19 

0.178500 
0.492000 
0.829500 
0.100000E-19 
0.100000E-19 
0.1000OOE-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

159.360 
105.920 
49.9200 
3.52000 
1.28000 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-7.9 
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BED MATERIAL GRADATION . . . . . . . . . . . . . . . . . . . . . .  
SECNO SAE CUAX DXPI XPI TOTAL BED MATERIAL FRACTIONS 

l f t )  ( f t l  BED per grain size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - -  

1.000 1.000 0.105 0.105 1.000 1.000 VC SAND 0.120 M GRVL 0.015 I VF GRVL 0.060 C GRVL 0.035 
F GRVL 0.040 VC GRVL 0.000 I 

I C SAND 0.360 1 
15.000 1.000 0.152 0.151 1.000 1.000 

33.000 1.000 0.210 0.210 1.000 1.000 VF SAND I F SAND 
n sAND 
C SAND 

VP SAND 
P SAND 
n SAND 
C SAND 

32.000 1.000 0.210 0.210 1.000 1.000 VF SAND 
F SAND 
M SAND 
C SAND 

33.900 1.000 0.210 0.210 1.000 1.000 VF SAND I F SAND 
H SAND 
C SAND 

33.300 1.000 0.210 0.210 1.000 1.000 VF SAND 
F SAND 
H SAND 
C SAND 

35.000 1.000 0.210 0.210 1.000 1.000 
- 

0.010 
0.070 
0.327 
0.367 

VF SAND 
F SAND 
W SAND 
C SAND 

VC SAND 
VF GRVL 
F GRVL 

0.010 
0.070 
0.375 
0.375 

0.113 M GRVL 0.011 
0.045 C GRVL 0.022 
0.033 I VC GRVL 0.002 I 

VC SAND 
VF GRVL 
F GRVL 

0.008 
0.062 
0.321 
0.397 

0.105 M GRVL 0.005 
0.025 C GRVL 0.005 
0.025 1 VC GRVL 0.005 I 

VC SAND 
VF GRVL 
F GRVL 

0.124 M GRVL 0.004 
0.038 C GRVL 0.009 
0.027 I VC GRVL 0.009 1 

0.008 VC SAND 0.134 M GRVL 0.004 
0.058 VF GRVL 0.045 C GRVL 0.011 
0.293 F GRVL 0.028 VC GRVL 0.011 
0.408 1 I I 
0.007 VC SAND 0.140 M GRVL 0.004 
0.056 VF GRVL 0.049 C GRVL 0.012 
0.276 F GRVL 0.029 VC GRVL 0.012 
0.415 I I I 
0.007 
0.056 
0.276 
0.415 

VC SAND 0.140 M GRVL 0.004 
VF GRVL 0.049 C GRVL 0.012 
F GRVL 0.029 VC GRVL 0.012 I I 

42.000 1.000 0.210 0.230 1.000 1.000 VF SAND 0.005 I P SAND 0.044 
M SAND 0.192 
C SAND 0.4S0 

VC SAND 0.169 M GRVL 0.002 I I VFGRVL 0.069 C GRVL 0.018 
F GRVL 0.033 VC GRVL 0.018 

44.000 1.000 0.210 0.210 1.000 1.000 VFSAND 0.003 I F SAND 0.036 
n SAND 0.136 
C SAND 0.473 

55.000 1.000 0.210 0.210 1.000 1.000 VP SAND 0.001 VC SAND 0.222 M GRVL 0.000 I F SAND 0.023 V F  GRVL 0.104 C GRVL 0.028 
M SAND 0.044 I F GRVL 0.039 1 VC GRVL 0.028 I 

VCSAND 0.189 M GRVL 0.002 
VFGRVL 0.082 C GRVL 0.022 
F GRVL 0.035 VC GRVL 0.022 I I 

53.000 1.000 0.210 0.210 1.000 1.000 VF SAND 0.002 I F SAND 0.030 
H SAND 0.088 
C SAND 0.492 

I c SAND 0.510 1 

VC SAND 0.206 M GRVL 0 .001  
VF GRVL 0.094 C GRVL 0.025 
F GRVL 0.037 VC GRVL 0.025 I I 

. . LOCllL INFLOW DATA.. . 
SEDIMENT LOAD TABLE FOR naEAn SEMEN7 # 1 

AT LOCAL TXFLOU POINT # 

VC SAND 0.230 M GRVL 0.000 
VF GRVL 0.110 C GRVL 0.030 
F GRVL 0.040 VC GRVL 0.030 I I 58.000 1.000 0.210 0.210 1.000 1.000 

_ _ _ _ _ _ _ _ _ _ - _  ________-__-  __--__-__---  - - - - - - - - - - - -  
TOTAL 10.4000006-021 10.0000 1 499.000 1 29970.0 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VP SAND 0.000 
F SAND 0.020 
M SAND 0.020 
C SAND 0.520 

LOAD BY GRAIN SIZE a A S S  ( tonS/da; l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 1.00000 I 100.000 I 1000.00 I 1oooo.o  I - -__-___- -__  ____-----___ ----__------ ------------ 

5940.00 
5430.00 
3210.00 
2940.00 
3810.00 
3480.00 
2730.00 
1590.00 
660.000 
180.000 

7.50000 
122.500 
302.500 
26.0000 
19.5000 
10.0000 
5.50000 
5.50000 

0.100000E-19 
0.100000E-19 

6.64000 
2.07000 

0.860000 
0.310000 
0.800000E-01 
0.300000E-01 
0.100000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 

VFS 
F S  
US  
C S  

VCS 
VFG 

FG 
MG 
CG 

VCG 

0.2656003-02 
0.828000E-03 
0.344000E-03 
0.124000E-03 
0.3200006-04 
0.120000E-04 
0.400000E-05 
0.1000006-19 
0.100000E-19 
0.100000E-19 
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T4 CASCADE CREEK - mEAM SEGWEhT 2 **Example Probla 6 ** 
T5 FIRST TRIB ON Zumbro R i v e r .  
T6 LOAD CURVE FROM GAGE DATA. BED GRADATIONS FROn FIELD SAMPLES. 
T7 Use f u l l  r a n s e  o f  s a n d s  and s r a v e l s  - Yaaq's Stream Power. 

REACH GECiC3T.Y FOR STREAM SE- 2 .................................... 
CROSS REACH MOVABLE INITIAL BED-WATIONS 
SECTION LENGTH BED LEET SIDE TRALWEG RIGEl' SIDE 

NO. ( f t )  WIDTH ( f t )  ( f t )  ( f t )  ---------------------------------------------------------------- 
0.000 

1 .000  200.000 964.600 959.800 969.600 
537.000 

3 .OOO 222.000 982.900 964.300 970.300 
240.000 

4.000 114.500 981.700 968.300 981.200 
474.000 

6.200 200.000 987.400 972.000 987.500 

T8 Zumbro ~ i v e r -  P r o j e c t  

EXAMPLE 6 Cont .  ZUHBRO RIVER P r o j e c t  - CASCADE CREEK - St ream Segment 2 
CASCADE I S  A TRIBDTdRY OF TIiE ZUKBRO RIVER DOWN- OF SILVER LAKE 
CASCADE CREEK G E O m Y  - SlREWl SE- 2 " Example Problem 6 * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S W P I M  LOAD TABLE FOR STREAM SEGMM 1 2 
LOAD BY GRAIN SIZE CLASS ( tons /day)  -------------------------------------------------------------- 

LQL I 1.00000 I 100.000 I 1000.00 I 10000.0 I ------------ ------------ ------------ ------------ 

ACCUUUIATED CHANNEL DISTANCE 
FROM DOWNSTREAM 

( f t l  (mi les )  .............................. 

LPL VFS 
LFL FS 
LFL US 
LFL CS 
LFL VCS 
LPL VFG 
LFL FG 
LFL MG 
LFL CG 
LFL VCG 

BED MATERIAL GRADATION ---------------------- 
SZWO SAE Dt.w( DXPI XPI TOTAL BED MATERIAL FRACTIONS 

( f t )  ( f t )  BED p e r  g r a i n  size 

------------ ------------ ------------ ------------ 
TOTAL 1 0 . 4 0 0 0 0 0 ~ - 0 2 )  10.0000 1 499.000 1 29970.0 1 .............................................................. 

0.2656OOE-02 
0.828000E-03 
0.344OOOE-03 
0.124000E-03 
0.320000E-04 
O.12OOOOE-04 
0.400000E-05 
0.10000OE-19 
O.1OOOOOE-19 
0.100000E-19 

1 .000  1.000 0.210 0.210 1.000 1.000 VF SAND 
I F  SAND 

I M SAND 
C SAND 

6.64000 
2.07000 

0.860000 
0.310000 
0.800000E-01 
0.300000E-01 
0.100000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 

7.50000 
122 -500 
302.500 
26.0000 
19.5000 
10.0000 
5.50000 
5.50000 

0.100000E-19 
0.100000E-19 

3.000 1 .000  0.210 0.230 1.000 1.000 

5940.00 
5430.00 
3210.00 
2940.00 
3810.00 
3480.00 
2730.00 
1590.00 
660.000 
180.000 

VF SAND 
F SAND 
n SAND 
C SAND 

4.000 1 , 0 0 0  0.210 0.210 1.000 1.000 

0.025 
0.025 
0.040 
0.090 

VF SAM) 
F SAND 
n s m  
C SAND 

VCSAND 
VF GRVL 
F GRVL 

0.025 
0.025 
0.040 
0.090 

0.140 M GRVL 0.150 
0.180 C GRVL 0.090 
0.200 I VC GRVL 0.060 I 

VC SAND 
VF GRVL 
F GRVL 

0.025 
0.025 
0.040 
0.090 

0.140 M GRVL 0.150 
0.180 C GRVL 0.090 
0.200 I VC GRVL 0.060 I 

VC SAND 
VFGRVL 
P GRVL 

0.140 M GRVL 0.150 
0.180 C GRVL 0.090 
0.200 I VC GRVL 0.060 I 

T 4  B U R  CREEK - Stream Seqwent 3 ** E x w p l e  Problcs 6 ** 
T5 SECOND UPSTREAM TRIB ON Zumbro River .  . 
T6 LOAD CURVE FROM GAGE DATA. BED GWDARONS FROM FIELD SAMPLES 
T7 Use f u l l  r a n g e  o f  s a n d s  and g r a v e l s .  Yang's Stream Power. 
T8 Zumbro R i v e r  P r o j e c t  

.. ,-. - _ 1 

EXAMPLE 6 Cont .  ZUMBRO RIVER P r o j e c t  - BEAR CREEK - Stream Segment 3 . .  - . ,*. , - 
BEAR I S  A TRIBUTARY OF THE ZUMBRO RIVER UPSTREiW OF SILVER CREEK 
BEAR CREEK GEOMETRY - STREAM S E G m  3 * *  Example Problem 6 * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SEDIMWT LOAD TABLE FOR STREIIM SE(;MENT # 3 
LOAD BY GRAIN SIZE CUSS ( tons /day)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LPL 1 1.00000 1 100.000 1 500.000 1 1000.00 1 30000.0 1 - - - - - - - - - - - -  - - - - - - - - - - - -  ------------ ------------ ------------ 
39.0000 93.6000 3082.50 

180 . O O O  
--- - - -- .---- - - 

6.200 1.000 0.210 0.210 1.000 1.000 VF SAND 0.025 
P SAND 0.025 
M SAND 0.040 
C SAM) 0.090 

VC SAND 0.140 M GRVL 0.150 
VFGRVL 0.180 C GRVL 0,090 
F GRVL 0.200 VC GRVL 0.060 I I 



E x a m ~ l e  Problem 6 

------------ ------------ ------------ ------------ ------------ 
TOTAL 10.199000E-021 29.8500 1 450.500 1 1198.80 ( 22500.0 1 --------------------------------------------------------------------------- 

REACH GE-Y FOR STREAM SEGMENT 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CROSS REACH MOVABLE INITIAL BED-ELFVATIONS A C c l j W R A m  CHANNEL DISTANCE 
SECPION BED LEFT SIDE 'IliALWEG RIGRX' SIDE PROM DOUNSTREAM 

NO. (ft) WIDTH (ft) (ft) (ft) (ft) (miles) .............................................................................................. 
0.000 

1.000 202.500 985.000 977.000 985.900 0.000 0.000 
260.000 

2.100 137.500 986.700 977.300 986.700 260.000 0.049 
708.000 

4.000 137.500 986.300 978.300 992.300 968.000 0 .I83 
665.000 

6.000 347.500 995.600 982.800 994.200 1633.000 0.309 

BED MATERIAL GRADATION ---------------------- 
SECNO SAE DMAX DXPI XPI TOTAL BED MATERIAL FRACTIONS 

(ft) [ft) BED per grain size --------------------------------------------------------------------------------------------------- - - - 

VC TCSAND 0.005 M GRVL 0.000 
VF GRVL 0.005 C GRVL 0.000 
F GRVL 0.000 VCGaVL 0.000 I I 1.000 1.000 0.013 0.013 1.000 1.000 

VC SAND 0.005 M GRVL 0.000 
VF GRVL 0.005 C GRVL 0.000 
F GRVL 0.000 VCGRVL 0.000 I 2.100 1.000 0.013 0.013 1.000 1.000 

T4 TAKE0 CREEK - S t r u  S w c n t  4 ** Exa~ule P r c b l a  6 ** 

VF SAND 0.030 
F SAND 0.240 
M SAND 0.660 
C SAND 0.060 

VF SAND 0.029 
F SAND 0.234 
M SAND 0.662 
C SAND 0.066 

VC SAND 0.005 M GRVL 0.000 
VF GRVL 0.005 C GRVL 0.000 
F CRVL 0.000 VC GRVL 0.000 I I 4.000 1.000 0.013 0.013 1.000 1.000 

T5 FIRST TRIBWARY ON War-creek. 
T6 LOAD CURVE IS PROM GAGE DATA. BED GRADATIONS FXOH FIELD SAMPLES. 
T7 Use full r a n g e  of sands and aravels. Yaw's Stream Power. 

VF SAND 0.027 
F SAND 0.216 
M SAND 0.666 
C SAND 0.081 

VC SAND 0.005 M GRVL 0.000 
W GRVL 0.005 C GRVL 0.000 
F GRVL 0.000 VC GRVL 0.000 I I 6.000 1.000 0.013 0.013 1.000 1.000 VF SAND 0.025 

F SAND 0.200 
M SAND 0.670 
C SAND 0.095 

EXAMPLE 6 Cont. ZOWBRO RIVER Project - T m O  CREEK - Stream Segment 4 - .% A - 
TAKE0 CRGEK IS A TIUBrnARY OF BEAR CR5K UPSTREAM OF SECXON 2.X - 
TAICEO CRBEK GEcMElXY - STREAM SEGEIEKP 4 ** Example P r o b l e m  6 ** - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - -  

SWlHHT L W  TABLE FOR STREAM SEGnENT # 4 
LOAD BY GRAIN SIZE CLASS (tons/&y) --------------------------------------------------------------------------- 

LQL I 1.00000 1 100.000 I 500.000 I 1000.00 I 30000.0 I ------------ ------------ ------------ ------------ ------------ 
LFL W S  
LFL FS 
LFL MS 
LFL CS 
LFL VCS 
LFL W G  
LFL FG 
LFL MG 
LFL CG 
LFL VCG ------------ ------------ ------------ ------------ 

TOTAL )0.199000E-021 29.8500 1 450.500 1 1198.80 1 22500.0 1 ........................................................................... 
REACH GEOMETRY FOR STRLW SEGMENT 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS REA[H MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE 
SECTION LENGl'X BED LEET SIDE THALUEG RIGHT SIDE FROM DOWNSTREbM 
NO. (ft) WIDM (ft) (ft) (fc) (ft) (miles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.000 
1.000 202.500 987.000 979.000 987.900 0.000 0.000 

260.000 
2.100 137.500 988.700 979.300 988.700 260.000 0.049 

708.000 
4.000 137.500 988.300 980.300 994.300 968.000 0.183 

665.000 
6.000 347.500 997.600 984.800 996.200 1633.000 0.309 

3082.50 
4905.00 
10710.0 
3555.00 
180.000 
45.0000 
22.5000 
0.100000E-19 
O.1OOOOOE-19 
0.100000E-19 

0.402OOOE-03 
0.6840005-03 
0.902000E-03 
0.200000E-05 
0.100000E-19 
0.1OOOOOE-19 
0.100000E-19 
0.10000OE-19 
0.100000E-19 
0.100000E-19 

6.03000 
10.2600 
13.5300 
0.300000E-01 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.lOOOOOE-19 
0.100000E-19 

39.0000 
86.0000 
227.000 
98.5000 
0.100000E-19 
O.1OOOOOE-19 
O.lOOOO0E-19 
O.1OOOOOE-19 
0.100000E-19 
O.1OOOOOE-19 

93.6000 
210.000 
721.200 
170.400 
3.60000 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 



Example Problem 6 Chapter 6 

BED MATERIAL GRADATION _---_.---------------- 
S E M O  SAE DMAX DXPI X P I  TOTAL BED MATERIAL FRACTIONS 

( f t )  ( f t )  BED per grain size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.000 1 .000  '0.013 0.013 1.000 1.000 VFSAND 

I F  SAND 

I M SAND 
C SAND 

2.100 1.000 0.013 0.013 1.000 1.000 

VCSAND 0.005 M GRVL 
VFGRVL 0.005 C GRVL 
F GRVL 0.000 VCGRVL i 

VF SAND 
F SAND 
n SAND 
C SAND 

4.000 1.000 0.013 0.013 1.000 1.000 

VCSAND 0.005 M GRVL 
VFGRVL 0.005 C GRVL 
P GRVL 0.000 I VC GRVL 

VF SAND 
F SAND 
n SAM) 
C SAM) 

6.000 1.000 0.013 0.013 1.000 1.000 VF SAM) 0.025 VC SAND 0.005 M GRVL 0.000 1 F SAND 0.200 I VFGRVL 0.005 1 C GRVL 0.000 1 
M SAND 0.670 P GRVL 0.000 1 VCGRVL 0.000 1 1 C SAND 0.095 1 

STREAM SEGMENT # 2: W L E  6 Cbnt. ZLWBRO RIVER Pmject - CCSCUlE CREEK - S t m  kmt 2 
LEN- V O L U M E  I Ez I I t = )  I ?g 1'3 1 I m . f t )  I (cu-yd) I ------------------------------------------------------------------------------ 

1.000 268.500 207.333 10.000 556690. 20618.1 
3.000 388.500 205.864 0.000 0.000000 0.000000 

0.000000 / ::::: 1 :::::IB 1 G::::: 1 ::::: 1::::::: ~o .oooooo  1 

BED S W M W  CWlROL WUMES 

STREAM SEOfENr # 1: EXAMPLE PROBLEM NO 6. South Fork, ZLMBRO RMR - St- S m e n t  1 
SECTION LZNGTH V O L U M E  1 E R  , I t I 1 ' 1 1m.1t1 1 [CU.yd) I .............................................................................. 

STRUM S E m m  # 3 :  W P L E  6 Cont. APl8RO RIVER Project - BC(R CPEM - Steam Scgrent 3 
V O L U X E  I E i ?  I ?? I 1 I I ~ . . f t l  I Icu.ydl I ------------------------------------------------------------------------------ 

1 . 0 0 0  130.000 180.833 10.000 235083. 8706.79 
2.100 484.000 143.320 10.000 693667. 25691.4 

686.500 0.000 0.000000 0.000000 / ::::" 332.500 1 :::::I: 1 0.100 1 9226.87 / 34.736 1 

1 .000  
15 .000  
32.000 
33.000 
33.300 
33.900 
35.000 
42.000 
44.000 
53.000 
55.000 
58.000 

STREAM SEtMENT 1 4:  MAMPLE 6 Cont. ZLMBRO RIVER Project - TAKE0 CREEK - Stream Segaent 4 
LENGTH V O L U M E  I KZP I If,, I ";E ( ":C I , m . f t )  I (cu.*l I ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NO. OF I N P U T  DATA MESSAGES- 0 
END OF S E D I m  DATA 

~ ~ ~ 1 ~ ~ ~ - . 1 - 1 - 1 - - . 1 - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ = ~ ~ = = ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - -  

s m D  
BEGIN COMPUTATIONS. 

123304. 
319274. 
329481. 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
337209. 
233684. 
155855. 
17091.0 

~ ~ 1 ~ ~ . ~ ~ ~ ~ ~ - . ~ ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - . - ~ ~ - ~ - - ~ - - - - - - - - - - = - - - - - = - - - - - - = - - - - - - - - - -  

TIME S T E P  # 1 * AB FLOW 1 - BASE R O W  OF 750 CFS 

0.3329203+07 
0.862040E+07 
0.8896003+07 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.9104653+07 
0.630947E+07 
0.4208083+07 

461456. 

1640.000 
3760.000 
3780.000 
2535.000 
1400.000 

525.000 
2605.000 
4355.000 
3221.000 
2856.000 
2116.000 

731.000 

EXAMPLE PROBLEM NO 6. South Fork, ZLMBRO RIVER - Stream Se-C 1 
ACCUMULATED TIME (yrs) . . . . . . . . . . 0.000 

203.000 
229.266 
235.344 
279.927 
287.165 
284.050 
235.467 
203 -228 
282.665 
220.920 
198.870 
185.667 

10.000 
10.000 
10.000 

0.000 
0.000 
0.000 
0.000 
0.000 

10.000 
10.000 
10.000 

3.400 



--- Domrstreu Boundarv bndi t ion  Data for STREAM SEMENT NO. 1 a t  Control Point # 1 --- 
DISCHARGE TEMPERATURE WATER SURFACZ 

(cis) (deg P) (ft) 
750.000 65.00 956.000 

* * * *  DISCHARGE ' WATER ENERGY V E L O C I ~  ALPHA TOP AVG AVG VEL (by subsection) 
(CFS) SURFACE LIHE HEAD WIDTH BED 1 2 3 

SECTION NO. 1.000 
* * * *  750.000 956.000 956.009 0.009 1.000 154.497 949.519 0.000 0.749 0.000 

FLOW DISTRIBUTION ( I )  - 0.000 300.000 0.000 
SECTION NO. 15.000 
* *  SUPERCRITICAL **  Usins Critical Water Surface + 
SECTION NO. 15.000 TIME- 2.000 DAYS. 
TRIAL TRIAL COMPVrm CXITIUU. 
NO. US WS WS 
0. 957.779 956.256 
1. 957.873 956.309 957.823 

a * * *  750.000 957.873 958.688 0.815 1.000 58.210 956.094 0.000 7.243 0.000 
FLOW DISTRIBaION (2) - 0.000 100.000 0.000 

--- TRIBUTARY 3-W - COVTROL POINT # 2 i s  upstream o f  Section No. 15.000 --- 
DISCHARGE m P E R A T U R E  

Ccfs) (&a Fl - - - <  

Tributary Inflow: - - ~ - -  61.000 72. bO 
Total:  689.000 64.38 

SECTION NO. 32.000 
***' 689.000 963.275 963.297 0.022 1.000 128.771 958.809 0.000 1.198 0.000 

FLOW DISTRIBUTION 1%) - 0.000 100.000 0.000 
SECTION NO. 33.000 
****  689.000 964.126 964.144 0.018 1.000 217.196 961.158 0.000 1.069 0.000 

FLOW DISTRIBUTION (5) - 0.000 100.000 0.000 
SECTION NO. 33.300 

689.000 964.929 964.962 0.032 1.000 202.548 962.570 
FLOW DISTRIBUTION (5) - 

SECTION NO. 33.900 
*"' 689.000 965.528 965.551 0.023 1.000 205.131 962.752 

n o w  DISl'RIBoTION (%)  - 
SECTION NO. 35.000 ... Internal  Boundary Condition - water surface - 970.000 

Head Loss - 0.000 
**** 689.000 970.000 970.014 0.014 1.000 185.172 966.132 

FLOW DISTRIBUTION (2) - 
SECTION NO. 42.000 a **" 689.000 971.707 971.743 0.036 1.000 242.186 969.833 

FLOW DISTRIBUTION (2) - 
--- LOUlL INFLOW PODM # 1 i s  upstream o f  k c t i o n  No. 42.000 --- 

DISCHARGE TEMPERATURE 
(cfs) (deg F) 

Local Inflow: 29.000 70.00 
Total: 660.000 64.13 

SE-ION NO. 44.000 
**" 660.000 972.831 972.842 0.011 1.000 256.448 969.726 

FLOW DISTRIBUTION ( a )  - 
SECTION NO. 53.000 
***' 660.000 974.325 975.010 0.685 1.000 68.355 972.871 

FLOW DISTRIBUTION (%) - 
--- TRIBU7ARY JUNCTXW - aWlROL POINT# 3 i s  u p s t r u  o f  Section No. 

DISCHARGE TEMPERATURE 
(cfs) (deg P) 

Tributary Inflow: 128 -000 67.00 
Total: 532.000 63.44 

SECTION NO. 55.000 . . 
****  532.000 978.436 978.466 0.030 1.000 99.479 974.567 

FLOW DISTRIBUTZON ( % I  - 
SECTION NO. 58.000 
****  532.000 979.363 979.535 0.172 1.000 54.345 976.417 0.000 3.323 0.000 

FLOW DISTRIBUTION ( I )  - 0.000 100.000 0.000 

WAMPLE 6 Cont. ZLMBRO RNER Project - U S U D E  CREEK - Stream S p e n t  2 

--- Downstream Boundary Condition Data for STREAM SEMCMNO. 2 a t  Control Point # 2 --- 
DISCHARGE TEMPERATURE WATER SURFACE 

(cfs) (deg F) (ft) 
61.000 72.00 957.873 

**" DISCHARGE WATER ENERGY V E L O C I ~  ALPHA TOP AVG AVG VEL (by subsection) 
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3 

SECTION NO. 1.000 
*' CRITICAL WATER SURFACE USED AT SECTION NO. 1.000 AT TIHE - 2.000 DAYS.** **ELOEQ*' 
..*- 61.000 960.360 960.545 0.186 1.000 60.932 960.070 0.000 3.457 0.000 

FLOW DISTRIBUTION (2) - 0.000 100.000 0.000 
SECTION NO. e * * * *  

3.000 
61.000 965.937 966.008 0.071 1.000 24.774 964.785 0.000 2.137 0.000 

FLOW DISTRIBUTION (tl - 0.000 100.000 0.000 
SECTION NO. 4.000 
* *  SUPERCRITIW. * *  Using Critical Water Surface + 
SECTION NO. 4.000 TIME - 2.000 DAYS. 



Example Problem 6 Chapter 6 

TRIAL TRIAL COMFVED CRITICAL 
NO. WS WS US 

0 .  969 .500  968.272 
1. 969 .594  967.882 969.544 

***. 61 .000  . 969.594 969.797 0 .203 1 .000 31.272 969.055 0 .000 3 .616 0 .000  
FLOW DISTRIBUTION (%I - 0.000 100.000 0 .000 

SECTION NO. 6.200 
t* t t  6 1 . 0 0 0  972.744 972.771 0 .026 1.000 64.729 972.019 0.000 1 .300 0 .000 

n o w  DISTRIBUTION ( % )  = 0.000 1oo .000  0 .000  

WAWLE 6 6nt. ZLUERO RNER Project - BE4R CREEK - St- Se-nt 3 

--- Cuanstredm Boundary Condition Data for STREW SECnENT NO. 3 a t  Control h i n t  1 3 --- 
DISCHARGE TEMPEXATURE WATER SURFACE 

(cfs) (deg F) (ft) 
128.000 67.00 974.325 

* * * *  DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection) 
(CFS) SORFACE LINE READ WIDTH BED 1 2 3  

SECl'ION NO. 1 . 0 0 0  
* *  CRITICAL WATER SURFACE USED AT SECPION NO. 1.000 AT TIME - 2.000 DAYS... **ELOEQ'* 
*"* 128 .000  977.612 977.924 0 .312 1.000 60.598 977.140 0.000 4 .478 0 .000 

FLOW DISTRIBUTION (li) = 0.000 100.000 0 .000 
SECTION NO. 2 .100  
* * * *  1 2 8 . 0 0 0  978.595 978.607 0 .011  1 .000 113.709 977.267 0.000 0 .847  0 .000 

FLOW DISl'RIBUTION ( % I  = 0.000 100.000 0.000 

--- TRIBUTARY IlJhCKiN - CW7ROL FVIh7 # 4 i s  upstream o f  Section No. 2.100 --- 
DISCHARGE TEMPERATURE 

(cfs) (deg F) 
Tributary Inflow: 90.000 73.00 

Total: 38.000 52.79 

SECTION NO. 4 . 0 0 0  
* *  SUPERCRITICAL * *  Using Critical Water Surface + 
SECTION NO. 4 .000  TIXE - 2.000 DAYS. 
TRIAL TRIAL COMPUTED CRITICAL 
NO. WS WS WS 

2 .  978 .920  978.649 
3.  979.014 978.687 978.964 ..*. 3 8 . 0 0 0  979.014 979.198 0.184 1 .000 24.453 978.563 0.000 3 . 4 4 1  0 .000 

FLOW DISTRIBUTION ( % I  - 0.000 100.000 0 .000 
SECTION NO. 6.000 
*t*. 38 .000  983.945 983.973 0.028 1.000 37.207 983.189 0 .000 1 . 3 5 1  0 .000  

FLOW DISTRIBUTION ( 5 )  = 0.000 100.000 0 .000 

EXAMPLE 6 Gmt. ZLMBRO RMR Project - TAKEO CREEK - St- Segnnt  4 

--- Downstream Boundary Condition Data fo r  STREAM SEGMENT NO. 4 a t  Control h i n t  1 4 --- 
DIS-GE TEMPERATURE WATER SURFACE 

(cfs) (deg F) (ft) 
90.000 73.00 978.595 

+*+* DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG A X  VEL (by subsection) 
(CFS) SURFACE LINE IEAD UIMX B D  1 2 3 - 

SECTION NO. 1.000 
**  CRITICAL WATER SURFACE USED AT SECTION NO. 
t*+t 9 0 . 0 0 0  979 .501  979.688 0.188 

SECTION NO. 2.100 
** t t  90 .000  980.319 980.328 0.009 

SECTION NO. 4 .000  
t.t. 90 .000  981.486 981.662 0.176 

SECTION NO. 6 .000  
tt*. 90 .000  986.358 986.422 0.064 

1.000 AT TIME - 2 
1.000 59.777 979.067 
PLOW DISTRIBUTION (t)  - 

1.000 113.557 979.275 
FLOW DISTRIBUTION ( % I  - 

1.000 37.369 980.771 
FLOW DISTRIBUTION ( 2 )  - 

1.000 40.719 985.269 
FLOW DISTRIBUTION (%)  - 

EXAMPLE 6 Cont. ZLUBRO RIVER Project - TAKEO CREEK - Stream Segment 4 
ACCUMULATED TIME (yrs) .... 0.005 
FLOW DURATION (days) ...... 2.000 

UPSTREAM BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stream Segment # 4 DISCHARGE SEDIMENT LOAD TEMPERATURE 
Section No. 6.000 1 Icfs) I Itons/day) 1 ldeg F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INFLOW I 90 .00 1 23.96 1 73 .00  

TABLE SA-1. TRAP E F F I C T M  ON SlRW SEmF 1 4 
EXAMPLE 6 Cont. NMBRO RIVER Project - TAKEO CREEK - Stream Segnrcnt 4 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT ...................................................... 

TIME ENTRY SAND . 
DAYS POINT INFLOW OUTFLOW TRAP EFF 
2 . 0 0  6 .000  0 .02 

TOTAL- 1 . 0 0 0  * 0 . 0 2  0 .93  -38.26 
*.....***....**.......1...........*..*.*..*.*.....***.*. 
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TABLE 3 - 1 :  SEDPIENT LOAD PASSINC THE OF STREAM SECMOM I 4 -------------------------------------------------------------------------------- 
SEDIMENT INPLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 
VERY FINE SAND.... VERY PINE GRAVEL.. 0.00 
FINE SAND. ........ PINE GRAVEL ....... 0.00 
MEDIUM SAND ....... 10.86 MEDIUM GRAVEL.. ... 0.00 ....... COARSE SAND 0.02 COARSE GRAVEL..... 0.00 
VERY COARSE SAND.. :::: 0.00 1 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 23.96 
SEDIMENT OUTFLOW from the Downstream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIXE - 2.000 DAYS ................................................................................ 
SECTION BED CHANGE WS ELEV THALWEG 9 TRANSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cfs) SAND 

6.000 -0.10 986.36 984.70 90. 53. 
4.000 0.01 981.49 980.31 90. 42. 
2.100 -0.20 980.32 979.10 90. 250. 
1.000 -2.85 979.50 976.15 90. 941. 

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

- - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MAMPLE 6 Cont.  AUi?RO RMR P r o j e c t  - BEAR CREEK - St-  S e g w n t  3 

ACCmWLATED TINE (yrsl .... 0.005 
FLOW DURATION (days1 ...... 2.000 

VERY FINE SAND.... 31.85 
FINE SAND ......... 231.57 
MEDIUM SAND.. ..... 615.85 
COARSE SAND....... 55.40 
VERY COARSE SAND.. 4.42 

UPSTREAM BOUNDARY CONDITIONS 
----------------------------------------------------------------------. 

St=- 5-t # 3 DISCRARGE SEDI- LOAD TEMPERA= 
Section No. 6.000 I (cfs) I (tons/d.yl I (deg F) ...................................................................... 

INPLOW I 38.00 1 3.96 1 52.79 

VERY PINE GRAVEL.. 
FINEGRAVEL ....... 
MEDIUM GRAVEL..... 
COARSE GRAVEL.. ... 
VERYCOARSBGRAVEL 

Upstrcar of SECTIW NO. 2.100 i s . . .  
TRIBUTARY J W W  # 4 SH)I~NTLOAD TMPERATURE I D1:? I (tons/dayl I (dcg F) ...................................................................... 

------------- 
TOTAL - 

MRXN STEM INFLOW 38.00 3.96 52.79 
TRIBUTARY INFLQW I 90.00 I 940.52 1 73.00 ...................................................................... 

ma I 128.00 I 944.48 I 67.00 

TABLE 9 - 1 .  TRAP EFFICIENCY W STREAFI SE- # 3 
EXAMPLE 6 Cont. Z W R O  RNER P r o j u t  - B U R  CREU( - St-  Syscnt  3 . - .. - - . - - . 

-- -. 
8 .  

ACCUMULATED AC-FT ENTERING AND LEAVIK; lILIS STREAM SEGMRTl' 
...................................................... 

- . .- .- - 
TINE EmRY SAND 
DAYS POINT INPLOW OUTFLOW TRAP EFP 
2.00 6.000 0.00 

2.100 0.93 
TOTAL- 1.000 • 0.93 1.31 -0.41 

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

TABLE SB-1: SWPIENT LOAD P f i S I N t  THE W D A R I ' E S  OF STREAM SECMPllT t 3 -------------------------------------------------------------------------------- 
SEDIMENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) -------------------------------------------------------------------------- 
VERY FINE SAND.... 0.80 VERYPINEGRAVEL.. 0.00 
FINE SAND......... 1.36 PINE GRAVEL....... 0.00 
MEDIUM SAND ....... 1.79 1 I3EDIUH GRAVEL..... 0.00 
COARSE SAND.. ..... 0.00 COARSEGXAVEL..... 0.00 
VERY COARSE SAND. . 0.00 VERY COARSE GRAVEL 0.00 

TOTAL - 3.96 
SEDIKENT OVTFLOW from the Downstream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME - 2.000 DAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SE'3ION BED CHANGE WS ELEV THALWEG 'a TRANSPORT RATE (tons/day) 
NUMBER (ft) (ftl (ft) (cfs) SAND 

6.000 -0.10 983.95 982.70 38. 32. 
4.000 0.01 979.01 978.31 38. 26. 
2.100 0.51 978.60 977.81 128. 447. 
1.000 -3.65 977.61 973.35 128. 1331. 

.......................................................................... 
VERY FINE SAND.. .. 51.95 
FINE SAND.. ....... 363.17 
KEDIUM SAND.. ..... 838.78 
COARSE SAND. ...... 69.59 
VERY COARSE SAND. . 5.54 

VERYFINEGRAVEL.. 1.95 
FINE GRAVEL ....... 0.00 
FEDIUEI GXAVEL..... 0.00 
COARSEGRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 - - - - - - - - - - - - -  ------------- 

TOTAL - 1330.97 
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_ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
=AMPLE 6 Cont. ZUIBW) RIVER Projut  - W C A O E  CREEK - Stream k w n t  2 .... ACcUHDZATgg RlIE ((yrs) 0.005 ...... FLOW DIIRATION (days) 2.000 

UPSTREAM BO-Y. CONDITIONS _____-_--------------------------------------------------------------- 
Stream k - n t  I  2 DISCZARGX SEDIUXWT LOAD TEMPERATURE 
Section No. 6 . 2 0 0 1  (cfs) I (tons/dayl I ldegF1 _____-_--------------------------------------------------------------- 

INFLOW I 61.00 I 4.32 I 72.00 

TABLE 9 - 1 .  TRAP maw OY S T R ~ U ~  SE- 1 2 
W L E  6 h t .  Z(lrlBRO RTYER P t v ~ e c t  - WC4DE CREH - Streaa S e p e n t  2 
ACCUMUL&TKD AC-PT gKPXRING AND LEAVING ?HIS STREAM SEGMENT 

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

TIME gKPRY SAND * 
DAYS POIXI' INPLOW m W  TRAP EPP 
2 . 0 0  6 .200 0.00 
TOTAL- 1.000 • 0.00 0 .02 -3.99 .....*..***** ......................................... 

TABLE SB-1: SEDMEHT IlUD PASSMG THE BaM[URIES OF STREW S E W M  # 2 
____-_--------------------*----------------------------------------------------- 

SEDIMENT INFLOW at the Upstream Boundary: 
GRAIN SIZE LQAD (to~/day) I GRAXN SIZE LOAD (tons/dayl _------------------------------------------------------------------------- 

VERY FINE SAND. ... VERY PINE GRAVEL.. 0 .01  
FINE SAND......... PINE GRAVEL ....... 0.00 
MEDIUM SAND.. ..... EIgDIVn GRAVEL..... 0 .00  .. ..... COARSE SAND.. 0.13 CDARSEGRAVEL... 0.00 
VERY COARSE SAND.. irii 0.03 1 VKRY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 4.32 
SEDIXENT OUTFLOW from the Downatream Boundary 

GRAIN SIZE LOAD (tona/day) I GRAIN SIZE LOAD (tons/day) -------------------------------------------------------------------------- 
VERY PINE SAND. ... VERY PINE GRAVEL. . 3.14 
FINE SAND ......... PINE GRAVEL.. ..... 2.08 
MEDIUM SAND. ...... KEDIDn GRAVEL..... 0.00 ..... COARSE SAND.. 4.05 COARSE GRAVEL. .... . 0.00 
VERY COARSE SAND. . ;lii 6.21 / VXRY COARSE GWLVEL 0 .00  ------------- -------------  

TOTAL - 21.57 

TABLE SB-2: STATUS OF THE- PROPILE AT TIME - 2.000 DAYS -------------------------------------------------------------------------------- 
SEmION BED (gANGE WS KLgV TBALWEG Q TRANSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cfs) SAND 

6.200 0 .00 972.74 972.00 61. 3.  
4 . 0 0 0  0 .00  969.59 968.30 61. 3. 
3 .000  0.00 965.94 964.30 61. 2 .  
1 .000  -0 .06 960.36 959.74 61. 22. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -  
=AMPLE PROBLEM ND 6. South Fork, ZLMRO RIVER - Stre- Segwent 1 

ACCUMKXATXD TIME (yrs) .... 0.005 
FLOW DURATION (days) ...... 2.000 

UPSTREAM BOUNDARY CONDITIONS ---------------------------------------------------------------------- 
Stream Seplent  # 1 DISCBARGE SEDIMENT LOAD TEMPERATURE 
Section No. 58.000 I (cfs) I (tons/dayl I ldc~ Fl ---------------------------------------------------------------------- 

Immw I 532.00 I 93.30 I 63.44 

UpstrearnofSEC7TOYhO. 53 . 0 6 0 i s . . .  
TRIBUTARY J W f f l I 3  

------------------------------------------------------------------.--- 
MAIN Sl'EM INFLQW 532.00 93.30 63.44 

1 2 8 . 0 0 1  1 3 3 0 . 9 7 1  67.00 
---------------------*------------------------------------------------ 

TmAL 1 660.00 1 1424.27 ( 64.13 

UpstreamofSEClTff lNO.  42.Wbis. .  . 
L O a L  I N F L W  m m  # 1 SEDIMENT LOAD TP(PERAT[IRE I D1:r ( Itons/dayl ( Ldq FI ...................................................................... 

MAIN STEM INPLOW 660.00 1424.27 64.13 
LOCRL I N M W  I 29.00 1 1.22 1 70.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL I 689.00 I 1425.49 1 64.38 

Ups t r eamofSECnaYAU.  15.000is. .. 
TRIBUTARY J U m f f l  I  2 SEDIMENT LOAD TEMPERATURE I D1yr I t o n s d a  1 ldeg Fl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAIN STEM IXXQW 689.00 1425.49 64.38 
TRIBUTARY INPLOW I 61.00 I 21.57 1 72.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TmAL I 750.00 I 1447.06 1 65 .00  
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TABLE 9 - 1 .  TRAP E m a E N c y  ou STRUM SEOEM / i 
EXAMPLE PROBLEM NO 6. South Fork, zUUBRO RIVER - Stream Segment 1 ...................................................... ACCUMULATED AC-FT EUT'ERING AND LEAVING THIS SiasAM SE- 

TIME ENTRY SAND 
DAYS POINT INFLOW OUTFLOW TRAp EFP 
2.00 58.000 0.09 

53 .OOO 1.31 
42.000 0.00 

TOTAL- 35.000 • 1.41 0.03 0.98 ...................................................... 
TIME ENTRY* SAND 
DAYS POINT * INFLOW OUTFLOW TRAP EFF 
2.00 35.000 0.03 

15.000 0.02 t 

TVTAL- 1.000 0.05 0.02 0.62 
...................................................... 

TABLE SB-1: SEDIUENT LOAD PASSIM THE W A R E S  OF STREAM SEMLW I 1 ................................................................................ 
SEDIMEKP INnOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) 1 GWUN SIZE LOAD (tonslday) -------------------------------------------------------------------------- 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME - 2.000 DAYS -------------------------------------------------------------------------------- 

VERY PINE SAND.... 38.08 
FINE SAND.. ....... 34.16 
MEDIUM SAND.. ..... 21.06 
COARSE SAND.. ..... 0.00 
VERY COARSE SAND.. 0.0 0 

SECTION 
NUMBER 

58.000 
55.000 
53.000 
44.000 
42.000 
35.000 
33.900 
33.300 
33.000 
32.000 
15 -000 
1.000 

VERYPINEGRAVEL.. 0.00 
FINE GRAVEL. ...... 0.00 
MEDIUM (;RAVEL..... 0.00 
COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

BED (ZHAHGE 
(ft) 
-0.13 

------------- ------------- 
mrAL- 93.30 

SEDIMENT OUL'FLOW from the Dovnstrearn Boundary 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) -------------------------------------------------------------------------- 

VERY FINE SAND.... VERY FINE GRAVEL.. 0.60 ........ FINE SAND. FIN!2 GRAVEL ....... 0.72 
MEDIUM SAND. ...... MEDIUM GRAVEL... .. 0.25 
COARSE SAND.. ..... 5.70 COARSEGRAVEL..... 0.00 
VERY COARSE SAND. . 2.4 41ii 9 / VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 18.86 

TRANSPORT RATE (tons/day) 
SAND 
284. 
616. 

------------------------------------------------------------------------------------------ 
SPRT 

Select ive Printout Option ... - - Print  a t - the  fo7loaing cross sections 

-. 

PS 6 . 0  
EM) 

1=-- - -==- -=- - - - - -11- -1- - - - - -11- - - -~- -~=--~- - -=-~-~- -=~-~=--=- - - - - - - - - - - - - - - - - - -==- - -=~-- - -~~-*  

TIME .YEP # 2 * AC FLOW 2 - 50 DAYS AT BANK FULL DISCHARGE 
COMPUTING FROM TIME- 2.0000 DAYS TO TIME- 52.0000 DAYS IN 10 COMPUTATION STEPS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM rhK) 6 .  South Fork, 2LMBRO RIM3 - Stream Segnent 1 .......... ACCUMULATED TIME (yrs) 0.005 

--- Downstream Boundary Condition h t a  for STREAWSEMEKTMD. 1 a t  b n t r o l  Point # 1 --- 
DISCHARGE TEMPERATVRE WATER SURFACE 

(cf s) (deg P) (ft) 
2500 .OOO 65.00 965.000 

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

- - -  TRIBUTARY JUNCTION - C O ~ O L  POINT # 3 is upstream of Section No. 53.000 - - -  
DISCHARGE TEMPERATURE 

icfs) idea F) . - -  . < -  
Tributary Inflow: 650.000 67.00 

Total: 1400.000 62.04 

SECITCN M. 55.000 
**.* 1400.000 980.829 980.903 0.074 1.000 109.662 974.980 0.000 2.182 0.000 

now D I ~ I B ~ I O N  1%) - 0.000 1oo.000 0.000 
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MAHPLE 6 Cont. ILMBRO RIVER Project - TAKEO CREEK - Stre* kgsent 4 

--- Lkmnstreaa Boundary Condition Lkta for S7RE.M SEtMENTM. 4 at  Control Point I 4 --- 
DISCHRRGE TEMPERATURE WATER SURFACE 

(cfs) (deg Fl (ftl 
450.000 73.00 979.221 

* * * *  DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection1 
(CFS) SURFACE LINE BEAD WIDTH BED 1 2 3 

SECTIffl NO. 6.000 
****  450.000 988.475 988.626 0.151 1.000 67.244 986.328 0.000 3.117 0.000 

F L O W  DIsrRIBuTION (2)  - 0.000 100.000 0.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE 6 Cont. ZLMBRO RIVER Project - TAKEO QlEM - Stream Sep.ent 4 

ACCXMULATEO TIKE (yrs) .... 0.142 
FLOW DURATION (days). ..... 5.000 

UPSTREAM B O m A R Y  CONDITIONS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - -  

Stream Segment # 4 
Section No. ...................................................................... 

INFLOW I 450.00 I 356.05 1 73.00 

SWPIENT INFLOW at  SEC7ZCW M. 6.000 
GRAIN SIZE LOnD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 

VERY FINE SAND.... 34.51 VERYFINEGRAVEL.. I ....... ....... 0.00 
FINE SAND.. 74.83 ERJEGRAVEL 0.00 
KEDIUM SAND.. ..... 188.73 MEDIUM GRAVEL..... 0.00 
COARSE SAND...... . 57.98 COARSE GRAVEL..... 0.00 
VERY COARSE SAND.. 0 . 0  I VERY COARSE GRAVEL 0.00 ------------- ------------- 

TUTU = 356.05 

FALL VELOCITIES - Method 2 
DIAK~ER V E m c I n  REY. NO. 0 ............................................................ 

VF SAND 0.000290 0.2115882E-01 0.6021239 45.84847 
F SAND 0.000580 0.62885573-03 3.579113 10.38092 
M SAND 0.001160 0.1423402 16.20246 4.052398 
C SAND 0.002320 0.2905100 66 .I3704 1.945695 
VC SAND 0.004640 0.4865262 221.5240 1.387444 
VF GRVL 0.009280 0.7223283 657.7777 1.258893 
F GRVL 0.018559 1.041785 1897.368 1.210406 
M GRVL 0.037118 1.472894 5365.081 1.211086 
C GRVL 0.074237 2.082985 15174.71 1.211086 
VC GRVL 0.148474 2.945788 42920.64 1.211086 

**  ........................................................................................ 
TRACE OVTPVT FOR SECzILYY NO. 6.000 ------------------------------------------------------- 

HYDRAULIC PAmbwmm:  
VEL SLO EPD EPW N-VALUE TAU USPARM FROUDE NO. 

3 .117  0.008268 2.838 50.874 0.0460 1.46520 0.86883 0.326 

BED SEDIMENT CON?JZOL VOLUME COMPKR'ATIONS: 
NEW SURFACE AREA (SQ IT) : TOTAL K-PORTION S-PORTION 

22942.50 22942.50 0.00 

GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS 
BED MATERIAL PER GIUCIN SIZE: BED FRACTION PERCENT FINER BEDFRACTION PERCENT FINER 

'JE SAND 0.080074 8.007434 VF GRVL 0.000000 99.999999 
F SAND 0.214080 29.415438 F GRVL 0.000000 99.999999 
M SAND 0.539976 83.413004 M GRVL 0.000000 99.999999 
C SAND 0.165870 99.999999 C GRVL 0.000000 99.999999 
VC SAND 0.000000 99.999999 VC GRVL 0.000000 99.999999 

SAND 
* *  ARMOR LAYER * *  
STABILITY COEFFICIENT- 0.04195 
MIN.GRAIN DIAM - 0.013194 
BED SURFACE ExPosm - o.ooooo 

INACPIVE LAYER A(1TIVE LAYER 
% DEPTH * DEPI?I 

CLAY 0.0000 0.00 0.0000 0.00 
SILT 0.0000 0.00 0.0000 0.00 
SAND 1 .0000  0.00 1.0000 0.36 

TOTAL 1.0000 0.00 1.0000 0.36 

AVG. UNIT AVG. UNIT 
WEIGHT WEIGKT 

0.046500 0.046500 - -  CAUTION - -  
SECTION NO. 6.000 AT TIME - 52.00 DAYS. 
ACTIVE LAYER THICXNESS EXCEEDS DEPTH OF SEDIME?4T RESERVOIR. ... LOWER THE MODEL BOTTOM BY MORE THAN 1 .35  FT. 
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TABLE SB-1: s m r m  LOAD PASSIX THE BOUNDARIES OF STREAM SEGMEKP 1( 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEDIMENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - 

VERY FINE SAND.... 2.87 VERY FINE GRAVEL. . 0.01 ....... FINE SAND.. ....... 0.89 FINE GRAVEL 0.00 
MEDIUM SAND ....... 0.37 / MEDIUE( GRAVEL..... 0.00 ..... COARSE SAND.. ..... 0.13 COARSE GRAVEL 0.00 
VERY COARSE SAND.. 0.03 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL - 4.32 
SEDIMENT OUTFLOW from the Dornstream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY FINE SAND.... 1.47 1 VERY FINE GRAVEL.. 3.51 ....... FINE SAND. ........ 1.94 
KEDIUM SAND ....... MEDIUM GRAVEL..... 0.00 

..... ... COARSE SAND.. COARSE GRAVEL.. 0.00 
VERY COARSE SAND. . 0.00 ------------- 

TOTAL - 7.65 

TABLE SB-2: STATUS OF TBE BED PROFILE AT TIME - 55.000 DAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SECPION BED CHANGE WS ELEV m W E G  Q TRANSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cfs) SAM) 

6.200 0.00 972.81 972.00 61. 3. 
4.000 0.00 969.50 968.30 61. 3. 
3.000 0.00 965.80 964.30 61. 2. 
1.000 -0.30 960.06 959.50 61. 8. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 6. South Fork, m R O  RIVER - Stream Segment 1 

ACcXMUIATED TIME (yrs) .... 0.151 
FLOW DURATION (days) ...... 2.000 

UPSTREAH BOUNDARY CONDITIONS ...................................................................... 
Stream Segment # 1 DISCHARGE SEDIMENT LOAD TEMPERATURE 
Section No. 58.000 1 (stsl I (toru/day) I ldeg I) ...................................................................... 

INFLOW I 282.00 1 28.81 I 62.06 

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGUENT # 1 
EXAMPLE PROBLEH NO 6. south ~ork, ZUnaRo RIVER - Stream Segment 1 
ACCUMJLX"I'D AC-PP m I N G  AND LEAVING THIS STREAM SEGMENT 

...................................................... 
TIME m y  SAND 
DAYS POINT INFLOW OUlTLOW TRAP EFF 

55.00 58.000 13.28 
53.000 20.32 • 
42.000 0.36 

TOTAL- 35.000' 33.96 0.34 0.99 ...................................................... 
TIME EKPRY SAND 
DAYS WIKP INPLOW ODTPLOW TRAP EFF 

55.00 35.000 0.34 
15.000 ' 0.98 

TOTAL- 1.000 • 1.32 0.09 0.93 
...................................................... 

TABLE S B - 1 :  S E D I m  LOAD PASSING BOUNDARIES OF STREAH SE- 1( 1 ................................................................................ 
SEDIMEEIT INFLOW at the Upstream Boundary: 

GWUN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) 

... VERY FINE SAND. VERY PINE GRAVEL. . 0.00 ...... FINE SAND......... 1l:fi I FINE GRAVEL. 0.00 
MEDIUM SAND ....... MEDIUn GRAVEL.. ... 0.00 ..... ..... COARSE SAND.. 0.00 COARSEGRAVEL 0.00 
VERY COARSE SAND. . 0.00 VERY COARSE GRAVEL 0.00 ------------- ------------- 

TOTAL = 28.81 
SEDIMENT OUTFLOW from the Downstream Boundary 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY FINE SAND. ... : :tl: I VERY FINE GRAVEL.. 0.12 
FINE SAND.. ....... FINE GRAVEL ....... 0.15 
MEDIUM SAND.. ..... MEDIUM GRAVEL..... 0.05 ..... COARSE SAND.. COARSE GRAVEL..... 0.00 
VERY COARSE SAND. . VERY COARSE GRAVEL 0.00 - - - - - - - - - - - - -  

TOTAL - 13.77 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME - 55.000 DAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SECTION BED CHANGE WS ELEV THALWEG 
NUMBER (ft) (ft) (ft) 

58.000 -1.28 977.69 974.12 
55.000 -0.13 976.93 972.77 
53 .OOO 0.12 974.82 972.32 
44 .OOO 1.53 973.46 968.63 
42.000 0.26 973.12 970.06 
35.000 0.02 973.00 963.32 

Q TRANSPORT RATE (tons/day) 
( ~ f  S) SAND 
282. 81. 
282. 111. 
410. 279. 
410. 78. 
439. 1. 
439. 0. 
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0 DATA ERRORS Dm-. 

TOTAL NO. OF TIME STEPS RWLD I 
TOTAL NO. OF WS PROFILES - 
ITEXATIONS IN EXNZR EQ - 
C013rmTATIOHS COMPLETED 
RUN TIME - 0 HOURS. 0 MINUl'FS & 9.00 SECONDS 
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6.7 Example Problem 7 - Cohesive Sediment 

Example'~roblem 7 illustrates the deposition of clays and silts in an impoundment at the 
downstream end of a single stream segment. Subsequent lowering of the pool level in that 
impoundment causes erosion of the cohesive deposits. Table 6-7a shows the input data for this 
example and Table 6-7b shows the output. 

6.7.1 Cohesive Sediment Data 

This example uses Method 2 (see Sections 2.3.8, 3.3.4.1 and the 12 record in Appendix A) to 
compute the deposition and erosion rates for clay and silts. This method requires the addition 
of two Special 12 records to provide the data; one for the active layer and one for the inactive 
layer. The data for the active layer is described below and is illustrated (along with the data fo r  
the inactive layer) in Figure 6-7. 

The shear stress threshold above which clays and silts will not deposit i s  0.02 Ib/ft2. The 
shear stress at which deposited cohesive material will scour is 0.05 Ib/ft2. The shear stress 
above which mass erosion occurs is 0.1 0 Ib/f?. The erosion rate at that shear stress is 1.5 
Ib/ft2/hr. The slope of the mass erosion rate curve is 60/hr. These values are depicted in 
Figure 30 for both the active and inactive layers. Note that the shear strength of the inactive 
layer is larger than that of the active layer and it erodes more slowly. .This represents, perhaps, 
the effect of consolidation. 

I Cohesive Sediment Chomcttristic3 Cohesive Sediment Chorocteristics for 
for Uoteriol Found in the Active Loyer Moteriol Found in the lnoctive Layer 

1 1 
Figure 6-7 

Erosion Rate Characteristics 

Caution, the cohesive sediment values given in Example Problem 7 are not factual and 
should not be used under any circumstances without field verification. To determine these 
values, laboratory tests must be performed on the sediments to be simulated. These tests must 
be done under the same physical and chemical conditions as in the prototype (see Section @ 2.3.8).  
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Table 6-?a 
Example Problem 7 - Input 

Cohesive Sediment 

TI EXAMPLE PROBLSM NO 7. COf 
T2 A LAKE IS CREATED. 
T3 SOUTH PORK, ZDMBRO RIVER 
NC .1 .1 .04 .I 
XI 1.0 31 10077. 10275. 
GR 1004. 9915. 978.4 10002. 
GR 950.0 10092. 948.48 10108. 
GR 956.2 10243. 958.9 10250. 
GR 958.8 10350. 957.4 10400. 
GR 968.0 11085. 968.0 11240. 
GR 962.0 11665. 962.0 12400. 
GR 984.0 12735. 
HD 1.0 10. 10081. 10250. 
NV 22 .045 965.6 .064 
NV 12 -08 965.6 -13 
NV 33 .I 965.6 .11 
Xl 15.0 27 10665. 10850. 
X3 10700. 
GR 992.0 9570. 982.0 10110. 
GR 964.7 10665. 956.0 10673. 
GR 958.6 10750. 959.3 10800. 
GR 962.0 10852. 964.0 10970. 
GR 970.0 11190. 972.0 11310. 
GR 990.0 11865. 3000.0 12150. 
W 15.0 10. 10673. 10852. 
NC .1 .1 .05 

CASCADE CREEK 
XI 32.0 29 10057. 10271. 
GR 998.0 9080; 982.0 9250. 
GR979.48 10000. 978.5 10057. 
GR 956.8 10117. 957.8 10137. 
GR 966.5 10225. 971.2 10250. 
GR978.91 10370. 978.96 10387. 
GR 984.0 11150. 992.0 11240. 
W 32.0 10. 10075. 10275. 
NC .06 .06 .045 
X1 42.0 32 9880. 10130. 
GR 996.0 7130. 998.0 7310. 
GR 988.0 8780. 986.0 8990. 
GR 990.0 9880. 969.8 9881. 
GR969.8 9943. 969.8 10001. 
GR 969.8 10067. 985.8 10067. 
GR 989.9 10130. 989.5 10180. 
GR 986.8 11720. 989.9 12310. 
FID 42.0 0 9881. 10021. 
SILVER CREEK 

XI 44 .O 28 9845. 10127. 
XL 9850. 
GR 1002. 8035. 992.0 8150. 
GR 996.0 9285. 1017.6 9425. 
GR 980.6 9845. 970.9 9868. 
GR 968.9 10028. 967.4 10058. 
GR 977.8 10150. 976.9 10193. 
GR 983.1 10400. 999.8 10450. 
HD 44.0 10. 9868. 10193. 
X1 53.0 22 10000. 10136. 
GR 1004. 7550. 1000.0 7760. 
GR 994.0 8940. 986.0 9245. 
GR 982.8 10000. 978.2 10011. 
GR 978.2 10121. 988.7 10136. 
GR 1002. 10470. 1004.0 10700. 
HD 53.0 10. 10000. 10136. 

BEAX CREEK 
Xl 55.0 18 9931. 10062. 
GR 1004. 7592. 1000.0 7947. 
GR 984.3 9737. 984.7 9837. 
GR 974.8 9975. 974.2 10005. 
GR 985.8 10187. 986.0 10307. 
HD 55.0 10. 9931. 10062. 
XI 58.0 22 9912. 10015. 
GR 1006. 8542. 1004.0 8952. 
GR 976.2 9944. 975.4 9974. 
GR 988.8 10065. 988.3 10065. 
GR 992.0 10492. 988.0 10642. 
GR 986.0 11137. 988.0 11192. 
HD 58.0 3.4 9912. 10015. 
EJ 

** Example Problem 7 
.3 
0. 0. 0. 

956.0 10060. 959.2 
946.6 10138. 944.7 
959.8 10275. 959.8 
970.0 10700. 966.0 
970.0 11365. 970.0 
976.0 12550. 980.0 
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T4 South Fork, Zumbro River ** Example Problem 7 ** 
T5 LOAD CURVE PROM GAGS DATA. 
T6 BED GRADATIONS FRO11 FIELD SAMPLES. 
T7 CLAY and SILT added to full range of Sands and Gravels. - L - 
T8 SEDIMENT TRANSWRT BY Yang's STREAM WWER [ref ASCE JOURNAT;-(TANC 1971 - > 

I1 0 5 

I 2  CLAY 2 

I 3  SILT 
I4 SAND 
I5 
LQ 
LT TOT= 

LF CLAY 
LF SILT1 
LF S I L R  
LF s r L n  
LF SILT4 
LF w s  
LF FS 
LF Ei 
LF CS 
LF vcs 
LF VFG 
LF FG 
LF MG 
LF CG 
LF VCG 
PF ISXAMP 
PFC 2.0 
PFC.0625 
PF gXAMP 
PPC 4.0 
PFC .I25 
PF EXAMP 
PFC 4.0 
sm * B 
Q 750 
R 985 
T 65 
W 1 
SPRT 
CP 
PS 
END * AB 
Q 1250. 
R 985 
X 
$RATING 
RC 
RC 
RC 
RC 
RC * AC 
Q 1250. 
W .2 
SPRT A * B 
Q 1250. 
X * B 
Q 750. 
X 
s s m  

LAlU3 IMPOUNDED. FLOW 1 = WARM-UP RASE F L O W  OF 750 CFS, 

FLOW 2 - 100 DAYS AT BANK FULL Q, 9. IMPOUNDED. 

40 2000 0 0 950.0 955.1 958.0 960.0 
963.6 965.1 966.2 967.0 967.7 968.3 968.9 969.4 
970.2 970.6 971.0 971.4 971.8 972.1 972.4 972.7 
973.1 973.3 973.5 973.7 973.8 973.9 974.0 974.1 
974.3 974.4 974.5 974.6 974.7 974.8 974.9 975.0 
n o w  3 - NEAR BAHK P(JLL Q, LAXE: MYERED. 

FLOW 4 - NEAR BANX FULL Q, WCE LOWERED. 

1 20. 
FLOW 5 - LAST FLOW, BASE n o w  OF 750 CFS, LAKE IS LOWERED. 

6.7.2 Output 

The geometric and sediment output provide the same information as in previous examples. 
When the sediment data is read, HEC-6 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. 
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The first time step has a flow of 750 cfs, a duration of 1 day and a downstream water 
surface (or pool elevation) of 985 ft. The "TRAP EFFICIENCY ..." table, TABLE SA-1, shows that 
only 7% of the inflowing clay load was deposited in the reservoir since the beginning of the 
simulation, while 73% of the inflowing silts and 100% of the inflowing sands and gravels were 
deposited. TABLE SB-2, the "STATUS OF THE BED PROFILE...", shows the outflowing load at each 
cross section for this time step and the cumulative bed change since the start of the simulation. 
Only Section No. 58.0 shows a significant bed change, but because there are no local inflows, 
diversions, or tributaries affecting the load at any cross section, the progressive decrease in the 
outflowing load at each cross section indicates deposition. 

In this example, time step 2 represents 10 separate (incremental) time steps each having a 
duration of 10 days with a starting water surface of 985 ft and a flow of 1250 cfs. At the end of 
the last incremental time step, output is produced depicting the state of the reservoir for the 
last 10  day time step (i.e., instantaneous values such as the sediment load data in TABLE SB-2 
are only for the last 10 days, while cumulative data, such as trap efficiency and bed change, 
represent changes since the start of the simulation - 101 days.) Because of this, output 
produced by this time step can be misleading. For example, the trap efficiency of clay has 
decreased since time step 1 indicating that erosion has occurred during the 100 days of this 
time step. However, the outflowing clay load compared to the inflowing clay load (as shown in 
TABLE SB-1) indicates that deposition is occurring which reflects the difference between 
instantaneous and cumulative values. 

A rating curve representing channel control at the downstream-most section precedes the 
data for time step 3. Although the flow for time step 3 and 4 remains at 1250 cfs, the starting 
water surface obtained from the rating curve is much lower, significantly altering the hydraulic 
parameters. C-level output was requested for time step 3 and limited to Sections 32.0 and 42.0. 
The increased velocity at Section No. 32.0 results in a bed shear stress of 0.2980 Ib/sq ft, which, 
from Figure 6-7, results in mass erosion of both layers. The computed potential erosion rates 
for both clay and silt are 141,700 and 44,214 tons/day for the active and inactive layers . 

respectively. The actual erosion rates will be limited by the availability of these materials. 

Table 6-7b 
Example Problem 7 - Output 

Cohesive Sediment 

...................................................................................... 
SCOUR AND DEmSITION IN RIVERS AND RESERVOIRS U.S. ARMY CORPS OF ENGINEERS 

t Version: 4.1.00 - AUGUST 1993 RIDROLOGIC ENGINEERING C m T E R  * 
INPUT FILE: EXAnPLE7 .DAT 609 SECOND STREET 
OUTPUT FILE: EXAnPLE7.OOT . DAVIS, CALIFORNLA 95616-4687 
RUNDATE: 31AUG93 RUNTIME: 08:21:08 (916) 756-1104 ...................................................................................... 

X  X X X X X X X X  XICXXX xxxxx 
X  X X  X  X  X  X  

X  X X  X  X 
xxxxxxx XXXX X  XXXXXMXXXX 
X  X X  X X  X  
X X X  X  X  X  X  
X X ~ ~  xxxxx ...................................................................... 

* MFXIMM LIMITS FOR ?TIIS VERSION ARE: 
10 Stream Segments (Main Stem + Tributaries) . 150 Cross Sections t 

100 Elevation/Station Points per Cross Section 
20 Grain Sizes 
10 Control Points ...................................................................... 

T1 EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT. 
T2 A LAKE IS CREATED. 
T3 SOUTH FORK, ZUMBRO RIVER * *  Example Problem 7 * *  

N values... Left C h a ~ e l  Right Contraction Expansion 
0.1000 0.0400 0.1000 1.1000 0.7000 
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SEmION NO. 1.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

N-Values vs. Elevation Table 
Channel Left Overbank Right Overbank 

0.0450 966. 0.0800 966. 0.1000 966. 
0.0640 989. 0.1300 989. 0.1100 982. 
0.0000 0. 0.0000 0. 0.1200 989. 

SErnIONNO. 15.000 ... Left Encroachment defined at station 10700.000 at elevation 961.000 
... Right Encroachment defined at station 11000.000 at elevation 970.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

N values... Left Channel Right Contraction Expansion 
0.1000 0.0500 0.1000 1.1000 0.7000 

SECTIONNO. 32.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

N values.. . Left Channel Right Contraction Expansion 
0.0600 0.0450 0.0600 1.1000 0.7000 

SECTION NO. 42.000 ... DEPTH of the Bed Sediment Control Volume - 0.00 ft. 

SECTION NO. 44.000 ... Limit CONVEYANCE between stations 9850.000 and 10200.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 
* 

SECTION NO. 53.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 55.000 ... DEPTH of the Bed Sediment Control Volume - 10.00 ft. 

SECTION NO. 58.000 ... DEE'TH of the Bed Sediment Control Volume - 3.40 ft. 

NO. OF CROSS SECTIONS IN STREAM S E m -  8 
NO. OF INPUT DATA MESSAGES - 0 

TOTAL NO. OF CROSS SECTIONS IN TBZ NEl'WORK - 8 
TOTAL NO. OF STREAM SE-S IN THE NETWORK- 1 
END OF GEOMETRIC DATA 

"""""""""-"-"-"'---1-1-----1------------~------------------------------------~---~~p--~---.-~~--~. 

.<- 
T4 South Fork, Zumbro River ** !axample Problem 7 ** 
T5 LOAD CURVE FROn GAGE DATA. r" 
T6 BED GRADATIONS FROU FIELD SAMPLES. 
T7 CLAY and SILT added to full range of Sands and Gravels. - - .  . - 
T8 SEDIMENT TRANSPORT BY Yang's STREAM POWER [ref ASCE JOURNAL (YANG 197111 

. - - - -  > EXAMPLE PROBLEM NO 7. COHESIVE SEDI13ENP. 
A LAKE IS CREATED. 
SOUTH FORK. Z(JHBR0 RIVER **  Kxample Problem 7 ** -- -- - . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a 

SEDIMENT PROPERTIES AND PARAMFPEXS 

SPI IBG MNQ SFGF ACGR NFALL IBSHER 
I1 5. 0 1 1.000 32.174 2 1 
- - - - - - - - - - - - _ - _ - _ - _ - - - - - - * - - - - - - - - - - - - - - - - - - -  

U A Y  IS PRESEM. 

HTCL SPGC PUCD ma CCCD 
I2 2 2.650 78.000 30.000 16.000 

DEWSmffl ~ E F F X c E A T S  BY LAYER 
DEPOSITION 
TRRESHOLD 
SHEAR 

LAYER STRESS 
NO. lb/sq.ft 

. - 
ACTIVE LAYER 1 0.0200 

INACTIVE MYER 2 0.0200 

EROSION COEFFICIENTS BY LAYER 
PARTICLE HASS MASS SLOPE OF SLOPE OF 
EROSION EROSION EROSION PARTICLE MASS 
SHEAR SHEAR RATE EROSION EROSION 

LAYER STRESS STRESS LINE-ER1 LINE-ER2 
NO lb/sq.ft lb/sq.ft. lb/sf/hr l/hr l/hr 

ACTIVE LAYER 1 0.0500 0.1000 1.5000 30.0000 60.0000 
INACTIVE LAYER 2 0.1250 0.2300 2.0000 19.0476 32.0000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SILT IS PRESEM 

HTCL IASL LASL SGSL PUSDLE MSDLE CCSDLB 
I3 2 1 4 2.650 82.000 65.000 5.700 
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DEPOSmaY COEFFICTEWS BY LAYER 
DEPOSITION 
TRRESXOLD 

SHEAR 
LAYER STRESS 
NO. lb/sq. f t 

COEFFICIEiTS FOR CCMPUl?ATION SClEtG WERE SPECIFIED 
DBI DBN XID XIN XI0 W I  W N  JSL 

I5 0.500 0.500 0.250 0.500 0.250 0.000 1.000 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ACTIVE LAYER 1 0.0200 
INACTIVE LAYER 2 0.0200 

EROSICW wEmaEHTs BY LAYER 
PiumcLE CUSS W S  SLOPE OF SLOPE OF 
mIffl m f f l  EROSION PARTICLE MASS 
SEsAR SREAR RATE EROSION EROSION 

LAYER STRESS STRESS LINE-Eli1 LINE-EIU 
NO lb/sq.ft lb/sq.ft. lb/sf/hr l/hr l/hr 

ACPIVE LAYKR 1 0.0500 O.lm 1.5000 30.0000 60.0000 
INACTIVE LAYER 2 0.=50 0.2300 2.0000 19.0476 32.0000 - _ - - - - - _ _ - - - _ _ - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - -  
SANDS - BOULDERS ARE PRESENT 

MTC IASA LASA SPGS GSF BSAE PSI UWDLB 
I4 4 1 10 2.650 0.667 0.560 30.000 93.000 

USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG 
GRAIN SIZES UTILIZED (mean diameter - rmn) ...................................................................... 

SEDIMENT LOAD TABLE FOR SPREAM SEGMENT # 1 
LOAD BY GRAXN SIZE CLASS [tons/day) --------------------------------------------------------------------------- 

LQ Il.00000 I50.0000 IlOOO.00 I.5800.00 I90000.0 I ------------ ------------ ------------ ------------ ------------ 
LF CLAY 0.484000E-02 0.660000 96.0000 1170.00 80000.0 
LF SILT1 10.550000E-0210.750000 1 96.0000 1 936.000 1 56000.0 1 

CLAY.............. 0.003 
VERY FINE SILT.. . . 0.006 
FINE SILT.. ....... 0.011 
MEDIUM SILT. ...... 0.022 
COARSE SILT ....... 0.044 
VERY PINE SAND.. . . 0.088 
FINESAND. ........ 0.177 
MEDIUM SAND.. . . . . . 0.354 

COARSE SAND....... 0.707 
VERY COARSE SAND.. 1.414 
VERY FINE GRAVEL.. 2.828 
FINE GRAVEL....... 5.657 
KEDIUM GRAVEL..... 11.314 
COARSE GRAVEL.. . . . 22.627 
VERYCOARSEGRAVEL 45.255 

REACH G E O m Y  FOR STRE?+M SEGMENT 1 ------------------------------------ 
CROSS REACX MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE 
SECTION LENGTH BED LEET SIDE THRLWEG RIGRT SIDE FROM DOHNSPREAH 
NO. (ft) U I ~  (ft) (ft) (ft) (ft) (miles) 

___-__-_ -__-_ -_____- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

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

LF VFS 
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF MG 
LP CG 
LF VCG 

-----------: ------------ ------------ ------------ ------------ 
TOTAL ) O . ~ ~ O O O O E - O ~ ~  3.ooooo 1 640.000 1 8991.00 1 800000. 1 --------------------------------------------------------------------------- 

0.132000E-02 
0.88OOOOE-03 
0.440000E-03 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.1000008-19 
0.100000E-19 
0.100000E-19 

0.180000 
0.120000 
0.600000E-01 
0.100000E-19 
0.lOOOOOE-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

-- 
67.2000 
42.2400 
17.2800 
8.96000 
1.92000 
0.100000E-19 
O.1OOOOOE-19 
0.100000E-19 
0.100000E-19 
0.100000E-19 

1404.00 
810.000 
540.000 
144.000 
45.0000 
18.0000 
9.00000 
0.100000E-19 
0.100000E-19 
0.100600E-19 

184000. 
128000. 
92000.0 
24000.0 
8000.00 
3200.00 
800.000 

0.100000E-19 
0.100000E-19 
0.100000E-19 
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15.000 1.000 0.151 0.151 1.000 1.000 I CLAY 0.000 C SILT 0.000 C SAND 0.367 M GRVL 0.011 
VFSILT 0.000 VFSAND 0.010 VCSAND 0.113 C GRVL 0.022 
F SILT 0.000 I F SAND 0.070 I VFGRVL 0.045 VCGRVL 0.002 I 

BED MATERIAL GRADATION ---------------------- 
S E M O  SAE DNAX DXPI XPI TOTAL BED MATERIAL ERAcrIONS 

(ft) [tt) BED per grain size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,-. 

I M S ~ L T  0.000 1 M SAND 0.327 1 P GRVL 0.033 1 
32.000 1.000 0.210 0.210 1.000 1.000 I G A Y  0.000 C SILT 0.000 C SAND 0.375 M GRVL 0.005 

VP SILT 0.000 VP SAND 0.010 VC SAND 0.105 C GRVL 0.005 
E CT1.T 0 . 0 0 0  I P SAND 0.070 I VF GRVL 0.025 I VC GRVL 0.005 I - - - - - - - - - I k SILT 0.000 1 M SAM) 0.375 1 F GRVL 0.025 1 

C SAND 0.360 
VCSAND 0.120 
VFGRVL 0.060 
F GRVL 0.040 

C--SILT 0.000 
VFSAND 0.010 
F SAND 0.070 
M SAND 0.290 

1.000 1.000 0.105 0.105 1.000 1.000 M GRVL 0.015 
C GRVL 0.035 
VCGRVL 0.000 

CWY 0.000 
VFSILT 0.000 
F SILT 0.000 
M SILT 0.000 

0.000 
0.006 
0.048 
0.217 

C SILT 
VFSAND 
P SAND 
M SAND 

42.000 1.000 0.210 0.210 1.000 1.000 C SAND 
VCSAND 
VFGRVL 
F GRVL 

0.439 
0.161 
0.063 
0.032 

C W Y  0.000 
VFSILT 0.000 
F SILT 0.000 
M SILT 0.000 

M GRVL 
C GRVL 
VC GRVL 

0.000 
0.004 
0.039 
0.153 

C SAND 
VC SAND 
VFGRVL 
F GRVL 

0.466 
0.183 
0.078 
0.034 

53.000 1.000 0.210 0.210 1.000 1.000 -Y 0.000 C SILT I VF SILT 0.000 1 VF SAND 

M GRVL 
C GRVL 
VC GRVL 

C SILT 
V F  SAND 
F SAND 
M SAND 

44.000 1.000 0.210 0.210 1.000 1.000 CLAY 0.000 
VF SILT 0.000 
F SILT 0.000 
M SILT 0.000 

0.000 
0.002 
0.031 
0.098 

F SILT 0.000 F SAND 
I M  SILT 0.000 I M  SAND 

C SAND 
VCSAND 
VFGRVL 
F GRVL 

0.488 
0.202 
0.091 
0.037 

M GRVL 
C GRVL 
VCGRVL 

BSD SSDIMENT COKPROL VOLUMES 

SEGMENT # 1: KXAMPLE 

............................ 
1640.000 I 1;:::: I 3760.000 I 

32.000 6385.000 
42.000 6015.000 

C SAND 0.509 
VC SAND 0.220 
VF GRVL 0.104 
F GRVL 0.039 

C SILT 0.000 
VF SAND 0.001 
F SAND 0.024 
M SAND 0.047 

55.000 1.000 0.210 0.210 1.000 1.000 M GRVL 0.000 
C GRVL 0.028 
VC GRVL 0.028 

(ZAY 0.000. 
VF SILT 0.000 
F SILT 0.000 
M SILT 0.000 

C SILT 0.000 
VF SAND 0.000 
F SAND 0.020 
M SAND 0.020 

C SAND 0.520 
VC SAND 0.230 
VF GRVL 0.110 
F GRVL 0.040 

58.000 1.000 0.210 0.210 1.000 1.000 

NO. OF INPUT DATA MESSAGES- 
END OF SEDIMENT DATA 

M GRVL 0.000 
C GRVL 0.030 
VC GRVL 0.030 

CLAY 0.000 
VP SILT 0.000 
F SILT 0.000 
M SILT 0.000 

7. COBESIVE s E D m .  
D E P m  V O L  
(tt) I (cu-ft) 

,----------------------- 

SKYD 
BEGIN COMPUTATIONS. 

10.000 
10.000 
10.000 
0.000 

10.000 
10.000 
10.000 
3.400 

-1--~~1*-1**--1-***__--11------11--.--------~~*--------=*-~~*--**-----*-----------~~~-~~---=*=---- 

TIME STEP # 1 * B FLOW 1 - WARM-UP BASE FLOW OF 750 CES, LAKE: IHWUNDED. 

0.332920E+07 
0.862040E+07 
0.132500B+08 
0.000000 
0.910465E+07 
0.630947E+07 
0.420808E+07 
461456. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT. 

ACCUMULATED TIME (yrs) .... 0.003 
FLOW D(IRAT1ON (days) . . . . . . 1.000 

UP!XTEAM BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stream Segment # 1 DISCHARGE SEDIMENT LOAD TEMP- 
Section No. 58.000 I (cfsl I (tons/day) I ldeg F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INFLOW I 750.00 1 373.33 1 65.00 

TABLE SA-1. TPAP EFFICIENCY ON STRE?+l SEGMENT # 1 
EXAMPLE PROBLEM NO 7. COHESIVE SEDIPIENT. 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGUENT 

..**..****..* .**.**..*..***..**...*.****..*....**..*****.********..*.**.......*.**.....*.**.*....*...*.****.** 
TIME ENTRY C U Y  . SILT SAND 
DAYS POINT INFLOW OUTFLOW TRAP EEF INFLOW OUTFLOW TXAP EFF * INFLOW OUTFLOW TRAP EFF 
1.00 58.000 0.09 0.17 0.04 

TOTAL- 1.000. 0.09 0.09 0.07 0.17 0.05 0.73 0.04 0.00 1.00 
..* .*.**.*..............*....*...**...*.*.*......**...******...****.o***.*....**....*.*.*...*........*.****.*. 
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TABLE SB-1: SEDIlIgKP LOAD P m I X  TBg BOUNOARIXS OF STREAM SEGMENT II 1 __----__---_-------------------------------------------------------------------- 
S E D I ~ N T  INPLOW at the Upstream 

GRAIN SIZE LOAD (tons/day) ___-___------------------------------------------------------------------- ....... CLAY .............. 59.51 COARSE SAND 0.09 
VERY PINE SILT.. .. 60.24 VERYCOARSESAND.. 0.02 

0 .00 FINE SILT......... 51.29 I VERY PINE GRAVEL.. 

TABLE SB-2: SPATUS OP THE BED PROFILE AT TIME - ------------------------------------------------- 
SECPION BXD amJGx US gLHV TBALWEG 
NUMBER (ft) (ft) (ft) 

58 .000  0 .02 985.12 975.42 
5 5 . 0 0 0  0 .00 985.06 972.90 
53 .000  0 .00 985.01 972.20 
44 .000  0 .00 985.01 967.10 
42 .000  0 .00  985 .01  969.80 
3 2 . 0 0 0  0 .00 985.00 956.50 
15 .000  0 .00 985.00 953.70 

1 . 0 0 0  0 .00 985.00 944.70 

MEDIUM SILT....... 63.35 
COARSE SILT....... 66.69 
VERY FINE SAND.... 38.05 
PINE SAND ......... 24.05 
MEDIUM SAND ....... 10.03 

1 .000 DAYS 
, - - - - - - - - - - - - - - - - - -  

PINE GRAVEL....... 0.00 ... UEDIUM GRAVEL.. 0 .00  
COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

0 TRANSPORT 
(cfsl C U Y  
750.  60. 

------------- 
RATE (tons/&~) 

SILT 
242 .  
242.  
196 .  
144 .  
1 0 0 .  

7 9 .  
6 9 .  
64 .  

------------- ------------- 
TOTAL - 373.33 

SEDIMENT OUTFLOW f m m  the Dovnstream Boundary 
GRAIN SIZX LOAD (tons/&y) I GRAIN SIZX LOAD (tons/&y) ____---------------------------------------------------------------------- 

SAND 
5 .  
0 .  
0 .  

- 0 .  
0 .  
0 .  
0 .  
0 .  

CLAY .............. 55.63 
VERY FINE SILT.. .. 45.88 
FINE SILT......... 17.36 
MEDIUM SILT....... 0.88 
COARSE SILT....... 0.00 
VERY FINE SAND.... 0 .00  
FINE SAND ......... 0.00 
MEDIUM SAND ....... 0.00 

------------------------------------------------------------------------------------------ 
S PRT 
... Selective Printout Option - Print at the follwhg crass sections 
CP 1 

COARSE SAND....... 0.00 
VERY COARSE SAND.. 0 .00 
VERY FINX GRAVEL.. 0.00 
PINE GRAVKL.. ..... 0.00 
UEDIUM GRAVEL.. ... 0.00 
COARSE GRAVEL..... 0.00 
VERYCOARSXGRAVEL 0.00 

PS 32 .0  
END 

------------- ------------- 
TOTAL - 119.76 

~1~11----1-1--=--1-------==---===-------==-----~-=-=-----=----------=---------------=-*--- 

TIME STEP # 2 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EXAMPLE PROBLEM NO 7 .  COggSIVE SKDfMgKP. .......... ACCUMKJIATED TIME (yrs) 0.003 

- - -  Downstream Boundary Condition Data for STlUDA SXGMENT NO. 1 at Control Point t 1 --- 
DISCIU\RGX TXMPKR).TURX WATER SURFACE 

**- DISCHARGE WATER =GY VgLOCITY ALPEA TOP AVG AVG VEL (by subsection) 
(CFSI SmLPACE LINE EXAD WIDTH BED 1 2 3  

SECTION NO. 32.000 
"** 1250 .000  985.002 985.002 0 .001 3.255 1943.167 963.558 0 .037  0.214 0 .037  

FLOW DISTRIBUTION - 1 0 . 5 4 8  78.455 10 .997  

_ _ _ - - - - - - - - _ - _ _ - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - -  
EXAMPLE PROBLEM NO 7 .  COIlESIVE SXDIMKKP. 

ACCUMULATED TIME (yr~). ... 0.277 
FLOW DURATION (days) ...... 10.000 

UPSTREAM BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stream Segment 1 1 DISCXARGE SEDIMENT LOAD TEMPERATWRE 
Section No. 58 .000  1 (cfs) I (tons/dayl I (deg F) ...................................................................... 

INFLOW I 1250.00 1 890.88 I 65.00 

TABLE SA-1. TRAP EFPICIENCY ON SPRBAn SEGMENT # 1 
EXAMPLE PROBLEM NO 7 .  CORESIVE S E D I m .  
ACCUMULATED AC-PT EWITRING AND LEAVING M I S  STREAM SEGMEhT .............................................................................................................. 

TIME ENTRY CLAY SILT SAND 
DAYS POINT INFLOW OVPPLOW TRAP EPP INFLOW OUTFLOW TRAP EFF INFLOW OUTFLOW TRAP EFF 

1 0 1 . 0 0  58 .000  20 .27  39.47 * 10.04 
TOTAL- 1 . 0 0 0  20 .27  19.54 0.04 39 .47  13.42 ' 0.66 10.04 0 .00  1 . 0 0  .............................................................................................................. 
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TOTAL - 890.88 
SEDIKENT OUTFLOW from the Downstream Boundary 

GRAIN SIZE LOAD (tons/day) I GIWN SIZE LOAD (tons/day) 

TABLE SB-1: SEDINEKT LOAD PASSING THE BOWNDXUES OF SPREAH SEGMENT # 1 .............................................................................. 
SEDIKENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/&y) ( GXAIW SIB LOAD (tons/&yt .......................................................................... 
CLAY .............. 131.86 
VERY FINE SILT .... 128.18 
FINE SILT ......... 115.20 
MEDIUM SILT.. ..... 149.14 
CDARSE SILT.. .... . 163.84 
VERY FINE SAND.... 98.84 
FINE SAND.. . . . . . . . 61.46 
MEDIUM SAND.. . . . . . 26.75 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME - 101.000 DAYS ................................................................................ 

COARSE SAND ..... . . 12.75 
VERYCDARSESAND.. 2.87 
VERY FINE WVEL.. 0.00 
FINEGRAVEL ....... - 0.00 
MEDmW GRAVEL.. . . . 0.00 
COARSE W V E L . . . . .  0.00 
VERYCOARSEGIUVEL 0.00 

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

SECTION BED CHANGE WS ELFV THAGWEG Q TRANSPORT RATE (tons/day) 
NUMBRR (ft) (ft) (it) (Cfl?) CLAY SILT SAND 

58.000 -0.25 985.38 975.15 1250. 132. 556. 216. 
55.000 1.18 985.20 974.08 1250. 132. 556. 79. 
53.000 0.24 985.04 972.44 1250. 132. 556. 3. 
44.000 0.43 985.03 967.53 1250. 131. 430. 0. 
42.000 0.35 985.01 970.15 1250. 130. 292. 
32.000 

0. 
0.14 985.00 956.64 1250. 129. 232. 0. 

15.000 0.10 985.00 953.80 1250. 128. 202. 0. 
1.000 0.12 985.00 944.82 1250. 127. 190. 0. 

------------- ------------- 

CLAY. ............. 127.12 
VERY FINE SILT.. . . 110.63 
FINE SILT.. ..... . . 64.14 
KEDIUM SILT..... .. 14.76 
COARSE SILT ....... 0.02 
VKRY FINE SAND.... 0.00 
FINE SAND.. ....... 0.00 
MEDIUM SAND. ...... 0.00 

CaRRSE SAND... . . . . 0.00 
VERY COARSE SAND.. 0.00 
VWYFINEGiLAVEL.. 0.00 
FINE GRAVEL.. . . . . . 0.00 
UEDIDn GRAVEL..... 0.00 
COARSEGRAVEL ..... . 0.00 
VWYCDARSEGIUVEL 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 7. COHESIVE SEDIM6NT. 
ACCUMULATED TIME (yrs) . . . . . . . . . . 0.277 

------------- ------------- 
TOTAL= 316.67 

Downatream Boundary Condition - Rating 
Elevation Stage Discharge .................................... 

950.000 950.000 0.000 
955.100 955.100 2000.000 
958.000 958.000 4000.000 
960.000 960.000 6000.000 
962.000 962.000 8000.000 
963.600 963.600 10000.000 
965.100 965.100 12000.000 
966.200 966.200 14000.000 
967.000 967.000 16000.000 
967.700 967.700 18000.000 
968.300 968.300 20000.000 
968.900 968.900 22000.000 
969.400 969.400 24000.000 
969.800 969.800 26000.000 
970.200 970.200 28000.000 
970.600 970.600 30000.000 
971.000 971.000 32000.000 
971.400 971.400 34000.000 
971.800 971.800 36000.000 
972.100 972.100 38000.000 

- - -  Downstream Boundary Condition Data for SPREAH SE- NO. 1 at Control Point # 1 - - -  
DISCHARGE TEMPERATURE WATER SURFACE 

C u m  
Elevation Stage Discharge ..................................... 
972.400 972.400 40000.000 
972.700 972.700 42000.000 
972.900 972.900 44000.000 
973.100 973.100 46000.000 
973.300 973.300 48000.000 
973.500 973.500 . 50000.000 
973.700 973.700 - 52000.000 - . . -- 
973.800 973.800 54000.000 " 

973.900 973.900 56000.000 
974.000 974.000 58000.000 - 
974.100 974.100 60000.000 
974.200 974.200 62000.000 
974.300 974.300 64000.000 
974.400 974.400 66000.000 
974.500 974.500 68000.000 
974.600 974.600 70000.000 
974.700 974.700 72000.000 
974.800 974.800 74000.000 
974.900 974.900 76000.000 
975.000 975.000 78000.000 

*** '  DISCHARGE WATER ENERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection) 
(CFS) SURFACE LINE HEAD WIDTH BP) 1 2 3 

-=---=---------=----=--=--=--1-~~~~--==~---~--~~-~~--~~-~~---=-.~~~~=~~=~~s~~~=~. 

TIME STEP # 3 * AC FLOW 3 - NEAR BANK FULL Q, LAKE LO-. 

SECTION NO. 32.000 
* * * *  1250.000 965.170 965.207 0.037 1.000 138.791 959.334 0.000 1.543 0.000 

FLOW DISlRIBUTION (k1 - 0.000 100.000 0.000 

_ - - - - - - - _ - - * _ - - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - -  

EXAMPLE PROBLEM NO 7. 'COHESIVE SEDIMENT. 
ACCUMUUTED TIME (yrs) . . . . 0.277 
FLOW DWTION (days) ...... 0.200 
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UPSTREAM BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
St ream Segment # 1 
S e c t i o n  No. __-__--_-------------------------------------------------------------- 

INFLOW I 1250.00 1 890.88 1 65.00 

FALL VELOCITIES - Method 2 
D I m R  VELOCITY REY. NO. CD ------------------------------------------------------------ 

SEDIMENT INFLOW a t  SECXION NO. 58.000 
GRRIN SIZE LOAD ( tons /day)  I GRAIN SIZE LOAD ( tons /day)  .......................................................................... 

CLAY 0.000009 0.21052983-04 0.1671599E-04 1437286. 
VF SILT 0.000018 0.83906878-04 0.1332435E-03 180969.4 

CLAY.............. 131.86 
VERY FINE SILT .... 128.18 
FINE SILT. .  . . . . . . . 115.20 
MEDIUM SILT ..... . . 149.14 
COARSE SILT.. . . . . . 163.84 
VERY FINE SAND.... 98.84 
FINE SAND... ...... 61.46 
MEDIUM SAND. .. . . . . 26.75 

P SILT 
M SILT 
C SILT 
VF SAND 
F SAND 
M SAND 
C SAND 
VC SAND 
VE GRVL 
F GRVL 
I4 GRVL 
C GRVL 
VC GRVL 

COARSE SAND..... . .  12.75 
VERYCOARSESAND.. 2.87 
VERYFINEGRAVEL.. 0.00 
FIHE GRAVEL....... 0.00 
MEDIUM GRAVEL..... 0.00 
COARSEGRAVEL.. ... 0.00 
VWYCOARSEGiCAVEL 0.00 

HYDRAULIC PARAMETERS: 
VEL SLO EFD EPW N-VALW TAU USTARM EROUDE NO. 

3 . 3 4 7  0.001024 4.661 132.063 0.0500 0.29798 0.39182 0.273 

------------- ------------- 
TCrAL - 890.88 

B&D SEDIMENT CONTROL VOLUME CGf-lPUTATIONS: 
NEW SURFACE ARi% (SQ FT) : TOTAL X- PORTION S - PORTION 

882419.52 882419.52 0.00 

GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS 
BED MATERIAL PER GRAIN SIZE: BED ERACPION 

CLAY 0.000218 
VF SILT 0.000809 
F SILT 0.002333 
M SILT 0.005219 
C SILT 0.001110 
VFSAND 0.009903 
P SAND 0.069322 
M SAND 0.371366 

C U Y  TRANSPORT UPACrrY: 
BEDSHEARSIRESS,Ib/sq.f t  n 0.2980 

FINE GRAIN SEDIXENT T~PE - 1 
LAYER TYPE - 1 

DEPOSITION THRESHOLD #/s . f t -  0.0200 0.0200 
MASS EROSICkY THRESHOLD, ?/sf;. 0.1000 0.2300 

SIZE EROSIW RATE ( tons /day)  
CUSS ACTNE INaCTNE 

UYER LAYER 
1 141669.82 44213.70 

SILT TRANSPORT CAPACrrY: 
BED SHEAR STRESS, lb / sq . f t  - 0.2980 

FINE GRAIN SEDIXENT TYPE - 1 
LAYER TYPE - 1 2 

DEPOSITION THRESHOLD # / s f  - 0.0200 0.0200 
EROSION THRESHOLD,#/sq.ft = 0.1000 0.2300 

SIZE EROSI(W RATE ( tons/day)  
C U S S  AC7TVE M A C 7 n f E  

U YER U YER 

BED PRAmON PERCEKP FINER 
C SAND 0.371366 83.164717 
VC SAND 0.103983 93.562979 
VE GRVL 0.024758 96.038755 
F GRVL 0.024758 98.514532 
M GRVL 0.004952 99.009687 
C GRYL 0.004952 99.504842 
VC GRVL 0.004952 99.999998 
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-- 
**  ARMOR LAYER * *  
STABILITY COEFFICIENT- 0.71485 
MIN-GRAIN D I M  - 0.000290 
BED SURFACE EXPOSED - 1.00000 

INACPIVE LAYER ACPNE LAYER 
t DEPTH I DEPI'B 

CLAY 0.0000 0.00 0.0121 0.01 
SILT 0.0000 0.00 0.5279 0.14 
SAND 1.0000 9.92 0.4600 0.08 

TOTAL 1.0000 9.92 1.0000 0.23 

AVG. UNIT 
HEIGHT 

AVG. UNIT 
WEIGHP -. .. 

0.046500 0.037114 

COWWSITE UNIT VP OF ACl'IVE LAYER It/&)- 0.037114 
COMPOSITE UNIT WT OP INACTIVE LAYER (t/cf 1 - 0.046500 
DEPTH OF SURFACE LAYER (ft) DSL- 0 .1  
WEIGXT IN SURFACE LAYER (tons) WTSLa 3419.4 
DEPTH OF NEW ACl'IVE LAYER (ft) S E -  0.0032 
HEIGRT IN NEW ACPIVE LAYER(cons) YIMXAL- 0.0 
HEIGHT IN OLD ACTIVE LAYER (tons) WAL- 7434.0 
USEABLE WEIGHT, OLD INACITVE LAYER W I L -  406905.7 
SURFACE AREA OF DEPOSIT (sq f t) SABKa 0.88241952E+06 

** INACTIVE LAYER * *  
BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER 

CLAY 0.000000 0.000000 
VF SILT 0.000000 0.000000 
F SILT 0.000000 0.000000 
M SILT 0.000000 0.000000 
C SILT 0.000000 0.000000 
VFSAND 0.010000 1.000000 
F SAND 0.070000 8.000000 
M SAND 0.375000 45.499999 

'* ACPIVE LAYER **  

C SAND 
vc SAND 
VF GRVL 
P GRVL 
M GRVL 
C GRVL 
VC GRVL 

BED FRACTION 
.0.375000 
0.105000 
0.025000 
0.025000 
0.005000 
0.005000 
0.005000 

BED MATERIAL PER GRAIN SIZE: BED PRACPION PERCENT FINER - -  - B ~ D  FRACTION 
CLAY 0.012145 1.214493 C SAND 0.172485 

VF SILT 0.045067 5.721205 VC SAND 0.048296 
F SILT 0.130056 18.726806 VF GRVL 0.011499 
M SILT 0.290883 47.815126 F GRVL 0.011499 
C SILT 0.061889 54 .a03994 M GRVL 0.002300 
VFSAND 0.004600 54.463954 C GRVL 0.002300 
P SAPID 0.032197 57.683674 VC GRVL 0.002300 
I4 SAND 0.172485 74.932177 

C FINES. COEP (CFFML) , MX =IN.- 0.329756E+05 0.208796E+01 0.258871E+07 
m I A L  TRANSPORT (tons/day) : CLAY 0.142505E+06 C SAND 0.443530E+04 

W SILT 0.144493E+06 VC SAND 0.420230E+04 
P SILT 0.150708E+06 VF GXVL 0.729210E+02 
n SILT 0.176257~+06 F GRVL 0 .831880~+02  
C SILT 0.205679E+06 M GRVL 0.212266E+02 
VF SAND 0.420247B+05 C GRVL 0.208796E-06 
F SAND O.l19823E+05 VC GRVL 0.2087963-06 
t4 SAND 0.6304298+04 

PERCWP FINER 
82.999998 
93.499998 
95.999998 
98.499998 
98.999998 
99.499998 
99.999998 

PERCENT FINER 
92.180679 
97.010260 
98.160160 
99.310060 
99.540040 
99.770020 

100.000000 

SEDIMENT OVrPLOW PROM SECTION NO. 
GRXN SIZE LOAD (t~lur/&y) ------------------------------------ 

CLAY.... .......... 1286.69 
VERY PINE SILT. ... 4498.13 
FINE SILT ......... 13872.54 
MEDIUM SILT ....... 45399.24 
COARSE SILT. ...... 66309.32 
VERY FINE SAND.. . . 709.63 
FINE SAND......... 723.23 
MEDIUM SAND.. . . .. . 2142.73 

32.000 
I GIUIN SIZE LoAD (tona/day) .-------------------------------------- 

COARSE SAND....... 1543.60 
VERY COARSE SAND.. 411.34 
VERY PINE GRAVEL.. 1 .77 
FINE GRAVEL....... 2 .01 
MEDIUM GRAVEL..... 0.10 
COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

TABLE SA-1. TRAP EFFICIENCY ON SlXEAM SEGUENl' # 1 
EXAMPLE PROBLEM NO 7. COHESIVE SEDIMENT. 
ACCUMULATED AC-PP EKPZRRJG AND LEAVING THIS STREAM SE- .. .****t.t.**..*.***..*.t.*t****.....***.*.....*....**.***********...**.**.*.*...*.******.***...***..**..*..** 

TINE ENTRY a A Y  t SILT SAND 
DAYS POINT INFLOW O l l m O W  TRAP EFF INFLOW OUTFLOW TRAP EFF INFLOW OUTFLOW TRAP EFF 

101 .20  58.000 20.31 39.55 * 10.06 
TOTAL- 1.000 20.31 20.04 0.01 39.55 33.04 0.16 * 10.06 0.25 0.97 * .. *.**....**...*....*.**.....*....*..*.*..*.......*.*..***.*****...*****.*.*.*......**.*.*..................*. 

TABLE SB-1: SEDI- LOAD PASSING THE BOUNDARIES OF STREAM SEGMENT # 1 --------------------------------------------------------------------------------- 
SEDIMENT INFLOW at che Upstream Boundary: 

GRAIN SIZE LOAD (tonslday) 1 GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CLAY. ............. 131.86 
VERY FINE SILT .... 128.18 
FINE S I L T . . . . . . . . .  115.20 
MEDIUM SILT. ...... 149.14 
COARSE SILT. .  ..... 163.84 
VERY FINE SAND. . . . 98.84 
FINE SAND.. . . . . ... 61.46 
MEDIUM SAND....... 26.75 

COARSE SAND....... 12.75 
VERYCOARSESAND.. 2 .87 
VERYFINEGRAVEL.. 0 .00 
FINE GRAVEL.. . . . . . 0.00 
MEDIUM GRAVEL.. . . . 0.00 
COARSE GRAVEL. . . . . 0.00 
VERY COARSE GRAVEL 0.00 

-------------  - - - - - - - - - - - - -  
TOTAL - 890.88 
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TABLE SB-2: STATUS OF TRE BED PROFILE AT TIME - 101.200 DAYS ................................................................................ 
SECTION BED CBANGE WS ELEV lXALWEG Q TIUWSPORT RATE (tons/day) 
NUMBER (ft) (ft) (ft) (cfs) CLAY SILT 

5 8 . 0 0 0  -0 .39  982.31 975.01 1250.  132 .  556.  
5 5 . 0 0 0  0 .98  981.20 973.88 1250.  132 .  556.  
5 3 . 0 0 0  0 .23  976.09 972.43 1250.  1 3 2 .  694.  
4 4 . 0 0 0  0 .07 974.32 967.17 1250.  304 .  49975.  
4 2 . 0 0 0  0 .00  971.56 969.80 1250.  835 .  110457.  
3 2 . 0 0 0  - 0 . 0 2  965.17 956.48 1250.  1287 .  130079.  
1 5 . 0 0 0  -0 .07  959.04 953.63 1250. 1512 .  136006.  

1 . 0 0 0  0 .23  953.19 944.93 1250.  1653 .  138891. 

SEDIMENT OUTFLOW from the Downstream Boundary 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tonS/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SAND 
2349.  

12521.  
13246.  

1816.  
1550.  
5534.  

11706.  
2548 .  

CLAY .............. 1653.47 
VERY FINE SILT.. .. 5805.04 ....... FINE SILT.. 17130.54 

..... MEDIUM SILT.. 49534.84 ...... COARSE SILT. 66420.63 ... VERY FINE SAND. 381.98 
FINE SAND.. ....... 369.78 
MEDIUM SAND.. ..... 859.25 

Accumulated Water Discharge from day zero (sfdl 
MAIN 

1 0 0 0 . 0 0  . . 

COARSE SAND....... 688.85 
VERY COARSE SAND.. 226.85 
VERY FINE GRAVEL.. 7.90 
FINE GRAVEL ....... 8.66 
MEDIUM GRAVEL..... 3.69 
COARSEGRAVEL. .... 0.76 
VERY COARSE GRAVEL 0.00 

$PRT A ... Selective Printout Option 
A - Print at all cross sections 

------------- ------------- 
TOTAL - 143092.25 

-------------1----1--~----~--------~-~~---*--*----~*-------.*----------------------------- 

TIKE SPEP # 4 * B n o w 4  =NEARBANKFVLLQ, LAXEMWERFD. 
COMPUTING PROM TIME- 101.2000 DAYS TO TIME- 121.2000 DAYS IN 2 0  COnPUlXTION STEPS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EXAMPLE PROBLEM NO 7. COHESIVE SEDIHENT . 

ACCUMULATED TIME (yrs) .... 0.332 
FLOW DURATION (days) ...... 1 .000  

UPSTREAM BOUNDARY CONDITIONS ...................................................................... 
Stream Segment # 1 DISCEARGE SEDIMENT LOAD TEMPERATURE 
Section No. 58.000 I Icts) I (tolu/dayl I (deg FI ...................................................................... 

LNPLOW I 1250.00 1 890.88 I 65.00 

TABLE SA-1. TRAP EPPICIENCl ON STREAM SEGMENT # 1 
EXAMPLE PROBLM NO 7 .  COBESIVE s m r m .  
ACCWULATED AC-rn ENTERING AND LEAVING TXIS STREAM SE- 

**  ............................................................................................................ 
TIME ENTRY CLAY SILT SAND . 
DAYS POINT INFLOW OUTFLOW TRAP EFP INFLOW OVrPUlW RIAP EFF INFLOW OUTFI.OW TRAP EFF 

1 2 1 . 2 0  58 .000  24.35 4 7 . 4 1  12 .06  * 
TOTAL- 1 . 0 0 0 .  24.35' 24.08 0 . 0 1  4 7 . 4 1  40 .90  0 .14 12.06 2 3 . 3 1  -0 .93  

.** *.*.***********....***********..tt.********************************************.************************* 

- - 

VERY FINE SILT.. .. 128.18 VERY COARSE SAND. . I ......... 
223.60 

FINE SILT 115 .20  VERY FINE GRAVEL.. 0.27 ..... MEDIUM SILT...... . 149.14 FINE GRAVEL.. 0.18 

TABLE SB-1: SEDIHENT LOAD PASSING TIiE BOUNDARIES OF STREAM SEG- # 1 -------------------------------------------------------------------------------- 
SEDI- INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 
CLAY. ............. 131.86 
VERY FINE SILT .... 128.18 ......... FINE SILT 115.20 
MEDIUM SILT..... .. 149.14 ....... COARSE SILT 163.84 
VERY FINE SAND.. .. 98.84 ....... FINE SAND.. 6 1  -46  
MEDIUM SAND.. ..... 26.75 

....... COARSE SAND 12.75 
VERYCOARSESAND.. 2.87 
VERY FINE GRAVEL.. 0 .00  

....... FINE GRAVEL 0 .00  ..... MEDIUMGRAVEL 0.00 ... COARSE GRAVEL.. 0.00 
VERY COARSE GRAVEL 0 .00  

COARSE SILT ....... 163.84 
VERY FINE SAND. ... 124.04 
FINE SAND.. ....... 317.26 ....... MEDIUM SAND 833.35 

------------- ------------- 
TOTAL - 890.88 

SEDIMENT OUTFLOW from the Downstream Boundary ........... . . . . . -  . . . . . . . . .  -. - 
GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

...... CLAY .............. 131.86 1 COARSE SAND. 766.23 

... MEDIUM GRAVEL.. 0 .00  ... COARSE GRAVEL.. 0.00 
VERY COARSE GRAVEL 0 .00  

- - - - - - - - - - - - -  ------------- 
TOTAL - 2953.15 



TABLE SB-2: STATUS OF THE BED PROFILE AT TIME .............................................. 
' SECTION BED CHANGE WS ELEV THALWEG 

NUMBER (ft) (ft) (ft) 
58 .000  -1.32 980.72 974.08  
55.000 -0 .89  979.73  972.01 
53 . O O O  -0 .28 975.71 971.92 
44 .000  0 .10 973.98 967.20 
42.000 0.06 971.56 969.86 
32.000 -0 .23 964.05 956.27 
1 5 . 0 0 0  -0 .96  959.43 952.74 

1 .000  1.63 953.19  946 .33  

- 121.200 DAYS .................................. 
Q TRANSPORT RATE (tons/day) 

(cfs) CLAY SILT 
1250. 132. 556. 
1250. 132. 556.  - 
1250. 132. 556. 

SAND 
225 .  
5 8 1 .  
888. 

1 0 7 8 .  
1029.  
1 0 9 1 .  
2278. 
2265.  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~--*~--~-~--~-~~-~*-==--- - - - - - - - . - -=-*-~=~-~-*-=-~~--  
TIME STEP # 5 . . * B FLOW 5 - LAST FUIY, BASE PLOW OF 750 CFS, LAKE IS LO--.- 
CMPUTING F R M  TI=- 121.2000 DAYS TO TIME- 141.2000 DAYS IN 1 0  COMPUTATION STEPS 

- - . - - -  

EXAMPLE PROBLEM NO 7.  CORESrVE SEDIMWP. 
ACCUMULATED TIME (yrs) .... 0.387 
PLOW DURATION (days) ...... 2.000 

UPSTREAM BOUNDARY CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stream Segment # 1 DISCHARGE SEDIMENT LOAD TEMPERATURE 
Section No. 5 8 . 0 O O I  (cfsl ( (tons1dayl 1 (degFl 
------------------------*---------------------------------------------  

INFLOW I 750.00 1 373.33 1 65 .00  

TABLE SA-1. TRRP EPPICIENCY ON SPRBAn SEGMEKP # 1 
EXAMPLE PROBLM NO 7. COHESIVE S E D I m .  
ACCUMULATED AC-PT ENTERING AND LEAVING TEIS STRFSl S E W  

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

TIME EmRY CLAY SILT . - SAND 
DAYS POIKP INFLOW OUlTlAW TRAP EPF INFMW OUTFLOW TRAP EFF INFLOW OUTFLOW TRAP EFF 

TOTAL - 373.33 
SEDIMENT OUTFLOW from the Dovnstream Boundary 

GRAIN SIZE LOAD ttons/dav) I GRAIN SIZE LOAD (tons/dav) 

TABLE SB-1: SEDIMWP LOAD PASSING THE BOUNDARIES OF SR!SM SEGMENT # 1 -------------------------------------------------------------------------------- 
SEDIKENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) ) GRAIN SIZE LOAD (tons/day) -------------------------------------------------------------------------- 

. . . .  ----------------------------------. 
CLAY .............. 59.51 
VERY FINE SILT.... 60.24 
FINE SILT. ........ 51.29 
MEDIUM SILT....... 63.35 
COARSE SILT ....... 66.69  
VERY FINE SAND. ... 40.39 
FINE SAND.. ....... 51.68 
MEDIUM SAND. ...... 156.84  ------------- 

CLAY.... .......... 59 .51  
VERY FINE SILT.. .. 60.24 
FINE SILT......... 51.29 
MEDIUM SILT.... ... 63.35 
COARSE SILT ....... 66.69 
VERY FINE SAND.... 38.05 
FIWE SAND.. ....... 24.05 
MEDIUM SAND. ...... 10.03 

, - - ~  - - .-------__------------------------------. . -  - 
. . 334.69 COARSE SAND ....... 

V W Y  COARSE SAND.. 120.51 
VERY FINE GRAVEL.. 0 .21 
FINE GRAVEL....... 0.10 
MEDIUM GRAVEL..... 0.00 

....... COARSESAND 0.09 
V W Y  COARSB SAND.. 0.02 
VERYFINEGUAVEL.. 0.00 
FINEGRAVE& ....... 0.00 
HH)RM GRAVEL.. ... 0.00 
COARSEGRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

I COARSE GRAVEL..... 0.00 
VERY COARSE GRAVEL 0.00 

------------- ------------- - - 

------------- 
TOTAL - 1005.51 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME .............................................. 
SECTION BED W G E  WS ELEV THACWEG 
NUMBER (ft) (ft) (ft) 

58.000 -1.76 978.97 973.64 
55.000 -1.15 978.10 971.75 
53.000 -0.57 974.57 971.63 
4 4 . 0 0 0  0.12 973.19 967.22 
42 .000  0.03 970.80  969.83 
32 .000  -0.23 962.77 956.27 
1 5 . 0 0 0  -1.13 958.12 952.57 

1 . 0 0 0  1 .09 951.91 945.79 

141.200 DAYS -------------------------------- 
9 TRANSPORT RATE (tons/day) 

(cfs) CLAY SILT 
750. 60. 242. 
750. 60 .  242.  
750. 60 .  2 4 2 .  
750. 6 0 .  242. 
750. 6 0 .  242. 
750. 6 0 .  242. 
750. 60 .  242.  
750. 60. 242. 

SAND 
168 .  
254 .  
507.  
4 3 7 .  
5 3 2 .  
5 5 8 .  
5 8 2 .  
7 0 4 .  

0 DATA ERRORS DETECED. 

TOTAL NO. OF TIME STEPS READ = 5 
TOTAL NO. OF WS PROFILES - 42 
ITERATIONS IN EICKER EQ - 1 6 8 0  

COMPUTATIONS COMPLETED 
RUN TIME - 0 HOURS, 0 MINUTES & 1 0  . O O  SECONDS 
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Introduction 

HEC-6 processes data from a single input data file: ~j1i.s irltroduction pro;ides somi  . . ,  

basic information about an HEC-6 input data file and its records. 

The HEC-6 lnput Data Record 

. This appendix contains a detailed description of the data input requirement for each._ - . 
variable on each input record. In general, the descriptions of records-are-ordered as the 
records would appear in a data file. Many of the records described can be omitted if the options 
to which they apply are not needed. 

HEC-6 input records follow the basic HEC-2 input record format. Each record is divided 
into ten fields of eight columns each, except Field 1 .--A variable in Field 1 may only occupy 
columns 3 through 8 since columns 1 and 2 (called Field 0) are reserved for record 
identification. 

The location of the variables for each input record is shown by field number. The values 
a variable may assume and the conditions for each are described. Where the value of a variable. . . 
is to be zero, unless otherwise noted, the field may be left blank since a blank field is read as 
zero. Any number without a decimal point must be right justified in its field. Any number 
without a sign is considered positive. 

The location of variables on records is often referred to by an abbreviated designation; 

a for example, X I  .5 refers to the fifth field of the X I  record. 

HEC-6 recognizes only the records described in this appendix. Any unrecognized or 
misplaced records will, in most cases, cause HEC-6 to terminate execution. 

The HEC-6 lnput File 

A typical HEC-6 input file consists of 3 basic parts. The first part is the river system 
geometry; the second part is the sediment properties; and the third is the hydrology. 

The records described in Section A1 are used to define the geometry of the river system' 
being modeled. Title records (TI-T3) are required at the beginning of each stream segment. 
Each set of X I  through H (or HD) records are used to describe the geometry and special features 
of a cross section along a stream segment. The QT, STRIB, and CP records are used to combine 
single stream segments into a river network. a 
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The initial sediment properties and quantities for the model are defined using the 
records in Section A2. Each stream segment in the river network must be described with a 
separate set of T4-PF records. The information entered on the I1 through 15 records pertain to 
the whole network system. Therefore, they need only be entered with the mainstem sediment - - .  
data records. If these records are entered with the sediment data for any other stream segment, 

a 
they will be ignored. Local inflow data ($LOCAL and LQL-LFL records) are entered after the z .  

complete set of sediment records has been entered for the stream segment in which they are 
located and before the records for the next stream segment. 

The records that make up the hydrology data are described in  Section A3. The SHYD 
record is used only once to indicate the beginning of the hydrologic data section in the input 
file. The *, Q, and W records are entered as a set for each time step (discharge) to be modeled 
in the hydrologic data. The T record is required with the first time step (discharge) and is 
optional thereafter. All other records are optional and are to be added to the appropriate time 
step(s). The $$END record should be entered as the last record of the input file and can also 
occur only once. 

Section A4 describes records that can be entered to trigger one or more special options. 
These commands are inserted into the HYDROLOGIC data after the SHYD record and 
immediately before any * record. They are entered one after another, inserted singularly, or 
used as many times as desired. Some require additional data a5 explained in the detailed 
instructions that follow. 
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Section Page 

................................................ A3 Hydrologic Data A-49 
...................... . A3.1 SHYD Record Hydrologic Data (required) A-51 

.............. A3.2 % Record . Comment and Output Control (required) A-52 
................... . A3.3 Q Record Water Discharges in cfs (required) A-54 

A3.4 R Record . Downstream Water Surface Elevation Boundary Condition 
(required) ............................................... A.55 

.............................. A3.5 S Record . Rating Shift (optional) A-57 
....................... A3.6 T Record . Water Temperature (optional) A-58 

............................... A3.7 W Record . Duration (required) A-59 
. . . . . . . . . . .  A3.8 X Record . Alternate Format for Duration Data (optional) A-60 

................................... A3.9 SSEND Record . Required A-61 

.............................. A4 Special Commands and Output Control A-63 
........... A4.1 SB Record . Transmissive Boundary Condition (optional) A-65 

................... . A4.2 $DREDGE Record Dredging Option (optional) A-66 
................ A4.3 SNODREDCE Record . Dredging Option (optional) A-66 

......................... A4.4 SEX Record . Exner Options (optional) A-67 
.............. A4.5 SCR Record . Cross Section Shape Option (optional) A-68 

A4.6 S KL . SKI Records . Channel n Values by Relative Roughness 
............................................... (optional) A.69 

................. . A4.7 SPRT Record Selective Output Option (optional) A-70 
.......... A4.8 . CP Record . Selective Output (see SPRT record . optional) A-71 
.......... . . A4.9 PS Record Selective Output (see SPRT Record optional) A-71 

A4.10 END Record .  elective Output (see SPRT Record; optional) ......... A-71 
.................... . A4.11 $RATING Record Tailwater Rating (optional) A-72 

................................. . A4.12 RC Record Tailwater Rating A-72 
..... A4.13 4SED Record . Water Discharge-Sediment Load Table (optional) A-73 

A4.14 LPO~NT Record -Inflow Point Identification for the Water   is charge- . . s . 

............................... Sediment Load Table (optional) A-74 
A4.15 LRATlO Record -Ratio for the Water Discharge-Sediment Load Table 

............................................... (optional) A.74 
............ . A4.16 END Record Termination Record for the SSED Option A-74 

A4.17 SVOL Record . Compute Cumulative Volume and Deposits at all 
......................................... Sections (optional) A.75 

A4.18 VJ Record . Elevation Table for Cumulative Volume Computations 
................................. . (optional; see SVOL Record) A-76 

A4.19 VR Record . Elevation Table for Cumulative Volume Computations 
................................. (optional; see 4VOL Record) A-76 
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I I Title Records (TI - 73)  

Three title records are required at the beginning of the geometric data for each stream 
segment. Additional output of geometric data can be requested by specifying a B or C in 
Column 3 on the TI record. 

Field Variable Value Description 

0 ID T1 Record identification in Columns 1 and 2. Enter TI, T2 
and T3 for the first, second and third title records, 
respectively. 

Column OPTION Blank Normal output-lists data from title records and the NC 
3 ofT1,  (zero not record. Only the cross section identification number is 
record allowed) listed for records X I  through g. 
only 

0 This option outputs the initial geometry of the model and 
causes the input records to be echoed in the output 
enabling the user to verify the initial geometry of the 
model. 0-level output is normally not recommended, but 
it may provide useful additional information when initially 
developing a data set. 

C This option activates trace level output Use of this print 
option is not recommended. C-level trace output is 
intended only for error checking purposes. 

Comments Fields 2 through 10 (Columns 9-80) may be used for 
identification purposes such as labeling the data set, 
noting the date of the run, or other relevant information. 
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A1.2 NC Record - Manning's n values (required for first cross section) 

The NC record specifies Manning's n 
values and the expansion and contraction 
coefficients for transition losses. An NC is 
required prior to the first cross section 
definition (the first X I  record). When 
changing previously specified values 
additional NC records are required at those 
cross sections where n values change. The 
NC record values are constant with depth 
and will be used until changed by the next 
NC record. NC records may be inserted 
before any X I  record. The n values apply 
over the reach, and will be used starting in  
the reach in which the record appears in the 
data set. Expansion and/or contraction 
coefficients apply to the next upstream 
reach. 

Figure A1 -1 
Channel and Overbank n values 

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. 

Field Variable Value Description 
. . 

0 '  ID NC , Record identification. 

1 XNVR( 1 ) + Manning's n value for the left overbank. 

0 No change from previous n value for the left overbank. 

2 XNVR(3) + Manning's n value for the right overbank. 

0 No change from previous n value for the right overbank. 

3 XNVR(2) + Manning's n value for the channel. 

0 No change from previous n value for the channel. 

4 CC + Contraction coefficient used in computing transition 
losses. 

0 No change in contraction coefficient. 

+ Expansion coefficient used in computing transition 
losses. 

0 No change in expansion coefficient. 

Leave blank. 
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A1.3 NV Record1 - Vary n Values by Elevation or Discharge (optional) 

A table of Manning's n values vs. either elevations or discharges can be entered on the NV 
record. The left overbank, the channel, and the right overbank are the three subsections. A 
separate NV record must be entered for each subsection. Code values in order of increasing 
elevation or discharge. The values on this record will be used for all succeeding cross sections 
until changed by the next NC or NV record. 

HEC-6 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 extrapolation occurs. 

Field Variable Value Description 

0 ID NV Record identification. 

1 NPAR, NCH ++ Enter subsection number in Column 7 and number of 
n values in Column 8. Subsection numbers are: 

1 = left overbank 
2 = channel 
3 = right overbank 

A maximum of five n values are permitted per subsection. 
(For example, 13 denotes that three n values are coded 
for subsection number 1, the left overbank.) 

+ Manning's n value for lowest elevation in the table. A 
positive (+) n value denotes that a "n vs. elevationn table is 
being defined. 

Manning's n value for smallest discharge in the table. A 
negative (-1 n value denotes that a "n vs. dischargen table 
is being defined. 

Note: Do not mix discharge tables and elevation 
tables at  the same cross section. 

-, 0, + The elevation for positive VALN(1) or the discharge for 
negative VAW(1). 

+ Enter the next n value in the table. This can be blank if 
there is only one n value for this subsection. 

-, 0, + Enter the elevation or discharge for VALN(2). 

Continue entering table values across the record. Code 
the fifth elevation or discharge value in Field 1 of a 
second NV record if five points are desired. 

Note: A maximum of five points may be entered per 
subsection. 

' This record is diierent from HEC-2's NV record. 
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I I  w 
> X = Distance in feet 

I 2 

Figure Al-2  
An illustration of VALN and ELQ 

Table A? -1 
Relationship of n values to Elevations or Flows 
I n vs. Elevation n vs. Discharge 
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A1.4 QT Record - Tributary or Local Inflow/Oufflow Location (optional) 

This record identifies the location of a tributary or a diversion point. It should be placed 
immediately before the X I  record for the first cross section upstream from the tributary or local 
inflow/outflow location. See Section 3.6.2. 

Field Variable Value Description 

0 ID QT Record identification. 

1 KQCH Control point number. 

A local inflow/diversion point. When defining a local 
inflow/outfiow point, leave Field 1 blank. 

2-1 0 A tributary junction (control) point. When defining a 
tributary junction point, a value must be entered in Field 
1. This value should be within the range 2 through 10. 

Leave blank. 



X I  Appendix A. Section 1 - Geometry and Channel Properties 

A1.5 X I  Record - Cross Section Location (required for each cross section) 

This record is used to identify the cross section and define its location relative to its 
downstream neighbor. Figure A1 -3 illustrates the basic cross section information entered on 
this record. 

STCHL I 

Figure A1-3 
Example Illustrating the Main Channel and Right and Left 

. Overbank Reach Lengths Between Consecutive Cross Sections 

Field Variable Value Description 

0 ID X I  Record identification. 

1 SECID -, 0, + Cross section identification number. It is recommended 
that SECID be positive and increase in the upstream 
direction. 

2 NXY + Total number of coordinate points used to describe the 
cross section's geometry on the CR records which follow 
(5 s NXY s 100). 

0 Repeat Cross Section Option. The geometry of the 
previous (downstream) cross section (CR records) will be 
repeated for the present cross section. Therefore, no CR 
records will be entered for this section. Do not enter zero 
for the first cross section. 

3 STCHL -, + Station of the left bank of the channel. Use top-bank 
when the bank roughness is included in channel n values.. 
Toe of bank is recommended when channel bank 
roughness is included in overbank n values. STCHL need 
not equal one of the station values entered on the GR 
records for this cross section. 

0 For a repeat cross section, enter zero (or blank); i.e., when 
NXY is zero. The bank stations from the previous section 
will be used. 
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Field Variable Val u e Description 

4 STCHR -, 0, + Station of the right bank of the channel. Same rules as 
for STCHL above. 

5 R LL + Reach length of the left overbank between current cross 
section and the (previous) downstream cross section. 

0 Enter zero (or blank) for the first cross section or when 
there is no left overbank subsection. 

RLR 

RLC 

RX 

0, + Reach length of the right overbank. Same rules apply as 
for RLL above. 

0, + Channel Reach Length. The same rules apply as for 
overbank reach lengths (RLL and RLR) above. 

Cross Section Width Adjustment Factor. Each station 
value defined in the CR data for this cross section will be 
multiplied by RX. For a repeat cross section, station 
values from the previous cross section will be changed 
before they are reused. For example, an RX value of 1.1 
would increase each station by 10% and thereby, 
effectively widen the entire cross section by '1 0%. 

Note: The left and right channel stations, conveyance 
limits, ineffective area limits, movable bed 
limits, and limits of the dredged channel will all 
be adjusted by RX. 

+ 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. 

Cross Section Elevation Adjustment Factor. The 
constant DH will be added to each elevation value defined 
in the CR data for the cross section. For a repeat cross 
section, elevation values from the previous cross section 
will be changed before they are reused. For example, to 
describe a 4,000 ft long flume having a 1 ft/thousand 
slope, just enter the CR data for the first cross section 
and insert four repeat cross sections spaced 1,000 ft 
apart with DH-1. 

Note: If NV records are present, elevations will be 
changed, but the dredging template elevation, 
EDC, (H.6 or HD.6), is not changed. . 

+ Constant that will be added to all elevations. 

Constant that will be subtracted from all elevations. 

0 No change to cross section elevations. 
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A1.6 X3 Record2 - Encroachments (optional) 

The X3 record provides three methods for defining encroachments to a cross section. 
These methods are: (1) ineffective flow area, defined using Field 1; (2) encroachment width, 
defined using Field 3; and (3) encroachment stations, defined using Fields 4-7. See Section 3.2.6 
for a complete description of these three methods. 

Field Variable Value Description 

0 ID X3 Record identification. 

1 MElD Method 1. Ineffective flow area option. 

10 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. See Figure A1-4. 

0 No ineffective flow area. Total area of the cross section 
described on GR records below the water surface 
elevation is used in the computations. 

3 ENCFP 

Leave blank. 

Method 2. Encroachment width for all flow. This option 
computes the STENCL and STENCR (encroachment 
stations) from a specified width, ENCFP, centered about 
the channel. These station points are added to the GR . 
data but no points outside these stations are adjusted in 
elevation. Rather, the cross section limits are reset to the 
computed values of STENCL and STENCR. 

+ HEC-6 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 with Method 1.  

0 The width option is not being used or is not changed 
from previous value. 

1 0  

X = Distance in feet 
+ 

L 1 

Figure A1-4 
Example of Method 1 Encroachment to Keep Flow in the Main 

Channel up to the Designated Bank Elevations 

The HECG X3 record is different from the HEG2 X3 record. 
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Field Variable Value Description 

4 STENCL 

5 ELENCL 

6 STENCR 

7 ELENCR 

Method 3. Encroachment station left. Method 3 may 
not be used in conjunction with Methods 1 and/or 2. 

-, + STENCL sets a limit for flow on the left side of the 
channel. The side will be vertical and frictionless unless 
ELENCL is also used (see Field 5 below). See also Figure 
A1 -5. 

Note: Do not enter a station value of zero since it will 
be treated as if no value was entered. Enter a 
small positive number like 0.01 instead. 

Method 3. Encroachment elevation left. 

-, + Enter the elevation at the top of the left encroachment. 
All cross section elevations for stations to the left of 
STENCL are raised to this elevation. 

0 When a value of zero is entered for the encroachment 
elevation ELENCL, the left cross section limit is reset to 
STENCL. 

Method 3. Encroachment station right. 

-, + Same rules and purpose as STENCL but for use on the 
right side of the channel. 

Method 3. Encroachment elevation right. . 

-, 0, + . Same rules and purpose as ELENCL but for use on the 
right side of the channel. 

n 4 5 
mNCL 

>- X = Distance in feet 
~p 

Figure A1-5 
Example of Method 3 Encroachment Using 

Prescribed Stations and Elevations (STENCL, ELENCL) 
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A1.7 XS3 Record - Internal Boundary Condition (optional) 

The X5 record creates an internal boundary (or hydraulic control point) within a project 
reach. If a minimum water surface elevation is specified at this internal boundary, it is called an 
internal boundary condition. 

An internal boundary effectively divides the reach into two subreaches; the cross section 
where the X5 is placed becomes the downstream boundary for the reach upstream and the cross 
section immediately downstream becomes an upstream boundary for the downstream reach. 
Therefore, X5 records cannot be placed at successive cross sections, nor can they be placed at 
the cross section immediately upstream of an existing downstream boundary. It is important to 
note that the reach immediately downstream from the cross section at which an X5 record is 
placed is "transmissive"; i.e., no sediment interaction with the bed is computed in this reach. 
Therefore, the length of the reach downstream from the X5 location should be quite short or 
zero. Because this reach is transmissive, i ts  length can be short (or zero) without impacting 
upon the time step selection. Use of repeat cross sections facilitates use of the X5 option. 

An internal boundary can be used for two functions: (1) it provides two methods for setting 
an internal boundary condition as discussed below, and (2) i t  separates the reach into smaller 
subreaches for the purposes of sediment volume accounting and trap efficiency calculations. 
Example Problems 2 through 5 show how to use both methods of feature (1) and Example 
Problem 7 has an example using feature (2). 

Method 1 is used to establish a minimum water surface elevation at dams, weirs, bridges, 
etc. This method allows the user to define a minimum water surface elevation as the internal 
boundary condition at an internal cross section. I f  the computed water surface at the next 
downstream cross section plus a specified head loss (field 3) is less than the minimum water. 
surface elevation, then the specified elevation is  assigned to the internal cross section and the 
step backwater computations proceed upstream. 

Method 2 enables the user to prescribe the minimum water surface elevation at an internal 
cross section at each time step during the hydraulic computations. This is accomplished by 
specifying (in field 4 of the X5 record) the field on the R record where the minimum water 
surface elevation for this cross section 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 specification occurs each 
time an R record is encountered in the hydrologic data set with a new value in the specified 
field. When this occurs, the new minimum water surface elevation is compared to the 
computed water surface of the downstream cross section plus the specified head loss (field 3). 
As in Method 1, the greater water value is assigned to the internal cross section as the 
computed water surface elevation. 

By separating the project reach into smaller subreaches, the X5 record provides a 
mechanism for obtaining trap efficiency and sediment volume accounting for each subreach. 
This feature is invoked simply by the existence of the X5 record in the cross section definition. 
If it is not desired to specify the water surface elevation (internal boundary condition), but trap 
efficiency values are of interest, simply enter an X5 record with Fields 1-1 0 blank. . 

The HE- X5 record is different fmm the HEC-2 X5 record. 



Appendix A. Section 1 - Geometry and Channel Pro~erties x5 

Field Variable Value Description 

0 1 D X5 Record Identification 

1 Leave blank. 

2 UPE -, + Method 1 - Minimum Water Surface Elevation. The 
water surface elevation at this cross section will be UPE 
unless the water surface at the downstream section plus 
HLOS exceeds UPE. (HLOS is coded in Field 3.) 

0 Zero indicates that Method 1 is not used. I f  the desired 
minimum water surface elevation is zero, enter a small 
positive value (e.g., 0.001). 

3 HLOS 0, + Head loss between this section and the cross section 
immediately downstream. The specified water surface 
elevation is overridden when the tailwater elevation plus 
HLOS is higher. 

4 ICSH 2-1 0 Method 2 - R Record Field. This method allows the user 
to specify the minimum water surface elevation for this 
cross section on each R record in the hydrologic data set. 
The value entered here is the number of the field of each 
R record where HEC-6 will look for the minimum water 
surface elevation for this cross section (see R record 
description in Section A3.4). . 

Note: Do not use ICSH=I. Field 1 is reserved for . 
specifying the water surface elevation at the 
downstream boundary control point. 

0 Zero indicates that Method 2 is not used. When using 
Method 2, allowable values are in the range from 2 to 10. 
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Al.8 XL Record - Conveyance Limits (optional) 

Two methods are available for specifying conveyance limits. In Method 1, only a width 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 Method 2 both a left and 
right station must be specified 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 it blank. 

Field Variable Value Description 

0 ID XL Record identification. 

1-2 Leave blank. 

3 CLC + Method 1. Enter the width of the conveyance channel. It 
will be centered between left and right bank stations 
(STCHL and STCHR on X1 record). 

0 Use Method 2. 

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 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. 

CLR -, + Method 2. Enter the cross section station on the right 
side of the conveyance channel. It does not have to 
coincide with a coordinate point. It can be any place in 
the cross section, but it must be greater than CLL. 

Note: Do not enter a value of zero since it will be 
interpreted as though no value was entered. 
Enter a small positive value k g . ,  0.001) when a 
value of zero is desired. 

Leave blank. 
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A1.9 GR Record - Cross Section Coordinates (required) 

Cross section geometry is defined as a series of elevation and station coordinates entered 
on CR record. This record specifies the elevation and station of each coordinate used to 
describe the geometry of a cross section as illustrated in Figure A1 -6. A set of CR records i s  
required for each cross section unless NXY (X1.2) is zero indicating a repeat cross section. 
Stations must be entered in increasing order. Enter up to five coordinates per CR record. A 
maximum of 100 points (or twenty CR records) per cross section is permitted. 

Field Variable Value Description 

0 ID GR Record identification. 

1 EL( 1 -, 0, + Elevation of first ground point. 

2 STA(1) -, 0, + Station of first ground point. 

3 EL(2) -, 0, + Elevation of second ground point. 

4 STA(2) -, 0, + Station of second ground point. 

Etc., continue elevation and station values for up to 100 
ground point pairs. Each continuation record is identified 
with CR in Field 0, and the format is identical for all 
records. 

x = u~stance in feet 

I I 

Figure A16  
Example of CR Station and Elevation Pairs 

Defining a Channel Cross Section 
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Al.10 H Record - Movable Bed Limits (required if not using HD Record) a 
This record prescribes the width and depth of the bed sediment control volume and the 

dredging template at a cross section. HEC-6 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 control volume in Field 2. Other 
data on this record is the same as the HD record and either record is acceptable. Note that if a 
movable bed limit coincides with a GR point, that point is movable. 

Field Variable Value Description 

0 ID H or HD Record identification. 

1 SEClD -, + Cross Section Identification Number. Use the same 
value as previously entered in X I  .1 for this cross section. 

For H Record 

2 EM B - + Elevation of Model Bottom (EMB). Enter the desired 
elevation. HEC-6 will not scour the 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 HEC-6 sets EMB to 10 ft below the minimum channel 
elevation of this cross section. 

For HD Record 

2 DSM 0, + Depth of the Bed Sediment Control Volume at this 
cross section. Negative values are not permitted. There 
is no default. (See warning for EMB above.) 

3 XSM -, + Movable Bed Boundary, Left. Cross section station at 
change from fixed bed to movable bed; counterpart to 
XFM (H.4). Cross section coordinates between and 
including XSM and XFM will be adjusted vertically for 
scour and deposition. This station need not coincide with 
an existing CR point. 

0 HEC-6 will automatically set the movable bed limits 
according to the location of the water surface. 

4 XFM -, + Movable Bed Boundary, Right. Cross section stariof~ at 
change from movable bed to fixed, counterpart tc YSrd 
(H.3). See XSM. 

0 HEC-6 will automatically set the movable bed lir:iits 
according to the location of the water surface. 

Leave blank. 
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6 EDC -, + Elevation of Bottom of Dredged Channel. Do not 
include overdredging here (see H.10). This value should 
always be above the model bottom. (EMB in field H.2.) 

0 Dredging is not desired at this cross section. If the 
desired elevation of the dredged bottom channel is zero, 
enter a small positive value. 

XSD 

XFD 

9 XDM 

-, + Dredged Channel Boundary, Left. 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 dredged channel (from XSD to XFD (H.8)) 
can be corrected for dredging. XSD should always be 
greater than  or  equal to  XSM. 

0 XSD is set equal to XSM (H.3). 

+ Dredged Channel Boundary, Right. Enter the station of 
the cross section point at the right of the dredged 
channel, beyond which no dredging is performed, 
counterpart to XSD. XFD should always be less than or 
equal to XFM. 

0 XFD is set equal to XFM (H.4). 

+ Cross section station of highest elevation inside the 
dredge template. HEC-6 tests the elevation of that point 
against the elevation of dredged channel to determine 
whether or not dredging is required. Enter the station 
value of the coordinate having the highest elevation 
within the portion of channel to be dredged. 

0 HEC-6 uses the first (left-most) station within the dredged 
channel portion of the cross section. 

+ Depth of Overdredging. Used to establish some extra 
depth below the 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 control volume. 

0, b Leave blank if overdredging is not required. 
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A .  I E J  Record (required) - End of Geometric Data 

End of geometric model data is established by an EJ record. This record must be the last 
geometry record entered for each stream segment described in the geometry section. 

Field Variable Value Description 

0 ID Record identification. 

1-10 Leave blank. 
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A1 . I2 STRIB Record - Tributary lnfl ow Point (optional) 

This is the HEC-6 record which identifies the beginning of the geometry or sediment data 
set for each tributary in the stream network. The difference between a tributary and a local 
inflow is that the tributary is a branch in the network geometry data set whereas a local inflow 
point has no geometry. Refer to Section 3.6 for instructions on assembling data for tributary 
systems. 

Place a JTRlS command in front of each tributary geometric data set and in front of each 
tributary sediment data set. 

Important Note: A JTRlB record for this version of HEC-6 has a different meaning than 
a STRIB record for versions released prior to June 1991. A STRIB 
record from an old (pre 1991) data file should be changed to a $LOCAL 
record in order to run the data using Version 4.0 or later of HEC-6. 

Field Variable Value Description 

0 ID STRIB Record identification (Columns 1 - 5). 

2-1 0 Leave blank. 

A1 . I3  CP Record - Control Point Identification (optional) 

The CP record is used to associate each tributary data set with the cross section where it 
enters the network. The value entered in Fie!d 1 should equal that given on the QT 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. 

0 ID CP Record identification. 

1 JPNUM + Junction (control) point number. 

2-1 0 Leave blank. 
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Sediment Properties 
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Transport Functions 
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A2.2 I1 Record - Sediment Properties (required) 

The I1 record contains sediment properties. 

Field Variable Value Description 

0 1 D I1 Record identification. 

2 SPI Iterations of the Exner computations. 

+ Specify the number of exchange increments used during 
each time step to recalculate the composition of material 
in the bed. 

Note: More than any other input variable, SPI affects 
computation time. If too small of a value is 
used, calculations may display oscillations in 
the amount of sediment being transported and 
in the bed profile. The value can be increased 
to 20 or more, until the computed results are 
essentially the same as those calculated with 
SPI left blank or zero. 

0 HEC-6 calculates a value for SPI. 

Note: The value of SPI computed by HEC-6 (if the user 
does not specify a value) can be 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 50. If the user chooses to  
use the larger values, the desired SPI must be 
entered in Field 2 (11.2) and HEC-6 re-executed. 
Refer to Section 2.3.4.1 and Training Document 
No. 13, "Guidelines for the Calibration and 
Application of Computer Program HEC-6" (HEC 
1992), for further discussion. 

IBC Gradation Calculation Method. Instructs HEC-6 to 
calculate gradation in surface layer based upon transport 
capacity required to just transport the inflowing load with 
no scour or deposition if possible. Use this option if 
bed material gradations are not available. 

0 HEC-6 uses gradation on PF records to calculate transport 
capacity. 

+ HEC-6 calculates gradation of surface layer based on . 
inflowing load and sediment transport theory. Iteri(tive 
process performed in IBC iterations. 

Leave Blank. 
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A2.1 Title Records - Comments (five required, T4 - T8) 

Five Title Records are required to precede the sediment data for each segment in a 
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. 

Field Variable Value Description 

0 ID T4 Record identification in Columns 1 and 2. T4, T5, T6, T7, 
and T8 for the fourth through eighth title records, 
respectively. 

Column OPTION B Data Echo. Each input record is echoed to the output file 
4 as it is read. This is available to help the user verify the 

of T4 initial conditions and is not recommended for normal use. 
record To exercise this option, enter B in Column 4 of the first 
only title record (T4) of this group. Otherwise leave blank. 

Fields 2 through 10 (Columns 9-80) may be used for 
identifying the stream segment, project date, or any other 
relevant information. 

' Column 4 of the fint t i e  record (74) is reserved for requesting an output option that echoes the input and should be left 
blank if a data echo is not required. 
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Field Variable Value Description 

5 SPCF + S~ecific Gravity of Fluid. It is usedwith density and - 

aiceleration of gravity to calculate unit weight. 

0 HEC-6 uses SPCF=1.0000 (fresh water at 39.2 degrees F). 

6 ACCR + Acceleration Due to Gravity. 

NFALL 

0 HEC-6 uses Cx32.174 ft/sec2 (standard at 45 degrees 
latitude, sea level). 

Fall Velocity Computation Method. Refer to Section 
2.3.7, for a discussion of the available methods. 

0 HEC-6 defaults to Method 2. 

1 Original Toffaleti (1 966) method for computing fall 
velocities. 

2 Federal Interagency Sedimentation Project (ICWR 1957 & 
Williams 1980) method for computing fall velocities. 

IBSHER Bed Shear Stress Computation Method. 

0, 1 HEC-6 calculates bed shear stress as yDS for clay/silt 
erosion and deposition. 

2 HEC-6 uses U* from smooth wall law to calculate bed 
shear stress for clay/silt erosion and deposition. 
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A2.3 12 Record - Parameters Required for Clay Transport (optional) 
. * .  . 

The presence of an 12 record instructs HEC-6 to calculate transport of clay. The data 
included on this record provides parameters and guidelines with which to structure the 
computations for clay transport. 

Note: The clay transport relationships were derived from experiments where the suspended 
sediment concentrations were less than 300 mg/t (Krone 1962). Applications to field 
situations where suspended sediment concentrations are greater than 300 mg/t may 
exceed the intended 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 simulating clay deposition rates in deep resen;oirs. 

If the 12 record is used by itself, HEC-6 will only compute deposition of clay. However, if 
two Special 12 records are used in addition to the first 12, both deposition and erosion of 
cohesive sediment (clay and silt) will be computed. 

Field Variable Value Description 

0 ID I2 Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 MTCL Clay Transport Method. 

0, 1 Deposition of clay using settling velocity is computed 
only. No clay erosion is computed. 

2 Deposition and erosion of cohesive sediments are 
computed. Deposition is computed by the Krone (1 962) 
equation and erosion by the Ariathurai (1 976) method. 
Note that this method requires the addition of two 
Special 12 records. 

ICS b, 1 Initial size class interval for clay - there is only one clay 
size available, so enter 1 or leave blank. 

LC5 b, 1 Last size class interval for clay - there is only one clay size 
available, so enter 1 or leave blank. 

SPCC + Specific gravity of clay panicles. 

0 The default is 2.65. 

DTCL + The shear threshold for clay deposition. This is the 
average bed shear stress in Ibs/sq f t  above which clay will 
not be deposited. This value is ignored when the Special 
12 records are used. 

0 The default is 0.02 Ib/sq ft. 

Leave blank. 
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Field Variable Value Description 

8 PUCD + The unit of weight for fully compacted clay deposits, Ib/cu 
ft. 

0 The default is 78 Ib/cu ft. 

9 UWCL + The initial (before compaction) unit weight for clay 
deposits, Ib/cu ft. 

0 The default is 30 Ib/cu ft. 

10 CCCD + Compaction coefficient for clay deposits for the equation: 

y,,=UWCL + [CCCD ' log,,(Time)J 

where Time is in years. See Section 2.3.6.3. 

0 The default is 16 Ib/cu ft. 
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A2.4 Special 12 Records - Cohesive Sediment Transport Method 2 - 
Supplemental Parameters (optional) 

The Special I2 records are used to prescribe the depositional 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,&o Special I2 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 clay transport algorithms were derived from expefiments where the suspended 
sediment concentrations were less than 300 mg/t (see Krone, 1962). Applications to 
field situations where suspended sediment concentrations may be greater than 300 
mg/t may exceed the intended 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 simulating clay deposition rates in deep reservoirs. 

The erosion parameters defined on the Special I2 records apply to silt as well as clay 
sediments. If erosion of silt sizes is desired, then an 13 record must follow the Special I2 
record. 

Field Variable Value Description 

0 ID I2 Record identification. 

1 - Comment Any alphanumeric characters or comments. 

2 J 1 Data on this record applies to the active layer (the first , 

Special I2 record). 

2 Data on this record applies to the inactive layer (the 
second Special I2 record). 

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 stress threshold for erosion of clay and silt 
particles, lb/sq ft. This is the shear stress above which 
clay and silt material will be scoured from the beds. 

STM E + Shear stress threshold for mass erosion, Ib/sq ft.' 

ERM E + Erosion rate of clay and silt at STME, Ib/sq ft/hr.' 

ER2 + Slope of the erosion rate curve for mass erosion, 1 /t~r.' 

There is no default. user must enter a value. 
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A2.5 13 Record - Parameters Required for Silt Transport (optional) 

The presence of an 13 record instructs HEC-6 that the mixture of sediment to be analyzed 
contains silt size particles. The data included on this record provides parameters and guidelines 
within which to structure the computations for silt transport. Do not attempt to include silt 
panicles without also including clay. If no clay is present in the system, enter zero for clay on 
the LF and PF records. 

 he" modeling erosion of silts, you must provide an 12 and two Special I2 records to define 
erosion parameters of silt grains. 

Field Variable Value Description 

0 ID 13 Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 MTSL Silt Transport Method 

1 Settling velocity method for calculating deposition o f  silt. 

2 Method for computing scour and deposition o f  silt. 

Note: This method requires the use of an I2 record 
and two Special I2 records, as described on the 
preceding pages. . 

4 LASL 

+ ID number of the smallest grain size classification o f  
silt to be transported (see Table A2-1). IASL must always 
be less than LASL 

0 Default IASL-1. 

+ ID number of the largest grain size classification o f  silt 
to be transported (see Table A2-1). 

0 Default LASLs4. 

Table A2-1 
Grain Size Classes; Silts 

ID Number 
L 

1 

2 

3 

4 

Classification 

Very fine s i l t  

Fine 

Medium 

Coarse 

Grain Size (mm) 

.004 - .0080 

.008 - .0160 

.016 - .0310 

.03 1 - .0625 

Geometric Mean 
(rnrn) 

.005 

. O l l  

.022 

.044 
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The data in Table A-2 is predefined in HEC-6; IASL and W L  must be selected from this 
table. HEC-6 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 size classes from clay to silts. If 
transport of sands is to be computed as well as silts, 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 specified on the PF records. 

Field Variable Value Description 

5 SGSL + Specific gravity of s i l t  particles. 

0 Default = 2.65 

6 DTS L Deposition threshold for silt. 

+ The average bed shear stress in Ib/sq f t  above which silt 
material will not be deposited. This value is ignored if 
Special I2 records are used. 

0 Default ~ ' 0 . 0 2  Ib/sq ft (for lack of better data). 

7 Leave blank. 

8 PUSD + Unit weight of fully consolidated silt deposits in Ib/cu ft. 

0 Default - 82 Ib/cu ft. 

9 . UWSL + Unit weight of si l t  material at the moment it is deposited 
on the stream bed. 

0 Default = 65 Ib/cu ft. 

10 CCSD + Compaction coefficient for silt deposits for the equation 

y,, = UWSL + [CCSD . (log,,CTime)] 

where Time is the accumulated simulation time expressed 
in years. 

0 Default = 5.7 Ib/cu ft/yr. 
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A2.6 14 Record - Parameters Required for Sand Transport (optional) 

The presence of an 14 record indicates that sand sizes are present in the mixture of @ sediment to be analyzed. The data on this record provides parameters and guidelines within 
which to perform the computations for sand transport. 

Field Variable Value Description 

0 ID 14 Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 MTC Transport capacity relationship6 to be used by HEC-6 t o  
compute sediment load for a given water discharge. 

0, 1 Toffaleti's (1 966) transport function. 

2 User Specified Transport Function. User specification o f  
transport coefficients based upon observed data. User 
must supply his own transport relationship in the form of 
DS vs. transport coefficients (on records J and K), where 
DS is depth times slope. See instructions for the J and K 
records for a more complete description. 

3 Madden's (1 963) modification of Laursen's (1 958) 
relations hip . . . . ... 

4 . Yang's (1 973) stream power for sands 
. .. 

5 . DuBoys' transport function (Vanoni 1975) 

6 Not used 

7 Ackers-White (1 973) transport function 

8 Colby (1 964) transport function 

9 Toffaleti (1 966) and Schoklitsch (1 930) combination 

10 Meyer-Peter and Muller (1 948) 

11 Not used 

12 Toffaleti and Meyer-Peter and Miiller combination 

13 Madden's (1 985, unpublished) modification of Laursen's 
(1 958) relationship 

14 Copeland's (1 990) modification of Laursen's relationship 
(Copeland and Thomas 1989) 

Usen should refer to Chapter 2 of Vanoni's Sedimentation Engineering (1975), for information regarding the best 
transport fundion to use for specific types of riven and bed material types. 
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Field Variable Value Description 

3 IASA + ID number of the smallest grain size classification of 
sand to be transported in the calculations (see Table A-3). 
IASA must always be less than LASA. 

4 LASA + ID number of the largest grain size classification of 
sand to be transported in the calculations (see Table A-3). 

0 Default M A  = 10. 

The following table of grain sizes is predefined in HEC-6. IASA and W A  must be selected 
from this table. All sizes between, and including, IASA and W A  will be transported. If 
transport of silts is to be computed as well as sands, lA5A should equal one to provide a 
continuous representation of grain size classes from silts to sands 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 PF record. 

Table A2-2 
Grain Size Classes; Sands 

I D  ~ " r n b 7  Classification I Grain Size (mm) I 
Very Fine Sand 

Fine Sand 

Medium Sand 

Coarse Sand 

Very Coarse Sand 

Very Fine Gravel 

Fine Gravel 

Medium Gravel 

Coarse Gravel 

Very Coarse Gravel 

Small Cobbles (SC) 

Large Cobbles (LC) 

Srnall Boulders (SB) 

Medium Boulders (MB) 

Larqe Boulders (LB) 

Geometric Mean 
(mm) 

.088 
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A2.7 I5 Record - Weighting Factors for Numerical Integration Method 
(optional) 

Use this record to enter hydraulic parameter weighting factors. Section 2.2.4 presents two 
sets or schemes of weighting factors for the numerical integration method used by HEC-6. If the 
15 record is  omitted, HEC-6 defaults to the Scheme 2 weighting factors. All values must be 
supplied. 

Field Variable Value Description 

0 ID IS Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 DBI + Weight assigned to hydraulic properties at second cross 
section when calculating at downstream boundary. 

3 DEN + Weight assigned to  hydraulic properties at downstream 
boundary for downstream boundary calculations. 

Note: DBI + DBN must equal 1 .O. 

XID + Weight assigned to hydraulic properties at the 
downstream cross section - interior point calculations. 

XIN + Weight assigned to hydraulic properties at cross section 
of interest - interior point calculations. 

. XIU + Weight assigned to hydraulic properties at the upstream 
cross section - interior point calculations. 

Note: XID + XIN + XIU must equal 1 .O. 

UBI + Weight assigned to hydraulic properties at next to last 
cross section for calculation at upstream boundary. 

UBN + Weight assigned to hydraulic properties at upstream 
boundary. 

Note: UBI + UBN must equal 1 .O. 
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Field Variable Value Description 

5 SPCS + Specific gravity of  sand panicles. (Not the unit weight 
of deposited material.) 

0 Default = 2.65. 

6 CSF + Grain shape factor. 

0 Default = 0.667. 

7 BSAE + Coefficient in  surface area exposed function. Equation 
is  as follows: 

FSAE = A S A E ( S A E ~  + CSAE 

0 Default - 0.5. 

+ The parameter ry from Einstein's (1 950) method is used 
to approximate ry* for calculating equilibrium bed 
elevation. See Section 2.3.2.1. 

PSI 

0 Default = 30. 

UWD + Unit weight of deposited sediment Specify in Ib/cu ft. 

0 Default UWD = 93 Ib/cu ft, a reasonable value for sand. 
HEC-6 does not change this value with time. 
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' A2.8 J Record7 - User Specified Transport Function (optional) 

Use the J record to define the coefficients of the User Specified Transport Function. This 
function is expressed by the equation: 

CP, - ((((m, SLO, - c,,/AJ4, - EMI n o  

where: A,, B,, C, = coefficients entered on the J records in units of tons/day/foot of width for 
each grain size 

ST0 = correction factor computed from the coefficients on the K record 
EFD = effective depth 
EFW = effective width 
SLO - energy slope 
CP = potential transport per grain size 

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 HEC-6 only if the selected 
transport capacity relationship, MTC ( 14.2), equals two. If MTC does not equal two, HEC-6 will 
simply ignore the data contained on these records. Section 3.3.4.1 contains a complete 
description of the user specified transport function option. 

Field Variable value ~escription 

0 ID J Record identification (Column 1). 

Comment Comment information such as the name of the grain site 
classification to which the data on this record relates. 

2 Ai + Coefficient corresponding to A in above equation for grain 
size i. 

3 BI + Coefficient corresponding to B in above equation for grain 
size i. 

4 ct + Coefficient corresponding to C in above equation for grain 
size i. 

' If the user decides to use the special transport fundion option, then both a set of J records and K record must be 
provided in order to specify the required information and coefficients to use this option. , 
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A2.9 K Record - User Specified Transport Function (optional) 

Use the K record to define the coefficients of the function which is used to correct the User 
Specified Transport Function for variation in n value. This correcting function is expressed by 
the equation: 

The data contained on the J and K records is relevant to HECd' only i f  the selected transport 
capacity relationship, MTC (14.2), equals two. If MTC does not equal two, HECd will simply 
ignore the data contained on these records. Section 3.3.4.1 provides a complete description of 
this transport function option. 

Field Variable Value Description 

0 ID K Record identification (Column 1). 

1 Comment Comment information. 

2 CNCO(1) Coefficient corresponding to D in the above equation. -. ' 
3 CNCO(2) Coefficient corresponding to E in the above equation. 
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A2.10 LQ Record - Water Discharge for the Water Discharge-Sediment Load 
Relationship (required) 

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 cfass 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 d s  on 
the LQ record as follows. 

Field Variable Value Description 

0 ID LQ Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 QWATER + Water discharge in cfs. Enter the first discharge value8 
for the water discharge vs. 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., HEC-6 will 
not extrapolate beyond the ends of the table). 

QWATER + The second water discharge for the water discharge vs. 
sediment load table. Each consecutive water discharge 
must be greater than the previous one. 

4-1 0 QWATER + Continue to enter increasing water discharge values in 
Fields 4 through 10. A maximum of nine water discharge 
values is permitted. 

QWATER cannot be zero or negative. 
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A2.11 LT Record - Total Sediment Load for the Water Discharge-Sediment 
Load Relationship (required) 

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 describes one grain 
size fraction; they should be entered from fine to coarse. Enter the total sediment load in tons 
per day on the LT record as follows. 

Field . Variable Value Description 

0 ID LT Record identification. 

1 Comment Any alphanumeric characters or comments. 

2 QSED +, 0 Total sediment load in tons per day. This value 
corresponds to the water discharge entered in Field 2 of 
the LQ record. 

3 QSED +, 0 Total sediment load in tons per day. This value 
corresponds to the water discharge entered in Field 3 of 
the LQ record. 

4-1 0 QSED +, 0 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. 



Appendix A. Section 2 - Sediment Properties and Transport Functions LF 

A2.12 LF Record - Fraction of Load for the Water DischargeSediment Load 
Relationship (required) 

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 describes the sediment load of one grain size fraction. There must be one 
LF record for each grain size classification selected on records I2 through 14 even if the fraction 
of the load for any grain size is zero. LF records should be entered from fine to coarse. 

Field Variable Value Description 

0 ID LF Record identification. 

Comment Any alphanumeric characters or comments. (It is 
recommended that the name of the grain size class to 
which the data on this record relates be used in this field; 
i.e., CLAY, SILT1, SILTZ, VFS, FS, ... VCG.) 

2 QSF +, 0 The fraction for this grain size of the total sediment 
load corresponding to the water discharge in Field 2 of 
the LQ record. 

3 QSF +, 0 The fraction for this grain size.of the total sediment load 
corresponding to the-water discharge in Field 3 of the LQ 
record. 

+, 0 . 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. 
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A2.13 PF Record - Bed Material Gradation - Percent Finer 

The PF record defines the gradation of the bed sediment control volume (in percent finer) at 
each cross section as a grain size distribution curve. The sediment computations require 
gradation information for each cross section; however, it is not necessary to enter PF records for 
every cross section. Specific rules are: 

a. There must be at least one 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 is entered in Field 2 to tell HEC-6 where the PF data applies. 
The cross section ID number on each PF record must correspond to one used previously 
on an X I  record. If more than one PF record is present, but not one for each cross 
section on the stream segment, a linear interpolation is made to fill in the missing data. 

c. If the cross section ID number is omitted 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 cross sections after the final PF record will be assigned the values 

on that record. - 

Field Variable Value Description 

0 ID - PF ~ecord  identification. 

PFC Record identification, continuation records. 

1 Comment comment on PF record; data on PFC records. 

2 SEClD -, 0, + Cross section ID number. .There is no default. Do not 
leave this field blank. 

3 SAE b, 0 The fraction of the bed surface that is exposed to 
erosion. That is, a portion of the bed may be armored or 
partially covered with bedrock. Usually SAE is left blank 
in which case, HEC-6 will use a default value of 1 .O. 

.001-1.0 The normal range. 

DMAX + The diameter of the maximum particle size in 
millimeters. Always enter a value. HEC-6 assigns a 
percent finer (PFXIS(1 )=I 00) to correspond with DMAX. 
Although not required for execution, it is best i f  DMAX 
corresponds to a class interval boundary. DMAX is also 
known as DAXIS(1). 
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Field Variable Value Description 

5 DAXIS(2) + The grain size diameter in millimeters at the first 
coordinate point down the percent finer curve from 
DMAX. If DAXlS (1) or (2) particle size is larger than 
2048 rnm, choose a point that will approximate the 
PF-Curve with two straight line segments from DMAX to 
2048 mm. 

Note: It is not necessary that this or any PF- 
coordinate correspond to a grain size class 
interval boundary - although they can. Semi-log 
interpolation is used to calculate the percent 
finer at each class interval boundary and these 
are subtracted to calculate the fraction of 
sediment in each size class. 

6 PFAXIS(2) 0, + The percent finer corresponding to DAXIS(2). Code as a 
percent (e.g., enter 10 for lo%, 20 for 20%, etc.). 

7-1 0 DAXIS-PFAXIS 0, + Continue to code points from the percent finer curve in  
(grain size diameter, percent finer) pairs. Use up to 3 
continuation PFC records to code a maximum of 16 
points. Begin coding data in Field 1 of continuation . 

records. 
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A2.44 $LOCAL Record - Local Inflow (optional) 
. - 

 his record indicates that a water-sediment discharge table for a local inflow or diversion 
follows. It is used to separate inflow/diversion data from other data in the data stream. 

Place the $LOCAL record after the 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 $LOCAL record per 
branch of the network even though several sediment inflow/diversion data sets may be present 
on that stream segment. 

A separate set of LQL, LTL and LFL records is required to specify each local inflow and/or 
diversion. Enter each set of LQL, LTL and LFL records in the same order as the local inflow 
points appear in the stream segment's 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 specifies the sediment load fraction associated 
with each grain size defined by the I2 - 14 records. 

Note: The $LOCAL record replaces the STRIB record in old data sets. 
... 

Field Variable Value Description 

0 ID $LOCAL Record identification (Columns 1 through 6). 
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A2.15 LQL Record - Water Discharge for Local lnflowslDiversions 

Specification (optional) 

A set of LQL LTL, and LFL records are used to specify the water discharge and sediment 
load associated with a local inflow or diversion. The LQL record specifies the water discharge 
portion of the load curve associated with local inflows and diversions. If only local inflow occurs, 
the data values on the LQL record are all positive and have the same format as specified on the 
LQ record. If a diversion is to be modeled, two negative values must be entered that bracket 
the maximum and minimum diversion values in the hydrograph. These values are entered as 
negative numbers in Fields 2 and 3. Fields 4 through 10 are left blank. If the flow direction at 
the local inflow point varies from one time step to another, then specify the range of the 
diversion flows with negative QWATER values in Fields 2 and 3 and enter positive QWATER 
values in Fields 4 through1 0 to specify the flow curve for the positive inflows. 

Note: No continuation record is permitted. If a flow value in the hydrograph is above the 
extreme discharges on the LQL record, HEC-6 will use the sediment load value 
associated with the extreme discharge. If diversions are entered, they must fall 
between LQLZ and LQL3. 

Field Variable Value Description 

0 ID LQL Record identification (Columns 1 through 3). 

1 Comment Any alphanumeric character comment. 

Inf lows 

2 QWATER 

3-1 0 QWATER 

Diversions 

2 QWATER 

3 QWATER 

4-1 0 

+ Water Discharge - Enter a positive discharge whose value 
is less than the smallest inflow value in the local 
hydrograph. 

+ Water Discharge - Enter increasing water discharges for 
the local inflow curve. 

- Water Discharge - Enter a number slightly larger in 
absolute value than the maximum diversion value here. 
For example, i f  the maximum diversion value was 10.0, 
then one might enter -1 0.1. 

Note: The values entered in Fields 2 and 3 must be 
negative to denote diversions. 

Enter a number slightly smaller in absolute value than the 
minimum diversion value. For example, i f  the minimum 
diversion value was 1.0, a user might enter -0.9. . 

Leave blank. 
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Field Variable Value Description ' ' 

Combined Diversions and Inflows 

2 ,  3 QWATER - Enter negative values that lie on either side of the 
maximum and minimum diversion discharges. 

4 QWATER + Water Discharge - Enter a positive discharge whose value 
is less than the smallest inflow value in the local 
hydrograph (as in Inflows, above.) 

5-1 0 QWATER + Water Discharge - Continue entering increasing water 
discharges for the local inflow curve. 

Note: A maximum of seven values may be entered. 
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A2.16 LTL Record - Total Sediment Load for Local InflowsIDiversions 
Specification (optional) 

A set of LQL, LTL, and LFL records are used to specify the water discharge and sediment 
load associated with a local inflow or diversion. The total sediment load corresponding to the 
discharges entered on the LQL record is entered on the LTL record in units of tons/day. 

Field Variable Value Description 

0 ID LTL Record identification (Columns 1 through 3). 

1 Comment Any alphanumeric characters or comments. 

lnflows 

2-1 0 QSED + Total sediment load (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. 

Diversions 

2 ,  3 QSED 1.0 If only diversions make up the local hydrograph, enter 1.0 
in Fields 2 and 3 and leave Fields 4 through 10 blank. 

4-10 - Leave blank. 

Combined Diversions and Inflows 

2 ,  3 QSED 1.0 If diversions are included in the local hydrograph, enter 
1 .O in Fields 2 and 3. 

4-1 0 QSED + Total sediment load (tons/day) corresponding to each 
water discharge given on the LQL record, for the local 
flow-sediment load table. A maximum of seven values is 
permitted. 
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A2.17 LFL Record - Sediment Grain Size Distribution for Local 
InflowsIDiversions (optional) 

A set of LQI LTL and LFL records are used to specify the water discharge and sediment 
load associated with a local inflow or diversion. The LFL records specify the fraction of the total 
local sediment load per size class. 

The LFL records should be entered from fine to coarse with one LFL record for each of the 
sediment size classes specified on the I2 - 14 records. If only inflows occur as this local point, 
then the LFL records have the same format and rules as the ff records. Diversion points and 
combination inflow-diversion 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 just upstream from the diversion point. 

Field Variable Value Description 

0 ID LFL Record identification (Columns 1 through 3). 

Inflows 

2-1 0 

Diversions 

Comment Any alphanumeric character comment. (It is 
recommended that the grain size class be entered in the 
comment field, i.e. CLAY, SILT1, SILTZ, VFS, FS, ... VCC). 

+, 0 Enter the fraction of the  total sed'irnent load for this 
sediment size class corresponding to each water 
discharge specified on the LQL record. 

Enter the diversion coefficient (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 
CDin,JC,,,,, and use that value. Othemise, a value of 
1.0 may be appropriate for suspended load and possibly, 
> I  -0 for bed load. 

Leave blank. 
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Combined Diversions and Inflows 

Enter the diversion coefficient (ratio of divened 
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 
DDiwncJCAmbitnt and use that value. Otherwise, a value of 
1.0 may be appropriate for suspended load and possibly, 
> I  .0 for bed load. 

4-1 0 QSF +, 0 Enter the fraction of the total sediment load or this 
sediment size class corresponding to each water 
discharge specified on the LQL record. 
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A3.1 $HYD ~ e c o r d  - Hydrologic Data (required) 

@ The SHYD record marks the beginning of the hydrologic data. This record is required and 
precedes discharge data described on the following pages. 

Fief d Variable Value Description . 

0 .  ID SHYD Record identification. 
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A3.2 * Record - Comment and Output Control (required) . 

One comment record is required for each Q record in the hydrologic data. This record 
provides title information for each time step. It also allows the user to select various output 
options. 

. . Field Variable ' Value Description 

0 ID * Record identification (Column 1 ). 

Output Control for Hydraulic Information 

Column OPTION 
5 

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 output. 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 output for each discharge at each 
cross section. 

B Cross section coordinates at the current time and . 
distrihtion of hydrologic data across the section for the 

0 
final calculated water surface are output. 

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 section. (Not recommended for 
most users.) 

Note: Output levels D and E produce very large quantities of output from the hydraulic 
computations. This output was designed for software error checking. Execution 
time will increase, and output files will become very large if either of these options 
are used. 
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* 
Field Variable Value Description . 

Output Control for Sediment Transport Information 

. Column OPTION Optional output from sediment transport computations. 
6 

blank No output except summary at end of job. For this option 
leave Column 6 blank, not zero. 

A A table showing the volume of sediment entering and 
leaving each segment and the computed trap efficiency 
for each segment. 

B In addition to A, the cumulative bed change, the water 
surface and thalweg elevations, and the sediment load 
passing in tons/day for clay, silt and sand for each cross 
section. This and all higher output levels cause a 
supplemental output file to be written at this time step 
for post-processing purposes.' 

C - In addition to the above, values of the detailed 
distribution by grain size fraction for the bed surface 
material at each cross section before the values are 
corrected by percentage present in the bed. (Not 
recommended for most.users.) 

@ D, E - Detailed Trace Information. (Not recommended for most 
users.) - 

Note: Output levels C, D and E produce very large quantities of output from the 
sedimentation computations. This trace output was designed primarily for software 
error checking. Execution time will increase and output files will become very large if 
any of these options are used. 

Time Step Title Information 

2-10 Comment Comment data for discharge-elevation-duration data that 
follows. Use the remainder of this record to provide 
title/comment information for this time step. This data 
will appear in the output file. 
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A3.3 Q Record -Water Discharges in cfs (required) a - 
A Q record is required for each time step defined in the hydrologic data. The Q record 

provides HEC-6 with the outflow at the downstream boundary as well as flow conditions at each 
of the control points in a stream network. See Sections 3.4.1, 3.6, and Sections 6.1 through 6.3 
for a complete description of how to enter data on the Q record for a stream network. 

Field Variable . Value Description 

0 ID Q Record identification (Column 1). 

1 Q(1) + Outflow from downstream boundary of geometric model 
for this time step. 

If Tributaries, Local Inflows or Diversions 
are Present i n  the Geometric Data 

0, + Tributary discharge of first local inflow (diversion) point 
on main stem. If no local flows, enter discharge from 
stream segment at control point 2. 

- Diversion flows are identified by a negative discharge. 
Otherwise, diversions and tributari.es 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. 

0, +, - ' fhe  discharge, inflow or outflow, of the next 
- control/junction point defined in the neiwork (see Section 

3.6 and Sections 6.1 through 6.4 for details). 
1 

If Tributaries, Local Inflows, and Divisions 
are not Present i n  the Geometric Data 

. + Up to MNQ (11.4) parallel discharges may be entered 
across the Q record. 
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A3.4 R Record - Downstream Water Surface Elevation Boundary Condition 
(requiredg) 

A water surface elevation must be specified at the downstream boundary of the model for 
every time step to begin the backwater computations. HECd provides three methods for 
prescribing this downstream boundary condition: (1) a rating curve, (2) stage vs. time (R 
records), or (3) a combination of a rating curve and R records. 

Method 1 involves the use of a rating curve which is specified using a $RATING record 
followed by a set of RC records containing the water surface elevation data as a function of 
discharge. The rating curve need only be specified once at the start of the hydrologic data 
(immediately following the SHYD record) and a water surface elevation will be determined by 
interpolation using the discharge given on the Q record for each time step. The rating curve 
may be temporarily modified using the S record or replaced by entering a new set of $RATING 
and RC records before any * record in the hydrologic data. 

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 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. In this way, you need only insert R records to 
change the downstream water surface elevation to a new value. 

Method 3 is a combination of the first two methods. This method makes it possible to use 
the rating curve most of the time to determine the downstream water surface elevation while 
still allowing the user to specify the elevation exactly at given time steps. In this method, the R 
record's non-zero Field 1 value for the downstream water surface elevation will override the 

@ . rating curve for that time step. On the next time step, HEC-6.will obtain the downstream water 
surface from to the rating curve unless another R record is found with a non-zero value in 
Field 1. - -, 

.. . 
- .  

Water Surface Elevation at lnternal Boundaries 

R records have a secondary purpose. They may also be used to define the water surface 
elevation at certain internal boundaries in the geometry. The location of an internal boundary is  . 
defined by an X5 record. R records are then necessary to define the water surface at those 
internal boundaries where an R record field has been specified in field 4 of the X5 record. The 
water surface elevation (UPE) for that time step will, be read from the R record at the field 
prescribed on the X5 record (X5.4). See the X5 record description (Section A1.7) for further 
details. 

An R record is required only if a rating table is not used, and then it is only required for the fiat time step. 
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If lnternal Boundaries are Present in the Geometry 

Field Variable Value Description 

0 . . ID R Record identification (column 1 ). 
. . 

1 WS(1) + Enter the value for the prescribed water surface 
elevation that corresponds to the outflow entered on the 
Q record in Field 1. 

0 - When no internal boundaries are present, then a zero in 
Field 1 should not be used. To define a water surface 
elevation at zero, input a small positive value (e.g., 0.001) 

2-1 0 Leave blank. 

If lnternal Boundaries Present i n  the Geometry . 

. . 

Field Variable Value . ~escr ip t ion 

0 ID R Record identification (Column 1). . . 

1 M(1 )  + Enter the value for the prescribed water surface 
elevation that corresponds to the outflow entered on the 

- ' Q record in Field 1. 
- 

0 . When internal boundaries are present (defined on X5 . 
, records) and a rating curve exists, the water surface will 

' 

be determined from the rating curve ($RATING and RC 

0 
records). If a rating curve does not exist, the water 
surface from the previou's time step will be reused. 

2-1 0 WS(n) + Enter the water surface elevation for the internal 
boundary for which ICSH (X5.4)=n, where n equals the 
current field. 

0 Use the water surface value from the previous time step. 
To define a water surface elevation.of zero, enter a small 
positive value (e.g., 0.001 ). 
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' A3.5 S Record - Rating Shift (optional) 

This record allows the user to alter the starting water surface elevation at the downstream 
boundary by a constant value. This alteration will remain in effect for succeeding time steps 
until another 5 record is read with a new shift value. The shift value is not cumulative. 

Field Variable Value Description 

0 ID S Record identification (Column 1). 

1 SHIFT +, - Enter the shift for starting water surface elevations in 
Field 1. All starting elevations will be shifted by this 
amount for this and subsequent Q's until a new shift 
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. 

~eave blank. 
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A3.6 T Record - Water Temperature (optional) 

The T record provides water temperature data (refer to Section 3.4.2.1). This record is 
required only in the first time step. 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 Description 

0 ID T Record identification (Column 1). 

1-10 Wr(1)..Wr(IO) + . Water temperature, in degrees Fahrenheit, 
corresponding to each Q that exists on the Q record. T.l 
corresponds to Q.l, etc. Enter new values only i f  the 
water temperature changes from the values entered on 
the previous T record. 
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A3.7 W Record - Duration (required) 

The W record defines the duration of the flow for the present time step. A W record is 
required for each time step in the hydrologic data set (refer to Section 3.4.1 and Figure 3.9). 

Field Variabie Value Description 

0 ID W Record identification (Column 1). 

- + The flow duration of this time step in days or fractions o f  
days. 

2 Leave Blank. 
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- 
A3.8 X Record - Alternate Format for Duration Data (optional) 

The X record may be used in place of the W record to define the flow duration. The 
purpose, however, is to subdivide the time step prescribed by the W record into shorter time 
steps. 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 interval to be shortened without requiring additional time step data 
sets (*, a W record, sets) to be inserted into the hydrologic data. To use this capability, replace 
the W record of the unstable time step with an X record. Two options for coding the X record 
are allowed. Option 1 is recommended. 

Coding Option #1 

Field Variable Value Description 

0 ID X Record identification (Column 1). 

1 Leave blank. 

2 DT + . Time Increment in days. Must be less than the total 
duration of the original time step (from W record). 

3 DD + The Total Duration of the original time step. This is the 
value previously coded in the W record: 

NlNC - DD i-DT .' . 

Where NlNC is the number of cdmputational time steps 
that will be executed using the flow, temperature and . 

starting water surface data of this timestep. 
0 

~ e a v e  blank. ' .  

Coding Option #2 

Field Variable Value Description 

0 ID X Record identification (Column 1). 

1 TCH + The Total Accumulated Time in days to be reached at 
the completion of this composite time step. This value 
must be accurate and can be obtained from the output of 
the original data set using the W records. 

The total duration of this flow equals TCH minus the 
accumulated time at the end of the previous time step. 

+ Time lncrement in days. Must be less than the total 
duration of the original time step. 

Total duration divided by DT equals the number of 
computational time steps that will be used. 

Leave blank. 
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@ A3.9 $$END Record - Required 

Last record in the data file. 

Field Variable Value Description 

0 ID $SEND Record identification (Columns 1 through 5). 
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Section A4 

Special Commands 

and 

Output Control 
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A4.1 $8 Record - Transmissive Boundary Condition (optional) 

The f B record is used to suspend the sedimentation computations at each downstream 
boundary. The sediment discharge for each downstream boundary is set  to the rate of sediment 
leaving the next upstream cross section. Use this option when sediment deposits at the 
downstream boundary and there is no physical explanation for it (e.g., as in a supercritical flow 
reach when the sediment concentration is very high). See Section 3.4.2.4 for a brief discussion 
of this option. 

Field Variable Value Description 

0 ID $8 Record identification. 

2 ISBT 2 Approaching sediment discharge is transmitted past the 
outflow boundary section without change. This turns the 
option on. 

0, 1 Sediment discharge is calculated at the outflow boundary. 
This returns the computation to the default conditions; 
i.e., it turns this option-off. 
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A4.2 $DREDGE Record - Dredging Option (optional) 

The $DREDGE record initiates dredging calculations to be performed at all cross sections 
where dredging parameters have been specified (H.6 - H.lO). When the depth of water required 
for navigation (draft depth) specified in Field 2 is not available, HEC-6 will determine dredging 
elevations and compute the volume of dredged material removed during dredging. The 
dredging option is initiated at the beginning of the next time step following the $DREDGE 
record. It continues to operate until turned off by a SNODREDCE record later in the hydrologic 
data. The first $DREDGE record must not precede the records which define the first time step. 
See Section 3.2.4 and Section 6.4.1 for further discussion of this option. 

Field Variable Value Description 

0 ID $DREDGE Record identification. 

2 DFT + Depth of water required for navigation. 

Note: Detailed dredging output can be obtained by 
entering a print level flag in column 8 of the 
$DREDGE record. Print levels range from Level 
A, which provides a small level of output to 
Level E which produces a detailed trace output 
through the dredging routines. For example, 
the $DREDGE record in Table A4-2 the 
following record will turn on the dredging 
option, specify a draft depth of 10 ft and obtain 
a B level trace output. 

Table A4-2 
Examble - $DREDGE ~ e c o r d '  

A4.3 . $NODREDGE Record - Dredging Option (optional) 

The presence of a $NODREDGE record stops the dredging option triggered previously by 
the $DREDGE record. 

Field Variable Value Description 
~ & W F ' r n ? i f i B I R  

0 ID SNODREDGE Record identification 
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A4.4 $EX Record - Exner Options (optional) 

HEC-6 has two different methods for solving the Exner equation. Method 1 (also known as 
MNER1) is the original method used by HEC-6 prior to Version 4.0. Method 1 is described in 
detail in Section 2.3.3. Method 2 (ak.a. D(NER5) is currently the default method used in HEC-6. 
A detailed discussion of this method can be found in Section 2.3.4, 

The purpose of the SEX record is to provide the user access to Method 1. To exercise this 
option, place a $EX record with a 1 in field 1 immediately after the $HYD record. Otherwise, 
HEC-6 will default to Method 2. 

Field Variable Value Description 

0 ID SEX Record identification. 

1 Method 1 for hydraulic sorting will be used (see Section 
2.3.3). 

2 Method 2 for hydraulic sorting will be used (see Section 
2.3.4). Default. 
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A4.5 $GR Record - Cross Section Shape Option (optional) 

By default, HEC-6 retains the original cross section shape by adjusting the elevation of each 
cross section point below the water surface and within the movable bed by a constant amount 
for deposition and erosion after each time step. The SCR option 2 causes HEC-6 to vary the 
depth of deposit at each point of a cross section in proportion to the depth of flow at that point. 
Thus, deeper portions of a cross section will receive more deposited material than more shallow 
areas. The elevation of each point in the wet portion of the movable bed is st i l l  adjusted, but 
the amount of deposition at each point depends on the depth of flow at that point in the cross 
section. Erosion remains uniform. Figures 3-1 2 and 3-1 3 in Section 3.7.3 illustrate this 
operation. 

Field Variable Value Description 

0 ID $ CR Record identification. 

1 OPTION 2 Vary the amount of deposition depending on depth. (A 
"2" in field 1 turns the SCR option on.) 

0 Move Y-coordinates by a constant amount after each time 
step. (A '0" in field 1 turns the SCR option off; i.e., this 
returns the method of deposition back to the default.) 

Table A 4 4  
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A4.6 $KL - $Kl Records - Channel n Values by Relative Roughness (optional) 

When a $KL record is encountered, HEC-6 ignores the Manning's n values for the channel 
given on the NC and/or NV records and calculates bed roughness as a function of the bed 
material gradation via Lirnerinos' (1 970) relative roughness method. A detailed description of 
this option is given in Section 3.2.2. 

Field Variable Value Description 

0 ID SKL Record identification. 
Use Limerinos' Roughness Method. 

SKI Use Manning's n values. Default Method. 

Table A4-5 
SKL - Limerinos' Relative Rouahness Oation 
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A4.7 $PRT Record - Selective Output Option (optional) 

The SPRT record is used alone to turn output on or off for all cross sections. It is also used 
preceding CP and PS records to generate output at specified cross sections. An END record is 
required at the end of the CP-PS record set to mark the end of the selective output request. See 
Example Problem 6 in Chapter 6 for an example of this option. 

Field Variable Value Description 

0 ID 4PRT Record identification. 

Column . OPTION N Turn output off  at all sections. 
8 

A , Turn output on at all sections. 

blank Directs HEC-6 to look for CP and PS records to determine 
selected cross sections for output. 

Table A4-6 
SPTR - Selective Output Option 



CP 
PS 
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A4.8 CP Record - Selective Output (see $PRT record - optional) 

The CP record defines the stream segment for which the cross sections given on the PS 
record(s) apply. Each CP record must be followed by one or more PS records. 

Field Variable Value Description 

0 ID CP Record identification. 

2 NCDS + Stream segment number. 

A4.9 PS Record - Selective Output (see $PRT Record - optional) 

Use the PS record to specify the cross sections where output is desired. Each set of PS 
records applies to the stream segment defined on the CP record immediately preceding it. 
Additional PS records may be used if more than ten cross sections per stream segment are 
requested. When specifying the desired cross section for printing, use its identification number, 
as entered on the X I  record. 

Field Variable Value Description 

0 ID PS Record identification. 

1-10 SECNO + Enter the identification number of the desired cross 
section as given in Field 1 of the X I  record. HEC-6 
generates output for each SEClD on the current stream 
segment defined by the preceding CP record. 

A4.10 END Record - Selective Output (see SPRT Record; optional) 

An END record is used to indicate the end of the SPRT data. This record should be placed 
after the last PS record. If output for cross sections on more than one stream segment is 
desired, sets of CP and PS records may be stacked one after another. The END record is 
inserted only after the last set. 

Field Variable Value Description 

0 ID END Record identification. 
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A4.11 $RATING Record - Tailwater Rating (optional) 

A starting water surface elevation must be specified at the downstream boundary for every 
time step. HEC-6 provides several methods for prescribing this downstream boundary 
condition. Specification of a tailwater rating curve is one of these methods. 

The rating curve is specified using a SRATINC record followed by a set of RC records. The 
$RATING record indicates that a set of RC records follows containing rating curve information. 
The rating curve can be input immediately after the $HYD 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. 
Table A4-6 illustrates the use of the $RATING option. 

Field Variable Value Description 

0 ID $RATING Record identification. 

A4.12 RC Record - Tailwater Rating 

The RC (rating curve) records prescribe the tailwater elevation as a rating curve. 

Field Variable Value Description 

0 ID RC ' Record identification. 

1 Leave blank. 

2 MNI + The number of water surface values that will be read. 
(May not exceed 40). 

3 TINT + The discharge interval between water surface 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 + If the first discharge in the table is not zero enter i t s  
value here in cfs. 

5 GZRO + If the rating table is a stage-discharge curve rather than 
elevation-discharge, enter gage zero here. 

6 RAT( 1 + Lowest water surface elevation or stage goes h,ere. 

Continue entering water surface elevation or stage 
values defining the rating curve using Fields 7-1 0 on this 
record and Fields 2-10 on continuation RC records. A , 

maximum of 40 points can be entered to define the curve. 
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A4.13 $SED Record -Water DischargeSediment Load Table (optional) 

This HEC-6 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 LPOINT, LQ, LT and LF records or by altering the existing table with a 
ratio defined on an LRATIO record. 

A SSED command precedes a LPOINT, LQ, LT, LF record combination that defines the 
discharge-sediment load rating curve. It should also precede an LRATIO record. The LPOINT 
record is used to specify the location where the new sediment load table applies. It is required 
with the LQ, LT and LF records. An END record completes the SSED data records. 

If the sediment load table for the main stem or a tributary is to be replaced, see the input 
descriptions for the LQ, LT and LF records given in Sections A2.10 to A2.12. 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 records given in Sections A2.15 to A2.17 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 outflows). 

Field Variable Value Description 

0 ID SSED Record identification. 

Table A4-7 



LPOINT 
LRATlO 
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A4.14 LPOINT Record - Inflow Point Identification for the Water Discharge- 
Sediment Load Table (optional) 

The LPOINT record defines the stream segment and/or inflow point whose sediment load 
table will be modified by the succeeding set of LQ, LT, and LF records. The LPOINT record is 
only used with the SSED option and should not be used with the L records in the sediment data. 

Field Variable Value Description 

0 ID LPOINT Record identification. 

2 NCDS + Stream segment number 

3 NLOC + Local inflow/outflow point number. 

A4.15 LRATIO Record - Ratio for the Water DischargeSedirnent Load Table 
(optional) 

When changing the sediment discharge with the SSED option, the existing sediment- 
discharge load table can be modified by entering an LRATIO record with a constant multiplier, 
rather than by entering a whole new table. 

Field Variable Value Description 

0 ID LRATIO Record identification. 

2 NGDS + Stream segment number. 

3 NLOC + Local inflow/outflow point number. 

4 RATIO + Existing sediment-discharge rating curve will be 
multiplied by RATIO. 

A4.16 END Record -Termination Record for the $SED Option 

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 LRATIO or LF record. If changes are to be 
made to more than one sediment load table, LRATIO records and/or sets of LPOINT, LQ; LT, LF 
records may be stacked one after another. Insert the END record only after the last set oi 
change records. 

Field Variable Value Description 

0 ID END Record identification 
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A4.17 $VOL Record - Compute Cumulative Volume and Deposits at all 

Sections (optional) 

The SVOL command causes HEC-6 to calculate the cumulative bed change and load passing 
each cross section. 

Field Variable Value Description 

0 ID 4VOL Record identification 
- 

Column OPTION X Causes HECd to look for a VJ record immediately after 
7 the SVOL command and compute the storage volume for 

a table of elevations specified on succeeding VR records. 

Column TRACE A Additional output showing cumulative weight of sediment 
8 passing each cross section by size class. 

B A-level output plus extra trace information from the 
PRNOL and STOVOL routines. (Not recommend for 
normal applications.) 
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A4.18 VJ Record - Elevation Table for Cumulative Volume Computations 

(optional; see $VOL Record) 

Field Variable Value Description 

0 ID VJ Record identification. 

1 J M 1-30 The number of elevation values which are listed on the 
following VR records. Limited to thirty values. 

2 AVCSLO 0 Compute volumes based on planes with no slope. 

+ Compute volumes based on planes having slope AVGSLO. 

A4.19 VR Record - Elevation Table for Cumulative Volume Computations 
(optional; see $VOL Record) 

Field Variable Value Description 

0 ID VR Record identification. 

1 ELSTO(1) -, 0, + Enter up to thirty elevations in Fields 1 through 10 on this 
and succeeding VR records. e 



Appendix B - Glossary 

Appendix B 

Glossary 



Appendix B - Glossary 

BANK SEDIMENT RESERVOIR The portion of the alluvium on the sides of a channel. See 
Figure 0-2. (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 "dunesn, "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 
(although the physical mechanisms for their creation 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 quantity 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 consists of both bed load and suspended load. Contrast with 
WASH , LOAD. 

BED MATERIAL DISCHARGE The total rate (tons/day) at which bed material (see BED 
MATERIAL) is transported by a given flow at a given location on a stream. 

BED MATERIAL LOAD The total rate 
(tons/day) at which bed material is 
transported by a given location on a 
stream. It consists of bed material moving 
both as bed load and suspended load. 
Contrast with WASH LOAD. 

BEDROCK A general term for the rock, 
usually solid, that underlies soil or other 
unconsolidated, bed material. 

BED SEDIMENT CONTROL VOLUME The 
source-sink component of sediment 
sources in  a river system (the other 

Sediment Material in the Streambed 

component is the suspended sedment in the inflowing discharge). Its user-defined 
dimensions are the movable bed width and depth, and the average reach length. 

BOUNDARY CONDITIONS Definition or statement of conditions or phenomena at the 
boundaries. Water surface elevations, flows, sediment concentrations, etc., that are 
specified at the boundaries of the area being modeled. The downstream water surface 
elevation and the incoming upstream water and sediment discharges are the standard 1 iE.C:-6 
boundary conditions. 
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ACCURACY Degree of conformity 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, 
ACTIVE LAYER. 

ACTIVE LAYER The depth of material from 
bed surface to equilibrium depth 
continually mixed by the flow, but it can Figure B-1 
have a surface of slow moving panicles that Composition of the Active Layer 
shield the finer particles from being 
entrained by the flow. See Figure B-1. 

ACCRADATION 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 
transported 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 repetition 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 DEPOSIT Clay, silt, 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 
o f  the sediments transported 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 transported by (modern) streams, thus including the sediments laid down in 
riverbeds, floodplains, lakes, fans, and estuaries. 

ARMOR LAYER See ARMORINC. 

ARMORINC The process of progressive coarsening of the bed layer by removal of fine 
particles until it becomes resistant to scour. The coarse layer that remains on the surface is 
termed the "armor layer". Armoring is a temporary 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 removal of finer particles by erosion. 

AVERAGE END CONCEPT The averaging of the two end cross sections of a reach in order to 
smooth the numerical results. 

BACKWATER PROFILE Longitudinal profile of the water surface in a stream where the water 
surface is  raised above its normal level by a natural or artificial obstruction. 
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COHESIVE SEDIMENTS Sediments whose resistance to initial movement or erosion is affected 
mostly by cohesive bonds between particles. 

COMPUTATIONAL HYDROGRAPH A 
sequence of discrete steady flows, each 
having a specified duration in days, is used 
to represent the continuous discharge 
hydrograph. This is done to minimize the 
number of time steps needed to simulate a 
given time period, and, thus minimize 
computer time. See Figure B-3. 

CONCENTRATION OF SEDIMENT The dry 
weight of sediment per unit volume of 
water-sediment mixture, i.e. mg/l. (Note: In 
earlier writings, concentration was . 
calculated as the ratio of the dry weight of 
sediment in a water-sediment mixture to 
the total weight of the mixture multiplied 

COMPUTATIONAL 
HYDROGRAPH 

I I 

Time in Days 

Figure B 3  
Computational Hydrograph 

by 1,000,000. It was expressed as parts per million, i.e. ppm. Either method gives the same 
result, within one percent, for concentrations up to 16,000 mg/l. A correction is needed for 
concentrations in excess of that value.) The conversion to mg/e (miligrams per liter) from 
ppm (parts per million) is as follows: 

mg/r - K . (ppm) - K . weight of sediment . 1,000,000 

weight of water - sediment mixture 

where: K = correction factor 

CONCEPTUAL MODEL A simplification of prototype behavior 
used to demonstrate concepts. 

CONSOLIDATION The compaction of deposited sediments 
caused by grain reorientation and by the squeezing out of 
water trapped in the pores. 

CONTROL POINT The downstream' boundary of the main river 
segment and the junction point of each tributary. In Figure 
8-4, each control point is designated by a circled number. 

CONVERGENCE The state of tending to a unique solution. A 
given scheme is convergent i f  an increasingly finer 
computational grid leads to a more accurate solution. 

CONVEYANCE A measure of the carrying capacity of the 
channel section. Flow is directly proportional to conveyance 
for steady flow. From Manning's equation, the 
proportionality factor is the square root of the energy slope. Figure B 4  

Control Point Numbering 
COVER LAYER One of the two sublayers of the active layer. It 

lies above the sub-surface layer (the second sublayer in the active layer). See Figure B-1. 

CRITICAL BED SHEAR STRESS See CRITICAL TRACTIVE FORCE. 

Main Stem 
Segment 1 
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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. 

-1ANNEL STABILIZATION A stable channel is neither progressively aggrading nor degrading, 
or changing its cross-sectional area through time. It could aggrade or degrade slightly, but 
over the period of a year, the channel would remain similar in shape and dimensions and 
position 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 B-1 . 
COBBLES See Table B-1 . 

Table B-1' 
Scale for Size Classification of Sediment Particles 

It 1 I I ii 

PHI Value ' Class Name 

Boulders 
Cobbles 

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

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

Coarse Silt 
Medium Silt 
Fine Silt 
Very Fine Silt 

Coarse Clay 
Medium Clay 
Fine Clay 
Very Fine Clay 
Colloids 

Portions of Table B-1 are taken from EM 1 1  10-2-4000, March 1988. 

Millimeters 

> 256 
256 - 64 
64 - 32 
32 - 16 
16-8 
8 - 4 
4-2 

2.0 - 1 .O 
1 .O - 0.50 
0.50 - 0.25 
0.25 - 0.1 25 
0.1 25 - 0.0625 
0.0625 - 0.03 1 . 
0.031 - 0.01 6 
0.01 6 - 0.008 
0.008 - 0.004 
0.004 - 0.0020 
0.0020 - 0.001 0 
0.001 0 - 0.0005 
0.005 - 0.00024 
<0.00024 

Feet 

- 
-- 

.I 48596 

.074216 

.037120 

.018560 

.009279 

.004639 

.0023 1 9 

.001160 

.000580 

.000288 

.000144 

.000072 

.000036 

.000018 

.000009 -- 
.- 
-- 
.- 
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EQUILIBRIUM DEPTH The minimum water depth for the condition of no sediment transport. 

ENTRAINMENT The carrying away of bed material produced by erosive action of moving 
water. 

EQUlLlBRlUM 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 moving water and other geological agents. 

FALL VELOCITY The falling or settling rate of a particle in a given medium. 

FIXED BED MODEL Model in which the bed and side materials are nonerodible. Deposition 
does not occur as well. 

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) versus 
percent of time that flows are greater than, or equal to, that flow. 

FREQUENCY The number of repetitions of a periodic process in a certain time period. 

GEOLOGIC CONTROL A local rock formation or clay layer that limits (within the engineering 
time frame) the vertical and/or lateral movement of a stream at a particular point. Note that 
man-made controls such as drop structures also exist. 

GRADATION The proportion of material 
of each particle size, or the frequency 
distribution of various sizes, 
constituting a particulate materialsuch 
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. 

GRADATION CURVE Sediment samoles 
usually contain a range of grain si;es, 
and it is customary to break this range 
into classes of percentages of the total Figure B-5 
sample weight contained in each class. Sample Gradation Curve 
After the individual percentages are 
accumulated, a graph, the "gradation curve", shows the grain size versus the accurn~rlntr.~i 
percent of material that is finer than that grain size. These curves are used by rnovai~ie 
boundary models to depict the bed sediment material properties (e.g., grain size di~tr ib~rr ion 
of the bed material). See Figure B-5. 

GRAIN SHAPE FACTOR See PARTICLE SHAPE FACTOR. 

GRAIN SIZE See PARTICLE SIZE. 



Appendix B - Glossary 

CRITICAL DEPTH If discharge is held constant and the water depth allowed to decrease, as in 
the case of water approaching a free overfall, velocity 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 counter-balanced by the rate of increase in velocity head. This is 
the critical depth. More generally, the critical depth is  the depth of flow that would produce 
the minimum total energy head. 

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 critical tractive force is the maximum unit tractive force that 
will not cause serious erosion of the material forming 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 area of a cross section between the stream bed and the water 
surface. 

DEGRADATION The geologic process by which stream beds, floodplains, and the bottoms of 
other water bodies are lowered in elevation by the removal of material from the boundary. It 
is the opposite of aggradation. 

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 event. a 

.DEPTH OF FLOW The'depth of flow is the vertical distance from the bed of a stream to the 
water surface. 

DISCHARGE The discharge (Q) is the volume of a fluid or solid passing a cross section of a 
stream per unit time. 

DISTRIBUTARIES Diverging streams which do not return to the main stream, but discharge 
into another stream or the ocean. 

DOMINANT DISCHARGE A particular magnitude of flow which is sometimes referred to as the 
"channel forming" discharge. Empirical relations have been developed between "equilibrium" 
stream width, 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 particles of equal size and arranged in a specific manner. The 
effective grain size is that single particle diameter that best depicts the bed material 
properties. The D50 grain size is often used as the effective grain size. 
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LOCAL SCOUR Erosion caused by an abrupt change in flow direction or velocity. Examples 
include erosion around bridge piers, downstream of stilling basins, at the ends of dikes, and 
near snags. 

M I  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. 

MANNINC'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 -  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 Manning's 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 characterized in planform by a series of 
pronounced alternating bends. The shape and existence of the bends in a meandering 
stream are a result of alluvial processes and not determined by the nature of the terrain 
(geology) through which the stream flows. 

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 = m a 
A hydraulic model: Columbia River physical model. 

MOVABLE BED That portion of a river channel cross section that is considered to be subject 
to erosion or deposition. 

MOVABLE BED LIMITS The lateral limits of the movable bed that define where scour or 
deposition occur. See Figure B-2. 

MOVABLE BED MODEL Model in which the bed and/or side material is erodible and 
transported in a manner similar to the prototype. 

N€IWORK MODEL A network model is a network of main stem, tributary, and local 
inflow/outflow points that can be simulated simultaneously 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. 
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GRAIN SIZE DISTRIBUTION (GRADATION) A measure of the variation in grain (particle) sizes 
within a mixture. Usually presented as a graph of grain diameter versus percent of the 
mixture that is finer than that diameter. See Figure B-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. 

HYDRAULICS 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 conduit, the 
discharge,water surface elevation, stage, velocity, 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 soil, and in the atmosphere. 

INACTIVE LAYER The depth of material beneath the active layer. See Figure B-1. 

INCIPIENT MOTION The flow condition at which a given size bed particle just begins to move. 
Usually related to a "threshold" shear stress. 

INEFFECTIVE FLOW 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 

a 
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 trying to solve. 

IN SlTU In (its original) place. 

LEFT OVERBANK See OVERBANK. 

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 
I-,,, where n is the segment number and m is the 
sequence number (going upstream) of the local 
inflow/outflow points located along segment n, as 
shown in ~ igure  B-6. 

Main Stem 
Segment 1 Segment 5 

Figure 6-6 
Local lnflowlOufflow Points 
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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 instructions yields an approximate solution to the set of equations that 
comprise 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 velocity distribution. 

OPERATING POLICY See OPERATING RULE. 

OPERATING RULE The rule that specifies how water is managed throughout a water resource 
system. Often 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 B-7. 

PARAMETER Any set of physical properties whose values determine the characteristics or 
behavior of something. 

OVERDREDGING The additional 

PARTICLE SHAPE FACTOR The particle 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: 

~ l ~ n  LOOKING CWNSTREAM 

where: a,b,c - the lengths of the longest, intermediate, and shortest, 
respectively, mutually perpendicular axes on a sediment 
particle. 

depth dredged beyond the 
minimum dredging depth used Figure B-7 
to provide sufficient Examples of Overbanks 
navigational depth, to minimize 

a redredging, and to help compensate for the sloughing off and resettling of sediment after 
dredging occurs 

PARTICLE SIZE A linear dimension, usually designated as "diametern, used to characterize the 
size of a particle. The dimension may be determined by any of several different techniques, 
including sedimentation sieving, micrometric 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 i s  directly connected to or that joins with the main 
river segment. 



PROTOlYPE The full-sized structure, system process, or phenomenon being modeled. 

QUALITATIVE Relating to or involving quality or kind. 

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 two specified gaging stations. 

RIGHT OVERBANK See OVERBANK. 

RIPPLES Small triangular-shaped bed forms, similar to dunes but have much smaller heights 
and are 0.3m or less in length. They develop when the Froude number is less than 0.3. 

RIVER SEGMENT See STREAM SEGMENT. 

51 AND SZ CURVES S1 and S2 curves represent steep sloping water surface profiles. 

SAND See Table B-1. 

SATURATION The degree to which voids in soil are filled with water. 

SCOUR The enlargement of a flow section by the removal of bed material through the action 
o f  moving water. 

SECONDARY CURRENTS (OR FLOW) The movement of water particles 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 and mineral particles transported or deposited by 
flowing water. 

SEDIMENTATION A broad term that pertains to the five fundamental process responsible for 
the formation of sedimentary rocks: (1) weathering, ( 2 )  detachment, (3) transportation, (4) 
deposition (sedimentation), and (5) diagenesis; and to the gravitational settling of 
suspended particles that are heavier than water. 

SEDIMENTATION DIAMETER The diameter of a sphere of the same specific weight and the 
same terminal settling velocity 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-DISCHARGE RELATIONSHIP Tables which relate inflowing sediment loads to 
water discharge for the upstream ends of the main stem, tributaries, and local inflows. 

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. 
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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 
continuity 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 important factor in the movement of bed material. 

SHIELD'S DETERMINISTIC CURVE A curve of the dimensionless tractive force plotted against 
the grain Reynolds number (i.e., UCPDJV where, Ua = turbulent shear velocity, D, = characteristic 
or effective size of the grains or roughness elements, v = kinematic viscosity) 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. 

.P 

where: T, = critical tractive force 
y, 3 specific weight of the particle 
y = specific weight of water 
D, - characteristic or effective size of the grains or roughness elements 

SIEVE DIAMETER The smallest standard sieve opening size through which a given particle of 
sediment will pass. 

SILT See Table B-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 lenqth of a 
stream measured along its thalweg (or centerline) to the length of the valley th;ough which 
the stream flows. 
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SORTING The dynamic process by which 
sedimentary particles having some 
particular characteristic (such as similarity 
of size, shape, or specific gravity) are 
naturally selected and separated from 
associated but dissimilar particles by the 
agents of transportation. Also, see 
GRADATION. 

SPLIT FLOW Flow that leaves the main river 
flow and takes a completely different path 
from the main river [Case (a)]. Split flow 
can also occur in the case of flow 
bifurcation around an island [Case (b)]. 
See Figure 8-8. 

STABLE CHANNEL A stream channel that 
does not change in planform or bed 
profile during a particular period of time. 
For purposes of this glossary the time 
period is years to tens of years. 

STAGE-DISCHARGE (RATING) 
CURVE Defines a relationship between 
discharge and water surface elevation at a 
given location. 

Q weir 

Figure 8-8 
Split Flow 

STANDARD STEP METHOD Method where the total distance is divided into reaches by cross 
sections at fixed locations along the channel and, starting from one control, profile . 

calculations proceed in steps from cross section to cross section to the next control. 

STEADY STATE MODEL Model in which the variables being investigated do not change with 
time. 

STREAM CAGE A device that measures and records flow characteristics such as water 
discharge and water surface elevation at a specific location on a stream. Sediment transport 
measurements are usually made at stream gage sites. 

STREAM POWER The product of bed shear stress and mean cross-sectional velocity at a cross 
section for a given flow. 

STREAM PROFILE A plot of the elevation of a stream bed versus distance along the stream. 

STREAM SEGMENT A stream segment is a specified portion 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 3-7. 

SUBCRITICAL FLOW The state of flow where the water depth is above the critical depth. 
Here, the influence of gravity forces dominate the influences of inertial forces, and flow, 
having a low velocity, 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 cover 100% of the bed surface to a depth of two times the size of the largest 
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particle in transport, a new sub-surface layer is brought up from the inactive layer. See 
Figure 0-1. 

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 Includes both suspended bed material load and wash load. Sediment that 
moves in suspension is continuously supported in the water column by fluid turbulence. 
Contrast with BED LOAD. 

SUSPENDED-SEDIMENT DISCHARGE The quantity 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 darn, 
weir or drop structure. 

THALWEC The line following the lowest part of a valley, whether under water or not. Usually 
the line following the deepest part 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 (tons/day). See TOTAL SEDIMENT LOAD. 

TOTAL-SEDIMENT LOAD (TOTAL LOAD) Includes bed load, suspended bed material load, 
and wash load. In general, total sediment load cannot be calculated or directly measured. 

TRACTIVE FORCE When water flows in a channel, a force is developed that acts in the 
direction o f  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: T,, = unit tractive force 
y = 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 changing 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. 

.TRANSPORT CAPACITY The ability of the stream to transport a given volume or weight of 
sediment material of a specific size per time for a given flow condition. The units of 
transport capacity are usually given in Tons per day of sediment transported passed a given 
cross section for a given flow. Transport capacity 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 i f  the bed and banks were 
composed entirely of material of that size. 
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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 
outflowing 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. 

WASH LOAD That part 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 unit 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 o f  
connecting rivers/streams 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 diversion dam. 

WETTED 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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Computer Program HEC-6." The suggested steps for making a sedimentation study will be 
presented. . - 

Participants will learn about modifications which have been made to the basic HEC-6 
program capability by Mobile Boundary Hydraulics and are being marketed as HEC-6T. 

a 
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JI. SUMMARY OF HEC-6 CAPABILITIES AND LIMITATIONS 

Capabilities 

1. One-Dimensional 

2. Movable Boundary 

3. Steady State Open Channel Flow 

4. Continuous sequence of flows segmented into a series of steady 
state flow events 

5 .  Standard Step Backwater Computations 

0 6. Sediment transport rates computed at each section 

7. Volumetric accounting of each sediment size in each reach 
(between cross sections) 

8. Amount of scour or deposition is computed for each reach and 
cross section geometry is adjusted after flow event 

9. Sediment calculations are done by grain size fraction 

10. Allows for simulation of hydraulic sorting and armoring 



SUMMARY OF HEC-6 CAPABILITIES AND LIMITATIONS 
-1 

Limitations 

1. -' One-Dimensional 

2. Sequence of steady state and equilibrium conditions 

3. Meanders not considered 

4. Bank widening not considered 

5 .  River Network Constrains 

a. Sediment transport in distributaries not possible 

b. Flow around islands (closed loops) cannot be simulated 
directly 

c. Only one junction or control point is allowed between 
adjacent cross sections 

6. Split flow cannot be simulated 

7 .  Supercritical flow is approximated by normal depth 



INTRODUCTION TO COMPUTER PROGRAM HEC-6: 
"SCOUR AND DEPOSITION IN RIVERS AND RESERVOIRS" 

Objective: The student will know the general capabilities of HEC-6. 

1. GENERAL CAPABILITIES (Section 1.4) 

Long term simulation of the water surface and stream bed profiles . 

Potential channel degradation downstream of a reservoir 

- - -  - - . A  . . a  Longitudinal distribution of deposits upstream of a dam : r. ..- . . -  :. . . 

Dredging requirements for navigation 

• Impacts on Channel Stability resulting from changes in the Water 
Discharge Hydrograph, the Inflowing Sediment Concentration (by 
particle size) or the Base Level Energy Control -- - 

Sediment transport processes and stream hydraulics are coupled 

Accounts for stream bed armoring and hydraulic sorting of grain sizes 

Allows tributary idows  and/or diversions of both sediment and water 

User may select technique for calculation of sediment transport capacity 

Handles up to 150 cross-sections, 15 grain sizes, and 10 tributaries 

Graphical display of input and output available 

Capability to simulate effects of gravel mining 
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2. THEORETICAL BASIS (Chapter 2) .- - 

Gradually Varied, 
Steady Flow 1 

Water 
Continuity 2 

Sediment 
Continuity 3 

where: 

volume of sediment deposited on the bed per unit length of channel, 
square feet 
acceleration of gravity, feevsecond 
porosity of the bed deposit, (Volume of voids divided by the total volume 
of sample.) 
water discharge, cubic Wsec 
sediment discharge, cubic Wsec 
lateral sediment inflow per unit length of channel, outflow (-), inflow (-t), 
cubic feet per second per foot of channel len,$h 
lateral water inflow per unit length of channel, outflow (-), inflow (+), 
cubic feet per second per foot of channel length 
fiction slope, foot/foot 
slope of channel bottom, footlfoot 
computation time step, seconds 
flow velocity, feet per second 
horizontal distance along the channel, feet 
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Y = depth of flow, Teet 
c1 = Alpha, the velocity distribution coefficient 

2 4 
P = density of water, pounds-sec /ft 

Where the sediment transport equation may be any one of the following: (Equation 4) 

Toffaleti 

Madden's Modification of Laursen 

Yang's Stream Power 

Duboy's 

Ackers - White 

' 0  Colby 

Toffaleti and Schokletsch Combination 

Meyer - Peter and Muller 

Toffaleti and Meyer - Peter Combination 

User supplied 

3. SOLUTION TECHNIQUE 

For a given 'event" in the histogram of flows (i.e., a water discharge and it's 
computation time step) 

Calculate the water surface profile by solving equations (1) and (2) using 
step backwater procedure 

Calculate sediment transport potential at each section using equation (4) 

Calculate volume of material scoured or deposited between cross- 
sections by solving the sediment continuity equation, (3) 

Calculate associated change in bed surface elevation and modify cross- 
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section geometry appropriately 

Read the inflowing water discharge, the inflowing sediment 
dconcentrations by particle size, water temperature ahd the Base Level 
Energy Elevation at the downstream end of the model for next event 

Repeat the above calculations 

4. MODEL LIMITATIONS (Section 1.6) 

One-dimensional approximation 

Quasi-steady 

Sensitivity to inflowing load data ". 

Lack of objective measures of model performance (calibration data) 

5 .  INPUT DATA REQUIREMENTS (Chapter 3) 

Geometric data 

1. Cross-sections 

2. Distance between cross-sections 

3. n-values 

4. Limits of movable bed 

5 .  Special features 
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Sediment data 

A. Range of particle sizes 

B. Inflowing sediment load 

C. Size of sediment material in stream bed 

D. Tributaries or diversions 

Hydrologic data 

A. The water discharge hydrograph 

B. The down stream boundary condition 

C. Water temperature 
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\ - CHAPTER 1: Getting Started 

THE NUMERICAL FLUME PROBLEM1 

Introduction 

HEC-6MC-6T is a one dimensional sedimentation model which includes the hydrologic processes of 
erosion, entrainment, compaction, transportatim and deposition of sediment. Computational modeling of 
sedimentation is the technology of using the amuputer to simulate these physical processes. HEC-6T can provide 
sufficient detail to assist engineers in making dkcisions about the impact of sedimentation and stream system 
morphology. 

A model such as HEC-6T is not an q r t  system it is an aid to a person who is trained in river mechanics. 
It takes the drudgery out of computational d& and allows the engineer to focus on understanding the project and 
the river system. 

Certain data requirements must be Iilkd so that HEC-6T will run efficiently and effectively. These data 
requirements are grouped into three types. *are geometric data, sedimentary data and hydrologic data, and are . . ._ I - - - 
always placed in that order in the "input fie". 

The input file contains the following abta. 

Geometric data set: 
1. model network structure 
2. the initial cross sections of $remodel 
3. the hydraulic roughness v h  
4. the size of the bed sedimentnservoir 

Sedimentary data set: 
1. the number of size classes &sediment in the model 
2. the specific weight of the &ent deposit 
3. the gradation of the bed sediment reservoir 
4. the selection of the transportbction 
5 .  the water sediment dischargerating curves for all in-flowing points around the model 

Hydrologic data set: 
1. the water discharge histogmu 
2. the tail water elevation 
3. the water temperature 
4. the computation time step 
5. program commands 

To illustrate data preparation, a series of examples have been included with the program. The first one is a 
flume problem. It is presented in this chapter. 

'copied from "Workbook for SEDIMENTATION IN STREAM NETWORKS, (HEC-6T) by William A. 
Thomas, Mobile Boundary Hydraulics, P.O. Box 264, Clinton, MS 39060. 
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Problem 

The fde, flume.t5, is a data set that models a simple flume. Below is-a sketch of what the physical model 
of this flume would look like from a side view. Notice the 6 vertical lines numbered 0 through 5. These are the 
cross sections and channel station numbers of the flume. The flume has a single inflow at control point 2 and a 
single outflow at control point 1. The flume sketch shows these control points as circles. Notice that the circles are 
connected by a line that runs the length of the flume. This is called a "Segment." A segment is comprised of a 
group of cross section. In this example, a sand mixture has been placed in the bed of this flume. The sketch shows 
clean water corning from the head bay. This flume will have a single gate across its entire width to insure that the 
inflowing water is distributed uniformly from one wall to the other. The tailwater elevation will be at normal depth. 
Since there is no bed material in the inflowing water, one expects erosion to take place as water flows down this 
flume. 

HEAD GATE 

HEAD BAY 

X-SECTIONS & CHANh'EI. STATION hLMBERS 
C L M X  iV.\TER SIDEWALL 

fXFLO% 7 5 4 3 2 1 0 

- TAIL GATE 

- 
TAU WATER 

SEGMENT NLMBER 1 
FLUME BED S SAND MLYTURE CONTROL POINT NUMBER 

FLUME 
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Dweloging the EIECQT Data Fie  

- 
Now that the physical parameters of our flume have been explained, we can construct what is called a .T5 

file for HEC-6T to execute. The .T5 f le  is all the raw data collected and put in a format the computer can read. 
A .T5 file looks like this. 

T1 FLUME TEST 
T2 HEC-6T VERSION 4.00. 4 MARCH 1994, WA THOMAS 
T3 
NC .I50 .I50 .025 
X 1 0 6 -.l 200.1 0 0 0 
X3 10 
GR 10 - 1 10 - .1 0 0 0 200 10 200.1 
GR 10 201 
H 0 
X1 100 100 100 100 .1 
X3 10 
H 100 
X1 200 100 100 100 .1 
X3 10 
H 200 
PX 100 2 .001 100 100 100 
EJ 
T4 SEDIMENT DATA FOR FLUME TEST -. 
T5 BED GRADATION ARE HYPOTHETICAL 
T6 NO SEDIMENT INFLOW 
T7 

LQ Q 10 30000. 
LTLTOTAL 
LF VFS 
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF MG 
LF CG 
LF VCG 
LF SC 
P F 1.0 
PFC 8.0 27.0 4.0 
PFC .250 15.0 .I25 

$ H M  
* AB RUN 1 
Q 2000 
R 4 
T 45. 
W .1 
SPLOTP TITLE= "EXAMPLE 1" 
S $ END 
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.- - , 

The following graph is a digital representation of Cross Section 0 of the flume as it is encoded in the input 
data file. Certain parts have been labeled for easier identification. 
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The following table groups records by purpose and annotates the different elements of the input data file. - 

Table 1-1. Description of Input Records 
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Input Records 

T1 FLUME TEST 
T2 HEC-ST VERSION4.00. 4MARCH1994, WA THOMAS 
T3 

NC .I50 .I50 .025 

X1 0 6 -.l 200.1 0 0 0 
X3 10 
GR 10 - 1 10 - .1 0 0 0 200 10 200.1 

GR 10 201 
H 0 

X1 100 100 100 100 
X3 10 
H 100 

X1 200 100 100 100 .1 

X3 10 
H 200 

PX 100 2 .001 100 100 

100 

EJ 

T4 SEDIMENT DATA FOR FLUME TEST 
TS BED GRADATION ARE HYPOTHETICAL 
T6 NO SEDIMENT INFLOW 
T7 
T 8 

I1 10 
I4 4 1 11 

LQ Q 10 30000. 
LTLTOTAL 
LF W S  
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF MG 
LF CG 
LF VCG 
LF SC 

Descritpion 

Title records that descnbe the 
contents of this file. 

Friction Coefficient 

The first cross 
section in the model. 
This is at chamel 
station 0 - coded on 
X1. The cross section 
is on GR records. X3 
requests ineffective 
area. The bed 
sediment reservoir is 
coded on H record. 

Reuse GR records from 
previous cross 
section. 

ditto 

Template for extending 
the model in the 
upstream direction. 

End of Geometric data. 

Title records for the 
sedimentary data set. 

Sediment and model 
parameters. 

Inflowing water 
sediment mixture in 
the water column. 
(Zero in this case. 

The LF records 
partition the inflow 
into fractions by size 
class. 
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Input Records 
\ - 

I 

PF 1.0 128.-0 64.0 36.0 32.0 31.0 16.0 

28.0 

I 

PFC 8.0 27.0 4.0 25.0 2.0 24.0 1.0 19.0 .50 
16.0 

PFC .250 15.0 .I25 13.0 

$m 

AB RUN 1 
Q 2000 
R 4 
T 45. 
W .1 

Q 
W 

SPLOTP TITLEznEXAMPLE 1" 8,9,16 

$ SEND 

Descritpion 

Sediment gradation in 
the bed sediment 
reservoir. 

Hydrologic data set 
begins. 

These records describe 
the Hydrologic 
Boundary Conditions. 

Q  - the water 
discharge in cfs. 
R - tailwater 
elevation 
T - water temperature. 
W - computation time 
step in days. 

After the first event 
code only + , Q , W  until 
the water temperature 
or downstream 
elevation changes. 

Plot parameters: Bed, 
Water Surface and 
Cross Section in this 
Example. 

End of run 



Execution 

To execute, type "menu6" and the HEC-6 program menu will appear. Follow instructions on the screen to execute 
the Numerical Flume Data Set. The bottom of the screen shows the $%END record followed by the number of DATA 
ERRORS DETECTED, and the end of job statistics. This shows that the execution has come to a normal termination. The 
screen will look similar to this. 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TIME STEPS READ = 1 
TOTAL NO. OF WS PROFILES = 1 

ITERATIONS IN EXNER EQ = 6 0 

COMPUTATIONS COMPLETED 
RUN TIME = 0 HOURS, 0 MINUTES & 0.00 SECONDS 

Printout 

Printout is written as the data file is read. This makes it possible to locate errors in the data by searching to the end 
of the printout file. Printout can be inspected by a viewer named "List" in the HEC-6 menu. 

C To view the printout file on the screen select menu item number 4 "DISPLAY OUTPUT TO CONSOLE." 

Use the arrow keys to navigate through the printout file if there are long lines. If additional help is needed, turn the 
"Help" screen on by using the question mark key on the computer keyboard. Press the question mark key again to turn the 
"Helpl' screen off. 

The first image of the printout file is the time and date followed by the HEC-6 Banner. The banner shows the , 
- 

program name, version number, and dates. Just below the banner is a description of the program dimensions. This is to verify 
that the problem has fit in terms of the number of cross sections and control points. 
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EXECUTING HEC-6 AND READING THE PRINTOUT 
FILE 

Objective: The student will be able to execute HEC-6 and to locate hydraulic and 
sedimentation results in the printout file. 

1. Problem Statement: Execute Exampld.dat from the HEC-6 example problems. 

type: menu6 

A. Choose item 1 from the HEC6 menu: 1. . ., - DeGe -- input/output . - . ,  e u files 

and request input file name 

(Note: No  supplemental output or GR output will be needed. Use default extensions and 
the default Data Directory.) 

B. Choose item 3 from the HEC6 menu: 3. Run 

record the output file name & 4 [ f 3 .  v 

2. Problem Statement: Display Example3.out on the console.. 

C. Choose item 4 from the HEC6 menu: 4. Disp1ay:output * - .. - . +* tp console 

(Note: There are two display options. Toggle the space bar and write them below: 
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Choose console.) . - . 

The s o h a r e  used to view the output is "LIST" (c) 1987 written by Vernon D. Buerg. It is an 
extremely powerful, general purpose, viewing code. Toggle the ? to turn on/off the Help 
screen. Use the arrow keys to view long lines. When outside the HEC6 menu, type list 
filename and you can access this code to view any file. 

A. Notice the INPUT and OUTPUT file names in the Banner at the top of the output 
file. 

B. Go to the END OF FILE by pressing the - key 

C. Complete the summary information found at the NORMAL TERMINATION of a 
job in the spaces below this line. 

- - -- - A 

DATA ERRORS 
sU5, 

TOTALNO.  , L */n 

N S  s(u!', 
TOTALNO.  

ITERATIONS IN - - 

D. Press PAGE UP and view 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME = 54 DAYS 

SECTION BED CHANGE WS ELEV THALWEG Q TRANSPORT RATE ( tons  /day 
NUMBER ( f t )  (ft) ( f t )  (cfs) SAND 
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Notice the TABLE Number, SB-2. This string always applies to the Bed Profile Table. 

At what COMPUTATION TIME does this "Status of the Bed Profile" Table apply? 

E. Search on the String SB-2 and record the COMPUTATION TIME for each 
printout in the spaces below: 

(Note: Press F and the Command Box will be opened at the bottom of the screen. 
Type SB-2 ENTER and the SB-2.title will be high-lighted in yellow. 

(If the Command Box blinks .**+ TEXT NOT FOUND '*')'*, Press F9 and . . -. 
LIST will repeat the search up the file for that string.) 

Press F9 and LIST will search up the file for the previous SB-2. 
(Record the number of days on the line above.) 

Press F9 again and the search will be repeated for a previous SB-2 table. 
( Record the number of days above.) 

Press F9 again. Write the response on the following line. 

F. Repeat the search down the file, by pressing the F3 function key, until the SB-2 table at 
54 days is located. The "BED CHANGE" column shows positive and negative values. Circle 
the correct answer in the following sentences. 

? 
A negative bed change indicates 

If the cross section is in a deposition area, there will be (more, less) sediment 
transported into the reach than is transponed out of the it. 

Record the two erosion zones using their cross section identification values. 

/ 
and ?&I- 15 
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Hydraulic Sorting and Armoring I 

Objective: The learner will know how the sorting/armoring method works in HEC-6 and 
how to request output that shows those computations. 

Definition of ARMORING: the process of establishing a surface layer of sediment particles 
which are coarser than the parent bed gradation and which will constrain the transport of the 
smaller particle sizes in the parent bed material. - - 

1. Backzround. Hydraulic sorting and arrnoring is the fundamental process by which 
. - sediment movement models differ from Sediment Transport Equations, It is the sorting and - 

arrnoring process which allows HEC6 to simulate non-equilibrium sdhnent transport. 

1.2 Computational Modeling of Sedimentation. According to ASCE Manual 54, 
Sedimentation embodies the processes of 

erosion, 

entrainment, 

transportation, 

deposition, 

and the compaction of sediment. 

Computational modeling of sedimentation is the technology of using the computer to 
simulate or mimic those processes in sufficient detail to aid in making decisions about the 
impact of sedimentation on engineering projects and the impact of an engineering project on 
stream system morphology. A model such as HECd is not an EXPERT SYSTEM. It is an 
aid to a person who is trained in river mechanics. It takes the drudgery out of computational 
details and allows the engineer to focus attention on understanding the project and the river 
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system. 

1.2 Data requirements. Data requirements are grouped into 3 types: - 

These data sets are always stacked in the sequence GEOMERTY- SEDIMENT- 
HYDROLOGY in the input file. Printout is made as data are read. 

The geometric data sets the geometry for hydraulics and the size of the BED . - .- .-  
SEDIMENT RESERVOIR. Sediment Properties of the BED SEDIMENT RESERVOIR are 
established in the SEDIMENTARY DATA SET. 

1.3 Calculations. Calculations are partitioned into 3 major parts - SEE APP A: 

HYDRAULIC CALCULATIONS which determine the energy forces in the 
system. 

SEDIMENTATION CALCULATIONS which determine the bed material . 

sediment transport rates and resulting changes in bed composition as the result 
of those hydraulic forces, and 

BED CHANGE CALCULATIONS which determine the new GR elevations 
as the result of the sedimentation calculations. 

Like water surface profile calculations, sedimentation calculations are made on a reach 
by reach basis. (A reach is the space between 2 consecutive cross sections.) The water surface 
profile is calculated first. The standard backwater technique is used. Sediment movement 
calculations are made after the hydraulic calculations are completed. 

Sediment movement calculations start at the upstream end of the model. Both the 
water and the sediment discharges entering the upstream end of the model are prescribed. 
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Sediment movement through the upstream reach is calculated, and that sediment outflow .- - 
becomes the sediment inflow to the next downstream reach. Computations progress cross 
section by cross section to the downstream end of the model. The sedimenr leaving the model 
at the downstream end is identified as the SEDIMENT OUTFLOW. 

The upstream end of the model is called the UPSTREAM BOUNDARY. The 
downstream end is called the DOWNSTREAM BOUNDARY. 

Bed change calculations are made last. All cross section elevations beneath the water surface, 
within that portion of the cross section assigned as the Movable Bed Portion, are either raised 
or lowered to reflect the volume of deposition or erosion calculated for that reach. The next 
hydrological event is read and the calculations are repeated. 

2. The Computational Reach. Sorting and armoring requires a Bed Sediment Reservoir. 
Page 3 of Appendix A with this lecture shows a table for the BED SEDIMENT CONTROL 
VOLUMES for the Hotophia Creek Flume Problem. Record the size of the Control Volume 
for Cross Section 130 in the space below: r A X  I 

- \ (.') '1 ( 6 "  / 
LENGTH, ft ,5fd L- , WIDTH, ft 2Co0 , DEPTH, ft  2 0 0'; ,'' 

c, 

3. The Continuicv of Sediment. The sediment continuity equation is often - called - the 
EXNER equation. It is 

where: 

Bo = Width of Bed Sediment Control Volume, feet 
G = Sediment Discharge Rate, cubic feedday 
t = Computation time, day 

sorrarm.txt Page3 
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x = Length of Bed Sediment Control Volume, feet 

Ys = 
Depth of Sediment Deposit/Erosion 

This equation can be written in finite difference form similar to that on page 18 of the HEC6 
User's Manual. 

where: 
d,u = downstream and upstream ends of control volume, respectively. 
G = Sediment transport rate, tons/day 
L = Reach length to cross section on either side of computational point, feet 

At = computational time step, days 

y s ~  
= Bed Elevation at beginning of computation time step, feet 

y s ~  
= Bed Elevation at end of computation time step, feet 
= Specific weight of bed deposit, tons/cubic foot Y s 

4. The Equilibrium Condition. Sediment transport functions such as Einstein or Meyer-Peter 
and Mueller or Toffaleti or Yang etc ... are based on the EQUILIBRIUM principle. That is, 
the sediment transport rate, by particle size, leaving a control volume is equal to the sediment 
transport rate entering that control volume. The key is in the Einstein observation: 

"the number of grains per unit width that pass a given cross section is then taken as the 
product of the number of grains in the surface layer of a bed area of unit width and 
length and the probability that in any second the drag force is great enough to ser a 
particle in motion." 

Following the work of Einstein, total bed material load equations are obtained by combining 
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the bed load function and the suspended sediment entrainment equation. The bed load - . 

function provides the reference concentration, C,. The suspended load can then be calculated 
by integrating the suspended sediment concentration equation from the reference zone, a, to 
the water surface. The resulting equation for total bed material transport for particle size "in 
is 

where 
thickness of the bed-load layer (Einstein considered a = 2*DsJ 
concentration in bed-load layer = %bi 

geometric mean of particle diameters in each size class i 
flow depth, bed to water-surface 
size class interval number 
fraction of size class i in the bed 
von Karman constant = 0.4 in clear water 
unit total bed material load in size class i 
unit suspended bed material load in size class i 
any point in the flow depth measured above the bed 
slope of the concentration distribution (VJku.) 
bed shear velocity 
settling velocity for grains of sediment in class interval i 
apparent grain roughness diameter of bed surface. 

5. Transuort Potential. The HEC6 computational model uses transport functions which 
have been modified into TRANSPORT POTENTIAL calculations. Using the above 
equation as example, the TRANSPORT POTENTIAL form is 
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Notice, the ib term has been removed. The equation for Sediment Transport Capacity then 
becomes 

6. The Non-Equilibrium Case. In non-equilibrium sediment transport not only are the 
hydraulic forces and inflowing sediment load continually changing but also the bed gradation, @ ib, is continually changing. By coupling these 'Transport Potential" functions with the , 

sediment continuity equation, the non-equilibrium process can be simulated. 
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Velocity = 4.18 fps, Effective Depth = 7.6 ft, - 

Slope = 0.001213 ft/ft, Effective h = 155.6 f 
1C l -3 

Bed 
Source 
~ e a u i r q , A  

3 $f'" ' 
, 

tons 

-402 

-4,728 

-6,161 

Bed Bed Gd = 
Sediment Sediment Sedimen 
Availabl 
(Active (Active 
~ a y e r )  ~ a ~ e r l b -  

Gs = 
Transport 
Capacity 

tons 

872 

10,890 

15,134 

281 

14,343 

41,616 

Pi  

.005 

.2550 

.7400 

Transport 
Potential  

tons ----- 
174,465 

42,705 

20,451 

Grain 
S i z e  

mm 

0.088 

0 .I76 

0.352 

0 

9,615 

35,455 

Gu = 
Sediment 
Inflow 

t -\ !,. 
PU \ J2 cb .*A 

tons 

470. 

6,162. 

8,973 

15,605 

tons 

751 

10.890 

15,133 

26.774 



\ - Initial Weight in Bed Sediment 
Reservoir = 184,837.50 Tons 

Total Weight of Eroded Bed Material 
(Gu - Gd = 15605 - 26774 tons) - - -11,169.00 Tons 

Final Weight = 173,668.50 Tons 
Specific Weight of Deposit - - 0.0465 ~ons/cu ft 

Final Volume of Bed Material = 3,734,806.5 
Bed Surface Area Coefficient = 198,750.0 Square feet 
New Depth of Bed Sediment, ksp - - 18.79 Feet 
Bed Change = ksp - YSp - - -1.21 Feet 

7. Armorins. In what sense is this bed armoring itself? 
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APPENDIX A 

Hydraulic Sorting and Armoring 

*+++++** *++*+** * *++*+*++** * * * * * * * * * * * *+* * * * * * * * * * * *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ SCOLT AND DEPOSITION IN RIVERS AND RESERVOIRS * U.S. ARMY CORPS OF ENGINEERS * 

Version: 4 .1 .00  - OCTOBER 1993 + + HYDROLOGIC ENGINEERING CENTER + 

INPUT FILE: FLUME.DAT + 609 SECOND STREET + 
OUTPUT FILE: FLUME.OUT a + DAVIS, CALIFORNIA 95616-4687 * 
RUNDATE: 0 1 F E B 9 5  RUNTIME:15:30:22 * * (916)  756-1104 
**++*++*+**+*****+*******lttt****+*+**++ * * * * * * * * * * * * * * * * * * * * *+*++** * * * * *+*+  

X X xxxxxxx xxxxx xxxxx 
X X X X X X X 
X X X X X 
XXXXXXX XXXX X xxxxx XXXXXX 
X X X X .  X X 
X X X X X X X 
X X XXXXXXX XXXXX xxxxx 

+***+*********************+*******+****++*+*****************+********+ 
MAXIMUM LIMITS FOR THIS VERSION ARE: * 

* 1 0  Stream Segments (Main Stem + Tributaries) 
500 Cross Sections 
200 Elevation/Station Points per Cross Section t 

* 20 Grain Sizes * 
+ 1 0  Control Points * 
++*******+***+*****************************+***********************+** 

T1 HOTOPHIA CREEK, MISSISSIPPI FLUME 
T2 WA THOMAS, 1 9  NOV 94,  
T3 

N-Values vs Discharge Table 
Left Overbank Channel Right Overbank 

0 .0800  0 .  0 .0240 1 0 .  0.0800 0 .  
0 . 0000  0 .  0 .0190 100.  0.0000 0 .  
0 . 0000  0 .  0.0250 2000. 0.0000 0 .  
0 . 0000  0 .  0 .0480 6000. 0  .0000 0 .  
0 . 0 0 0 0  0 .  0.0350 14900.  0  . O O O O  0 .  

SECTION NO. 130 .000  
. . .  DEPTH of the Bed Sediment Control Volume = 20 .00  ft. 

SECTION NO. 500.000 
. . .  DEPTH of the Bed Sediment Control Volume = 20 .00  ft. 

SECTION NO. 1500 .000  
. . .  DEPTH of the Bed Sediment Control Volume = 20.00  ft. 

SECTION NO. 3000.000 
. ..DEPTH of the Bed Sediment Control Volume = 20.00  ft. 

SECTION NO. 4500.000 
. . .  DEPTH of the Bed Sediment Control Volume = 20.00  ft. 

SECTION NO. 6000.000 
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... DEPTH of the Bed Sediment Control Volume = 20.00-ft. 

NO. OF CROSS SECTIONS IN STREAM SEGMENT= 6 
NO. OF INPUT DATA MESSAGES = 0 

TOTAL NO. OF CROSS SECTIONS IN THE NETWORK = 6 
TOTAL NO. OF STREAM SEGMENTS IN THE NETWORK= 1 
END OF GEOMETRIC DATA 
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T4 HOTOPHIA CREEK SEDIMENTATION STUDY, SEGMENT 1 
T5 MAIN STEM HOTOPHIA, WA THOMAS 24 JUNE 1994 
T6 THIS IS BRANCH # 1 
T7 

HOTOPHIA CREEK, MISSISSIPPI 
WA THOMAS, 19 NOV 94, 

FLUME 

sp11/IBG mQ sPGF AcGR NFALL IBsHER 
I1 1. 0 1 1.000 32.174 2 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *  

SANDS - BOULDERS ARE PRESENT 
MTC IASA LASA SPGS GSF BSAE PSI WDLB 

I4 4 1 3 2.650 0.667 0.500 30.000 93.000 

USING TRANSPORT CAPACITY RELATIONSHIP # 4, YANG 

GRAIN SIZES UTILIZED (mean diameter - mm) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....... VERY FINE SAND.... 0.088 1 MEDIUM SAND 0.354 
FINE SAND ......... 0.177 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED 
DBI DEN XID XIN XIU UBI UBN JSL 

I5 0.000 1.000 0.000 1.000 0.000 0.000 1.000 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LQ Q,CFS 1 10.0000 1 100.000 1 1000.00 1 5000.00 1 10000.0 1 14600.0 1 

- - - - - - - - - - - -  ------------ ------------ - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  
LF VFS 10.270000E-011 1.89000 1 40.5000 ( 675.000 1 2851.20 ( 5550.34 1 
LF FS 1 1.08000 1 37.8000 ] 810.000 1 13500.0 1 57024.0 1 111007. 1 
LF MS 10.135000 1 46.3050 1 992.250 1 16537.5 1 69854.4 1 135983. 1 

- - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  - - - - - - - - - - - -  
TOTAL ( 1.24200 1 85.9950 1 1842.75 1 30712.5 1 129730. 1 252540. 1 

REACH GEOMETRY FOR STREAM SEGMENT 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
CROSS REACH MOVABLE INITIAL BED-ELEVATIONS ACCUMULATED CHANNEL DISTANCE 
SECTION LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM 
NO. (ft) WIDTH (ft) (ft) (ft) (ft) (miles) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

0.000 
130.000 2500.000 204.000 191.000 204.000 0.000 0.000 

500 .ooo 
500.000 2500 .OOO 204.000 191.000 204 .OOO 500 .OOO 0.095 
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BED MATERIAL GXADATION 
. . . . . . . . . . . . . . . . . . . . . .  

SECNO .SAE DMAX DXPI XPI TOTAL BED MATERIAL FRACTIONS 
(ft) (ft) BED per grain size 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
130.000 0.000 0.003 0.002 1.000 1.000 1 VF SAND 0.005 I M SAND 0.740 1 

I F SAND 0.255 1 

500.000 0.000 0.003 0.002 1.000 1.000 / VF SAND 0.005 I M SAND 0.740 1 
( F SAND 0.255 1 

1500.000 0.000 0.003 0.002 1.000 1.000 1 VF SAND 0.005 I M SAND 0.740 1 
I F SAND 0.255 1 

3000.000 0.000 0.003 0.002 1.000 1.000 I VF SAND 0.005 I M SAND 0.740 1 
I F  SAND 0.2551 

4500.000 0.000 0.003 0.002 1.000 1.000 1 VF SAND 0.005 1 M SAND 0.740 1 
I F SAND 0.255 1 

6000.000 0.000 0.003 0.002 1.000 1.000 1 VF SAND 0.005 1 M SAND 0.740 1 
I F SAND 0.255 1 

BED SEDIMENT CONTROL VOLUMES 

STREAM SEGMENT # 1: HOTOPHIA CREEK, MISSISSIPPI FLUME - - 
- - -. . - I SECTION I LENGTH I WIDTH I DEPTH I - V O L U M E  - - I  

I NiJMBER I (ft) I (ft) I (ft) I (cu.ft) I (cu.yd) I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 130.000 1 250.000 1 2500.000 1 20.000 10.125000E+08 1 462963. I 
1 500.000 1 750.000 1 2500.000 1 20.000 10.375000E+08 10.1388893+07 1 
1 1500.000 1 1250.000 1 2500.000 1 20.000 10.6250OOE+08 10.2314813+07 / 
1 3000.000 1 1500.000 1 2500.000 / 20.000 10.750000E+08 10.2777783+07 1 
1 4500.000 1 1500.000 1 2500.000 1 20.000 10.7500003+08 10.277778E+07 1 
1 6000.000 1 750.000 1 2500.000 1 20.000 10.375000E+O8 10.138889~+07 1 

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

S W  
BEGIN COMPUTATIONS. 

Downstream Boundary Condition - Rating Curve 
Elevation Stage Discharge I Elevation 

_________________ -_ - - - - - - - - - - - - - - - - - I - - - - - - - - - - - - -  
192 .OOO 198.000 0.000 1 206.600 
192.300 198.300 1000.000 1 207.000 
194.100 200.100 2000.000 1 207.500 
196.100 202.100 3000.000 1 208.000 
198.000 204.000 4000.000 ( 208.500 
200.000 206.000 5000.000 1 208.900 
200.800 206.800 6000.000 1 209.300 
201.400 207.400 7000.000 1 209.700 
202.000 208.000 8000.000 1 210.200 
202.800 208.800 9000.000 1 210.600 
203 .SO0 209.500 10000.000 1 210.900 
204.000 210.000 11000.000 1 211.300 
204.500 210.500 12000.000 1 211.700 
205.000 211.000 13000.000 1 212.100 

Stage Discharge 
.---------- 
16000.000 
17000.000 
18000.000 
19000.000 
20000.000 
21000.000 
22000.000 
23000.000 
24000.000 
25000 .OOO 
26000.000 
27000 .OOO 
28000.000 
29000.000 
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205.500 211.500 14000.000 1 212.600 , 218,600 30000.000 
206.000 212.000 15000.000 ( 

==--------------- ---------------eP==============z===III========I========================= 
= = l ? c = 5 ~ 1 = i = = = f D =  

1 'IMEqP ' RUN 1 TRACE Q = 2-YR PEAK 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .- 
TRACE OUTPUT FOR SECTION NO. 500.000 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SEDIMENT OUTFLOFLOWK frROM S E ~ I ~ O ~ - N O .  5OO:OOO 
GRAIN SIZE ' '?$ (toe/dayJ *Ip: . SIZE LOAD (tons/day) " .  -------------------------------------------------------------------------- 

, .2 a -* -,. - I _  I 

VERY FINE SAND....' . 470.14 1 &.....-. 8973 -12 
FIXE SAND,. . . ... . . 6162 -15 ( 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TRACE OUTPUT FOR SECTION NO. 130.000 

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

HYDRAULIC PARAMETERS : 
VEL SLO EFD EFW N-VALUE TAU USTARM FROUDE NO. 
4.180 0.001213 7.605 155.619 0.0423 0.57609 0.54479 0.267 

BED SEDIMENT CONTROL VOLUME COMPUTATIONS: 
NEW SURFACE AREA (SQ FT) : TOTAL K- PORTION S - PORTION 

198750.00 198750.00 ' 0.00 

OLD BED-SURFACE AREA, SQ FT 625000.00 
GRADATION OF ACTIVE PLUS INACTIVE DEPOSITS 

**BEDPI** 

IOP NXSA WCDA WCDI WSD A WSDI WTOT SFITOT 
4 1 0.00 0.00 0.00 0.00 0 .OO 184837.50 

RESIDUa 
18.49 

BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION PERCENT FINER 
VF SAND 0.005000 0.500000 M SAND 0.739900 99.. 989998 
F SAND 0.255000 25.999999 

SAND 
DEQ.EFDN,DEDl,DEDZ, D2 = 0.136911E+02 0.760511E+01 0.136911E+02 0.1668963+02 0.1640403-02 **SRMODS** 
IMDS, IMD, LGS, SAE, SAA, SAl= 5 S 3 0.000000 1.096940 _ 1.000000~ . - 

INACTIVE LAYER ACTIVE LAYER 
% DEPTH % DEPTH - .  

CLAY 0.0000 0.00 0.0000 0.00 
SILT 0.0000 0.00 0.0000 0.00 
SAND 1.0000 20.00 0.0000 0.00 

TOTAL 1.0000 20.00 0.0000 0.00 

AVG. UNIT 
WEIGHT 
0.046500 

AVG. UNIT 
WIGHT 
0.000000 

COMPOSITE UNIT WT OF ACTIVE LAYER 
COMPOSITE UNIT WT OF INACTIVE LAYER 
DEPTH OF SURFACE LAYER (ft) 
WEIGHT IN SURFACE LAYER (tons) 
DEPTH OF NEW ACTIVE LAYER (ft) 
WEIGHT IN NEW ACTIVE LAYER(tons1 
WEIGHT IN OLD ACTIVE LAYER(tons1 
USEABLE WEIGHT, OLD INACTIVE LAYER 
SURFACE AREA OF DEPOSIT (sq ft) 

* *  INACTIVE LAYER " 

IOP NXSA WCDA WCDI WSDA WSDI WTOT SFITOT 
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5 1 0.00 0.00 .- - -0;OO 0.00 0.00 184837. SO 

RESIDUAL 
18.49 

BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION PERCENT FINER 
VE SAND 0.005000 0.500000 M SAND 0.739900 99.989998 
F SAND 0.255000 25.999999 
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* *  ACTIVE MYER *' 

IOP NXSA WCDA WCDI WSDA WSDI - UTOT SFITOT 
3 1 0.00 0.00 0 .OO 0.00 0.00 184837 .SO 

RESIDUAL 
18.49 

BED MATERIAL PER GRAIN SIZE: BED FRACTION PERCENT FINER BED FRACTION PERCENT FINER 
VF SAND 0.005000 0.500000 M SAND 0.739900 99.989998 
F SAND 0.255000 25.999999 

**SPOWER" 
VEL = 4.1800 
EFFECTIVE DEPTH = 7.605 
SLOPE = 0.0012130 
EFFECTIVE WIDTH = 155.6191 
KINEMATIC VIscosIm = 1.4111*10**6 

D IA FALL VEL USTAR CRITICAL FALL VEL* DSVL* EFF. UNIT* CONC TRANSPORT 
OF PART FPS REY. NO. VEL REY NO. STR PWR PPM POTENTIAL 

= LOG10 
1 0.000290 0.015921 11.20 3 .I88 - .4852 1.534 -.SO22 12923.34 174465. 
2 0.000580 0.051640 22.39 2.598 0.3268 1.023 -1.022 3163.33 42705. 
3 0.001160 0.121744 44.78 2.231 1.000 0.6508 -1.410 1514.91 20451. 

C FINES, COEF(CFFML), MX POTENTIAL- 0.000000E+00 0.100000E+01 0.108000E+08 
NXSA, N, Q(N), QSFML, ADMIX - 1 1 5000.000 0.000 0.000 
NATGM,DIST,EFW,FMLM,FMLT,ENTC= 0 500.000 155.619 0.000 0.000 0.000 **SRMODS** 

POTENTIAL TRANSPORT (tons/day): VF SAND 0.174465E+06 M SAND 0.204512E+05 
F SAND 0.4270503+05 

RSIDW, WSNA, WSNI= 18.49 0 .OO 184837.50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RATE OF ENTRAINMENT - COEFFICIENTS 

GRAIN SIZE DEPOSITION EROSION 
CLASS 

1 0.1252 1.0000 
2 0 -4061 1.0000 
3 1.0000 1.0000 

---------------------------------------- 

TRACE ........ LTI,SPI,DUR,DT,RTOWK = 1 1.00000 1.00000 59 .SO873 1.000 *EXNER5 * 
WTSUPM, WTMXIZL, WTSL, WTCERO, WTTL= 0.804369333+05 .56246026E+05 0.21440227E+02 0.00000000E+00 

0.56246026Ec05 
WEIGHT OF INFLOW THIS DT (tons)..GS 0.47014111E+03 0.616214523+04 0.89731196E+04 
WEIGHT IN TRANSPORTABLE LAYER..WTTL 0.562460263+05 0.28123013E+03 0.14342736E+05 0.416164343+05 
WEIGHT IN COVER LAYER (tons) ... WTOT 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 
WT IN SURFACE LAYER (tons) .... WTTXG 0.56240401E+05 0.281230133+03 0.14342736E+05 0.41616434E+05 
WEIGHT OF VALLEY DEPOSITS (tons) ... 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 
TRACE .......... NT1,SAE = 1 1.00 * EXNERS 
COVER BY SIZE CLASS = 6662.8751 3331.4376 3278.9699 1941.0445 
%/I00 BY SIZE CLASS, PI= 1.0000 0.0050 0.2550 0.7400 
INC. WT., BED-SOURCE = -0.28123013E+03-0.47287197E+04-0.61602665EtO4 
ACCUM. WT. IN TRANSPORT= 0.75137123E+03 0.10890865E+05 0.15133386E+05 
WEIGHT IN COVER LAYER (tons) ... WTOT 0.45070184Ec05 0.00000000E+00 0.96140168E+04 0.35456168Et05 
WT IN SURFACE LAYER (tons) . . . .  WTTXG 0.56240401E+05 0.28123013E+03 0.14342736E+05 0.41616434E+05 
WEIGHT OF VALLEY DEPOSITS (tons) ... 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000Et00 

NXSA,UWD,VSNA. VSNI= 
RSIDW, WSNA, WSNI= 
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\ - 
DEPTH OF BED SZD. CONVEYANCE, DLYST = 18.7913474 

SEDIMENT OUTFLOW FROM SECTION NO. 130.000 
GRAIN S I Z E  . WAD ( t o n s / d a y )  I * GRAIN SIZE LOAD ( t o n s / d a y )  ............................... 

VERY FINE UM SAND ....... 15133.39 
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TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # _ 1  - , 

HiXOPHIA CREEK, MISSISSIPPI FLUME 
TOTAL # OF CONTROL VOLUMES ON THIS SEGMENT = 1 

. . .  TOTAL # OF LOCAL INFLOW POINTS = 0 
TOTAL # OF TRIBUTARIES . . .  = 0 
TOTAL # OF CROSS SECTIONS ... = 6 
THE BASE LOCATOR IN SECNO(array) IS = 0 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGaENT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIME ENTRY * SAND 
DAYS POINT * INFLOW OUTFLOW TRAP EFF * 
1.00 6000.000 15.16 
TOTAL= 130.000 * 15.16 13.22 0.13 

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

TABLE SB-1: SEDIMENT LOAD PASSING THE BOUNDARIES OF STREAM SEGMENT t 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEDIMENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

....... VERY FINE SAND.. .. 675.00 1 MEDIUM SAND 16537.50 
FINE SAND ......... 13500.00 1 

- - - - - - - - - - - - -  - - - - - - - - - - - - -  
TOTAL = 30712.50 

SEDIMENT OUTFLOW from the Downstream Boundary 
GRAIN SIZE LOAD (tons/day) ( GRAIN SIZE LOAD (tons/day) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
. . . . . . .  VERY FINE SAND. ... 751.37 1 MEDIUM SAND - 15133.39 

......... FINE SAND 10890.86 1 
- - - - - - - - - - - - -  - - - - - - - - - - - - -  

TOTAL = 26775.62 

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME 

SECTION BED CHANGE WS ELEV THALWEG 
NUMBER (ft) (ft) (ft) 
6000 .OOO 0.62 203.07 191.62 
4500 .OOO 0.00 202.67 191.00 
3000.000 -0.02 202.14 190.98 
1500.000 -0.08 201.37 190.92 
500.000 -0.29 200.58 190.71 
130 .OOO -1.21 200.00 189.79 

- 1.000 DAYS 

TRANSPORT RATE (tons/day) 
SAND 
1676. 
1930. 
3595. 
7677. 

15605. 
26776. 

Accumulated Water Discharge from day zero (sfd) 
MAIN 
5000.00 

- - - - - - - - - - -_ -____-_- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
S SEND 

0 DATA ERRORS DETECTED. 

TOTAL NO. OF TIME STEPS READ = 1 
TOTAL NO. OF WS PROFILES = 1 
ITERATIONS IN EXNER EQ = 6 

COMPUTATIONS COMPLETED 
RUN TIME = 0 HOURS, 0 MINUTES & 2.00 SECONDS 
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VERIFICATION OF HEC-6 

References: 

[I] HEC-6 User Manual. 
[2] Guidelines for the Calibration and Application of Computer Program HEC-6, 

The Hydrologic Engineering Center, US Army Corps of Engineers, Davis, CA. 

Objective: The student demonstrates skill in interpreting HEC-6 print out and adjusting 
input to reproduce field observations. 

1. PROBLEM. 

A HEC-2 data set is being converted for HEX-6 computation. Sediment and hydrology data 
have already been added, and a trial execution has been made. The HEC6 model is now ready 
for verification. 

a 2. END PRODUCT 

The end product of this workshop will be an HEC-6 model that is verified for one water 
discharge. 

3. MODEL VERIFICATION. 

3.1 Diagnosis. The following diagnosis is made using printout from the trial #1 Run. The 
last event in that printout is shown on the next page. 

3.1.1 End of Run Results. The first tables to scan to find out how well the sediment 
calculations represent the prototype are the SA- and SBtables in the HEC- 6 print out. These 
2 tables will be printed for each hydrologic event which has a B in column 6 . The final 
event in this verification run is reproduced below. Notice the rather large trap efficiency, 990, 
in the SA-I table on the next page. This model is of a river which is in equilibrium. What 
should the trap effeciency be? 
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In this case, 9010 trap efficiency is too large; there is a problem which must be resolved before 
-L - 

this model is verified. The following steps illustrate the process. 

3.1.2 Most Active Cross Section. First, scan every SB-2 table in the printout for the cross 
section having the largest BED CHANGE value. This cross section is referred to as "the most 
active section." 

TIME STEP # 1 0  
B RUN10 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Workshop Problem VII. VERIFICATION OF HEC6 MODEL 

ACCUMULATED TIME (y.S) .... 0.027 
FLOW DURATION (days) ...... 1.000 

UPSTRXW BOUNDARY CONDITIONS ---------------------------------------------------------------------- 
Stream Segment # 1 I DISCHARGE I SEDIMENT LOAD I TEMPERATURE 
Section No. 4570.000 1 (cfs) 1 (tons/day) I (degP) ---------------------------------------------------------------------- 

INFLOW I 90000.00 1 21942.14 1 50.00 

TABLE SA-1. TRAP EFFICIENCY ON STREAM SEGMENT # 1 
Workshop Problem VII. VERIFICATION OF HEC6 MODEL 
ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEQ4ENT 

...................................................... 
TIME ENTRY * SAND 
DAYS POINT INFLOW OUTFLOW TRAP EFP 

10 .00  4570.000 * 108.33 * 
TOTAL= 0.000 * 108.33 98.96 0.09 

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

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME a 10.000 DAYS -------------------------------------------------------------------------------- 
SECTION BED CXWGE WS ELEV THALWEG Q TRANSPORT RATE ( tons/&~) 
NUMBER (ft) (ft) (ft) (c~s) SAND 

4570.000 2.09 729.14 709.99 90000. l3718. 
2870.000 -1.63 726.07 701.57 90000. 17698. 
2280 . O O O  0.54 725.55 703.24 90000. 17370. 

590.000 -0.92 723.04 704.38 90000. 18184. 
0 .000 0.07 722.30 702.07 90000. 18521. 

TABLE SB-1: SEDIMENT LOAD PASSING THE BOUNDARIES OF STREAM S m  # 1 ................................................................................ 
SEDIMENT INPLOW at the Upstream Boundary: 

GRhIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 
VERY FINE SAND.... 1797.84 1 PINE GRAVEL....... 1693.78 
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FINE SAND......... 1973.84 
MEDIUM SAND....... 2986.06 
COARSE SAND....... 2102.98 
VERY COARSE SAND. . 594.66 

MEDIUM GRAVEL..... 2619.76 ... COARSE GRAVEL.. 3081.76 
VERY COARSE GRAVEL 4180.00 ..... SMALL COBBLES 0.22 - . - 

VERY FINE GRAVEL. . 911.24 1 U R G E  COBBLES..... 0.00 ------------- ------------- 
TOTAL a 21942.14 

SEDIMENT OUTFLOW from the Downstream Boundary 
CIZWN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 

.. .... VERY FINE SAND 1885.65 FINE GRAVEL..... 1172.45 
FINF, SAND.. ....... 1088.61 1 MEDIUM GRAVEL.. ... 1790.50 
MEDIUM SAND. ...... 3093.14 
COARSE SAND. ...... 2214.00 
VERY COARSE SAND. . 515.22 
VERY FINE GRAVEL. . 654.71 

.. COARSE GRAVEL... 2143.77 
VERY COARSE GRAVEL 2962.60 .... SMALL COBBLES. 0.00 ..... LARGE COBBLES 0.00 - - - - - - - - - - - - -  ------------- 

TOTAL = 18520.66 



Which .- i_S the most active cross seaion? k5-70 a - 
3.1.3 Numerical Stabilitv Test. The next step is to determine whether or not the most active 
cross section is numerically stable by plotting a bed change hydrograph, i.e. BED CHANGE 
vs TIME. 

(HINT: There is no single table showing such a hydrograph. It has to be compiled by 
scanning the printout with an editor. In this case, scan the printout for cross section 4570, 
view every SB-2 table, and write the BED CHANGE value and its TIME in the spaces 
provided in Table 1 below. There are 10 events in the hydrograph, and each event flowed 
for 1 day. All 10 events are for the same water discharge - 90000 cfs and have SA & SB- 
tables. The BED CHANGE values are accumulative. All other values in table SB-2 are 
instantaneous. Plot the BED CHANGE values which you have just recorded in Table 1 on 
the graph below the table.) 

Is the model numerically stable? 

Table 1. Scan all SB-2 Tables Using Editor 

SECTION BED CHANGE WS ELEV 
NUMBER (ft) (ft) 

TRANSPORT RATE (tons/day) TIME 
SAND DAYS 

Notes: 
(1) This is the bed change at the end of day 1 
(10) This is the accumulated bed change at the end of day 10 

- - + - - - - - + - - - - - + - - - - - + - - - - - + - - - - - + - - - - - + - - - - - + - - - - - + - - - - - l  I 

1 2 3 4 5 6 7 8 9 10 
TIME IN DAYS 
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3.1.4 Hvdraulic Calculations. The next step is to check hydraulic computations for flow 
distribution. The following values were collected by scanning the HEC-6 prim but 6; the 
string /FLOW DISTW using the utility "grep." Notice the hydraulic computations 
proceed from DOWNSTREAM T O  UPSTREAM in direction whereas the sediment 
results in Table SB-2 are from UPSTREAM TO DOWNSTREAM in direction. ( I added 
the Cross Section column for reference.) 

Table 2. Calculated Flow Distribution, Initial Trial 

Cross 
Section 

Left Main Right 
Overbank Channel Overbank 

0 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

590 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

2280 FLOW DISTRIBUTION (%)  = 12.171 87.829 0.000 

2870 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

4570 FLOW DISTRIBUTION (%)  = 30.719 69.281 0.000 

3.2 Potential Problems. There is a flow distribution ~roblem at sections 2280 and 4570. 
For example, only 69.3% of the water is conveyed within the channel portion of cross 
section 4570, and 90,000 d s  is suppose to be the bank full flow. List some possible causes 
of such a problem. 

m c  -' f dA5erl 

3.3 Task 2. In this case the problem is a HEC-2 data set which has no X3-records. Insert 
X3-Records into the data set given to you. Use Method 1 option for defining ineffective 
flow areaw3-1, p A-10). A listing of the existing data set is shown in Table 3. Execute 
and tabulate the new flow distributions in Table 4. 

Table 3. The HEC-6 Input Data File. 

TI Workshop Problem VII. VERIFICATION OF HEC6 MODEL 
T2 W A Thomas, WES, 1 FEBRUARY 1995 
T3 Sediment Transport in Rivers and Reservoirs 
NC .080 .080 .03 . 3  .5 
X1 0 2 0 653 
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GR 743 .1  0 710 68 710 120 710.2 15 0 
*- 71;I.z 214 711.9 264 710.5 320 709 360 

415 703.3 450 703.1 492 702 530 
- GR 703 .1  610 705 635 7 1 1  647 715 649 

H 
X 1  590 19  696 590 590 590 
GR 743.1 0 711.5 62 710.3 78 711.7 102 
GR 7 1 1  173 712.5 208 714.6 270 713.3 320 
GR 708.8 402 707.3 458 706.3 475 706 493 
GR 706 558 707.8 611  709 625 743.1 696 
H 
X 1  2280 13 620 1122 1690 1690 1690 
GR 743.1 0 717 5 3 717 550 730 620 
GR 703 - 5  740 703.9 - 780 702.7 840 702.8 878 
GR 705.8 990 717.4 1046 743.1 1122 
H 
X1 2870 13 570 1182 590 590 590 
GR 7 4 3 . 1  0 743 53 743 500 740 570 
GR 704.0 740 704.4 780 703.2 840 703.3 878 
GR 708.8 990 717.4 1046 743.1 1182 
H 
X 1  4570 1 7  1040 1593 1700 1700 1700 
GR 743.3 0 717 52 717 964 715 1008 
GR 710 1074 708 1080 708.1 1140 707.9 1190 
GR 710 1304 711.7 1324 713.5 1360 715 1395 
GR 717 1540 743.3 1593 
H 
EJ 
T4 Workshop Problem VII. Sediment Data 
T5 A. Inflowing Load is Calculated from the Bed Gradation: 
T6 B. Bed Gradations from Field Samples of Top 1-ft. 
T7 C. Transport Method is Laursen (Madden-1985) 
T8 D. Sediment Model # 1 Dated 1 June 1988, W A  Thomas, 
I1 2 0 
I4 13 1 12 
LQ Q 1000 10000 90000 
LT QS 200 1200 22000 
LF VFS 0.49999 0.50000 0.08172 

a LF FS 0.17065 0.03577 0.08972 
LF MX 0.21649 0.04672 0.13573 
LF CS 0.05499 0.07747 0.09559 
LF VCS 0.00624 0.04373 0.02703 
LF VFG 0.00147 0.00665 0.04142 
LF FG 0.00460 0.02099 0.07699 
LF MG 0.02008 0.06456 0.11908 
LF CG 0.02548 0.10284 0.14008 
LF VC 0.00000 0.10126 0.19000 
LF SC 0 0 0.00001 
LF LC 0 0 0 
PF 0 15 0 12  8 95 64 53.3017 
PFC 1 6  11.9206 8 5.7197 4 3.1665 2 2.6834 
PFC .5 2.2526 -25 1.0636 . I25  0.4569 .0625 0 
PF 590 150 12  8 94 64 56.4491 
PFC 1 6  9.5599 8 3.6605 4 1.6432 2 1.2737 
PPC .5 1.0523 .25 0.4937 . I25  0.2132 .0625 0 
PF 2280 150 128 9 6 64 66.9754 
PFC 16  16.0606 8 7.4191 4 3.5252 2 2.4365 
PFC .5 1.6181 -25 0.8359 0.125 0.3613 -0625 0 
PF 4570 150 12  8 95 64 69.5031 
PFC 1 6  19.4004 8 9.8218 4 4.9831 2 3 .5241 
PFC .5 2.0968 .25 1.1474 . I25  0.4842 .0625 0 
SHYD 
SRATING 
RC 6 20000. 10000 0 711.5 715 719 
RC 723 - 6  

AB RUN 1. STABILIZE THE MODEL FOR A WATER DISCHARGE = 2-YR 
Q 90000 
T 50 
W 1 

B R U N 2  
Q 90000 
W 1 
+ B RUN3 
Q 90000 
W 1 

B R U N 4  

DATASET # 1 
DATASET # 1 

WES 

FLOOD PEAK 
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B -RUN 6 
Q 9 0 0 0 0  
W 1 
* B R U N 7  
Q 9 0 0 0 0  
W 1 

B RUN 8 
Q 9 0 0 0 0  
W 1 

B RUN 9 
Q 9 0 0 0 0  
W 1 

B RUN10 
Q 9 0 0 0 0  
W 1 
$$END 

Cross 
Section 

Table 4 Calculated Flow Distribution, Task 2 

Left Main Right 
Overbank Channel Overbank 

0 FM)W DISTRIBUTION ( % )  = 0.000 100.000 0.000 

590 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

2280 FLOW DISTRIBUTION (%)  = g . 0 0 0  j8o- 8 0 6  0.000 

2870 FLOW DISTRIBUTION (%) = 0.000 100.000 0.000 

4570 FLOW DISTRIBUTION (%)  = f l d d  /@.oflo 0.000 

3.4 Calculated Hydraulic and Sedimentation Values. 

3.4.1 End of 10 davs. Fill in the calculated values in the space provided in table 5. These 
results are available for comparison with any measured data. 

Table 5. Results from Sediment Calculations, TIME - 10 days 

SECTION 
NUMBER 

BED CHANGE 
ft 

WS ELEV 
f t 

SEDIMENT LOAD IN 
cfs SAND 
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3.4.2 Test for Eauilibrium. Task 3. Ten days may not be long enough to develop the 
equilibrium case. Use Wrecords and extend the hydrograph period to 50, 100, ZOO and 
300 days. How many days passed before the sediment transport rate ar all cross sections , 

became constant and equal to the inflow. 

d" 

4. SENSITIVITY TESTS. 

4.1 Check Sensitivity to Hydraulic Roughness, Task 4. Test sediment calculations to 
stream bed roughness using the Limerinos Method for calculating bed surface n-values. 
That option is selected by placing a SKL- Record after the SHYD. Modify your data file 
and execute the program producing C-Level print out in the Sediment Module for events 1 
and 10. Using that C- Level print out, plus dara from Table 3, fill in the following table. 
Did model performance improve when the n-value was calculated by Limerinos Method? 

Table 6.  n-Value Test 

n-values used in HEC-2 Channel n-values, 

X-Section LOB ROB €H .- Lirnerinos Method 

Event #1 Event #10 

@fl% 

4.2 Sensitivity to Tailwater Boundary Condition, Task 5. 
Increase the tailwater +2.0 feet using a Shift Record (S-Record). 
The Hydrologic Data sequence is 

* 
Q 
R 
S 
T 
W 
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Did the model behave as expected? 

-0 .- - 

5 .  OTHER WATER DISCHARGES. Assuming the model is now calibrated 
for 90,000, is it also calibrated for all flows? 
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VERIFICATION OF HEC- 6 , 

References: 

[I] HEC-6 User Manual 
[2] Guidelines for the Calibration and Application of Computer Program HEC-6, The 

Hydrologic Engineering Center, US Army Corps of Engineers, Davis, CA. 

Objective: The student demonstrates sMI in interpreting HEC-6 print out and adjusting 
input to reproduce field observations. 

1. PROBLEM. 

A HEC-2 data set is being converted for HEC-6 computation. Sediment and hydrology data 
have already been added, and a trial execution has been made. The HEC6 model is now ready 
for verification. - 

a 2. END PRODUCT 

The end product of this workshop will be an HEC-6 model that is verified for one water 
discharge. 

3. MODEL VERIFICATION. 

3.1 Diagnosis. The following diagnosis is made using printout from the trial #I Run. The 
last event in that printout is shown on the next page. 

3.1.1 End of Run Results. The first tables to scan to find out how well the sediment 
calculations represent the prototype are the SA- and SSBtables in the KEC-6 print out. These 
2 tables will be printed for each hydrologic event which has a B in column 6 . The final 
event in this verification run is reproduced below. Notice the rather large trap efficiency, 9%, 
in the SA-1 table on the next page. This model is of a river which is in equilibrium. What 
should the trap effeciency be? 

It should be O %. 
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In this case, 9% trap efficiency is too large; there is a probIem with the mode1 which must be 
resolved before proceeding. 

3.1.2 Most Aaive Cross Seaion. First, scan every SB-2 table in the printout for the cross 
section having the largest BED CHANGE value. This cross seaion is referred to as "the most 
active senion." 

TIME STEP # 10 
B RUN 10 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Workshop Problem VII. VERIFICATION OF HEC6 MODEL 

ACCUMULATED TIME (yrsl .... 0.027 
FLOW DURATION (days) ...... 1.000 

UPSTREAM BOUNDARY CONDITIONS ...................................................................... 
Stream Segment # 1 I DISCHARGE I SEDIMENT LOAD 
Section No. 4570.000 1 (cfs) I (tons/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W O W  I 90000.00 I 21942.14 1 50.00' 

TABLE SA-1. TRAP EFFICIENCY ON STRGAM SEGMENT # 1 
Workshop Problem VII. VERIFICATION OF HEC6 MODEL 
ACCUMULATED AC-ET ENTERING AND LEAVING THIS STREAM SE- 

********+***+***************************+************* 
TIME ENTRY * SAND * 
DAYS POINT INFLOW OUT~OW TRAP EFF 
10.00 4570.000 108.33 
TOTAL= 0.000 108.33 98.96 0.09 * 

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

TABLE SB-2: STATUS OF THE BED PROFILE AT TIME = 10.000 DAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SECTION BED CHANGE WS ELEV THAtWEG Q TRANSPORT RATE (tons/&~) 
NUMBER (ft) (ft) (ft) (cfs) SAND 
4570.000 2.09 729.14 709.99 90000. 13718. 
2870.000 -1.63 726.07 701.57 90000. 17698. 
2280 .OOO 0.54 725.55 703.24 90000. 17370. 
590.000 -0.92 723.04 704.38 90000. 18184. 

0.000 0.07 722.30 702.07 90000. 18521. 

TABLE SB-1: SEDIMENT LOAD PASSING THE BOUNDARIES OF STREAM SEGMENT # 1 ................................................................................ 
SEDIMENT INFLOW at the Upstream Boundary: 

GRAIN SIZE LOAD (tons/day) I GRAIN SIZE LOAD (tons/day) .......................................................................... 
VERY FINE SAND... 1797.84 1 FINE GRAVEL....... 1693.78 . 
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FINE SAND.. ....... 1973.84 
MEDIUM SAND.. ..... 2986.06 
COARSE SAND....... 2102.98 
VERY COARSE SAND.. 594.66 

MEDIUM GRAVEL..... 2619.76 
COARSE GRAVEL..... 3081.76 
VERY COARSE GRAVEL 4180.00 
SMALL COBBLES..... 0.22---- - 

VERY FINE GRAVEL. . 911.24 1 LARGE COBBLES..... 0.00 ------------- ------------- 
TOT= = 21942.14 

SEDIMENT OUTFLOW from the Downstream Boundary 
GRAIN SIZE LOAD (tons/day) 1 GRAINSIZE LOAD (tons/day) .......................................................................... 

VERY FINE SAND. ... 1885 -65 FINE GRAVEL....... 1172.45 
FINE SAND.. ....... 2088.63 1 MEDIUM GRAVEL..... 1790.50 
MEDIUM SAND.. ..... 3093.14 
COARSE SAND...... . 2214.00 
VERY COARSE SAND. . 515.22 
VERY FINE GRAVEL. . 654.71 

.... COARSE GRAVEL. 2143.77 
VERY COARSE GRAVEL 2962.60 
SMALL COBBLES..... 0.00 
LARGE COBBLES..... 0.00 ------------- ------------- 

TOTAL = 18520.66 



a Which is the most active cross section? 4570 

3.1.3 Numerical Stabilitv Test. The next step is to determine whether or not the most active 
cross section is numerically stable by plotting a bed change hydrograph, i.e. BED CHANGE 
vs TIME. 

(HINT: There is no single table showing such a hydrograph. It has to be compiled by 
scanning the printout with an editor. In this case, scan the printout for cross section 4570, 
view every SB-2 table, and write the BED CHANGE value and its TIME in the spaces 
provided in Table 1 below. There are 10 events in the hydrograph, and each event flowed 
for 1 day. All 10 events are for the same water discharge - 90000 cfs and have SA 82 SB- 
tables. The BED CHANGE values are accumulative. All other values in table SB-2 are 
instantaneous. Plot the BED CHANGE values which you have just recorded in Table 1 on 
the graph below the table.) 

.Is the model numerically stable? YES 

Table 1. Scan all SB-2 Tables Using Editor 

SECTION BED CHANGE WS ELEV THALWEG Q TRANSPORT RATE ( tons/&y)  
m E R  ( f t )  ( f t )  ( f t )  ( c f s )  SAND 

4570.000 0 . 2 2 ( 1 )  729.83 708.12 90000. 11740. 
4570.000 0 . 4 6  729.77 708.36 90000. 11210. 
4570 .000  0 . 6 9  729.64 708.59 90000. 11288. 
4570 -000  0 . 9 1  729.55 708.81 90000. 11637. 
4570 -000  1 . 1 3  729 .41  709.03 90000. 12083. 
4570.000 1 . 3 3  729.34 709.23 90000. 12448. 
4570 .000  1 . 5 3  729.27 709.43 90000. 12785. 
4570 -000  1 . 7 2  729.23 709.62 90000. 13060. 
4570 -000  1 . 9 1  729.18 709.81 90000. 13391. 
4570.000 2 . 0 9 ( 1 0 )  729.14 709.99 90000. 13718. 

Notes: 
(I) This is the bed change at the end of day 1 

(10) This is the accumulated bed change at the end of day 10 

t 

21-----+-----+-----+-----+-----+-----+-----+-----+-----+----- 
I 

I 
B I I I I I I I 

t 
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I * 
I I 

E I I I I I I 
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I 
* I 

I I 
D I I I I I I I I 

I I * I I I 
I I 

I I I I I I I I I 
c 11-----+-----+-----+-----+-----+-----+-----+-----+-----+----- 
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I 

H I I I I I I I I I 
I I I I I 

I 
A I I I I I I I I I I 

I 
N 1 .  I * I I I I I 1 

I 

* I I 
I I 

G I I I I I I I I I 
E o*- - - - -+- - - - -+- - - - -+- - - - -+- - - - -+- - - - -+- - - - -+- - - - -+- - - - -+- - - - -  

I 
I 

0 1 2 3 4 5 6 7 8 9 10 
TIME IN DAYS 

TIME 
DAYS 
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3.1.4 Hvdraulic Calculations. The next step is to check hydraulic computations for flow 

@ distribuiioli. The following values were collected by scanning the HEC-6 print out for the 
string /FLOW DISTW. Notice the hydraulic computations proceed from 
DOWNSTREAM T O  UPSTREAM in direction whereas the sediment results in Table 
SB-2 are from UPSTREAM TO DOWNSTREAM in direction. (I added the Cross Section 
Column for reference.) 

Table 2. Calculated Flow Distribution, Initial Trial 

Cross Left Main Right 
Section Overbank Channel Overbank 

0 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

590 FLOW DISTRIBUTION (%)  = 0.000 100.000 0.000 

2280 FLOW DISTRIBUTION (%)  = 12.171 87.829 0.000 

2870 FLOW DISTRIBUTION (%) = 0.000 100.000 0.000 

4570 FLOW DISTRIBUTION (%)  = 30.719 69.281 0.000 

3.2 Potential Problems. There is a flow distribution problem at sections 2280 and 4570. 
For example, only 69.3% of the water is conveyed within the channel portion of cross 
section 4570, and 90,000 d s  is suppose to be the bank full flow. List some possible causes 
of such a problem. 

3.3 Task 2. In this case the problem is a HEC-2 data set which had no X3-records. 
Insert X3-Records into the data set given to you. Use Method 1 option for defining 
ineffective flow area(X3-1, p A-10). A listing of the data set is shown in Table 3. Execute 
and tabulate the new flow distributions in Table 4. 

Table 3. The HEC-6 Input Data File. 

T1 Workshop Problem VII. VERIFICATION OF HEC6 MODEL 
T2 W A Thomas, WES, 1 FEBRUARY 1995 
T3 Sediment Transport in Rivers and Reservoirs 
NC .080 .080 .03 .3 . S  
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GR 743.1 
GEL 71L.6' . 
GR 706 
G K  703.1 
H 

H 
EJ 
T4 Workshop Problem VII. Sediment Data 
T5 A. Inflowing Load is Calculated from the Bed Gradation: DATASET # 1 -. 
T6 B. Bed Gradations from Field Samples of Top 1-ft. DATASFT # 1 
T7 C. Transport Method is Laursen (Madden-1985) 
T8 D. Sediment Model # 1 Dated 1 June 1988, WA Thomas, WES 
I1 2 0 
I4 13 1 12 
LQ Q 
LT QS 

1000 10000 90000 
200 1200 22000 

LF VFS 0.49999 0.50000 0.08172 
LF FS 0.17065 0.03577 0.08972 
LF MX 0.21649 0.04672 0.13573 
LF CS 0.05499 0.07747 0.09559 
LF VCS 0.00624 0.04373 0.02703 
LF VFG 0.00147 0.00665 0.04142 
LF FG 0.00460 0.02099 0.07699 
LF MG 0.02008 0.06456 0.11908 
LF CG 0.02548 0.10284 0.14008 
LF VC 0.00000 0.10126 0.19000 
LF SC 0 0 0.00001 
LF LC 0 0 0 
PF 0 150 12 8 9 5 64 53.3017 32 22.6062 
PFC 16 11.9206 8 5.7197 4 3.1665 2 2.6834 1 2.6189 
PFC .5 2.2526 .25 1.0636 .I25 0.4569 .0625 0 
PF 590 150 12 8 94 64 56.4491 32 21.6422 
PFC 16 9.5599 8 3.6605 4 1.6432 2 1.2737 1 1.211 
PFC .5 1.0523 .25 0.4937 .I25 0.2132 .0625 0 
PF 2280 150 12 8 9 6 64 66.9754 32 30.7065 
PFC 16 16.0606 8 7.4191 4 3.5252 2 2.4365 1 2.2003 
PFC .5 1.6181 .25 0.8359 0.125 0.3613 .a625 0 
PF 4570 150 128 95 64 69.5031 32 34.2786 
PFC 16 19.4004 8 9.8218 4 4.9831 2 3.5241 1 3 .I602 
PFC .5 2.0968 .25 1.1474 .I25 0.4842 .0625 0 
$HYD 
$RATING 
RC 6 20000. 10000 0 711.5 715 719 720.6 722.3 
RC 723.6 

AB RUN 1. STABILIZE THE MODEL FOR A WATER DISCHARGE = 2-YR PU)OD PEAK 
Q 90000 
T 50 
W 1 

B RUN 2 
Q 90000 
W 1 
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+ B R r n 3  
Q 90000 
W 1 

B RUN4 
Q 90000 
W 1 

B RUNS 
Q 90000 
W 1 

B R U N 6  
Q 90000 
W 1 

B RUN7 
Q 90000 
W 1 
* B RUN8 
Q 90000 
W 1 

B RUN9 
Q 90000 
W 1 

B RUN 10 
Q 90000 
W 1 
ss- 

Cross 
Section 

... 

Table 4 Calculated Flow Distribution, Task 2 

Left Main Right 
Overbank Channel Overbank 

0 FLOW DISTRIBUTION ( % )  = 0.000 100.000 0.000 

590 FLOW DISTRIBUTION (%) = 0.000 100.000 0.000 

2280 FLOW DISTRIBUTION (%)  = ~ ~ $ $ ~ ~ ~ $ ~ ~ : ~  ....... ............ .. ....... ...* ,..... ......... .. .... 0 - 000 
:5s:..m:s*< 

2870 n o w  DISTRIBUTION ( % I  = 0.000 1oo.000 0.000 
*..:.:<.:.:.:.x.:.x,.. ,... . ..A,. .............................. .................... . ..,.,... +;. ............. 

4570 n o w  DISTRIBUTION ( %) = m i ;  ...... ..... .. ..........____ ............. - ....... 0 0 0 0 ......... :<.~:;~,:.:.X.:.:.X.;:.:-.:.; 

3.4 Calculated Hydraulic and Sedimentation Values. 

3.4.1 End of 10 davs. Fill in the calculated values in the space provided in table 5. These 
results are available for comparison with any measured data. 

Table 5. Results 

NUMBER ft cf s /O 
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3.4.2 Test for Equilibrium. Task 3. Ten days may not be long enough to develop the 
equilibrium case. Use  records and &tend the hydrograph period m 50, 100,200 and 
300 days. How many days passed before-the sediment transporc rate at all cross seaions , 

became constant and equal to the inflow. 

h w e e i  . . . . .  100 and 200 days &e madel reached equilibrium. 

4. SENSITIVITY TESTS. 

4.1 Check Sensitivity to Hydraulic Roughness, Task 4 . Test sediment calculations to 
stream bed roughness using the Limerinos Method for calculating bed surface n-values. 
That option is selected by placing a SKL- Record after the bHYD. Modify your data file 
and execute the program producing C-Level print out in the Sediment Module for events 1 
and 10. Using that C- Level print out, plus data from Table 3, fdl in the following table. 
Did model performance improve when the n-value was calculated by Limerinos Method? - 

Table 6 .  n-Value Test 

n-values used in HEC-2 Channel n-values, 

X-Section LOB ROB CH Limerinos Method 

m Event #1 Event #10 

4.2 Sensitivity to Tailwater Boundary Condition, Task 5. 
Increase the tailwater +2 .0  feet using a Shift Record (S-Record). 
Did model behave as expected? 
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5 .  OTHER WATER DISCRARGES. If the model is calibrated for 
@ 90,000, isitnowreadyforallflows? 
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Development of Sediment Data -- - 

Objective: The student will know a method for developing the sedimentary data set for HEC- 
6. 

References: US Army Corps of Engineers, "Channel Stability Assessment for Flood Control 
Projects," Engineering Manual 11 10-2-1418, October 3 1, 1994. 

1. Instructions for coding the sedimentary data are found on the pink pages in the HEC-6 
User's Manual. Record names are listed on page A-v,vi. Tasks in this workshop are 
.presented in the order that I follow. 

The following records will be required: 

T4 A-23(Page in HEC-6 Manual - Pink Sheets) 
T5 
T6 
T7 
T8 
I1 
I4 
LQ 
LT 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 
PF 
PFC 

CFS 
T/D 
VFS 
FS 
MS 
CS 

VCS 
VFG 
FG 
MG 
CG 

VCG 
cmt 

2. Classifv the Stream. A meam can be classified as a bed load, a suspended load or a 
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wash load stream depending on the  ropert ties of the sediment in the boundary material. If 
the boundaries are primarily clay, the stream is a wash load stream. If the b~-un&es are 
sand, the stream can be simulated as a suspended, bed-material load stream. If the bed is 
primarily sand with a thin gravel surface layer, it is probably a sand bed stream with 
armoring. If the bed is gravel, the stream is a gravel bed stream. When the bed is 
predominately gravel with a secondary (relatively smd) mode of sand deposits in the samples, 
it is a gravel bed stream with a sand through put. 

The Bed Material Gradation curve for the stream in this example is shown in Ggure 6 .  
1. 

1 
Dmin is 0 *3 mm 

Q How much cohesive sediment was found in the bed samples? 

How much sand? A 
th stream channel in this example can be classified as [wash load, sand 

e 2  dannel. . 

2.3 Non-cohesive Sediment Transport theory be used to calculate 
the inflowing sediment load at this study area. 

2.4 Is HEC6 applicable? f 4 5  

(HEC6 can be applied to all of the above streams, but it can not calculate its 
inflowing sediment load if the stream is a clay boundary-wash load type stream. 
In wash load type of streams the only way to determine the transport rate for 
the sediment entering the study area is to measure it.) 
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3. -- Selection of a Transport Function. Use the Corps of Engineers Table attached to 

(Figure 6.2) and select the transport function . L// Wq &b,w.l LJYJL) 

4. Code the PF-Record. 

Type menu6 and select the basic data file: wk6.dat. 

4.1 Geometric Data and Hydraulic Data have been coded. Locate where Sedimentary 
Data should be placed in the file. 

4.2 Following the instructions for the PF record, code the SECID of the first X1 record. / 
SAE leave blank 
Dmax - Start with Dmax and code enough points along the Gradation Curve , 

(Fig. 6.1) to approximate it with a series of straight lines. / 

Only 1 PF record will be required The data will be applied to every cross section in the . - 
model. 

5. Code the ICRecord. Code the number of the transport function that you selected in 
14-2(MTC). (i.e. the notation 14-2 means the I4 record, field 2) . - 4 
5.1 Number of grain sizes. Choose the number of grain sizes to code using the table on p, 
A-31 of the HEC-6 User's Manual and Figure 6.1. Code the ID NUMBER (Column 1, Table 

d 
A2-2, page A-32) for the smallest grain size in 14-3, and the ID NUMBER for the largest grain , 4 +I 
size in 14-4. 
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5.2 Let the other variables on this record default. (This is the usual case.) .- - 

6. Code the 11-Record. The only pertinent field on the 11-Record is the 11-2(SPI). 
Type in 3XXC for this example to decrease computer running time, but in the actual case use 

7. Calculate the inflow in^ Load. 

7.1 Code the LO-LT-LF Records. TRIAL 1. The LQ - LT Records form a table which 
defines the inflowing sediment discharge for any water discharge in the Hydrologic Data Set. 
The water discharge is read in and the sediment discharge is found by log-log interpolation 

- *- - from this table. The sediment load isfannd by rnultiplykgthe s k t  discharge by the . . .-. . - - . 9 -  

fractions on the LF-Records which follow. 

This work shop will calculate the inflowing sediment load for only 1 water discharge: 

J Q a 80,000 cfs. 

(Note: This discharge, 80,000 cfs, was selected because it is about the bank full . 

flow. In the general case at least 2 discharges - one low and one high, are 
needed, and usually more than 2 discharges should be calculated to define the 
shape of the inflowing load curve. However, the procedure is the same for 
each.) 

7.1.1 First Trial. Code the 80,000 cfs in LQ-2. Code only the record types on the LT and - 
LF records which follow. Note: There must be one LT-Record, and there must be one 
LF-Record for each grain size class which was selected on the I-Records. 
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7.1.2 Execute 

7.1.3 View the output on Console. Search for the string $VOL 

Locate the first TABLE SB-2 above this print out (i.e. Page Up) and record the Time 

TIME- 1 , 2-f days 

Locate the table below the $VOL print out entitled: 

SUMMARY TABLE: MASS AND VOLUME OF SED- 

and record the Total Sediment Inflow - 
Totd  Sediment passing Section 0.78 tom 

--. , Calculate the discharge rate passing - ~..-- .. . .. . *--,- - 

~ection'0.78 by dividing mass by time 

Code the sediment discharge rate passing Section 0.78 on the LT record for Trial 2. 3 
Locate the next table: (titled) 

TOTAL SEDIMENT - per  grain s i z e  - THROUGH EACH CROSS SECTION ( t o n s )  

and record the sediment load for each grain size class, for cross sections 0.92 and 0.78, in the, 
following table. Calculate the fan ion  of each size class in this table. (col E . ) 
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Trial 1. Calculate Inflowing Bed Material Load .- - . 

S I Z E  CLASS 

= - - - - - - - - - - -  
COL D (TOTAL) 

7.2 Code LO-LT-LF Records, TRIAL 2. Code the fractions from column E on the LF 
records in the field below the 80,000 cfs water discharge. Rerun HEC6 with this new data set. 

7.2.1 View the output on Console. Search this new output for the string $VOL and repeat 
7.1 
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a Record the Time TIME5 1 2-) Days - 
/@ 773- 

Record the Total Sediment Inflow (\> tons 1 
Total Sediment passing Section 0.78 7!19& ,tons 

Calculate the discharge rate passing 
Section 0.78 by dividing mass by time 56 J gions,, ' 

Locate the "TOTAL SEDIMENT - per grain size ..." table and calculate the new fractions 
for each size class. 

Trial 2. Calculate Inflowing Bed Material Load 

SIZE CROSS 
CLASS SECTION 

0.92 

I TONS 

VFS 2-3 53- 
FS 2 3 r r  

MS 23.C 

CS %3SCS/ 
VCS N, 62-8 
vFG as7 

TOTAL BY FRACTION 
CROSS I SIZE 

1 TsS= 1 COL (D) 
0.78 = - - - - - - - - - - -  

COL B+C COL D (TOTAL) 

TONS TONS 
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8.0 Check Long Term Behavior. Replace the TRZAL 1 LF values with the fractions from .- - 
table 2. Create a long period hydrology by adding the following records to the wk6.dat input 
file just above the $VOL record. 

B RUN 6 .  
8 0 0 0 0 

3 0 .25 
B RUN 7 .  

80000 

.25 
B RUN 8 .  

80000 
.25 3 0 

B RUN 9. 
8 0 0 0 0 

.25 3 0 

Execute this data set and fill in the following table using the SB-2 results at TIME = 

120 days. I 

Table 6.3 Status of the Bed Profile and Sand Transport / w A ~  

There is no physical reason why the bed elevation should change in this study reach. 
(i.e. Why the BED CHANGE column should show such large plus/minus values.) Reduce 
the inflowing sediment discharge (LT-Record) until the BED CHANGE at Section 0.67 is 
approximately 0. Record your final Inflowing Sediment Discharge, Q,, in the space below: 

a 

Inflowing Sediment Discharge for Q, - 80,000 cfs 

Convert the Sediment Discharge to Concentration 
(i.e. Q, - 0.0027*C*Qw) 
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SECTION 
NUMBER 

1.160 

0.920 

0 .780 

0.670 

Q 
cfs 

80,000 

80,000 

80,000 

80,000 

BED CHANGE 
ft 

- 0 ~ 0 ~ -  

- 8 , l b  IWI 
, 3 6 - c 7  
-fl,/o 4 

TRANSPORT RATE 
tons/day 

m8 +(?baa 
b&4+" ?xu 
y CI 0 , I @,4(!3' 



I I 
Figure 6.1 Guidance on Selection of Transport Function 



I I krCr)cr L 

GRADATION CURVES m 1 ~ E B  95 
Figure 6.2 Gradation Curve for Workshop 6 



Development of Sediment Data 

Objective: The student will know a method for developing the sedimentary data set for 
HEC-6. 

References: US Army Corps of Engineers, "Channel Stability Assessment for Flood 
Control Projects," Engineering Manual 1110-2-1418, October 31, 1994. 

1. Instructions for coding the sedimentary data are found on the pink pages in the HEC-6 
User's Manual. Record names are listed on page A-v,vi. Tasks in this workshop are 
presented in the order that I follow. 

The following records will be required: A 

T4 A-23(Page in HEC-6 Manual - Pink Sheets) 

II 
I4 
LQ CFS 80000 
LT T/D ?????  
LF VFS 
LF FS 
LF MS 
LF CS 
LF VCS 
LF VFG 
LF FG 
LF MG 
LF CG 
LF VCG 
PF cmt 
PFC 

2. Classifv the Stream. A stream can be classified as a bed load, a suspended load or a 
wash load stream depending on the properties of the sediment in the boundary material. If 
the boundaries are primarily clay, the stream is a wash load stream. If the boundvies are 
sand, the stream can be simulated as a suspended, bed-material load stream. If the bed is 
primarily sand with a thin gravel surface layer, it is probably a sand bed stream with 
armoring. If the bed is gravel, the stream is a gravel bed stream. When the bed is 

I 
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predominately gravel with a secondary (relatively small) mode of sand deposits in the 
@- samples, it is a gravel bed stream with a sand through put. 

The Bed Material Gradation curve for the stream in this example is shown in figure 
6.1. 

Dmax is 128 mm 

Dmin is 0.0625 ~m 

D50 is 11 mm 

How much cohesive sediment was found in the bed samples? O 

- - -  - ..- , - -  - .. - - -  . e_w...... --. " .,* -,--. --A. :. - 
' - Howmncfi- sands - 

..--.A -- U-C- - , .& -- -- -- . . - F..'LPC--*-*l - L . ,  . I -_- _.l-Sci.e,~ 
0 

a 2.2 Therefore, the stream channel in this example can be classified as [& 
said&& sand and gravel bed] channel. 

2.3 Non-cohesive Sediment Transport theory [can, be used to 
calculate the inflowing sediment load at this study area. - . . 

2.4 Is HEC6 avvlicable? YES 

(HEC6 can be applied to all of the above streams, but it can not calculate its 
inflowing sediment load if the stream is a clay boundary-wash load type 
stream. In wash load type of streams the only way to determine the 
transport rate for the sediment entering the study area is to measure it.) 

3. Selection of a Transport Function. Use the Corps of Engineers Table attached to 
this workshop (Figure 6.2) and select the transport function . 
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4. Code the PF-Record 
1 - 

Type menu6 and select the basic data file: wk6.dat. 

4.1 Geometric Data and Hydraulic Data have been coded. Locate where Sedimentary 
Data should be placed in the file. 

4.2 Following the instructions for the PF record, code the SECID of the first X1 
record. 

SAE leave blank 
Dmax - Start with Dmax and code enough points along the Gradation Curve 

to approximate it with a series of straight lines. 

Only 1 PF record will be required. The data will be applied to every cross section in the 
model. 

5. Code the 14-Record. Code the number of the transport function that you selected 
in 14-2(MTC). (i.e. the notation 14-2 means the I4 record, field 2) 

5.1 Number of grain sizes. Choose the number of grain sizes to code using the table on 
p A-3 1 of the HEC-6 User's Manual and figure 6.1. Code the ID NUMBER (Column 1, 
Table A2-2, page A-32) for the smallest grain size in 14-3, and the ID NUMBER for the 
largest grain size in 14-4. 

5.2 Let the other variables on this record default. (This is the usual case.) 

6.  Code the 11-Record. The only pertinent field on the 11-Record is the 11- 
Z(SP1). Code 10 for this example to decrease computer running time, but in the actual case 
use 20. 
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7. Calculate the inflow in^ Load. . - -  

7.1 Code the LO-LT-IT Records. TRLAL 1. The LQ - LT Records form a table 
whicti defines the inflowing sediment discharge for any water discharge in the Hydrologic 
Data Set. The water discharge is read in and the sediment discharge is found by log-log 
interpolation from this table. The sediment load is found by multiplying the sediment 
discharge by the fractions on the LF-Records which follow. 

This work shop will calculate the inflowing sediment load for only 1 water 
discharge: 

Q = 80,000 cfs. 

(Note: This discharge, 80,000 cfs, was selected because it is about the bank 
full flow. In the general case at least 2 discharges - one low and one high, 
are needed, and usually more than 2 discharges should be calculated to define 
the shape of the inflowing load curve. However, the procedure is the same 

- - 
for each.) - ,. 

7.1.1 First Trial. Code the 80,000 d s  in LQ-2. Code only the record types on the LT 
and LF records which follow. Note: There must be one LT-Record, and there must be 
one LF-Record for each grain size class which was selected on the I-Records. 

TRIAL 
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7.1.2 Execute .- - 

7.1.3 View the output on Console. Search for the string $VOL 

Locate the first TABLE SB-2 above this print out (i.e. Page Up) and record the Time 

TIME- 1.25 days 

Locate the table below the $VOL print out entitled: 

SUbiblARY TABLE: MASS AND VOL- O F  SEDIXENT 

and record the Total Sediment Inflow 0 tons 

Total Sediment passing Section 0.78 147.947 tons 

Calculate the discharge rate passing 
Section 0.78 by dividing mass by time 

Locate the next table: (titled) 

TOTAL SEDIMENT - per grain size - THROUGH EACH CROSS SECTION (tons) 

and record the sediment load for each grain size class, for cross sections 0.92 and 0.78, in 
the following table. Calculate the fraction of each size class in this table. (Col E.) 

wk6ans.m Page-5 
February 6, 1995 



Trial 1. Calculate Inflowing Bed Material .- - Load 

TABLE SB-2: STATUS OF TI= BED PROFILE AT TIME = 1.250 DAYS ................................................................................ 
SECTION BED QIANGE WS XLHV THALWEG Q TRANSPORT RATE ( t o n s / & ~ )  
NUMBEX (ft) ( f t )  ( f t )  (c~s) SAND 

1.160 -3.04 725.69 704.86 80000. 43860. 
0.920 -0.33 722.66 706.37 80000. 81867. 
0 -780 -1.61 720.03 703.69 80000. 101409. 
0.670 0.05 719.00 701.05 80000. 97954. 

7.2 Code LO-LT-LF Records. TRIAL 2. Code the fractions from column E on the LF 
records in the field below the 80,000 d s  water discharge. Rerun HEC6 with this new data 
set. 

FRACTION 

COL (Di) - - - - - - -  - 
COL D (TOTAL) 

0.0008 

0.0008 

0.0008 

0.0751 

0.1841 

0.1023 

0.1504 

0.3763 

0.1090 

0.0004 

1.0000 
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SIZE 
CLASS 

VFS 

FS 

MS 

CS 

VCS 

VFG 

FG 

MG 

CG 

VCG 

TOTAL 

CROSS 
SECTION 
0.78 

TONS 

126 

126 

126 

10879 

26592 

14813 

21911 

55912 

17366 

93 

147,944 

CROSS 
SECTION 
0.92 

TONS 

73 

73 

73 

7534 

18541 

10279 

14966 

36354 

9364 

1 

97,258 

TOTAL BY 
SIZE CLASS 
TONS = COL 

B+C 

TONS 

199 

199 

199 

18,413 

45,133 

25,092 

36,877 

92,266 

26,730 

94 

245,202 



7.2.1 View the output on Console. Search this new output for the sring SVOL and 
. repeat 7.1 

Record the Time TIME - 1.25 Days 

Record the Total Sediment Inflow 147.946 tons 

Total Sediment passing Section 0.78 150,806 tons 

Calculate the discharge rate passing 
Section 0.78 by dividing mass by time 

Locate the "TOTAL SEDIMENT - per grain size ..." table and calculate the new 
fractions for each size class. 

Trial 2. Calculate Inflowing Bed Material Load 
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- 
FRACTION 

COL (Di) 
= ------  
COL D (TOTAL) 

0.0017 

0.0016 

0.0015 

0.0828 

0.1862 

0.1017 

0.1483 

0.3686 

0.1073 

0.0004 

1.0001 

SIZE 
CLASS 

VFS 

FS 

MS 

CS 

VCS 

VFG 

FG 

MG 

CG 

VCG 

TOTAL 

CROSS 
SECTION 
0.78 

TONS 

238 

235 

208 

11763 

27228 

15025 

22139 

56340 

17533 

97 

150,806 

CROSS 
SECTION 
0.92 

TONS 

187 

187 

174 

9514 

20643 

11121 

15968 

38397 

10040 

2 

106,233 

TOTAL BY 
SIZE 
CLASS 
TONS = 
COL B+C 

TONS 

425 

422 

382 

21,277 

47,871 

26,146 

38,107 

94,737 

27,573 

99 

257,039 



TABLE SB-2 : STATUS OF 5HE BKD PROFILX AT TI= - 1.250 DAYS .............................................................................. 
SECPION B g D  QUNGE WS &"V THALWeG 

. NUMB= 
0 T'RAtJSPORT RATE (tons/day) 

(ft) (ft) (ft) (cfs) 
1.160 . 0.83 726.33 708.73 80000. 112522. 
0.920 0.41 722.76 707.11 80000. 95977. 
0.780 -1.41 720.03 703.89 80000. 101627. 
0.670 0.20 719.00 701.20 80000. 100912. 

8.0 Check Long Term Behavior. Replace the TRIAL 1 LF values wirh the fractions 
from table 2. Create a long period hydrology by adding the following records to the 
wk6.dat input file just above the 6VOL record. 

B RUN 6. 
80000 

30 .2S 
B RUN 7. 

80000 
.25 

B RUN 8. 
80000 

.25 
B RUN 9. 

80000 
-25 

Execute this data set and fill in the following table using the SB-2 results at TIME - 120 
days. 

Table 6.3 Staw of the Bed Profile and Sand Transporr, TIME - 120 Days 
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SECTION 
NUMBER 

1.160 

0.920 

0.780 

0.670 

BED CHANGE 
ft 

2.03 

2.17 

-0.92 

0.51 

Q 
cfs 

80,000 

80,000 

80,000 

8O,OOO 

TRANSPORT RATE 
tons/day 

120,656 

120,653 

120,653 

120,653 



The channel in this study is in equilibrium, and there is no physical reason why the 

@ bed elevation should change over time. Therefore, the BED CHANGE column should 
nor show such large pIus/minus values. Reduce the inflowing sediment discharge (LT- 
Record) until the BED CHANGE at Section 0.67 is approximately 0. Record your final 
Inflowing Sediment Discharge, Q,, in the space below. 

Inflowing Sediment Discharge for Q, - 80,000 cfs 100.010 tons/day. 

Convert the Sediment Discharge to Concentration 463 
(i.e. Q, = 0.0027*C*Qw) 

m d l  
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CALI BRATION AND VERIFICATION TECHNIQUES 

OBJECITVE: Establishment of s t eps  f o r  ca l ib ra t ing  and ve r i fy ing  HEC-6 

Def in i t i on  of c a l i b r a t i o n :  The development of r t p re sen ta t ive  da ta  and model 

. parameters  based on known or  deduced prototype behavior. 
- .  

D e f i n i t i o n  of v e r i f i c a t i o n :  The demonstration of t he  ca l ib ra t ed  model's a b i l i t y  

t o  s imu la t e  prototype behavior f o r  a time record d i f f e r e n t  from t h a t  used 

i n  c a l i b r a t i o n .  A ca l ibra ted  model i s  not  necessar i ly  a v e r i f i e d  model. 

I .  Understanding t h e  h i s t o r i c  behavior of t h e  system. 

A. Assemble a l l  per t inent  records 

B. Determine d a t a  def ic ienc ies  

1. Assess e f f e c t  of de f i c i enc i e s  on a b i l i t y  t o  model 

2. Es tab l i sh  program of  d a t a  'acquisi t ion 

C. ' Gain knowledge on system response t o  extreme events  i n  terms of 

channel  changes and sediment transported.. 

D .  Es t ab l i sh  the  impacts of impoundments, land use,  e t c . ,  outs ide t h e  

s t u d y  a rea ,  p re sen t  and fu ture ,  

I 

E. Locate anomalies i n  geometric, hydrologic, hydraul ic ,  and sediment 

c h a r a c t e r i s t i c s .  

F. View the  study area with a person fami l ia r  with t h e  h i s t o r i c  

behavior  of t h e  area.  

1. Note scour and deposi t ion locat ions 



2.  Locate and iden t i fy  

a. encroachment areas 

b. man-made and na tura l  levees 

c. cutoffs  

d. inef fec t ive  flow areas  

e. - rock outcrops or areas  r e s i s t a n t  t o  scour 

f .  sand bars  

g. changes i n  bed gradation 

h, bed roughness 

i. bed forms 

3.  Locate and interview people who have observed t h e  system dur ing  

extreme events .  

11. Hydraul ics  - Fixed Bed Mode 

A. Geometry 

1. Check data "busts" by computer p l o t s  of t h e  m o s s  sec t ions  

and comparing them t o  hand p lo t ted  o r  previously p l o t t e d  (e .g . ,  HEC-2 

p l o t s )  c ross  sect ions.  

2. Be wil l ing t o  modify surveyed geometry i f  t h e  modif icat ion i s  

r e p r e s e n t a t i v e  of the reach. 



3 .  Obtain d e t a i l e d  p r i n t o u t  of geometry and look f o r  any unusual 

behavior  of  t h e  hydraul ic  parameters.  

B. Tes t  with a  range of  discharges using f ixed  bed mode. 

1. Low flow 

a. Use an extremely low flow t h a t  i s  i n  t he  records. 

b. Check f o r  extreme changes i n  v e l o c i t y ,  depth, o r  width 

of  flow. 

2. Bankfull flow 

a .  P lo t  bank e leva t ions  versus ca l cu la t ed  water sur face  

e l eva t ion .  

b. Adjust geometry t o  llsmooth out" i r r e g u l a r i t i e s .  

3. Flood flort 

a. Use h ighes t  flow of record o r  h ighes t  flow i n  s tudy  i f  

l a r g e r  t han  maximum h i s t o r i c a l  flood. 

b. P lo t  water sur face  and ve loc i ty  p r o f i l e s  and v e r i f y  t h a t  

a l l  d r a s t i c  changes, e i t h e r  increases  o r  decreases ,  a r e  va l id .  

c. Compare changes i n  v a l l e y  width with water sur face  s lope  

and a d j u s t  geometry i f  needed. 

C. Ca l ib ra t ion  of n-values 

1. Compare ca lcu la ted  water sur face  p r o f i l e s  with r a t i n g  curves 

and observed p r o f i l e s .  



2. If necessary,  change n-values by discharge i f  bed f o ~ .  s predominate. 

3. Change n-values with distance, i f  needed. 

4. Es tab l i sh  performance c r i t e r i a  - suggested 

a. 25 percent of the  water . -.-., depth 

b, Lesser of (a) and .r 0.5 f t  

D. HEC-6 l imi t a t ions  and c a p a b i l i t i e s  on n-values 

1. May -vary with e leva t ion  o r  discharge 

2, May change at each sect ion 

3. Must be spec i f ied  f o r  each subsection 

4 ,  Not r e l a t e d  t o  water temperatures 

5.. Not r e l a t e d  t o  bed gradation 

6, Cannot change with time during a nm 

E,  Other adjustments 

1. Expansion and contract ion losses  

2. Channel and overbank limits 

3 ,  Expansion, contract ion,  r a i s i n g ,  o r  lowering of cross s e c t i o n s  

4 .  I n e f f e c t i v e  flow areas  when water sur face  is  below levee he igh t  

5. Placement of weirs and head l o s s  of weirs 

4 



F. Flow d i s t r i b u t i o n  

1. Verify t h a t  t he  model conveys the co r r ec t  percentage of t o t a l  

flow i n  t h e  channel f o r  a l l  f lood discharges.  

2 .  When adjus t ing  t h i s  distrEb!ution, check ine f f ec t ive  flow a r e a  

first. 

3 .  Make f i n a l  adjustment f o r  percentage of flow i n  channel by 

us ing  n-values. 

4 .  The A-level p r in tou t  (colwrm 5 on *-Cards i n  Hydrology) p r i n t s  

flow d i s t r i b u t i o n .  

I1 I. Hydrology 

A. Determine computational i n t e r v a l s  (w-card) 

1. Dependent on: 

a. water discharge 

b. sediment load 

c. cross  s ec t ion  spacing 

2. Test  f o r  each low, bank f u l l ,  and peak f lood flow 

a.  Check fo r  o s c i l l a t i n g  bed change 

b.  Adjust t ime i n t e r v a l s  t o  t he  l a r g e s t  but s t i l l  s t a b l e  

i n t e r v a l s  

c. Repeat f o r  severa l  cross  s ec t ions  



4. Check mode 1 performance against  expected p ro to t )  hehavior  

5 .  Extend hydrograph a t  t h e  establ ished i n t e r v a l  and check f o r  

equi  l i b r ium conditions 

B. Es tab l i sh  discharge histogram 

1. Insure t h a t  peaks a r e  represented 

2. Check f o r  annual mass cont inui ty  

a ,  water 

b. sediment 

3. Time i n t e r v a l  should be long enough t o  allow the  water  t o  

p a s s  through t h e  longest reach, 

4. Utility program "Sediment Weighted Historgam Generator ,  " . 

HYHIS 

I V .  Sediment d a t a  ca l ibra t ion  - movable bed mode 

A. Inflowing sediment load 

1. Develop inflowing sediment load curve 

a. Measured (suspended) load - 90 t o  95% o f  t o t a l  

b. Unmeasured load 

c. Total  load 

d, Check f o r  proper annual sediment volume by i n t e g r a t i n g  

wi th  t h e  annual water hydrograph 
* 



(1) measured f o r  p ro j ec t  

(2 )  water qua l i t y  papers 

(3)  regional  ana lys is  of sediment y i e l d  

(4) sediment y i e l d  models such as USLE, MUSLE, and other  

e r o s i o n  type  models 

2 .  Develop gradation curve of .  inflowing load 

a. P lo t  f rac t ion  of t o t a l  load fo r  c lay,  s i l t ,  and sand 

ve r sus  d ischarge  using suspended measurement. 

b. Using both suspended measurements and bed mater ial  gradat ion,  

subd iv ide  sands i n t o  c l a s s  i n t e rva l s .  

c. I f  bed gradations a r e  accurate  and t h e  assumption of 

e q u i l i b r i u m  condit ions i s  va l id ,  have the  program ca l cu la t e  inflowing 

g r a d a t i o n  by i t e r a t i o n  of outflow gradation as inflow gradat ion un t i l  

both a r e  i d e n t i c a l .  

B. Bed gradat ion 

1. P lo t  p r o f i l e s  of bed gradation along r i v e r  mile 

a .  Compare gradation changes with hydraul ic  changes ' 

b. Use f o r  in te rpola t ion  of bed gradation of unmeasured 

c r o s s  s e c t i o n  

2 .  If t h e  gradation of the inflowing sediment load i s  accura te ,  

have t h e  program ca lcu la te  t h e  bed gradation required t o  t r anspor t  t h e  

sediment  load. 



3.  In c ross  s ec t ions  with cont inua l  deposi t ion (such .s i n  r e se rvo i r s )  , 
d e t a i l e d  bed grada t ions  a r e  not necessary. 

V. F u l l  c a l i b r a t i o n  run 

A. Minor adjustments f o r  simulation of ca l ib ra t ion  time period and 

compare r e s u l t s  t o  prototype behavior., . . 

B. If major adjustments are requi red ,  repeat  c a l i b r a t i o n  procedures 

p r e v i o u s l y  descr ibed.  

VI . V e r i f i c a t i o n  

A. Compare c a l i b r a t e d  model performance with ohzcrved prototype 

behavior  f o r  v e r i f i c a t i o n  time period. 

1.. Evaluate changes over t ime 

a ,  Water sur face  p r o f i l e  

b, Average bed e leva t ion  

c .  Sediment y i e ld  

2, Check discrepancies  by comparison with any prototype anomalies 

tha t  the  program cannot . simulate. 

a. Make adjustment$ i f  necessary 

b. If t h e  anomalies a r e  severe (e..g. , multi-dimensional) , 
develop approximation techniques. 

B. Reca l ibra te  if required changes f o r  v e r i f i c a t i o n  a r e  severe 



S U M Y  OF STEPS: ' W I N 6  A SEDIEOEM' STUDY 

'1. Assemble a l l  available data fm office f i l e s  and other records (maps, 
cross sections, suspended sediment measurements, bed load data, bed makrl a1 
data, hydrographs, water temperature, observed water surface prof1 1es , 
reservoirs i n  the basin, construction act ivf t ies  near the rivers/stream~, 
and so i l  typeslsedirrrnt yield data) 

2. Perforn r pralininary analysis and identify trouble spots. 

3. Hake a reconnaissance t r i p  through the study area giving particular 
attention t o  locations appearing t o  be trouble spots. 

4 Calibrate n-values. 

5. Calibrate the inflowing sedtment load ( total  and bed material sizes). 

6. verify the model performr l ike  the prototype by simulating a period . 
o f  record not ut i l ized i n  the calibration. 

7. Run r Base Test. (For example, sirrmlate the 'do nothing condition*.) 

8. Select  alternative designs and sfmulate w i t h  sam hydrograph as step 7. 

9. Analyze results  by comparing model performance for  each a1 ternative 
versus the Base Test. 

10. Perform sensft ivi ty study w i t h  different design hydrographs and sedinpnt 
load curves. 



-STREAM NETWORK FEATURES OF HEC-6 

Reference: 
[I] HEC-6 User Manual 

Objective: The student demonstrates skill in combining existing main stem and tributary 
data sets into a stream network model for HEC-6. 

1. END PRODUCT 

The end product is an example execution. 

2. PROBLEM 

One Main stem and one tributary data set have been formed and debugged for HEC-6. A 
schematic of the system is shown in figure 1. The main stem data set starts at River Mile 
100.67 and goes to 101.16. The tributary data set starts at the confluence with the main stem 
and contains cross sections at River Mile 0.67, 0.78,0.92 and 1.16. Combine these into a 
stream network model and provide the special output according to instructions in paragraph 
3, Procedure. 

Figure 1. Schematic of the Stream Network 
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3. PROCEDURE 

3.1 Summary of Tasks. Locate the basic, HEC-6, data Gle provided for this workshop, 
wk8.dat. A copy is shown below. 

3.2 HEC-6 Input Data File. 

T 1  Workshop Problem VIII. USE OF FEATURES OF HEC-6, Main Stem Branch 
T2 OF A STREAM NETWORK. W A Thomas, WES, 1 June 1988 
T3 Sediment Transport in Rivers and Reservoirs 

.03 .3 .5 
653 

0 710 68 710 120 710.2 150 709.1 178 
214 711.9 264 710.5 320 709 360 707 390 
415 703.3 450 703.1 492 702 530 703.9 570 

705 635 711 647 715 649 743.1 653 
64 64 8 

19 696 590 590 590 

GR 743.1 0 711.5 62 710.3 78 711.7 102 710.9 137 
GR 711 173 712.5 208 714.6 270 713.3 320 711.3 348 
GR 708.8 402 707.3 458 706.3 475 706 493 705.3 513 
GR 706 558 707.8 611 709 625 743.1 696 

100.78 700.3 5 6 63 8 
7 1 1 0 0 . 9 2  13 1122 690 690 690 

GR 708.8 990 707.4 1046 743.1 1122 
H100.92 701.7 40 1066 
X1101.16 17 1593 1290 1290 1290 
X3 10 
GR 743.3 0 717 5 2 717 964 715 1008 710 1040 
GR 710 1074 708 1080 708.1 1140 707.9 1190 708.2 1230 
GR 710 1304 711 1310 713.5 1360 715 1395 717 1450 
GR 717 1540 743.3 1593 
H 101.16 702.9 40 1542 
EJ 
T4 Workshop Problem VIII. MAIN STEM SEDIMENT DATA. 
TS A. Inflowing Load is Calculated from the Bed Gradation: DATASET # 1 
T6 B. Bed Gradations from Field Samples of Top 1 - f t .  DATASET 9 1 
T7 C. Transport Method i s  Laursen (Madden-1985) 
T8 D. Sediment Model # 1 Dated 1 June 1988, WA Thomas, WES 
I1 20 
14 13 
LQ CFS 1000 10000 100000 200000 
LT T/D 2.9 100 25000 185227 
LF VFS .0917 .0917 .0917 .0917 
LF FS .lo16 .lo16 .lo16 .lo16 
LF MS .151S .I515 .I515 .I515 
LF CS .I428 .I428 .I428 .I428 
Li' VCS .1462 .I462 .I462 .I462 
LF VFG .1717 .I717 .I717 .I717 
LF FG .I383 .I383 .1383 -1383 
LF MG .0386 .0386 .0386 .0386 
LF CG .0173 .0173 -0173 .0173 
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LF VCG .0004 .0004 .0004 .0004 
PF AVG 100.67 150 95 128 6 1  64 2 7 32 .- 
PFC 14 1 6  6 .65  8 3.32 4 2 .48  2 2 .30  1 
PFC 1 . 7 5  0 . 5  0 .89 0.25 0.38 0.125 _ 
s m  
$RATING 
RC 6 20000. 10000 0 711.5 715 719 720.6 722.3 
RC 723.6 

AB RUN 1. 
Q 100000 
T 5 0 
W . 5  

B RUN2 
Q l o o o o o  
W .5  

B RUN3 
Q l00000  
W . 5  

B RUN4 
Q 100000 
W . 5  

B RUNS 
Q 100000 
W . 5  

B RUN 20 
Q l00000  
X 20 . 5  

B RUN40 
Q 100000 
X . 5  2 0 
s JOB 
T1 Workshop Problem V I I I .  TRIBUTARY GEOMETRY 
T2 

T3 

W A Thomas, WES, 1 June 1988 
Sediment  T r a n s p o r t  in R i v e r s  and R e s e r v o i r s  

NC .080 .080 .03 .3 . 5  
X1 0 . 6 7  2 0 653 
X3 1 0  
GR 7 4 3 . 1  0 710 6 8 710 120 710.2 150 709 .1  178 
GR 711 .6  214 711.9 264 710.5 320 709 360 707 390 
GR 706 415 703.3 450 703.1 492 702 530 703.9 570 
GR 7 0 3 . 1  610 705 635 711 647 715 649 743 .1  653 
H 0 .67  697.0 64 648 705 320 570 2.0 
Xl. .78 1 9  696 590 590 590 
X3 1 0  
GR 743  .I 0 711.5 62 710.3 78 711.7 102 710.9 1 3  7 
GR 711 173  712.5 208 714.6 270 713.3 320 711.3 340 
GR 708 .8  402 707.3 458 706.3 475 706 493 705.3 513 
GR 706 558 707.8 611 709 625 743.1 696 
H 0 . 7 8  700 .3  56 638 705 208 258 2.0 
X1 -92  1 3  710 1122 1690 1690 1690 
X3 1 0  
GR 7 4 3 . 1  0 717 53 717 550 715 673 73 5 710 
GR 707 .5  740 707.9 780 706.7 840 706.8 878 708.2 910 
GR 7 0 8 . 8  990 707.4 1046 743.1 1122 
H 0 .92 701.7 40 1066 705 740 990 2.0  
X1 1 . 1 6  1 7  1040 1593 2290 2290 2290 
X3 1 0  
GR 743 .3  0 717 5 2 717 964 715 LO08 735 1040 
GR 710 1074 708 1080 7 0 8 . 1  1140 707.9 1190 708.2 1230 
GR 710 1304 711.7 1324 713.5 1360 715 1395 717 1450 
GR 717 1540 743.3 1593 
H 1 . 1 6  702.9 40 1542 705 1074 1324 2.0 
EJ 
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T4 Workshop Problem VIII. TRIBUTARY SEDIMENT DATA a :: A. Inflowing Load is Calculated from th_e Bed Gradation: DATASET # 1 
8. Bed Gradations from Field sampl~s of Top 1-ft. DATASET 8 1 

T7 C. Transport Method is Laursen (Madden-1985) 
T 8 D. Sediment Model # 1 Dated 1 June 1988, WA Thomas, WES 
I1 2 0 
I4 13 
LQ Q 1000 10000 90000 
LT QS 200 1200 25000 
LF VFS .0017 .0017 .0017 
LF FS .I516 -1516 .I516 
LF MS .I515 .I515 .I515 
LF CS .0828 .0828 .0828 
LF VCS .I862 -1862 .I862 
LF VFG .I617 .I617 .I617 
LF FG .I483 .I483 .I483 
LF MG .lo86 -1086 .lo86 
LF CG .0073 -0073 .0073 
LF VC .0004 -0004 .0004 
PF AVG 0.67 150 9 5 128 61 64 27 3 2 
PFC 14 16 6.65 8 3.32 4 2.48 2 2.30 1 
PFC 1.75 0.5 0.89 0.25 0.38 0.125 
S -m 

AB RUN 1. 
Q 80000 
R 721 
T 50 
W .25 
* B RUN 2 
Q 80000 
W -25 

B R U N 3  

A. Geometric Data Set: Cut and paste the HEC-6 file to form the geometric model for a 
stream network model. 

B. Sediment Data Set: Cut and paste the HEC4 file to form the sediment data set for the 
stream network modeli 

C. Hydrologic Data Set: Form the hydrologic data set to run the 5 events shown below. 
Each has a duration of 1 day. Request an A-level print out from hydraulics for the first 
event. Request a B-level print out from sediment for first 4 events, and request a C-level print 
out from sediment for the 5'th event. 
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Event Discharge CFS, 
No at the D/S Boundary 

Main Tributary 

1 100,000 90,000 1 

2 100,000 90,000 
3 100,000 90,000 
4 100,000 lo, ooq 
5 100,000 

3 
10,000, 

Water Starting Water 
Temperature Surface Elevation 
Degrees F 

Main Tributary 
Stem Stem 
5 0 50 (Main Stem Rating 
5 0 5 0 Curve- provided) 
5 0 5 0 11 

5 0 5 0 I t  

5 0 5 0 11 

- Add the necessary data records to calculate dredging after the 51th 
event in the Hydrologic Data Set. The-ng-templqe is already coded in - 
the geometric data (H-Cards) . / 

- Add the data cards necessary for restricting the detailed print out, 
requested for event #5, to X-Section #2 on the tributary(See SPRT-CP-PN-END 
coding instructions) . 

- Execute the job, high-light the requested output in the printed 
results from the run, and be prepared to discuss the results in the review. 
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STREAM NETWORK FEATURES OF HEC-6 
ANSWERS 

1. Completed Input Data File. 

T1 Workshop Problem VIII. USE OF FEATURES OF HEC-6, ~ a i n  Stem Branch 
T2 OF A STREAM NETWORK. W A Thomas, WES, 1 June 1988 
T3 Sediment Transport in Rivers and Reservoirs 
NC .080 .080 .03 .3 .5 
X1100.67 20 653 
X3 10 
GR 743.1 0 710 68 710 120 710.2 150 709.1 
GR 711.6 214 711.9 264 710.5 320 709 360 707 
GR 706 415 703.3 450 703.1 492 702 530 703.9 
GR 703.1 610 705 635 711 647 715 649 743.1 
H100.67 697.0 64 648 
X1100.78 19 696 590 590 590 
X3 10 
GR 743.1 0 711.5 62 710.3 78 711.7 102 710.9 
GR 711 173 712.5 208 714.6 270 713.3 320 711.3 
GR 708.8 402 707.3 458 706.3 475 706 493 705.3 
GR 706 558 707.8 611 709 625 743.1 696 
H 100.78 700.3 56 638 

QT 2 
X1100.92 13 1122 690 690 690 
X3 10 
GR 743.1 0 717 53 717 550 715 573 715 
GR 707.5 740 707.9 780 706.7 840 706.8 878 708.2 
GR 708.8 990 707.4 1046 743.1 1122 
H 100.92 701.7 40 1066 
X1101.16 17 1593 1290 1290 1290 
X3 10 
GR 743.3 0 717 52 717 964 715 1008 710 
GR 710 1074 708 1080 708.1 1140 707.9 1190 708.2 
GR 710 1304 711 1310 713.5 1360 715 1395 717 
GR 717 1540 743.3 1593 
H 101.16 702.9 40 1542 
EJ 
STRIB 
CP 
T1 Workshop Problem VIII. TRIBUTARY GEOMETRY 
T2 W A Thomas, WES, 1 June 1988 
T3 Sediment Transport i n  Rivers and Reservoirs 
NC .080 .080 .03 .3 .5 
X1 0.67 20 653 
X3 10 0.-- 

GR 743.1 0 710 68 710 120 710.2 150 709.1 
GR 711.6 214 711.9 264 710.5 320 709 360 707 
GR 706 415 703.3 450 703.1 . 492 702 530 703.9 
GR 703.1 610 705 635 711 647 715 649 743.1 
H 0.67 697.0 6 4 648 705 320 570 
X1 .78 19 696 590 590 590 
X3 10 
GR 743.1 0 711.5 62 710.3 78 711.7 102 710.9 
GR 711 173 712.5 208 714.6 270 713.3 320 711.3 
GR 708.8 402 707.3 458 706.3 475 706 493 705.3 
GR 706 558 707.8 611 709 625 743.1 696 
H 0.78 700.3 5 6 638 705 208 258 
X1 .92 13 710 1122 1690 1690 1690 
X3 10 
GR 743.1 0 717 53 717 550 715 673 735 
GR 707.5 740 707.9 780 706.7 840 706.8 878 708.2 
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X3 10 
GR 743.3 0 717 5 2 717 964 715 1008 
GR 710 1074 708 1080 708.1 1140 707.9 1190 
GR 710 1304 711.7 1324 713.5 1360 715 1395 
GR 717 1540 743.3 1593 
H 1.16 702.9 40 1542 705 1074 1324 
E J 
T4 Workshop Problem VIII. MAIN STEM SEDIMENT DATA. 
TS A. Inflowing Load is Calculated from the Bed Gradation: 
T6 B. Bed Gradations from Field Samples of Top 1-ft. 
T7 C. Transport Method is Laursen (Madden-1985) 
T8 D. Sediment Model # 1 Dated 1 June 1988, WA Thomas, 
I1 20 
I4 13 
LQ CFS 1000 10000 100000 200000 
LT T/D 2.9 100 25000 185227 
LF VFS .0917 .0917 .0917 .0917 
LF FS .lo16 .lo16 .lo16 .lo16 
LF MS .I515 .I515 .I515 .I515 
LF CS .I428 .I428 .I428 .I428 
LF VCS .I462 .I462 .I462 .I462 
LF VFG .1717 .I717 .I717 .I717 
LF FG .I383 .I383 .I383 .I383 
LF MG .0386 .0386 .0386 .0386 
LF CG .0173 .0173 .0173 .0173 
LF VCG .0004 .0004 .0004 .0004 
PF AVG 100.67 150 95 12 8 6 1 6 4 

PFC 14 16 6.65 8 3.32 4 2.48 2 
PFC 1.75 0.5 0.89 0.25 0.38 0.125 
STRIB 
T4 Workshop Problem VIII. TRIBUTARY SEDIMENT DATA 
T5 A. Inflowing Load is Calculated from the Bed Gradation: 
T6 B. Bed Gradations from Field Samples of Top 1-ft. 
T7 C. Transport Method is Laursen (Madden-1985) 
T8 D. Sediment Model # 1 Dated 1 June 1988, WA Thomas, 
I1 20 
I4 13 

LQ Q 1000 10000 90000 
LT QS 200 1200 25000 
LF VFS .0017 .0017 .0017 
LF FS .I516 .I516 .I516 
LF MS .I515 .I515 .I515 
LF CS .0828 .0828 .0828 
LF VCS .I862 .I862 .I862 
LF VFG .I617 .I617 .I617 
LF FG .I483 .I483 .I483 
LF MG .lo86 .lo86 .lo86 
LF CG .0073 .0073 -0073 
LF VC .0004 .0004 .0004 
PF AVG 0.67 150 95 12 8 61 64 
PFC 14 16 6.65 8 3.32 4 2.48 2 
PFC 1.75 0.5 0.89 0.25 0.38 0.125 

S H M  
$RATING 
RC 6 20000. 10000 0 711.5 715 719 
RC 723.6 

AB RUN 1. 
Q 100000 90000 
T 50 50 
W 1 

B RUN 2 
Q 100000 90000 
W 1 

DATASET # 1 
DATASET # 1 

WES 

DATASET # 1 
DATASET # 1 
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B R U N 4  
Q 100000 loo00 
W 1 

$ PR 
CP 2 
PS 0.78 
END 
* C RUN 5 
Q 100000 10000 
W I 
$DREDGE 
$NO DREDGE 

$ $ END 
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High Concentration Flows 

MT. ST. HELENS SMPACT ON COWLITZ RIVER SEDIMENTATION 

By Bobby J. ~rown, '  M. ASCE, and W. Anthony ~ h o m a s , ~  X. ASCE 

ABSTRACT 

Numerical modeling is but one of t he  approaches t h e  U. S. Axmy 
Corps of Engineers has used t o  forecas t  depos i t ion  in t h e  Cowlitz River 
s i n c e  the  e rupt ion  of M t .  St. Helens. It proved very valuable  as t h e  
technique f o r  ca lcu la t ing  the  quanrity of depos i t ion ,  i ts  loca t ion  along 
t h e  r i v e r ,  t h e  inf luence of backwater from high Columbia River s t ages ,  
and changes in the above from year t o  year  as t h e  bed p r o f i l e  of the  
Cowlitz cont inua l ly  changed in response t o  t he  abnormally high sediment 
concentrat ions off t he  M t .  St. Helens watersheds. 

INTRODUCTION 

The erupt ion  of M t .  St ,  Helens created a 3 b i l l i o n  .cubic yard (2.3 
bun) deb r i s  avalanche pearched from 1400 t o  3500 f t  (427 t o  1067 m) 
above sea  l e v e l  i n  t h e  upper va l ley  of t h e  North Fork Toutle  River. A 
s u b s t a n t i a l  por t ion  of adjacent watersheds were d is turbed  and mudflow 
depos i t s  were l e f t  along t h e  va l leys ,  f i l l i n g  channels and leaving a . 

3- t o  6-ft-thick ( 1  t o  2 m) veneer on the  v a l l e y  f loo r .  

Fig. 1 shows the  stream system involved. The avalanche depos i t  is 
up t o  600 f t (180 m) t h i ck  and slopes a t  160 f t / m i l e  (0.03 m/m) . Thirty- 
f i v e  miles  downstream, the  lower end of t h e  Toutle  River,  t h e  s lope  has 
decreased t o  5 f t / m i l e  (0.00095 m/m), the  channel is 200 f t  wide, and 
t h e  drainage a rea  is 493 square miles (190 sq  km). The Toutle flows 
i n t o  the  Cowlitz 20 mi les  (33 km) upstream from t h e  Columbia, A t  t h a t  
p o i n t  the  Coul i tz  is about 400 f t  (120 m) wide and s lopes  1% f t / m i l e  
(0.00028 m/m). It d ra ins  about 2,000 square .mi les ,  (769 s q  b), '56 per- 
cen t  of which is regulated by Mayfield-Mossyrock Reservoirs.  The mud- 
flow fill=:! t he  Cowlitz and spread upstream and downstream in the  
Columbia. 

Although numerous problems were c rea ted  between S p i r i t  Lake and 
t h e  Columbia River,  t h i s  paper w i l l  focus on f lood pro tec t ion  along t h e  
Cowlitz. Levees were no longer s u f f i c i e n t l y  high t o  conta in  t h e  design 
f lood  and r a i s i n g  alone w a s  not a f e a s i b l e  so lu t ion .  

'chief, Design C r i t e r i a  Branch, Hydraulics Laboratory, USAE 
Waterways Experiment S ta t ion ,  CE, Vicksburg, Miss. 39180. 

' ~ e s e a r c h  Hydraulic Engineer, Hydraulic Analysis Divis ion,  
Hydraulics Laboratory, USAE Waterways Experiment S t a t ion ,  CE, Vicksburg, 
Miss. 39180. 



FIG. 1.-Area map showing impact o f  1 8  May 1980 e r u p t i o n  

The channel  c a p a c i t y  of t h e  Cowlitz had been reduced from 70,000 t o  
13,000 c f s  (2,000 t o  370 cms) and r e s t o r a t i o n  would r e q u i r e  t h e  removal 
o f  56 m i l l i o n  cub ic  ya rds  (43 mcm) of mudflow depos i t s .  Levees would 
need t o  b e  lengthened and ra i sed .  As an i n t e r i m  measure, a d d i t i o n a l  
f l o o d  s t o r a g e  c a p a c i t y  i n  Mossyrock Reservo i r  would be needed. How long  
t h o s e  emergency measures would l a s t  was a major question.  P r i o r  t o  t h e  
e r u p t i o n ,  t h e  Cowlitz had been a s e d h n t - f r e e  stream, and its response 
t o  a h i g h  c o n c e n t r a t i o n  of sediment in f low was unknown. Row much sed i -  
ment would reach  t h e  Cowlitz,  how much would d e p o s i t  i n  t h e  Cowlitz,  
and where would d e p o s i t i o n  occur?  



A five-pronged s tudy plan was developed. F i r s t ,  a prototype m o n i -  
t o r i n g  program was i n i t i a t e d .  Sediment ranges  were es tab l i shed  a t  one- - 
f o u r t h  mile i n t e r v a l s  along t h e  Cowlitz. Water and sediment d ischarges  
were  t o  be  measured and p a r t i c l e  s i z e  d i s t r i b u t i o n s  determined a t  s e v e r a l  
gages  i n  t h e  watershed. Second, an a n a l y t i c a l  approach was e s t a b l i s h e d  
whereby sediment y i e l d  a t  each measuring p o i n t  w a s  t o  be c a l c u l a t e d  a f t e r  
e a c h  s t o r m  event .  The t h i r d  approach was t o  compare t h i s  system with  
o t h e r  vo lcanos  and t o  ex tens ive  burn areas. A physical  model w a s  con- 
s i d e r e d ,  b u t  n o t  implemented, a s  t h e  f o u r t h  approach. The f i f t h  approach 
was t h e  numerical  s imulat ion model. 

P l a n s  f o r  t h e  s tudy were i n i t i a t e d  s h o r t l y  a f t e r  t h e  e rup t ion  when 
t h e  s c a n t y  d a t a  s e t  l e f t  i n v e s t i g a t o r s  i n  a cloud of questions.  Runoff 
d u r i n g  t h e  d r y  sunnner months would n o t  r e v e a l  t h e  system's response t o  
t h e  f a l l  r a i n s .  What t r a n s p o r t  f u n c t i o n  should be  used? Would mudflows 
o c c u r ?  What would t h e  sediment y i e l d  b e  and how much would be sand? 
How much would hydrology change from h i s t o r i c a l  values?  

A dozen o r  s o  samples from t h e  mudflow depos i t  and t h e  l w e r  p o r t i o n  
o f  t h e  d e b r i s  avalanche i n d i c a t e d  we were  dea l ing  wi th  a sandbed system. 
U n i t  we igh t  of deposi ted material ranged from 90 t o  120 p c f ,  p a r t i c l e  
s p e c i f i c  g r a v i t i e s  ranged from 2.63 t o  2.72, and t h e  g ra in  shape f a c t o r  
appeared  t o  b e  0.5 o r  0.6. Only sand and  l a r g e r  p a r t i c l e s  were de tec ted  
in t h e  mudflow depos i t ,  and t h e  f i n e s  i n  t h e  avalanche were noncohesive. 
The ava lanche  samples i n d i c a t e d  1 0  p e r c e n t  of p a r t i c l e  sizes were f i n e r  
t h a n  sand ,  38 percent  were sand (0.062 t o  2 ma), and t h e  r e s t  were 
g r a v e l ,  cobbles ,  and l a r g e r  s i z e s ,  Labora to ry  t e s t s  ind ica ted  mudflows 
would l i k e l y  occur ,  bu t  t h e  magnitude c o u l d  n o t  b e  calcula ted.  . 

Then on  27 August 1980, a small pond, fonned when t h e  avalanche 
b l o c k e d  a n a t u r a l  drainage,  broke out. The sediment concentra t ion a t  
Highway 99 gage, loca ted  a t  mile  1 of t h e  Tout le  River,  peaked a t  217,000 
mg/L (191,000 ppm by weight) .  A week later t h e  f i r s t  r a i n f a l l  occurred 

. - on t h e  watershed,  and a l though it measured only  an  inch,  t h e  observed 
c o n c e n t r a t i o n s  a t  t h e  Highway 99 gage peaked a t  78,000 mgjL (75,000 ppm). 
The r e s p o n s e  o f  t h e  Cowlitz was obscured by t h e  i n t e n s i v e  dredging e f f o r t .  
However, q u a l i t a t i v e l y ,  it was apparen t  from sand depos i t s  l e f t  behind 
t h a t  t h e  sys tem could n o t  t r a n s p o r t  such  h i g h  concentrations.  Equally 

' i m p o r t a n t  was t h e  absence of f i n e s  i n  t h e  bed depos i t ;  
0.25 xmn. Although concen t ra t ions  were h igh ,  they were 
below mudf low values .  

MODJX APPLICATION 

A network vers ion  of t h e  Corps of Engineers computer program "Scour 
and  Depos i t ion  i n  Rivers and Reservoirs"  (HEC-6) w a s  s e l e c t e d  f o r  t h e  
s t u d y .  The model limits extended from t h e  Columbia River up the  Cowlitz 
t o  m i l e  21  (35 km) with a branch extended t o  mile  5.3 (8.8 km) of the 
T o u t l e .  Pre l iminary t e s t i n g  revea led  s e v e r a l  l i m i t a t i o n s  which would 
r e q u i r e  modi f i ca t ions  t o  t h e  program. 

F i r s t ,  t h e  t r anspor t  func t ions  in HEC-6 were t e s t e d  us ing  measured 
.sediment  concen t ra t ions  a t  t h e  Tout le  River  Highway 99 gage and t h e  
Cowl i t z  River ,  Cas t l e  Rock gage. Fig. 2 shows t h e  ca lcu la ted  sand load,  
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f rom one o f  t h e s e  t e s t s ,  using t h e  T o f f a l e t i  funct ion.  Sediment samples, 
c o l l e c t e d  from May through 2 September 1980, a r e  shown f o r  comparison. 
These  p o i n t s  a r e  suspended load and t h e r e f o r e  should be reduced by 56 
p e r c e n t  t o  e l i m i n a t e  silt and c lay.  Whereas agreement wi th  t h e  summer 
o b s e r v a t i o n s  was s a t i s f a c t o r y ,  t h e  pond break  and 2 September rainfall 

' e v e n t s  p l o t t e d  w e l l  above the  T o f f a l e t i  curve. The pond break d a t a  
i n d i c a t e d  t h e  high concentra t ion of f i n e s  would affect t h e  sand t r a n s p o r t  
cons iderab ly .  The on ly  method having c a p a b i l i t y  t o  e x p l i c i t l y  accommo- 
d a t e  s u c h  concen t ra t ions  is t h e  Colby 1964 sand t r a n s p o r t  method. Two 
were  t e s t e d :  (1) prototype d a t a  excep t  z e r o  f i n e s  and (2) prototype 
d a t a  i n c l u d i n g  t h e  measured f i n e s .  These  results a r e  s h a m  in Fig. 2,  
a l s o .  Consequently, Colby w a s  i n t e r f a c e d  wi th  HEC-6 and used f o r  a l l  
t r a n s p o r t  modeling. Forecast ing t h e  washoff of f i n e s ,  t h a t  is si l t  and 
c l a y  s i z e s ,  became an important c o n s i d e r a t i o n  even though those  s i z e s  
v o u l d  n o t  d e p o s i t  i n  t h e  Cowlitz River. The pond break d a t a  and 
2 September r a i n f a l l  d a t a  indicated v a l u e s  of 100,000 ppm f o r  inpu t  
i n t o  Colby. The r e s u l t i n g  sand d i s c h a r g e  was ca lcu la ted  and l a t e r  com- 
pared  w i t h  f i e l d  da ta ,  Fig. 2. The peak concen t ra t ion  dur ing Water Year 
1 9 8 1  w a s  392,000 mg/L (315,000 ppm) o c c u r r i n g  in February a t  a water  - - 
d i s c h a r g e  o f  16,700 c f s  (475 ans). It contained 58 percent sand and 
o c c u r r e d  2% hours a f t e r  t h e  hydrograph peaked. _ - 1 - - .-..-. .- . 

Program modif icat ions ,  in a d d i t i o n  t o  i n t e r f a c i n g  t h e  Colby method, 
were  au tomat ic  c a l c u l a t i o n s  of movable-bed widths,  s u p e r c r i t i c a l  f low 
v e l o c i t i e s ,  acce le ra ted  deposi t ion i n  t h e  deepest  p a r t  of a c ross  s e c t i o n ,  
and a g r a d u a l  mixing of t r i b u t a r y  w i t h  mainstream flows over 10 t o  20 
r i v e r  wid ths  downstream from t h e  e n t r y  po in t .  These changes were made 



d u r i n g  Water Years 1981 and 1982 whi le  p r e l i m i n a r y  results from t h e  model 
were  being used t o  d e t e c t  p o s s i b l e  f u t u r e  t r e n d s  in t h e  r i v e r ,  The 
results ind ica ted  t h a t  t h e  channel would f i l l  bu t  t h e  r a t e  of f i l l i n g  
would r e q u i r e  a few years  during which t ime  t h e  problem could be handled. 
Tha t  conclusion w a s  based on a n o n v e r i f i e d  model s i n c e  dredging a c t i v i -  
t i es  continued through t h e  f i r s t  year. 

As t h e  second wet season began, Water Year 1982, dredging had com- 
p l e t e l y  ceased i n  t h e  Cowlitz and model v e r i f i c a t i o n  was i n i t i a t e d .  
I n i t i a l  geometry w a s  surveyed i n  October 1981. Subsequent prototype 
s u r v e y s  were conducted i n  December 1981, February 1982, and March 1982. 
Sediment inflows a r e  shown i n  Table 1. 

TABLE 1.--WATER YEAR 1982 TOUTLE RIVER SEDEENT DISCHARGE 

Qs cfs 
1 

100 1,000 10,000 40,000 
Qs , tons/day 225 14,000 870,000 10,700,000 

Clay  F r a c t i o n  0.12 0.11 
S i l t  F r a c t i o n  0.60 0.54 
Sand F r a c t i o n  0.28 0.35 

h i v i d e  by 35 t o  g e t  approximate cms. 

The q u a n t i t i e s  in Table 1 assume t h e  unmeasured l o a d  is 10 percent of 
t h e  t o t a l  measured suspended sediment and all m a t e r i a l  is sand. The 
h y d r o l o g i c a l  model w a s  e s t a b l i s h e d  from mean d a i l y  flow and water tempera- 
t u r e  d a t a ,  provided by t h e  USGS f o r  t h e  T o u t l e  River  and C a t l i t z  River  
f o r  t h e  per iod 1 October 1981 through 4 March 1982. Columbia River 
s t a g e s  were used f o r  t h e  t a i l w a t e r  con t ro l .  Water y i e l d  during 1982 was 
a b o u t  120 percen t  of n o d  and Cawlitz River flows dur ing January and 
February  coincided w i t h  a high Columbia. . - .. - 

MODEL PERFORMANCE 

The r e s u l t ,  shown i n  Fig. 3, was q u i t e  gbod. Except in t h e  v i c i n i t y  
of m i l e s  12 and 13, where s u b s t a n t i a l  bank e r o s i o n  occurred,  the  model 
r e c o n s t i t u t e d  t h e  prototype bed p r o f i l e  and volumes of deposi t ion v e r y  
w e l l ,  Fig. 3. To r e c o n s t i t u t e  t h e  i n t e r m e d i a t e  surpeys  t h e  sediment i n -  
f l o w  t a b l e  had t o  be developed from d a t a  c o l l e c t e d  between t h e  s p e c i f i c -  
su rveys .  Othervise,  agreement between c a l c u l a t e d  and obsemed condi t ions  - 
was n o t a c h i e v e d .  Since  model response was s o  s e n s i t i v e  t o  t h e  inf lowing 
sediment  discharge,  both  average annual and s i n g l e  event  curves were 
developed f o r  t h e  long-tenn fo recas t .  

CONCLUSIONS 

The high concentra t ions  of sediment o f f  M t .  S t .  Helens watersheds - - 
r e q u i r e d  s p e c i a l  treatment i n  HEC-6 t o  t r a n s p o r t  t h e  r a t e - o f - s a d  - 
s u p p l i e d  i n  t h e  runoff. The s tudy  i l l u s t r a t e d  how important the  proper  
r a t e  of sand inf low is t o  a s u c c e s s f u l  s i m u l a t i o n  of prototype behavior.  
It a l s o  i l l u s t r a t e d  how s e n s i t i v e  a system can be t o  deposi t ion when t h e  
i n f l o w i n g  sand discharge is extremely high-even t o  t h e  po in t  of r e q u i r -  
i n g  modi f i ca t ion  t o  t h e  HEC-6 bed wid th /c ross  s e c t i o n  shape / t r ibu ta ry  
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FIG. 3.-Water Year 1982 - v e r i f i c a t i o n  run 

inf low mixing algorithms. Whereas more n o d  concentrations can be 
t ranspor ted  through supe rc r i t i ca l  reaches a t  c r i t i c a l  ve loc i ty ,  ex- 
tremely high concentrations require  a supercr i t ica l .  ve loc i ty .  Af te r  
t h e s e  model enhancements, the v e r i f i c a t i o n  w a s  good. The model is being 
used t o  forecas t  severa l  possible fu tu re  conditions.  

The programs described here were developed with funding from t h e  
US Army Engineer D i s t r i c t ,  Portland, and the  Zmprovement of Operations 
and Maintenance Techniques Research Program of t he  Office,  Chief of 
Engineers (OCE). OCE has given permission t o  publish t h i s  paper. 
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Installation Instructions 
for the Microcomputer Versions of HEC-6 .- - 

Version 4.1 - October 1993 

I .  SYSTEM REQUIREMENTS 

The DOS (low memory) version of HEC-6 will run on an IBM or compatible microcomputer equipped 
with: 

570 Kilobytes of available Random Access Memory 
* 8087 (or higher) math csprocessor - recommended but not required 

MS DOS 3.1 or greater 
At least 20 Megabytes (Mb) of hard disk space available 

The Extended Memory version of H E M  will run on an IBM 386 (or higher) compatible microcomputer 
equipped with: 

* 2 Megabytes (Mb) of available extended memory 
80287 (or higher) math co-processor - required 
MS DOS 5.0 or greater 
' At least 20 Megabytes of hard disk space available 

I f  your computer does not meet or exceed either configuration, you will be unable to execute HEC-6. 

a I f .  PROGRAM INSTALLATION 
- 

A. Contents  of the HEC-6 Package Diskettes 

The HEC-S Package contains programs, example input data, and example output. The HEC-6 
program files are  provided on one 5 114' double sided, high-density (1.2Mb) diskette and the COED 
program is provided on one 5 1/4" double-sided, double density (360K) diskette a s  follows: 

INSTALL Diskette 

PKUNZIP.EXE: Software used to uncompress archived files into their original form. 
ASKME.COM, FLIP.COM, INSTALLA.BAT & INSTALLB.BAT, TMPGINS.BAT, PROMPT6.EXE: 

These files comprise the "INSTALL" procedure. 
INSTALL6.DOC: This document. 
HEC6.ZIP: This archive contains HECG.EXE, the e x e c u t a b l e ' ~ ~ ~ ~  program 

(DOS (640K) Version) 
HEC6X.ZIP: This archive contains HEC6-EXE, the executable HECG program 

(Extended Memory Version) 
MENU6.ZIP: This archive contains: 

HEC6MENU.EXE: The MENU6 program. 
MENU6-BAT: The batch file that is used to run the MENU6 program. 
LIST.COM: Utility program that provides convenient screen display of files. 
LIST.DOC: Documentation for LIST. 
PROUT.EXE: Utility program that sends files to the printer with carnage control . 

invoked. 
P LOT2-ZIP: This archive contains PLOT2.EXE, a program to plot cross sections from 

an HEC-2 or HEC-6 input data file (CGA, EGA or VGA graphics). 
TABLE6.ZIP: This archive contains TABLEG.EXE, a program to generate tables from 

data contained in HEC-6 supplemental output files. 
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COEDHEC6.ZIP: This archive contains COEDHECG.HPG, the COED help file for HEW.  
HEC6DATA.ZIP: This archive contains the following files: 

HEC601 .DAT-HEC613.DAT & EXAMPLE1 .DAT-D(AMPLE7.DAT: 
HEC-6 test data files. 

^ HEC601 ANS-HEC613ANS & EXAMPLE1 ANS-EXAMPLE7ANS: 
Output files (produced by the DOS version) corresponding to the 
test data files. 

COED Diskette 

COEDEXE.ZIP: This archive contains the following file: 
COED.EXE: Executable program of COED. 

COEDHLP.ZIP: This archive contains the following files: 
COED.HLP: Basic help file (for general help). 
COED.HPG: An index of the current COED help files that are available. 
COEDANY.HPG: A help file for use with HEC programs that do not have a 'help' file. 

It will defautt to ten data fields of eight columns each with 
appropriate tab settings. 

COEDDOC.ZIP: This archive contains the following file: 
COED.DOC: COED Users Manual (February 1987). 

COED.TRM: The file where COED defautt settings are saved. 
COED.XTK: A command file for the communications program CROSSTALK W I )  that 

may be used when you are connected to a mainframe computer with 
COED. 

6. Standard Installation 

Installation is accomplished through the execution of a procedure called INSTALL. To install the 
HEC-6 Package onto your hard disk, do the following: 

1. Place the INSTALL DlSKEnE into the A: (or 6:) drive. 

2. Type A:INSTALLA or 6:INSTALLB 

3. At this point, the INSTALL procedure will lead you through the installation of the HEC-6 
System. 

4. Modify your AUTOEXEC.BAT. To allow access of HEC-6 from any directory, it will be 
necessary to edit your AUTOEXEC.BAT file to include a path to the \HECEXE directory. The 
AUTOEXEC.BAT file must be in your root (C:\) directory. The following command line is an 
example command that can be added to the AUTOEXECBAT file after the existing PATH 
command to allow access to the WECEXE directory: 

PATH = %PATH%;C:\HECEXE 

For more information on the PATH command and the AUTOEXEC.BAT file, consutt your DOS 
manual. 

5. Modify CONFIG.SYS. Many HEC programs require the capability to open more than eight (8) 
files at any one time. Because eight is the DOS default, you must edit your CONFIG.SYS file 
to include the following two lines: 
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For more information concerning the CONFIG.SYS file, consult your DOS manual. Use COED 
or another text editor to make these changes. AFTER THE CHANGES ARE MADE, YOU .- 
WILL NEED TO RE-BOOT YOUR COMPUTER. 

C. Alternate Installation 

As stated previously, the preferred method of installation is to use the INSTALL procedure, which 
will install the software using the HEC recommended directory configuration. If, for any reason, you 
do not wish to use INSTALL, you will need to do the following to install the HEC-6 Package. 

You 'will need to create three directories. One of the directories should be labeled WECEXE. 
This directory will be used to store all of the HEC executable programs. A second directorj 
should be labeled WECEXE\SUP. This directory will be used to store all of the supplemental 
files required by the executable programs. A third directory should be created to store data 
files. This data directory can be given any name. You may want this data directory to  
represent a specific project, person, or program. In the examples below, the program name 
(i.e., HECG) is used for the data directory name. To accomplish these tasks do the following: 

* Go to the root directory of the drive (e.g. C:) on which you would like to install the 
H E M  program files. 

* Type MD \HECEXE then ... 
* Type MD\HECEXE\SUP then ... 

Type MD \HEC6 

2. Place the INSTAU Diskette into the A: drive. You will need to copy the PKUNZIP.EXE file 
from this diskette to the root (C:\) directory. . 

Type COPY A:PKUNZIP.EXE 

The PKUNZIP.EXE program will be used to uncompress the HECG Package of programs into 
the target directory. 

3. Uncompress the utility programs. If you do not wish to use the utility programs, skip this step 
and proceed with Step 4. 

* Type PKUNZIP A:PLOT2 \HECEXE then ... 
* Type PKUNZlP A:TABLEG \HECEXE 

4. Uncompress the HECG COED help file. I f  you use COED, you should uncompress this file; if 
not, proceed to Step 5. 

* Type PKUNUP A:COEDHECG \HECEXE\SUP 

5. Uncompress the HEC-6 Menu program. 

Type PKUNZIP A:MENU6 \HECEXE 

. 6. Uncompress the H E M  program. 

Type PKUNZIP A:HEC6 \HECEXE (for the DOS version) 
or PKUNZIP A:HEC6X \HECEXE (for the Extended Memory version) 
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7. Uncompress the test input and output files. If you do not want these files on your hard disk, 
skip this step and proceed to Step 8. 

Type PKUNZlP A:HECGDATA \HEC6 - .  

8. Install the Full Screen Editor COED onto your hard disk. COED has several advanced editing 
features, as well as several capabilities that aid in generating input files specificalfy for HEC 
programs. If you have already installed COED with another HEC program or if you do not 
want to install COED, skip this step. To install COED, place the COED Diskette into the A: 
drive and perform the following commands: 

Type PKUNZIP A:COEDEXE \HECEXE then ... 
Type PKUNZIP A:COEDHLP \HECEXE\SUP -n then ... 
Type PKUNZIP A:COEDDOC \HECEXE\SUP 

9. Modify your AUTOEXEC.BAT. To allow access of HEC-6 from any directory, it will be 
necessary to edit your AUTOEXEC.BAT file to include a path to the WECEXE directory. The 
AUTOEXEC.BAT file must be in your root (C:\) directory. The following command line is an 
example command that can be added to the AUTOEXEC.BAT file after the existing PATH 
command to allow access to the WECEXE directory: 

PATH = %PATH%;C:\HECEXE 

For more information on the PATH command and the AUTOEXEC.BAT file, consult your DOS 
manual. 

10. Modify CONFIG.SYS. Many HEC programs require the capability to open more than eight (8) 
.- files at any one time. Because eight is the DOS default,.you must edit your CONFIG:SYS fife 

to include the following two Enes: 

For more information concerning the CONFIG-SYS file. consult your DOS manual. Use COED 
or another text editor to make these changes. AFTER THE CHANGES ARE MADE, YOU - 
WlLL NEED TO RE-BOOT YOUR COMPUTER. 

111. PROGRAM EXECUTION 

A. Executing HEC-6 Through The Menu System 

You are now ready to test HEC-6. The preferred mode of execution is through MENUG, the HEC-6 
menu system, although you can run the program without using MENU6 (see Section 0). To 
execute MENU6, first change to your data or project directorj containing the HECS data files (e.g. 
CD \HEC6) then type MENU6. This will invoke the batch file (MENU6.BAT) that is used for running 
the menu system. You must execute the menu system through this batch file or the menu system 
will not function correctly. The HEC-6 System Main Menu (as illustrated in Figure I) will now 
appear on your screen. The background and text colon can be changed by pressing the F9 and 
FIO keys, respectively. As you can see, five options are presented with the first option highlighted. 
The status or message line at the bottom of the screen is also highlighted; look to this line for 
instructions on how to proceed for the currently highlighted choice. In general, the user operates 
the menu by using the cursor arrow keys to move to the desired option and then pressing enter to @ 
execute that option. The five options are outlined below: 
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I 3. Run HZCb 

Input: Cspecffyl Output: CM Supplevntal  O u t p l t :  M 

Figure 1. HEC-6 System - Main Menu 

1. Define tnputlOutput files 

This option is used to define the input and output filenames that will be used when executing 
one of the programs available in the HEC-6 System. When option 1 is chosen, a Popup Files 
Menu will appear as illustrated in Figure 2. 

Inplt: Cspe+ifyl Output: ClH Supplrrental Output: M 
C 

Figure 2. HEC-6 System - Popup Files Menu 

When you enter your input filename, the menu is configured to use the defautt extensions 
.DAT and .OUT for the input and output filenames, respectively. The Defautt extensions 
option on this menu allows you to turn this defautt off by pressing the <space b a ~ .  If you do 
not know the name of the input file you wish to use, type a "7- in place of the input filename 
and the File Selection Window (see Figure 3) will appear with all the .DAT files available in the 
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current directory. Choose one of these files by using the arrow keys to highlight the file you 
want. then Dress <enter>. This window will disappear and the filename you chose will be in 
the input and output filename positions. 

- -  - - - 

- ,  

WAWPLE3.DfiT HEt%3 .MI HE610 
WRKPLEt.MI HKSkx .MI HEC611 .mr 
BCRWLZS.DAT HECSBf .DAT HEC612 .PAT 
-LPb.DAI KEG& .MI HEC613 .DAT 
~XJWF'LE~.WIT K0X67 .DAT 

F 

Input: tspc+ffyl D u t p l t :  MI SuppIt.cnta1 Dutprt: rP3 

. - ---,-- -----.- . -- 
Figure 3. HECd System - File Selection Window 

The option, 'Supplemental Output?' is a program option of H E M ;  if set  to YES', HEC-6 will 
produce supplemental output files that can be used by the TABLE6 program described in . 

- Sedion IV; these files will have the defautt extensions .SUP and .GEO. The <space b a ~  is 
used to toggle between YES' and 'NO". 

The option, "Output GR's?" is also an HEC6 program option; if s e t  to "YES', HECS will 
produce a file with a defautt extension of .GRS containing the XI-GR data representing the 
adjusted geometry for each cross section in the system at the end of each time s tep  for which 
"B* level sediment output has been requested. The purpose of this option b described in 
Section V. Use the <space bar> to toggle between YES" and "NO". 

After you have made your choices, move the cursor to the line that reads 'Return to previous 
menu" and press center>. The main menu will now appear. Note that at the bottom of this 
menu there is a line that displays the names of the current input and output files. 

2. CreatelEdit input file 

This option is used to create or edit an input file for use with HEC-6. COED is executed when 
this option is chosen. By defautt, the input file will be edited, although the menu will allow you 
to change the name of the file to be edited before COED is executed. When COED is 
executed through the menu system, the HECS on-line documentation file (COEDHEC6.HPG) 
is automatically loaded and COED goes directty into full screen mode. A help message line 
will appear at  the bottom of the screen; this line is context sensitive to the line currently being 
edited. For extra help with HEC-6 input variable definitions, press the ALT-FI key and help 
for the variable belonging in the current field will be displayed. When you are finished editing 
and exit from COED, you will be returned to MENU6. 
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3. Run HEC-6 

This option executes the HEC-6 program as well a s  PLOT2 and TABLE6. Use'the arrow keys 
to move to this option and highlight it, then press the <space bar, to Toggle" between the 
program choices. Whichever program name appears, that is the program that will be e x e k e d  ' 
if the center7 key is then pressed. 

4. Display output to the console 

This option is used to display output to your screen (console) or to send it to your printer. You 
can toggle between console and printer by pressing the <space b a ~ .  If you choose to view 
the output on the console, the utility program UST will be executed with the o~r tp~r t  filename 
being passed to it. See  the LIST.DOC file to familiarize yourself will the various useful options 
available in LIST. To exit LIST and return control back to MENU6, simply type an X. I f  you 
choose to send the output to the printer, the utility program PROUT will be executed with the 
output filename passed to it. 

5. Exit t o  Dos 

You can exit the menu program by invoking this option, or you can continue working with the 
other four options. If this option is chosen, it is assumed that you are completety finished with 
the menu system and control is returned to DOS. 

B. Executing HEC-6 Without The Menu System 

Though the preferred mode to execute HEC-6 is through the MENU6 program, you can run the 
program without using the menu. To run HEC-6 without using the menu system, do  the following: 

HECG IN=infile OUT=ouffile 

where: inlile is the test input data filename, and 
o M l e  is the corresponding output filename 

If you d o  not specify the files on the execution line, the program will request the filenames a s  
follows: 

ENTER THE FILENAME FOR INPUT [CON] 

ENTER THE FILENAME FOR OUTPUT [CON] 

By pressing the <ENTER> key in response to the questions, the defautt option will be selected. 

IV. SUPPLEMENTAL OUTPUT 

TABLE6 is a utility program designed to allow the user to produce a file of column formatted data for 
input to a data graphing program such a s  Lotus 123 or Grapher. TABLE6 reads two supplemental output 
files produced (optionally) by HEC-6. The H E M  directives necessary to produce these files are: 

(1) the SUPFLAG option on the HEC-6 command line must equal YES". MENU6 has a n  option for - setting this flag in the "Define input/output files" popup menu. If you are not executing HECB from 
MENU6, the HECS command line syntax is: HECG IN=infile OUT=outlile SUPFLAG-YES. And, 
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(2) the sediment print level must be "8" level or higher for each time step for which supplemental 
output will be produced. See the 4~ record in Appendix A of the HEC-6 U s e h  Manual for a 
description of the output levels that can be set for each time step. 

HEC-6 uses the base-name of the input file and appends fhe extensions .SUP and ,GEO to produce the 
filenames for the two supplemental output fi[es. These filenames are passed to TABLE6,by MENU6 as 
input files. MENU6 sets the TABLE6 output file to base-name.TAB. I f  you are not using MENU6, 
TABLE6 can be executed by typing: 

TABLE6 will then prompt you for three filenames; input, geometry, and output. The input file is the .SUP 
file, the geometry file is the .GEO file and the output file is whatever filename you want (just don't use 
the same name as the HEC-6 output file or it will be overwritten). Or you can give the file names on the 
TABLE6 command line using the following syntax. 

TABLE6 assumes that you are producing data for input to a graphics program; therefore, among the first 
questions it will ask is what type of plot you wish to produce. Then, depending on your plot type choice, 
TABLE6 will prompt you for further information that it will need to find the data and produce the plot you 
requested. 

V. OUTPUT OF GR's  

An option is available in HECG to produce a file of XI-GR records which represent the geometry of - 
each cross section in the model at the end of each "selected" time step. The purpose of these files is to 
give the user access to the geometry of each cross section at each paint in the hydrograph that may be 
of interest. The HECS diredives necessary to produce these files are: 

(1) the GRSFLAG option on the HEC-6 command line must equal YES". MENU6 has an option for 
setting this flag in the 'Define inputfoutput files" popup menu. If you are not executing HEC-6 from 
MENU6, the HEC-6 command line syntax is: HECG IN=lnfile OUT=ouflTle GRSFLAG=YES.- And,_ .. . 

(2) the sediment print level must be "8" level or higher for each time step for which output of XI-GR 
data will be produced. See the * record in Appendix A of the HECG User's Manual for a 
description of the output levels that can be set for each time step. 

HEC-6 names each file based on the time step number associated with the flow data and adds the 
extension .GRS (e.g. the file of XI-GR data for time step 11 would be GE000011.GRS). Note, PLOT2 
can be used to graphically view the cross section data contained in these files. 

VI. VERIFICATION OF PROGRAM OPERATION 

A set of test data has been provided. The files HECGOI-DAT-HEC613.DAT represents the 13 standard 
test data files used by HEC to test several major functions of the HECG software for quality control and 
consistency. The files EXAMPLE1.DAT-EXAMPLE7.DAT are the seven example input data files 
illustrated in Chapter 6 of the HEC6 Usets Manual. 

These data files provide input/output examples of most program features. They are NOT meant to 
provide engineering application guidance for use of HEC-6. Such guidance can be found in: 
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U.S. Army Corps of Engineers, Hydrologic Engineering Center, Guidelines for the Calibration 
andApplication of Computer Program HEC-6, Training Document No. 13, Davis, CAI October 
1992. .- - 
GEE, D. Michael, Role of Calibration in the Application of HEC-6, Technical Paper No. 102, 
Hydrologic Engineering Center, Davis, CA, December 1984. 

After installing the HEC-6 executable program, you may wish to run all 20 test data files and check them 
against the output files provided in HEC6DATA.ZIP. The output files corresponding to the above data 
files as executed using the DOS version and checked by HEC have the extension .ANS. A batch file 
named RUNEM.BAT has been included for your convenience to execute all 20 data files. The output 
files will have a .OUT extension. Comparison of the output files can be accomplished by viewing each 
file with the LIST utility, or by using the DOS file compare command (FC). Check your results to ensure 
that they are the same as those provided to you. This will ensure that the program is functioning 
correctly on your computer system. 

VI. PROGRAM PROBLEMS 

I f  any errors are encountered which indicate potential problems in this HEC-6 Package, please contact 
us at: 

Hydrologic Engineering Center 
U.S. Army Corps of Engineers 
609 Second Street 
Davis, CA 956164687 
USA 

TEL: (91 6) 756-1 104 
FAX: (916) 756-8250 



U S  Army Corps 
of Engineers 
Hydrologic Engineering Center 

Guidelines for the Calibration and 
Application of Computer Program HEC-6 

Training Document No. 13 

October 1992 

• Approved for Public Release. Distribution Unlimited. 
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Conversion Factors, Non-SI to SI (metric) 
Units of Measurement 

Non-SI units of mezsursment used in this report c tn  be convofied to SI (metric) units as 
follcws: 

Multi~lv Sv 

cubic fett 0. C2S3 1 685 

cubic yards 0.7645549 

degrees Fahrenheit 5jSf 

feet 0.3043 

inches 2.54 

miles (US statute) 1.609347 

tons (2,000 pounds, mass) 907.1847 

To Obtain 

cubic meters 

cubic meters 

degrees Celsius or Kelvin 

meters 

centimeters 

kilometers 

kilograms 

*To obtain Celsius (C) lempersture vslues from Fahrenheit (F) re~dings, use the following 
formula: C = (5/9)(F - 32). To obtain Kelvin (K) readings, use: K = (5/9)(F - 32) f 273;15. 



Preface 

This document provides guidance on the engineering zspects of applying HEC-6; it is, 
therefore, a supplement to ths HEC-6 User's Manurl. Originally published in 1981, this 
edition contains substantid new material k s e d  on program enhancements and applications 
experience gained since then. 

Tqis document was prepzred by D. Michael Gee, Training Division, HEC. Willirm A. 
(Tony) Thomes, Hydraulics Laboratory, Vt'ES, provided most of the concepts and material 
included harsin. Vern Ejonner was Chief, Trzining Division and Darryl W. Davis, Director, 
HEC, during preparation of this report. 



Chapter 1 

Introduction 

1.1 General 

HEC-6 (HEC, 1991) is a onedimensional movable boundzry open channel low rnd 
sediment model designed to simulate chznses in river profiles due to scour 2nd deposition 
over fairly long time periods (typically years, although applications to single flood events are 
possible). The continuous flow record is broken into a sequence of steady flows of varizble 
discharge and duration. For each flow a ~ a t e r  surface profile is calculated thereby providing 
energy slope, velocity, depth, etc. at each crcss section. Potential sediment trrnsport ratas 
are then computed zt each section. These rates, combined with the duration of the flow 
allow for a volumetric accounting of sediment for each rezch. The zrnount of scour or 
deposition at each section is then cornputsd and the cross saction shzpe adjusted 
accordingly. The computations then proceed to the next flow in the sequence and the cycle 
is repeated beginning with the updzted geometry. The sediment calculations Ere performed 
by grain size fraction thereby allowing for the simulation of hydraulic sorting and armoring. 
Features of the model include: capability to znalyze networks of streams, zutomztic channel 
dredging, vzrious levee and encroachment options, and severzl options for computation of 

@ 
sediment transport rates. 

Experience has shown that successful application of movable boundary models msy 
require substantial effort to reproduce field observations, i.e. calibration. This document 

- 

complements the HEC-6 User's Manual (HEC, 1991) and provides guidelines for czlibration 
and application. The general topic of applicztion and czlibrztion of numerical river models is 
thoroughly covered in Cunge, et 21. (1 980). 

1.2 Additional Guidance 

Additional information on related topics can be found in EM 11 10-24000, 
"Sedimentation Investigations of Rivers and Reservoirsw (USACE, 1989), "Stability of Flood 
Control Channels" (USACE, 1990), and EM 1 1 10-2-1 41 5 'River Hydraulics" (USACE, 1992). 
These documents describe general approaches to znzlyzing river systems, data acquisition, 
analytical techniques, numericzl model usage, 2nd the Corps of Engineers study process. 



Chapter 2 

Historical Behzvior of the Stream System 

It is essential for t"Ie engineer to comprehend the pzst behzvior of the s 2 e m  system 
early in the study. Development of ~;proprirte representrtive data and assessment of HEC- 
6's peiformance requira such zn understanding. Contemporzry engineering analyses 
address time frames rmging from a sinsle flood event to Lye project life. It is  so n e ~ s s z r y  
to try to understand the behavior of tha river system at the geologic time scale in order to 
understand how the s tam developed 2s present planform 2nd profila, what its likely f~rtura 
characteristics will be, and the likely responses to various activities. 

2.2 Documenting Past Behavior 

To sscertain the historiczl behsvior of the stream system, zssernble all pertinent 
information from previous studies and o3ce files: for example; maps, surveyed cross 
sections, observed water surface profiles, serial photographs, ground photogrrphs, flow a d  
stage records, stagedischarge rating curves, water temperature records, sospended * sediment loads, total sediment loads, gradz'lion of the suspended and total loads, and 
gradation of the bed mzterial. k is also important to determine a d  document locations, 
dates, and sizes of impoundments, ex'rent of construction activities adjacent to, a d  within, 
the stream channels, amounts and material gradations of dredging activities in the study uea, 
existing and future land use, and soil types. The availzbility of each type of data may be 
shown on a time line. This is particularly useful for flow data to determine a base period for 
calibration. 

2.3 Analyzing Past Behavior 

Once the dizta have been inventoried and assembled, the znalyst should itternpt to do 
the following: 

Examine extreme flow events in the study aea and determine how the system 
responded in terms of channel chznges and amount of sediment transported. 

Estimate the response time of the stream system; e.g. the rate cf movement of 
flood hydrographs, the rate of channel response to changes in sediment load, etc. 

Evaluate the impacts that impoundments have had on the water discharge 
hydrograph and the sediment load. 

Establish a general understanding of the past behavior of the stream system. tt is @ often useful to try to partition, conceptually, the stream behavior into w h d  would have 
occurred naturally and what may be zittributable to human activities in the watershed; both 
land use and stream use activities. 



Locate irregulvities in geometric, hydrologic, hydraulic md  sediment chzracferistics 
within the study area. 

Locrie and dzte each bridge crcssing, cut-off (natural or not), encroachment, levee, 
diversion and/or bifurcation. 

Note overbank areas which flood first and locate their natural levees. 

Refine the study objectives, if nacessary, 2nd identify possible alternztive plans and 
approprizfe imalyticzl approaches. 

a Identify missing or deficient data which can only be obteined by field mezsurements 
zndfor field reconnaissance. 

Identify all locations where scour or deposition occurred during a flood and the 
stream did not return to its original cross section or alignment. 

Locate rock outcroppings or other geologic formations which will resist scour and 
therefore control the vertical movement of the stream bed. 

The grain size of sediment on point bars should be observed and locations of abrupt 
changes noted. Note any sand deposits on overbznk areas. Of pzrticular interest are 
locations on point bars where the gradual change from covse to fine particles, in the 
downstream direction, is interrupted by a sudden change in bed material gradation which 
persists in the downstream direction. 

' Determine as much information as possible about bed roughness, and p&icularly 
about changes in bed roughness that occur along the stream or that may occur as discharge 
changes. Roughness may also vary seasonzlly due to temperature and/or vegetstive 
changes. More information on this subject is presented in USACE (1 992). 



Chapter 3 

Data Rzquirements 

3.1 Selection of the Study Area 

Salection of the study area requirss severel cofisideretions. The area should extsnd 
sufficiently :a upstream from the project r:sa that zlternatives being evaluated do not 
produce chmg6s to the bod p:o$le or the sodiment lcsd at the upGream boundsry of the 
area baing modeled. The study rrea shculd a!so include all major sedimznt producing 
tributaries (see Figure 1). Hydraulic struc:u:es nay also be used as a study boundzries. 
Identify 2nd locate all major strerms and rtservoirs, gasing strtions, controls such as drop 
structures, etc. on a basin a s p .  

The project area and study area bcundaries should be marked on a rnzp to delinezte 
arezs needing dzta. The I~?eral limits of the study Erea md the tributaries should be shown. 
One should use U.S. Geologiczl Survey topographic meps, Corps cf Engineers topogrzphic 
maps, or cther agency maps that provide datailed topogrephy of the area, end Ere current. In 
the case of reservoir studies, highlight the existing channel, outline the reservoir surface area 
at the boitom of conservation pool contour, md locate the drm ais on the map. Identify and 
indicate on the map all pedinent feztures such as urban areas, recreation sites, harbors, 
levees, pumping plants, etc., that border tha existing channel. Mark all lo~i ions where rock 
outcrops cross, or border, the channel. Use of a geographic information system (GIs) and 
digital terrain model may aid in organizing and displaying the many data types of interest 
(HEC, 1992). 

Plot the bed (thafweg) profile from field survey andlor topographic data. It is useful to 
mark the locations of pertinent elevztions. This profile will serve as a reference for displaying 
simulated chznges in water surface and bed profiles. 

3.2 Types of Data 

3.2.1 Data for Model Application. 

It is important to distinguish between two general cztegories of data; one chronicles 
the behavior of the prototype, the other is required to operate a numericzl model. The first 
are commonly called "calibration' data; the second, 'input" or 'run' dzta. The first type is 
summarized here for completeness. The second, beginning with geometry, is presented in 
more detail. 

Bed profiles from historic4 surveys in the study area u e  valuable for determining 
historical trends. Aerial photographs and mosaics of the study u e a  we useful for identifying 
historical trends of channel width, meander wave length, rate of bank line movement, land 
use, etc. Gage records can be used to determine the annual water delivery to the study area 
and the water yield from it. They are also useful for estzblishing hydraulic parameters such 
as  depth, velocity, n-values, and trends in stagedischarge curves in, or close to, the study 
reach. It is important to differentiate between "measured" and "extrapolated' data. For 
example, the extrapolated portion of a rating curve should not be given the same weight as 





measurrd data. An sxtmple is shov;n in Figure 2 where, in this situation, tha mzasured flows 
were all loss t h a  1,833 cfs wheress the projzd formulation flows r a g e d  up to 16,000 ds. @ Be zware &so, thzt EJI me~sured data we subject to vsrious errors and uncerttintirs zs 
discussed iil (USACE, lSE2). firconnsisswce of the project reach is a v~lurb le t i d  for 
determining channel norpholo~y, goomst-is wcmzlies, the existence of stiuduirs t n d  
construc~cn aitivity, a d  sai'iment charadzris'jcs of the chanol. Gootochni~l, 
g e o n o r p h o l o ~ i ~ l ,  and environmental specialists should be presont zt the field 
reconn~isstncs. Documefit observttions of h e  prototype in project reports. Virw as much 
of the protctypr as is fsasibls, m d  not just at bridge crossings. Hydraulic 6sta such a 
surveysd high water muks, vrlocities, and flocd limits in the study retch u e  eP~ernrly 
valu~ble. L o 4  agencies, nev,fsptprrs, a d  residents dong the strean u e  vduible sources 
of qualitative informzGon thzt c a  supplemznt field measurements. 

The quantity of dzta necesssry to operate HEC-6 for long-term simulations m be 
quite large. Therefore, it is beneficial to hzve a systemitic procodure for storing, 
manipultting, analyzing, 2nd displzying those data (Gee, 1983; HEC, 1990b). 

{ Rating Curve for  Nonconnah Creek ot Winchester, Mile 

EEC-2 Rating, Phase 2  GDM 
USGS Rating No. 10 

= USGS Measurerrent  s 
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0  ;obY"'" " ' " " " L L b l l l l l l b l A 1 l  10000 15000 20000 

Discharge in cfs 

Figure 2 
Rating Curve at a Gage. 



3.2.2 Development of Representative Dzta 

Developing a onedimensional reprasentation of a three-dimensional open chznnel 
flow situation is an art. tt requires one to visuzlize the three-dimensional flow lines in tha 
prototype system and translate that image into a onedimensional description. 

Representative data are not necessarily averages of mmy szmples. For exmple, 
representative geometry praserves chanfiel width, depth, md roughness and yields numerical 
model results that reproduce observed wztar surface elevations, velocities, energy losses, 
and flow distributions. The representative inflowing sediment load preserves both the volume 
of sediment and the rate of sediment inflow at the upstream boundary of the study araa The 
representative bed material gradation and gradation of inflowing sediment lozds produce 
model results that have transport rates and changes in bed elevation that are consistent with 
prototype observations. Representaiive water dischzrges include flow rate, znd to a lesser 
extent, flow volume and amount of attenuation of flood hydrogrzphs as they move down the 
system. Having flows match the appropriate flowduration relationship is inportat  (i.e., 
representative flows for the czlibration period are those which occurred during that period, 
whereas representative flows for the study period are those producing the long-term flow- 
duration curve). Development of representative data often requires several iterations to arrive 
at an acceptable representation. A useful approach is to move towards the solution by first 
performing a fued bed simulation and then adding sediment. 

cta are Beginning with geometric data, procedures for developing representaiive d- 
suggested below. These are not all inclusive guidelines, but they stress the most irnportznt 
characteristics of the prototype system which should be preserved in the data. 

3.3 Geometric Data 

HEC-6 computes the water surface 2nd bed surface elevations as they change over 
time. It is therefore necessary to prescribe the initid geometry with input data. As the 
computations proceed through time, the cross sections aggrade or degrade in response to 
movable bed theory. The cross sections never change locations. 

3.3.1 Cross Sections 

There is no established maximum spacing for cross sactions; it depends on both 
study needs and accuracy criteria related to the particular numerical model being used. 
Some studies have required distances between sedans 2s shod zs a fraction of the river 
width. Others have successfully used sections spaced severd miles apzrt The objective is 
to develop input data that yield model results that raconstitute the historiczl behavior of the 
bed profile and also czpture key features of the flow m d  the boundvy movement Tine usuzl 
approach is to begin the study with geometric data that were developed for fued bed 
calculations, if avzilable. Note, however, beczuse most fued bed data sets are prepzred to 
analyze flood flows, they may be biased towards constrictions such as bridges and deficient 
of reach-typical sections that are importmt for long-term river behavior. There may dso be 
cases where cross sections were selected to reflect local conditions, such as at deep bends 
or junctions where the shape is molded by turbulence and not onedirnensionzl sediment 
transport. These exceptions may not become obvious until the czlibration phzse and may 



requirs the ~ddition of "re~zh-typical" seCions. Locate 211 cross sections on a mz? for future - .  

e reference and repocing. 

Cross sections shculd be located st msjor chznges in bed profile, st pcints where the 
channel or velley width chrnges, at tribu:z:ias, et changss in roughness, at structures, and ~t 
all points where calculztsd results are required (e.g., stream geging stzticns). Assign En 
identification number to eash crcss section; river miles are prefa:~ble. Avoid arbitrzry section 
identifiers because they fril to convey descriptive information. As in fixed bed celculztions, it 
is impcrtant to loc~te  the crcss sections so that they reflect the chrnnel contractions and 
expznsions. It is particul~ily important in movable boundrry modeling to also recognize and 
set conveyance limits. Tist is, when active I c w  doss not occupy the entire lataral extent of a 
cross section in tha prototype, conveyance limits should ba set in the input data. 

A portion of the section must be specified as 'movable' (see Figure 3) for HEC-6. 
Typically it will be just insica the left and right channel stations. Only the coordinates 
between, and includina, thase limits will be moved vertically due to scour and deposition; 
overbsrik arees beyond the left and right boundzries of the movable portion are treated as 
fixed bed arezs'. Selection of the movzble bed limi?srequires good engineering judgment; 
they will usuzlly require adjustment during calibration. 

Avoid locating cross sections too close together. The shorter the distence between 
sections, the shorter the computation intervzl has to be in HEC-6. Short computation 
intervals require more computer time and, therefore, should be avoided in long period 
studies. Methods for estzblishing proper computational time step lengths are discussed in @ section 3.6, "Hydrologic Dnta.' 

LOB 1 -  MCH I ROB 
Limits of Movoble Bed 

Reservoir 

Bed Sediment 
Model Bottom Reservoir 

Figure 3, 
HEC-6 Movable Bed Definition. 

' Note, the exact operation of HEC-6 with regard to movement of cross section 
coordinzte points continues to evolve; check with HEC for the current status. 



Include, in the data, the top of rock elevztion for geologic formations at any cross 
section where it occurs at L?a bed surface or within the anticipated maximum scour depth. 
Erroneous answers for sedinsnt transport and bed movement may result if an existing hard- 
bottom geologic control, such as a rock ou?cropping, is not reflected in the input data. 

When modeling a reservoir, the study reach must extend sufiiciently far upstream from 
the reservoir area so that the upstream end is beyond my backwater effects of the dam. In a 
reservoir study, it is also usaful to note tha vzrious anticipated pool elevations on plots of the 
cross sections. 

3.3.2 Error Checking Geometric Data 

Movable bed profile calculations are more sensitive to inaccuracies in boundary 
geometry than zre fixed bed water surface profile calculations; consequently, more care is 
required to assemble and check geometry thzn is typical for f ~ e d  bed water surface profile 
studies. A cross section which is too wide or too deep will show up as a point of deposition; 
one which is too narrow or shallow will exhibit a tendency to scour. Not only will the 
inaccurate section be affecied, but also ths calculated results at sections upstream and 
downstream. Geometric data errors, therefore, are difficult to locate when HECG is executing 
in the movable bed mode. ma first step in correcting and calibrating the geometric data is to 
run the model in futed bed mode. This allows calibration of the geometric and hydraulic 
portions of the data sepzrately from the sediment portions. This is a critical first step because 
the validity of subsequent sediment computations is dependent both upon having an accurate 
description of the system geometry for hydraulic computations and having representative 
sediment dzta. 

3.4 Energy Loss Coefficients 

3.4.1 Selection of n ValuesZ 

Note that there is a difference in Manning's n between fixed and movable bed 
situations. Fixed bed n's are values which do not depend on the characteristics of the 
movable boundzry, movable bed n's are values which may depend on the rate of sediment 
transport and, hence, the discharge. Appropriate values for Manning's n should be initially 
determined by executing HEC-6 in fixed bed mode, i.e., as  a step-backwater program. This is 
necessary to properly compzre calculated water surface elevations with observed water 
surface profiles, with established rating curves, or with results from a different backwater 
program, such as HEC-2. During the analysis of geometric data and calibration of n values, 
many program executions will usually be required. 

Careful consideration should be given to the rationale for selection of n values. 
Changing n values with distance should be justified based on changes in vegetation, channel 
form, structures, or sediment size. Avoid changes where the only reason is to reconstitute an 
observed stage. Oftentimes, it is more logical to approximately reconstitute the stages at 
several gage or high water mark locations over a long reach using a constant n value for a 

A useful summary and overview of this topic has been prepared by WES (1992). See 
also USACE (1 992). 
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Figure 4. 
Variation of Manning's n with Discharge for the Mississippi River zit Arkanses City. 

given discharge, than it is to chmge n values at each location in order to exady match the 
observed stage. Also, n values may vary with discharge (Figure 4), that is, the bed form in 
alluvial rivers often changes during the passing of a flood event. As yet, it is not possible to 
accurately predict such changes (Barnes, 1967; Einstein and Barbarossa, 1952; Simons znd 
Richardson, 1966; Vanoni, 1975). 

Determining n values as described above implies that a fued bed model is satisfactory 
throughout a range of flows, including floods. The technique assumes that the entire bed of 
the river is stationary and does not move or change roughness during a flood event. This 
assumption may be valid over long distances (several miles) whereas it may not be valid at a 



single sec'ion. Also, the technique assunas that the channel is well defined. Some other 
procedure may be required in areas where each flood forms its own channel such as on an 
alluvial fm. 

When there are no reliable field measurements the recourse is to use movable 
boundary roughness predictors for the movable bed portion of the cross section (Brownlia, 
1 981 ; Umerinos, 1970) a d  calibrated pho:ographs (Barnes, 1967; Chow, 1959) for the 
overbznk 2nd f ~ e d  bed portions. Document prototype conditions with photogrzphs during 
the field reconnaissance. An alternative is to usa a rel~tionship between Manning's n and 
discharge based on field measurements of flow and stage. 

3.4.2 Selection of Coniraciion and Expznsion Coefficients 

Information for contraction and eqznsion losses is more sparse than that for n values. 
King and Brater (1 963) give values of 0.5 2nd 1.0 respectively for a sudden changa in area 
accompmied by shzrp corners, and values of 0.05 and 0.1 0 for the most efficient trulsitions. 
Design values of 0.1 and 0.2 are suggested. They cite Hinds (1 928) as their reference. 
Values often cited by the Corps of Engineers (HEC, 1990a) are 0.1 and 0.3, contraction and 
expansion respectively, for gradual transitions. 

. . 

3.5 Sediment Data 

3.5.1 Introduction 

Preparation of accurate sediment data and development of a representative inflowing 
sediment load curve are essential. The objective in prepzring sediment data for reservoir 
deposition studies is to develop a relationship between the water discharge and the inflowing 
sediment load which depicts the long-tern, average sediment yield. In river studies, however, 
the objective is to establish the sediment load and gradztion thzt axompanies river flows 
entering the study area and to determine the proper size distribution and character of the bed 
material. For any given year, the representative load curve, when integrated with the water 
hydrograph for that yea, should produce the proper annual volume of sediment. The total 
inflowing load, and the distribution of grain sizes within that load, must be adjusted until a 
representative curve has been established. 

3.5.2 Sediment Inflows 

(1) Inflowing sediment concentntions. Occzsionally suspended sediment 
concentrztion rnersurements, expressed as milligrzms per liter, are available. These me 
usually plotted against water dischvge and often exhibit very little correlation with the 
discharge; however, use of such graphs is encouraged when developing or extrapolsting the 
inflowing sediment data. As the analysis proceeds, it is desirable in most situations to 
convert the concentrations to sediment discharge in tonsfday and to relzte that to water 
discharge as shown in Figure 5. A scztter of about 1 log cycle is common in such graphs. 
The scatter is smaller than on the concentration plot because water discharge appears on 
both axes. The scatter may result from seasonal effects (e.g., vegetation and fires), random 
measurement errors, changes in the watershed or hydrology during the measurement period, 
or other sources. The analyst should carefully examine these data and attempt to understand 
the shape m d  variance of the relationship using knowledge of the river system and its past 
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Figure 5. 
Sediment-Discharge Rating Curve. 



behavior. Note that, typically, 80 - 90% of t", tot21 load is 'wzsh load' which is of little 
importance for river mechanics, but of great importance for resarvoir deposition. 

(2) Grain size classes. Tbe total ssdinent discharge should be pwiitioned into size 
classes for movable bed computations. TsSle 1 shows a procedure thzt w a  usad for the 
Cleanvatar River at Lewiston, Idaho. Figura 6 is the graph of that dzta. Note that, due to the 
availability of various size fractions in tha bed and the suspended load gradation, for a given 
flow the transport rate does not necessarily decrease wilh increasing particle size. This 
phenomenon occurs prinarily =t low flows ~ n d  nay, therefore, be of little consequence to the 
overall stream behavior. 

(3) Calculating sediment inflow wiih hnsport theory. When no mezsurements are 
available, the inflowing sediment boundzry condition must be calculated. This is possible for 
the bed material load by using open chmnel hydraulics znd sediment trmsport theory (thera 
is no comparable theory for the wash load). When mzking such a czlculaiion for the 
boundary condition; select the reach of channel very carefully. It should be one upstream of 
the study reach which has a slope, velocity, width, and depth typical of the resch which is 
transporting the sediment into the study area. It should also have a bed surface that is 
approximately in equilibrium with the bed material discharge being transported by the flow. 
Having loczted such a reach, sample the bed surface over a distance of several times the 
channel width. Focus on point bars or altsrnaie bars rather thm the thalweg'of the cross 
section. Measure the geometry of the reach. Make the calculation by particIe size for the full 
range of water discharges to be studied using the selected transport function-(see Section 
3.5.4). An inflowing load relationship czlculzted in this mznner will usually require adjustment 
during czlibrztion. 

- ,  
(4) ^Sediment inflow from tributaries. The sediment inflow from tributaries is more 

. . difficult to establish than it is for the main stem because there is usually less data for the 
tributaries. The recourse is to assess each tributary during the site reconnaissance. For 
example, look for a delta at the mouth of the tributzry. Look for channel bed scour or 
deposition along the lower end of the tributary, Look for drop structures or other controls 
that aid in stabilizing a tributzry and indicate past problems. Look for significant deposits if 
the tributaries have concrete lining. These observations will help guide the development of 
tributary sediment discharges. 

3.5.3 Bed Material Sampling 

The bed material gradztion is necessary to calculate the sediment discharge. 
Computed transport rates zre quite sensitive to the bed material giadation; the rate of 
transport typi~lly increases exponentially as the grain size decreases, as shown on Figure 7. 
There is no simple rule for locating bed naterial samples. The general rule is to zlways seek 
representative szmples. That is, very czrefully select sampling locations and avoid anomalies 
which would bias either the ca!culated sediment dischzrge or the czlculated bed stability 
agzinst erosion. Samples taken near structures such as bridges will rarely be representative 
of reach transport characteristics. In reservoir deposition studies, where silt and clay 
dominate the volume and bed material movement is minimal, a detailed description of the bed 
gradation may not be necessary. 
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Figure 6. 
Sediment Load Curves. 
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Figure 7. 
Variation of Sediment Transport with Grain Sue- 



. Figure 8. 
Gradation Pattern on a Bar. 

The gradrtion of materid on point bars is often a good indicator of the appropriate 
mixture for computing bed movement. Figure 8 illustrates a typical sediment grrdation 
pattern on a point bar. Such information should be used to select bed material sampling 
sites for sediment transport czlculations. Note that, although the grain sizes found on the bar 
surface typiczlly form a pattern as shown on Figure 8, there is no one lowtion which always 
contains the specific distribution which will represent the entire range of processes in the 
prototype. 

Bed material data should be analyzed before developing the input data file. Figure 9 
shows an exmple plot of profiles of grain size gradation versus river mile. Plots such ELS 

these assist the analyst in understanding the stream's behavior by illustr~ting grain size 
changes zlong the study reach, which reflect the influences of geologic controls, tributaries, 
etc. These data will usually require some smoothing for reaonable HEC-6 computations zs 
they represent samples taken at a single point in time and (usually relatively few) selected 
points in space. 
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Figure 9. 
Bed Surface Gradation Based on Water Edge Samples. 

3.5.4 Selection of a Sediment Transport Function 

Numerous transport functions have been developed with the aim of computing the 
rate and size distribution of the transport of bed rnzterial, given the hydraulics and bed 
material gradation (Vznoni, 1975). As it cannot be stzted which one is the 'best' to use given 
a particular situation, the engineer should become familiar with how the functions were . 

derived, whst types of data they have been compared to (laboratory flume versus river 
measurements), and past usage. A recent study (Ymg and Wtn, 1991) rated the accuracy of 
several transport functions compared with both laboratory and river dzia tad  canduded that, 
for river data, the accuracy in descending order w s ;  Ymg, Toffdeti, Einstein, Ackers and 
White, Colby, Laursen, Engelund and Hansen. It also states that the rzting does not 
guarantee that any puticulu formula is superior to others under ell flow 2nd sediment 
conditions. Another study (Gomez and Church, 1989) favored the formulas of Einstein, 
Parker, and Ackers-White for gravel bed rivers. An "applicability index' based on river 
characteristics wss developed by Williams md Julien (1 989). The WESSAM (WES, 1991) 
package offers a procedure to aid in the selection. It is based on screening of the vaious 
transport functions using information from past studies that wmpged computed md 
mlculated trsnsport rates and the hydraulic charaderisticf of the paticulu strem. Use of 
such an approach is documented by HEC (1990~). The H E M  user should be swue th2t 
different transport functions will probably yield different answers. The impact will most likely 
be greater on transport rates than on geometry changes. Extreme situzitions, such mud 
and debris flows require different analytic techniques, see HEC (1990d) for im example. 



3.6 Hydrologic Data 

3.6.1 Introduction 

Hydrologic data consist of the fo!lcv;ing itz,ns: 

1. \Yater discharszs :or the main s:sn and for all tributary inflov;s m d  all local inflow 
and outnow points. 

2. A s t q e  hydrogzph, rating cunts, or oper~ting rule ~ iv ing  w ~ t e r  sudace elevations 
at the downstream end of the study reach. 

3. Temperatures for the inflowing c.~ter discharges, see Vanoni (1 S.75) for an 
explznation of the role of tarnperature in saaiment transport mechanics. 

3.6.2 Water Inflows 

Although an instan:aneous water cischcrge (e.g., a flood peak) may be of interest, it is 
not sufficient for movable bad analysis because sediment volumes, which are rates integrated 
over time, create channel geometry changts. Consequently, a water discharge hydrogreph 
must be developed. This may involve m~nipulations of measured flows, or it may require 
calculation of a runoff hydrograph. Period of record flows are needed to reconstitute 
behavior observed in the river; future floivs must be developed to forecast the future stream 
bed profile. Most HEC-6 rpplications use the period of record flows to anzlyze future 
conditions. 

The length of the study period is important. Trends such as a consistent change 
(scour or deposition) of a tenth of a foot per year in bed elevation become significant during 
a 50- or 100-year project life. A long period hydrograph can become a computational and 
data hzndling burden. In some czses, dzta compression techniques may be useful. As an 
example, Figure 10 shows how a year of mean daily flows might be represented by a 
computational hydrograph with fewer discharges of longer durstions. 

Tributaries are laterzl inflow boundrry conditions. They should be located, identified, 
and grouped as required to define inflowing water and sediment distributions. The locations 
should be shown on the map of the cross section loations. tt is important that the water and 
sediment inflows from all gaged and ungaged UeEs within the study reach be included. A 
water balance should be performed for the study period. Keep in mind that a 10 percent 
increase in water discharge may result in a 20 percent increase in bed material transport 
capacity. Inflows from ungaged areas must be developed. Drainage area ratios may be used 
in some czses; in others, however, use or development of a hydrologic model of the basin 
may be necessary (HEC, 1982). Document how inflows were determined for ungaged areas. 

3.6.3 Computation Intervals 

The computation interval (or time step) used for HEC-6 is usually variable. Short time 
steps must be taken during flood events when large amounts of sediment are moving and the 
hydrograph is rapidly changing, longer time steps are used during low flow periods (Figure 
10). Generally, the closer the cross sections, the smzller the required time step. The modeler 
is confronted with the dilemma of wanting to use small time steps for an accurate simulation 
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Figure 10. 
Flow Dzia Compression. 

and large time steps for an economic simulztion. For a multi-year simulation the time step 
typically rages from one day to one month. For mzny situations, if computational time is not 
a problem, it may be best to use mean dzily flows directly from USGS data without expending 
the effort to process them into longer time steps. Certain situations, such zs single event 
simulations, may require time steps of less thzn one day. 

tf a longer computation interval is needed than thzt of the basic data, the following 
process is suggested to identify that intervd. m i s  step is dways useful to identify the - 

stability bounds for the computational time step.) At this point in the study, the inflowing 
sediment load a d  cross-sectional spacing are known. The transport function should be 
selected. Three test disharges should be examined: bank-full, low flow and a peak flood 
flow. Stating with the bank-full flow, prepzre a sample test hydrogrzph that incfudes, for % 

example: 5 time steps at I -day each with that flow, 5 more with a 2day interval, followed by 
5 with a 3-day time step, followed by 5 more at M a y  intervals. Results from this series of 
computations will indicate the most desirable computation interval to use for flows that are 
nearly bank-full. Be sure to run H E M  in movable bed mode for this test 

Because the cornputstion interval will usuilly exceed one d2y on major rivers, 
simulating five or more time steps at one day each lets initizl instabilities dzmpen out before 
the critic4 test interval is reached. Use a constmt downstrean wzter surface elevztion from 
a 'natural conditions' discharge rating curve at the downstream boundzry. Sczn the output 
file for the first few time steps to locate the cross section having the largest change in bed 
elevation. Plot the bed elevation change at that section z s  a function of time as shown in 
Figure I I. Note that the bed chznges thzt are in the H E M  output file are cumulative from 
the beginning of the simulation. The resulting graph should approzch a smooth curve, as is 
illustrated between days 10 a d  30 in Figure I I. This indicates the range of stzble 
computation intervals for that flow (e.g., 2 or 3 days in Figure 11). Oscillztions usually occur 
at the beginning of a simulation because of inconsistent initial conditions, but they should 
dampen out by using a Warm-up8 period of constant flow. When the mmputation intervds 
for the test discharge become too long, oscillations will appezr zs illustrated between dzys 35 
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Figure 1 1. 
Results of Testing HEC-6 Time Step at a Particular.Cross Section. 

and 55 (at = 5 days) in Figure 11. If the initial oscillrtions do not dampen out, perhaps the 
first computation interval is too long. Shorten the computztion intervals and make a second 
run. if problems persist, examine the geometry again for errors. Repeat this procedure until 
a stable interval has been determined. Note: HECB does not simulate the movement of 
dunes; therefore, a saw-tooth bed elevation as a function of time st a section indicates that 
numerical oscillations are occurring and the computation interval should be reduced. 

At this point in data testing, the GR data resulting from the HECB computations 
should be examined to check the time step as well as  the locations of channel, ineffective 
flow, and movable bed stations. 

3.6.4 Preparing Flow Data 

The main points to consider in developing flow dzta are: 

1. Preserve the total volume of water in the observed hydrograph. 

2. Preserve the total volume of sediment which was transported during the 
hydrograph period. 

3. Make the computation intervals as long as possible and still preserve 0 computational stability. 



4. Provide a Wum-upm period at the start of all simulations. This should consist of 
several time steps i t  a constant dischw~e (equal to the first discharge in the hydrograph) to 
allow the bed material gradztions and bed elevations to become computationally compatible 
with the l c w  hydraulics. 0 

Tnere is usually a strong correlation between the vlnual volume of wzter thst passes 
a gage snd the snnu~ l  sediment yield of that basin upstream of that gage. The rde of 
sediment movement, callzd sediment lozd, is not a function of wzter volume. It is a function, 
however, of wter  discharp (Figure 5), 2nd the availability of sediment materid. In many 
cases, three~uarters of tha annual szdirnent yield will be transported in less thzt onequarter 
of the yeer. Therzfore, it is necessary thzt all flow records contain the flood peaks. 

3.7 lnitizl Testing of the Data 

Operztion of the model for a test period (say an 'averagem year) should be performed 
as a check on dzta consistency and reasonableness prior to attempting calibration runs. The 
flow record for an average year can be constructed from the flow-duration rel~tionship, if 
necessary. Key items to check at this time are: 

1. Silt and clay should not deposit in the channel under natural river conditions. Any 
cross section which exhibits a reduction in silt or clay load passing through that section 
should be carefully checked. The cross section may be too large or a false channel control 
may exist downstream. 

2. The sand load should approach a steady value with time, about equai to the . 
inflowing load, from section to section rather than an erratic variation. Cross sections used in 
HEC-6 are representsttive of reaches, therefore, some smoothing of field data may be 
required. Sections which have very little transport capacity should be checked for errors in 
cross section geometry, reach length, n values, limits of movable bed or, perhaps, bed 
materid grzdstion. 

If the model's performance approximates the prototype behavior, the:cornputation 
intervzl, parzmeters such as loss coefficients, and geometric and sediment data have been 
assembled in a consistent, realistic, fashion. Otherwise, one must ascertain what is causing 
the questionzble performance. For example, excessive fill may mean that the limits of the 
movable bed are too narrow or that the natural levee is too low. H the prototype is depositing 
sediment above the overbank elevation, expand the movable bed limits to include the 
overbank. If water is spilling onto the overbank in the simulation, but that area is not effective 
for conveyance in the prototype, raise the natural levees in the input dsta. H excessive scour 
is indiczted by the computed results, it may mean the prototype has either zn zrmored 
bottom or a non-erosive or rocky bottom that is resistant to scour. 

3.8 Data Sources 

3.8.1 General 

The data that will be needed for the study may come from office files, other federal 
agencies, state or local agencies, universities 2nd consultants, from the team making the field 
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reconnaissance of the project site and stl~cy reach, from surveys initiated specifically for the 
study, etc. 

3.8.2 U. S. Geological Survey (USGS) 

USGS topographic nzps and mean daily discharges are used routinely in hydraulic 
and hydrology studies and are also common data sources for sediment studies. Mean daily 
flows, however, are often not adequate fcr sediment studies. Data for intervals less thzn ona 
day or stage-hydrographs for specific events, if needed, can be obtained fron stripchart 
stage recordings that are available by spteial request. It may be preferable to usa USGS 
discharge-duration tables rather than devaloping such in house; these are available frcn the 
state office of the USGS. Water quality &:a sometimes include suspended sediment 
concentrations and grain size distributions. Published daily mzimum and minimum szdiment 
discharges for each yerr rnd for the period of record are available as are periodic 
measurements of particle size gradations fcr bed sediments. 

3.8.3 Nztional Weather Service (NIVS) 

There are cases where mean daily runoff can be calculated directly fron rainfall 
records and expressed as a flowduration curve without detailed hydrologic routing. In those 
cases, use the rainfall data published monthly by the Nationd Weather Service for each st&. 
Hourly and daily rainfall dzta, depending cn the station, are readily accessible. Shorter 
interval or period-of-record rainfall data can be obtained from the NWS National Climatic 
Center at Asheville, North Carolina. 

3.8.4 Soil Conservation Service (SCS) 

The local SCS office is a good point of contact for historic land use information, 
estimates of future land use, land surface erosion, and sediment yield. They have soil mzps, 
ground cover maps, and aerial photographs which can be used as aids to estimate sediment 
yield. Input data for the Universal Soil Loss Equation is available for much of the United 
States. The SCS also updates reservoir sedimentation reports for hundreds of reservoirs 
throughout the country every 5 years, providing a valuable source of measured sediment 
data. 

3.8.5 ~ ~ r i c u l t u r i i  Stabilization & Conservation Service (ASCS) 

This agency of the Department of Agriculture accumulates aerial photography of crop 
lands for allotment purposes. Those photographs include the streams crossing those Imds 
and are, therefore, extremely vzluable for establishing historical channel behavior beczuse 
overflights are made periodically. 

3.8.6 Corps of Engineers 

Because the Corps gathers discharge data for operation of existing projects and for 
those being studied for possible construction, considerable data for a particular study area 
may already exist. The Corps has acquired considerable survey data, aerial and ground 
photography, and channel cross sections in connection with floodplain information studies. 
Corps laboratories have expertise and methods to assist in development of digital models. 



3.8.7 State Agencies 

A number of states have clirnatolo~ic, hydrologic, and sediment data collection 
programs. Topographic data, drainage areas, stream lengths, slopes, ground cover, travel 
times, etc. are often available. 

3.8.8 Local Agencies, Universities, Consultants, Businesses, and Residents 

Land use planning data can normally be obtained from loczl planning agencies. 
Cross section and topogrrphic mapping data are also often sveilable. Loczl agencies and 
local residents have, in their verbal and photographic descriptions of changes in the area 
over time, informztion that is most valurbls to the engineer. This sourca may include 
descriptions of channel changes associa;ed with large flood events, incidents of crving 
banks, significant land usa changes and when these changes occurred, records of channel 
clezringfdredging operations, and other informztion. Newspapers and individuals who use 
rivers and streams for their livelihood are likewise valuable sources for data. 



Chapter 4 

Calibration of Geometric Parameters 

4.1 General Process 

Eegin the analysis of geoneQic dzta and calibration of n values wiih n ~ t u r d  river 
conditions and select three water dischar~ss, as described below, to check nodal 
performance. Testing should begin with fzed bed cornput~tions zid thzn usa novable bed 
computations. each study is unique, tele contents of these sections should be regarded 
as suggestions that illustrz:e L?e rnalysis process and not mmplete checkl~s'Ls. 

4.2 Single Discharge, Ficxed Bed Tests 

4.2.1 Bank-Full Flow 

St& with a steady state dischage of about bank-hll. In a regime chznrtel this is 
expected to be about the 2-yezr flood peak discharge. Ascertain thzt the model is producing 
acceptable hydraulic results by not only remnstituting the water surfice profile, but ~ I s o  by 
plotting 2nd exmining the water velocity, depth, and width profiles. This test will often revezl 
width increases between cross sections t h ~ t  are greeter thvl the expansion rate of the fluid @ znd, therefore, require ccnveymce limits. Computed velocities at extremely deep bend 
sections may not be representative of sediment trimsport around the bend; one recourse is to 
eliminate those sections from the model. The results from this test will also give some insight 
into how dose the existing chmnel is to a 'normzl regime.' That is, if there is overbmk flow, 
justify that it does indeed occur in the prototype 2nd is not the mnsequence of a data 
problem. 

The left and right top-bmk profiles a e  usually very irregulzf. In movable bed 
calculations it is very importvlt to specify bmk elevations that zre "representative' of 
prototype conditions since successful simulation of the prototype reouires that water begin to 
occupy the floodplains at the proper dischage. This requires ..cigning b a k  elevations 
which are representative of the reach rather thzn just accepting point vrlues from a field 
survey. To check, plot both the bmk elevations znd the calculated water sudace profile. 
Smooth out any irregularities in bmk elevation which fail to be representztive of the reach by 
modifying input data. Exzrnination of aerial photographs can zssist in the identificztion of 
bank lines. 

4.2.2 Low Flow 

Also examine an extremely low flow; the lowest in the hydrographic record during the 
anticipated study period is acceptable. Extreme changes in velocity, depth, or width from one 
section to another may reflect a data error md should be checked. 



4.23 High Flow 

The third test discharge should equd the mdrnum vzlue anticipated in the 
hydrograph of flows to be used for the study or for project formulztion. Usually the water 
surface profile for this dischsrge approxirn~tes #a vzlley slope more closely than the channel 
slope. Therefore, plotting it with the other profiles, including bed and banks, gives the 
opportunity to compare chznges in slope b ~ 2 3 1  valley width and theraby ensure that flow 
controls ara actuzl and not the result of data errors. Other key pzrameters to observe are 
flow distrib~rtions betv~een channel and ovzrbznks, widths, and velocities. 

4.3 Single Discharge, Movable Bed T&,s 

It is useful to evaluate the model pe~ormance for the bank-full flow with a movable 
bed. ff the channel is near regime, this should apprcximate the dominvlt discharge and 
result in little aggradation or degradation. Before focusing on sediment trznsport, however, 
demonstrzte that the Manning's n value for the chznnel is approprizte for a movable 
boundzry. Make whatever adjustments ara necessary to ensure that the n value for the 
movable portion of the cross section is in reasonable agreement with that obtzined from bed 
roughness predictors. Also, the sediment trznsport rate will usually be higher at the 
beginning of the simulation thm later beczuse there is normally an abundance of fines in the 
bed samples which will be flushed out of the system as the bed layers are formed. A 
physical andogy is starting wafer to flow down a newly constructed ditch. It is irnportznt to 
balance the sizes in the inflowing bed materid sediment load with transport potential and bed 
gradztion. The scatter in mezsured data is usually suffiaently grezt to dlow smoothing, but 
the adopted curves should remzin within that scatter. 

a 



Chapter 5 

Calibration of Sediment  Parameters  

Measures 

Selection of appropriate cz1iSra:ion naasures, or tzsts, for a movable b o u n d q  model 
such as KEC-5 is not strzightkitvard. lds~!!y, ona would have sets of surveyed cross 
sections and measured sadiment transpcri rates par iod i~ l ly  throughout the  libr ration 
period. Such data sets are extremely rare. Consequently, diiferent calibration neasures may 
be used for different studies depending oa study objectives, data availability, etc. A useful 
czlibration measure is the obsarved drift cf ~e r~ t i ng  curve for a stream gage. Tnis is a good 
measure because the rating curve drift intasrates, to a certain extent, behavior of a stream 
reach rather thzn representing a single poirit or cross section. Cue should be taken that the 
rating curve drift is being =used by generzl scour or deposition 2nd not by roughness 
changes or loczl scour/deposition. m e  g ~ g a  selected for use in czlibration should not be 
within the influence of the downstream boundary. An example reproduction of a rating curve 
shift is shown on Figure 12. 

Agreement between czlculated and measured water surface elevations of c 0.5 ft. is 
usually satisfactory for movable bounday studies of natural rivers. Profiles of the computed 

@ average bed elevation may not correlate well with the prototype, but cross-section4 area 
changes should mztch prototype behavior. Should cross section surveys be available over 
an appropriate time i n t e ~ d ,  e r e  must be tzken @appropriately compare model results and 
field data. Amounts of scourldeposition may not be exactly reproduced at specific cross 
section locztions. Regions, that is several consecutive sections, of scour or deposition * 

should correspond between model and prototype, however. In some czses it is ~ppropriate 
to compare volumes of scourldeposition as a calibration measure (Dyhouse, 1982; Willims, 
19i7). 

tt is important to base the evaluztion of model performmce on those processes which 
will impact decision making. Tnese may include the water surface profiles, flow distributions 
between channel and overbulks, water velocities, changes in cross-section4 uea, sediment 
discharge passing each cross section, or accumulated sediment load by size class pzssing 
each cross section. Note, a onedimensiond model may not precisely reconstitute thalweg 
elevations beckuse the thdweg behavior is a threedimensional process. Therefore, use 
cross-sectional area changes or other volumetric mezsures rather than thafweg elevation 
when calibrating. Three types of graphs should be prepared to evaluate results. The first is 
'Variable vs. elevation.' An example, the comparison of czlculated stages with the observed 
rating curve, is shown in Figure 13. The semnd graph is "variable vs. distance' at specific 
times as illustrated by the water surface m d  bed surface profiles in Figure 14. The third is 
'Variable vs. time' at selected cross sections along the study reach as was shown in Figure 
1 2. 
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Figure 1 2  
Indication of a Rating Curve Shift (Specific Gage Plot). 
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5.21 General 

Data adjustment is the process of data modification that produce, simulation resub 
that are in acceptable agreement w'ith the observed protovpe behavior. Adjustment mnsiss 
of the selection of values for fued w d  movable bed coefficients, and applidon of of 
trznsforming threedirnensionll prototype meuurements into mrepresentrtivem o n e d i r n e ~ i o n ~  
data. Development of representative data for onedimensiond sompulrtions wzs presented 

Water Year 

in Section 3.2.2 
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Figure 13. 
Reconstituting the Stage-Discharge Rating Curve. 

Computed results should be compzred with rnezsurements from the prototype to 
identify data deficiencies or physically unrezlistic coefficients. Coeificients should then be 
adjusted as necessary, within the bounds associated with their uncertzinty, to improve the 
agreement between observed m d  calculated vdues. Model adjustment does not imply the 
use of physiczlly unrezlistic coefficients to force a poorly conceived model to exactly match 
prototype mezsurements. If a discrepmcy between model results and prototype data 
persists, then either there is something wrong with the model representation of the dorninznt 
physicd processes (a model deficiency, usually the result of limiting assumptions), there is a 
deficiency in the representation of field data zs model input (an application error), znd/or 
there is something wrong with the measured data (a data deficiency). Therefore, if model 
czlibration cannot be ammplished through the use of physically realistic values of the 
coefficients, the mezsured prototype data should be checked for possible errors a d  the 
nurnericzl model (input data, bzsic equations and solution zlgorithms) exmined. 

5.2.2 Consequences of Inaccurate n Values . 

In fged bed hydraulics, a rmge of n values is typiczlly chosen. The low end of that 
rznge provides velocities for riprap design and the high end provides the water surface profile 

@ for flood protection needs. In movable bed studies such yl approach is usually not 
satisfactory because of the feedback linkage between sediment transport and bed roughness. 
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Figure 14. 
Water Surface and Bed Surface Profiles. 

Use of Manning's n values which do not conform with that linkage can result in either too 
much degradation or too much aggradation. 

5.2.3 Correcting Model Performance 

if the calculated results do not follow the observed trends, tzke the following steps. 
First, plot the active bed gradation from cross sections d, and downstream from, inflow 
points using results from near the end of the hydrograph along with a bed gradation curve 
from field measurements. If the model is reproducing the dominat processes in the 
prototype, the key parameters should match reasonably well. The following suggestions 
illustrate- the thought process that should occur when there is m unacceptable deviation. 

1. Be sure the model is numeriwlly stable before adjusting any coefficients, data, or 
processes. Because sediment computations are very sensitive to hydraulic papmeters, close 
attention should be paid to the hydraulics. Small chmges in energy slope, veloc'Q, etc. from 
section to section can result in large changes in transport capacity. It is recommended that 
the hydraulic vzriables be averaged among adjacent sections by use of the H E M  15 record. 

2 Then position the upstream bound- of the model in a reach of the river which is 
0 

stable, and be sure the model exhibits that stability. That means that cross sections near the 



upstream end of the reach should neither significzntly erode nor deposit. Mend to hydraulic 
problems starting at the dorvnstrem end a d  proceeding tov;zrd the upstrem end of tha 
model. Fieverse that direciicn for sediment pioSlems. Do not worry about ccnputed scour 
or depcsition at the dcwns3eam end of tL;a reach until the nodel is demonstra5ng proper 
behavior upstream from fiat point. 

3. Once t!!e above tivo conditions are net, focus ~ttention on overzll nodel 
performance. Check the boundary conditions to ascertrin ihzt the pzrticle siza cfsses in the 
inflowing sediment load hava been assigned "rspresentrtive' concentrztions. Use the depth 
and gradation of the bad sadimerrt reservcir to confirm that the model bed matches the 
prototype. Make plots for severzl different times because the gradation of the model bed will 
vary with the inflowing water-sediment mixture. Correct any inconsistencies in these data and 
try another execution. If my problem persls!~, check the field dzta for possibla rock 
outcroppings and check czlculzted profiles for possible errors in nearby sections. 

4. If czlculated transport rates Ere too high, check prototype data for a gravel deposit 
which could be forming an armor layer. 

5. if czlculated rates of deposition zre too high or rates of erosion are too low, check 
bank elevztions and ineffective flow limits to ensure that the model is not allowing so much 
flow on the overbanks that the channel is bzcoming a sink. 

6. Finally, if none of the above actions produce acceptable performance, change the 
inflowing sediment lozd. First use a constmt ratio to trvlslate the curve without rotation. If @ that is not successful, rotate h e  cutve within h e  scatter of data. 

5.3 Confirmation of Model Performance 

5.3.1 General 

Prior to using a numerid model for the mtlysis of a project, the model's performance 
needs to be confirmed. Ideally this consists of a split record test: selection (or calibration) of 
coefficients and verificztion of coefficients. The selection phzse is intended to dlow values 
for the coefficients to be chosen and adjusted so that the computed results reproduce field 
mezsurements within an acceptable error range. 

5.3.2 Verification Process 

The second step, the verification process. is to chtnge boundvy conditions (for 
example, use a different time period) and rerun the simulation without changing the 
coefficients. This step establishes whether or not the coefficients which were selected in the 
first step will &so describe the prototype behavior when applied to events not used in their 
selection. Change the inflowing sediment load as necessary to correspond with that during 
the time period selected for verification. Start with a constant discharge m d  progress to a 
hydrograph of flows. 

a - - 

The verification period used may be several years long. If so, select only a few key 
values per year to examine. Plot the calculated water surface elevations at all gages in the 
study area as well as the observed elevations that occurred at the same time. Model 



performance may be quantified by computing tho mean of the absolute values of error. Of 
course, the lower the mem value of error, tho better the performance. Unforiunately, 
performance quality is defined by study-specific characteristics and will probably differ from 
study to study. Good engineering jud~msnt should be used to determine when tho model's 
performance is satisfactory or requires sdditional sdjustment. 



Chapter 6 

Development of Base Test and Analysis of Alternatives 

6.1 Introduction 

The most appropride use of a rncvable bed simulrtion is to compare an a!ternstive 
plan of action with a base condition. 

6.2 The Base Test 

In most cases the base condition v;ill be the simul~ted behzvior of the river under a 
"no action future.' In a reservoir study, for exrmple, the bzse test should simulate the 
behavior of the river and tributaries, both upstream and downstream of the proposed dam 
site, without the dam in place. In many czses, the base test simulation should show little or 
no net scour or deposition. These zre river reaches which are near equilibrium (where scour 
approximrtely equals depcsition) under existing conditions. 

a 6.3 Plan Tests 
- 

The project alterna'jves are simulzted by modifying the base test data file 
appropriately. In the czse of a reservoir, a dam can be simulated by inserting 'operating .rule 
data" into the base test dzta. For a channel improvement project, cross-sectional geometry 
and roughness will be changed. t f  a major change is to be analyzed, make the evaluation in 
steps. Avoid changing more than one pzrameter at a time bemuse that mzkes the results 
difficult to interpret. For example, it is best to analyze a channel modification project in two 
steps. First, change the hydraulic roughness values and simulate future flows in the existing 
geometry. tt will be necessary to select m d  justify Mming's n for Mure conditions. Justify 
values by consideration of proposed design shzpes, depths, channel lining materials, 
proposed vegetation on the overbanks, probable channel debris, anticipated riprap 
requirements, and maintenwce agreements. Second, insert the modified cross sections into 
the data md complete the analysis by simulating the alternatives to be tested. Also select 
appropriate contraction and expansion coefficients. Use model results zs an aid in predicting 
future conditions; rely hezvily on engineering judgment and look for anomalies in the 
calculzted results. These "surprisesm can be used by the experienced river engineer to locate 
data inadequacies and to better understand the behzvior of the prototype system. Any 
unexpected response of the model should be analyzed very carefully and justified before 
accepting the results. 

6.4 Presentation of Results 

Results should be presented as change from the base case wherever possible, rather 
than absolute values. This will provide an assessment of the impacts of proposed actions 
compared with a no action future. 



Chapter 7 

Sensitivity Testing 

7.1 Introduction 

It is usually desirable during the murse of an H E M  applicztion to perform a 
sensitivity tas:. Quite often certain input cr!a (such as inflowing sediment load) a e  not 
available, or subject to substatid mezsurament error. The impacts of these uncertu'nties on 
model resufts czn be studied by modifying the suspected input dzta by =t x % a d  re-running 
the sirnulztion. if tyere is little change in t'le simulation res~fts, the uncertu'nty in the data is 
of no consequence. If large changes occur, however, the input data needs to ba refined. 
Refinement should then proceed using good judgment and by modifying only one pameter 
or quantity st a time so as to be able to see the exact effect that the cbmges have. 
Sensitivity studies performed in this manner will provide sound insight into the prototype's 
behavior and lead to a credible model description of the real system. 

7.2 Sensitivity of Simulation Results to Data Uncertainties 

The sensitivity of simulated bed profile changes to various input data uncertainties czn 
be examined with respect to the reliability of field mersurernents of those data. An extensive 
study of the sensitivity of f ~ e d  bed water surface profile computations to errors in geometry 
and bed roughness has shown that geometric errors are controllzble and estimation of bed 
roughness is the major source of uncertainty (HEC, 1986). In addition to field data, there are 
various model parameters thzt cannot be measured directly and must be estimated by the 
model user a d  adjusted, if necessary, during the calibration process. Guidance on selection 
of model pvarneters is given in (USACE, 1992). A quditative assessment, baed on 
experience gu'ned from many pzst applicztions of H E M ,  of the model sensitivity to 
variations in the various input data is presented in Table 2 Note that, in any pvticular study 
where uncertzinty ex is l  in the value of any pzrticular input item, the model czn be run for a 
range of values of that input item to assess the resultant variation in simulation results. This 
information cm then be used to identify what, if my, additional field measurements or 
observations are necessary to accomplish the study objectives. 

> 

Table 2 
Sensitivity of Model Results to Field Data 
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Fmld estimation d qalibrdon 
Field dmafion md calibration 

H localty, M elsewhere 

Developing long-term Aow records can bs d d f i k  (G - , lW  
W e f f e c t  

Data Item 

1. Geemetry 
Cr- aedor.8 
Movabk hsd l imb 
Roughnea 

2 Sediment 
Bed materiel graddon 
Inflowing lcad 

3. Hydrology 
Flow record 
Rating curve 
Temperature 

Notas: H = high. M = medium, L = low 
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Chapter 8 

Computational Aspects 

Ap~lications of a novzble bounda;y model such as HEC-6 can requira m j o r  
computational resources, particularly for stubies cf long tine periods (50-1 00 years). 
Operation of the numerical model is only oaa component of the computetionel raquirements. 
It is ~ l s o  important to have sohara  available for storage and manipulation of tha hydrologic 
data and gr~phical displzy of input dzta 233 results; the HEC-DSS (HEC, 1990b) can ba 
useful for managing and displaying time series data. Single event analyses are less 
computationally intensive because the s:ucy,reach is relatively short, the hydrographs are 
usually synthetic and of short duration, 2nd the sediment lcads may also be syn:he!iczlly 
generated. C~libration data are rarely avaikble for single event analyses. 
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1.0 Introduction 

COED is an editor containing full-screen editing capabilities, along 
with a powerful line-oriented command set that can be executed 
interactively or in a batch mode. COED is functional for most general 
text editing necessary for data preparation and program development. COED 
contains some additional features to aid in the preparation of data input 
files for several HEC programs. This includes right justifying data into 
predefined fields, and providing data variable names and definitions 
identified by the cursor location. For more information, see the Help 
Program (HP) command in section 3.6. 

COED is available for a variety of computers and terminals. In the 
line-edit mode, it may be used on any terminal. In the full-screen mode, 
it is available for MS-DOS personal computers (or compatible), and can be 
implemented on any terminal conforming to the ANSI standards for terminals 
(a rate of 4800 baud or higher is recommended). (At the time of printing 
of this document, a full-screen version for some non-ANSI terminals was 
being planned.) COED is written in FORTRAN 77 and is transportable 
between machines. It has been implemented for Harris mini-computers, 
MS-DOS personal computers and compatibles. 

1.0.1 New Features for this Version 

A. The FILE, and SAVE coinmands can not be abbreviated; They each 
require all 4 characters to be specified. 

B. LOCATE WILD (LW) and CHANGE WILD (CW) commands allow the use of 
'wild' characters for locating and changing character strings. 

C. Column commands allow a range of columns to be duplicated (CD), 
moved (CM), removed (CR), or set (CS) to a specific character. 

D. CUT (CU) and SPLICE (SP) allow one line to be cut into two, or t w o  
to be spliced into one. 

E. LOCATE EXCEPT (LE), and FIND EXCEPT (FE) commands will search for 
lines that do not contain a given character string. 

F. X and Y commands have been expanded to include Xl through X5, and 
Y1 through Y5, adding 10 more X or Y commands than can be remembered. 

G. On-line help (HE) has been added for the line edit and full screen 
edit modes. 

H. The direction of movement through the file can be reversed by 
preceding certain commands by a minus ' - '  sign (e.g. -L /text/). 

I. Type-ahead capability has been implemented for terminals on Harris 
Async ports. 

J. A temporary backup copy of the file to be edited is automatically 
made. 
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1 .l Gettinp Started 

The COED Editor is initiated by typing: 

COED filename [cmdfile] [S-n] 

where : 

'filename' is the file that you wish to edit. If the file does not 
exist, COED will create the file. 

'cmdfile' is an optional parameter providing the name of a file that 
contains a. list of commands for COED to use. If this parameter is 
omitted commands are read from the keyboard,.or standar.d input. 

'S-n' is an optional parameter specifying the column length (n) of the 
lines to be edited. All lines are truncated to this length by COED. 
If this parameter is omitted, the first 100. lines of the file are 
examined to determine if a line length of 80 should be used. If 
characters are found beyond column 80, a column length of 133 will be 
used. 

While COED is initializing, it makes a copy of your file for recovery 
purposes. If, for some reason, you save unwanted changes in your file, 
you can use this back copy to restore the file to its original condition. 
This must be done immediately after the edit session; if you log off, or 
edit another file, the backup copy will be destroyed. On Harris 
computers, this backup copy is kept in work file TI. On personal 
computers, the backup copy is named COED.BUP and is stored in the root 
directory (unless another directory is specified by using the "SETUP" 
command). 

If COED is to be installed,.refer to the appendix. 
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I n  the event of a system crash during an e d i t  session, the session can 
be recovered by using the recover option. This option uses two f i l e s  t o  
reconstruct  the session up to  the most recent command issued. One of the 
f i l e s  is a copy of the original f i l e  before editing was begun. The other 
f i l e  is a record of a l l  e d i t  transactions performed by the editor.  

To recover from a crash and resume edi t ing,  enter: 

COED. R 

o r  COED -R 

(Harris systems only) 

(All systems) 

Note tha t  no parameters, such as the filename or column length, may b e  
used. When the recovery hasbeencomple ted , the  e d i t o r w i l l b e a t  the 
same posi t ion as  a t  the time of termination. Zones and other a t t r ibutes  
w i l l  a l l  be the same as  before the interruption. 

WARNING: When continuing a f t e r  a system h a l t  on a Harris computer the 
user  must log-on to  the same port that  was i n  use a t  the time of the h a l t  
( the  same dialup port  for  dialup terminals). This is  because the editor 
uses  system work f i l e s  tha t  are  identified by user and port  nynber. 

On MS-DOS systems, the recovery f i l e s  are  stored under the names 
COED.BUP and COED.REC i n  the root directory (unless another directory i s  
spec i f i ed  by using the 'SETUP" command). The COED.BUP f i l e  is  a copy of 
t h e  o r ig ina l  f i l e  before the ed i t  session was s ta r ted .  COED.REC is a 
record of a l l  e d i t  transactions made to  the f i l e  during the e d i t  session. . 

O n  Harris computers, the recovery f i l e s  are  stored i n  work f i l e s  TL 
and T2. Work f i l e  T1 is a copy of the or iginal  f i l e  before the e d i t  
sess ion  began. Work f i l e  T2 is a record of a l l  e d i t  transactions made t o  
t h e  f i l e  during the e d i t  session. 
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1 . 3  Basic COED Commands 

Command Purpose Examples 

COED Begin ed i t  session COED MYFILE 
COED OUTFILE S-132 

FS Go into Full Screen mode FS 

T Go to Top of f i l e  T 
( l ine  zero) 

B Go to  Bottom of f i l e  B 

P Pr int  l ine(s)  

Go to  Next l ine  

Go Up 

Locate a s t r ing  

Change a s t r ing  

Inser t  a l ine  

Input mode 

Exit input mode 

Replace a l ine  

DE Delete a l ine  

CL Show column banner 

FILE Update f i l e  and ex i t  

Qu Quit ed i t  session 
(nothing saved) 

P (pr int  1)  
P 3 (pr int  3) 
P A (pr int  a l l )  
p * (pr int  t o  bottom) 

N (next l i ne )  
N 3 (go down 3 l ines)  

I THIS IS A LINE 

I 
LINE ONE OF TWO 
LINE TWO OF TWO 
$$$ 

R NEW INFORMATION 

FILE NEWFILE 

Note: A blank l ine  ( jus t  a carriage return) causes the previous 
command to be repeated. 
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1.4 Command Svntax 

This section describes the format and syntax of COED commands and how 
they are represented in this documentation. 

COED prompts the user with 'D' when it is ready for a command. The 
general form of a command is: 

Dcommand [parameters] 

The 'command' is always a command name followed by a blank or a comma, 
and any parameters, then a carriage return. Commands may be abbreviated 
to a 1, 2 or 4 letter command identifier. See the list of commands for 
valid command identifiers. 

The syntax convention used in this document is represented in the 
following table. 

Svntax Conventions 

Svmbol Meaning 

[ 1 Brackets surround optional parts of the commands. 

I Separates mutually exclusive parameter choices. 

. . . Three dots mean that parameters may be repeated. 

CAP Capital letters indicate that a specific parameter 
string must be used as shown. 

/ Slashes are used as string delimiters in this 
documentation. However, any character may be used as a 
string delimiter so long as the character does not 
appear within the string. 

c Column number should be substituted. 

m n, r Specifies a numeric value should be substituted. 

* The asterisk represents "all occurrences" in a numeric 
field and can be used in most places where an 
infinitely large numeric value is appropriate. 

COED 

string Specifies a string of characters. 
(or stg) 

. . 

char specifies one character should be provided. 
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An example of the CUT command can illustrate the command syntax. 

CXl cl/string/ [n] 

The command identifier is CU. It is shown in capital letters 
indicating it must be used exactly as given. A blank separates the 
command identifier from the parameter. The parameter, which is required, 
consists of two choices separated from each other by a vertical bar ( I )  
symbol. This indicates the choices are mutually exclusive, that is one or 
the other must be used, but not both. The lowercase c indicates a numeric 
column number may be entered. The other possibility for this parameter is 
a string. If the string is used it must be delimited by a character such 
as the slash (1). The next parameter is optional because it is shown in 
brackets [ I .  The n represents the number of lines upon which this command 
should operate. If the parameter n is not given, the default of one line 
is used. 

cir 40 12 
and cu / T H W  

are both valid CUT commands. 
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certain line-edit COED commands may be modified by use of special 
symbols : 

Modifier Pumose 

Preceding a command by a period I . '  suppresses the echo of 
the command results. This effectively turns off the verify 
option for that command only. See the verify command for 
more details. 

Preceding certain commands by an equal sign '-' displays the 
last use of the command. Several COED commands have a 
"memory"; that is, they will remember the parameters from 
their most recent use. Commands that have a memory are: 
CHANGE, FIND, LOCATE, ZONE, X and Y. For example, if the 
same string is to be searched for several times with a LOCATE 
command, it can be specified the first time the LOCATE 
connnand is used; thereafter the L can be used to repeat the 
last LOCATE command. A equal sign used alone on a blank line 
will return current COED status information. 

Preceding a command by a minus (-) reverses the direction of 
movement through the file for that command execution. The 
command "-L /ABC/" will locate the string "ABC" upwards, from 
the current line (until the top of the file is reached). 
Commands for which the minus sign can be used are CHANGE, 
LOCATE, FIND, and PRINT. 

The greater than symbol (>) may be used in two ways: 
1) If the last' character of an INSERT, OVEXIAY or REPLACE 
command is a '>I (followed by a carriage return) it indicates 
that the next line is to be placed at the end of the current 
line (a continuation line). The continuation character can 
be changed with the TERMDEF command. . 
2) If the I>' character is used within a line in an INSERT, 
OVERIAY, or REPLACE command the column location will move to 
the next tab stop (only the '>' is echoed). 

<CR> If a carrilge return is entered (i. e. , a blank line) the 
previous command issued will be repeated. This is very 
useful for repeating the Next, Locate, Print, DElete, and 
other commands. 
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1.6 Sanmle Commands 

The following table provides examples of using the line-edit command 
syntax and modifiers. . 

Command 

HELP 

Descri~tion 

Request help. . 

Move to top of file. 

P 23 Print next 23 lines, starting at the current 
line. 

FILE MYDATA 

Change ABC to Xm on current line. 

Find next line beginning with .CW. 

Change all occurrences of 'Z' to 'AT' from 
current position to end of file. Suppress 
the echo of changes. 

Locate first occurrence of 'END' upward in 
the file. 

Store edit results in a file named 'MYDATA', 
and exit COED. 

Cut the current line into two lines after the 
string 'THEN'. 

Splice (combine) the current line with the 
next line at column 40 (of the current line), 
and repeat this operation 4 times. 

Set an X command to locate ABC, move to next 
line and change the first 1 to 2. 

Execute the previously set X command 20 
times. 
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2.0 Full screen Edit Mode 

2.1 Introduction 

The COED full-screen edit mode enables. text files to be edited by 
displaying a section of the text (about 20 lines worth) on the screen, and 
allowing the user to make changes by typing new or replacement text 
directly where desired. The four cursor keys and the page up, page down, 
home and end keys provide a means of movement around the file. This mode, 
combined with access to all of the line edit commands, provides a powerful 
text editing capability. 

The full-screen mode operates in a "type-overn atmosphere: in the 
normal mode, whatever is typed replaces what is on the screen. The 
"Insert Character moden allow characters to be inserted without erasing 
other characters. The *Insert Line moden provides a means of inserting 
lines in the text file. In a new file, or at the bottom of an existing 
file, a carriage return provides an implicit new line. Thus to enter text 
into a new file in the full-screen mode, all one has to do is to type 
normally. Any of the line edit commands can be accessed from the 
full-screen mode by pressing the line-edit function key. 

The full-screen feature is currently available for terminals that meet 
ANSI standards, and for MS-DOS compatible personal computers. Work is 
currently under way to provide full screen editing for some "smartn 
terminals that do not meet the ANSI standards. 

2.2 Initiatine the Full Screen Mode 

When COED is executed, it enters the line-edit mode. To go into the 
full screen mode, the FULL SCREEN command must be entered. 'The syntax of 
the FULL SCREEN command is: 

On Harris computers, with a terminal that meets ANSI standards, the 
"Ln parameter will cause the current line number to be displayed on the 
status line. The "Cn parameter will cause the current column number to be 
displayed on the status line. Due to transmission (baud) rates, these 
parameters can cause slower cursor movement on some terminals; Either (or 
both) parameters can be set permanently in the COED terminal definition 
file (SYS'MCOEDTD). 

The Keypad keys (located on the right side of the keyboard) are used 
for moving around the file, and inserting and deleting characters. 
Function keys (located on the left side of the most personal computer 
keyboards, and along the top of many terminal keyboards) are used for 
editing .functions such as deleting lines, inserting lines and issuing 
1 ine - edit commands. On ANSI terminals, the function keys (if available) 
are located in different areas. Their functions are defined (and can be 
changed) in the COED terminal definition file (SYST*COEDTD). 
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2.3 Full Screen Key Descri~tions, 

2.3.1 Movement Keys, 

Key Descrfution 

CURSOR RIGHT Moves the cursor right one character 

CURSOR LEFT Moves the cursor left one character 

CURSOR UP Moves the cursor up one line. At the top of the screen, 
the screen is scrolled down one line. 

CURSOR DOWN Moves the cursor down one line. At the bottom of the 
screen, the screen is scrolled up one line. 

PAGE UP Moves up approximately one screen 

PAGE DOWN Moves down approximately one screen. 

HOME Pressed once, goes to the top left corner of the 
screen. Pressed again, goes to the first line in the 
file . 

END Pressed once, goes to the -bottom left corner of the 
screen. Pressed again, goes to the last line in the 
file . 

BEGINNING OF Pressing the Keypad keys 5 then 4 (cursor left), 
LINE moves the cursor to colt& one of the current line. 

END OF LINE Pressing the Keypad keys 5 then 6 (cursor right), moves 
the cursor to one column past the last character'on the 
current line. 

TOP OF SCREEN Pressing Keypad keys 5 then 8, moves the cursor to the 
top of the screen in the current column. 

BOTTOM OF ..Pressing Keypad keys 5 then 2, moves the cursor to 
SCREEN the bottom of the screen in the current column. 

SCROLL4 UP Causes the screen to scroll up one line. 

SCROLL DOWN Causes the screen to scroll down one line. 
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7.3.1 Movement Kevs (continued). (Some of the following keys are in 
different locations for different terminals.) 

Kev Descri~tion 

NEXT WORD Moves the cursor to the beginning of the next word 
on the right. Words are delimited by spaces, 
commas, quote marks, parenthesis, etc. 

PREVIOUS Hoves the cursor to the beginning of the previous 
WORD word on the left. Words are delimited by spaces, 

commas, quote marks, parenthesis, etc. 

TAB Moves the cursor to the tabs settings used in 
line-edit mode. 

TAB LEFT Moves the cursor one tab setting to the left. 

BACKSPACE Hoves back one position and blanks that space. 

CARRIAGE Puts the cursor on the next line at the left 
RETURN margin. A new line will be generated if either in 

insert line mode, or if at the bottom of the file. 
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2.3 .2  edit in^ Kevs, 

INSERT Toggles you into or  out of inser t  character mode. 
CHARACTER In  in se r t  character mode, whenever characters are 
MODE pressed, they are inserted to  the l e f t  of the 

cursor. A backspace w i l l  delete the character t o  
the l e f t  of the cursor i n  th i s  mode. New lines a re  
not created by inser t  character. 

DELETE Deletes characters on the current l i ne .  Delete 
CHARACTER character may be used i n  two ways: 

a. Delete highlighted area: Press delete character 
key, move cursor to  highlight s t r ing  to  be 
deleted, press delete character key again to  
delete. A s t r ing  may be highlighted by pressing 
the return key, End of l ine  key, Beginning of 
l i n e  key, or a regular character (whereby the 
cursor w i l l  index r ight  to  that character. 

b. Delete single characters: Single characters a re  
deleted when the delete key is pressed a second 
or subsequent time. 

DELETE LINE 

INSERT LINE 
MODE 

RESTORE 

COMMAND 

LINE- EDIT 

Deletes the l ine the cursor is  on. 

Toggles into and out of inser t  l ine  mode. Pressing 
the inser t  l ine key w i l l  provide you with a new 
l ine.  Additional l ines 'a re  generated by a carriage 
return,  u n t i l  inser t  l i ne  mode is turned off.  I f  
you are  a t  the bottom of the f i l e ,  a carriage 
return alone creates a new l ine  ( i t  w i l l  not put 
you in to  inser t  l i ne  mode, however.) 

Restores the l ine  you are on, i f  the previous 
command was i n  error. I f  the l a s t  key pressed was 
'Delete l i ne ' ,  that  l i ne  w i l l  be resorted. I f  you 
inadvertently mistyped characters on the l ine ,  a re  
i n  the process of deleting character (or have 
deleted characters), restore w i l l  return the l i n e  
to  what it was before you positioned the cursor on 
it. Once you have moved off of the l ine ,  it cannot 
be restored. 

Provides an D t o  execute one command, then returns 
to  f u l l  screen mode. This is useful fo r  doing 
locates,  e tc .  

Returns the program to the regular l ine-edi t  mode. 
To return to  f u l l  screen mode, enter 'FS' again. 
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2 . 3 . 3  Edit Control Kevs, 

Kev D e s c r i ~ t i o n  

HELP The HELP key provides access t o  on-line 
documentation of COED, including the locations of 
f u l l  screen e d i t  keys. To return t o  edi t ing,  press 
the HELP key again. 

NUW-LOCK When NUM-LOCK is on, the Keypad enters  into the 
numeric Keypad mode, disabling the cursor controls 
on the ' Keypad. "NUN-LOCK" w i l l  appear on the 
s t a tus  l i n e  when t h i s  is on. 

FILE . 

SAVE 

QUIT 

The FILE key w i l l  display a prompt with the current 
f i l e  name. To s tore  the edited f i l e  under t h i s  
name, press a carriage return. To s to re  the f i l e  
under a d i f fe rent  name, type the new name. After 
s tor ing the f i l e ,  COED terminates. 

The SAVE key w i l l  display a prompt with the current 
f i l e  name. To s tore  the edited f i l e  under t h i s  
name, press a carriage return. To s tore  the f i l e  
under a . d i f f e ren t  name, type the new name. After 
s tor ing the f i l e ,  COED returns to  the e d i t  session. 

The QUIT key w i l l  display a prompt tha t  asks f o r  a 
carriage re turn  to  qui t .  This w i l l  terminate COED. 
without saving any changes t o  the f i l e .  To not  
QUIT (return t o  the ed i t  session),  press escape, o r  
type "NO". 

ERASE FIELD The ERASE FIELD key erases a l l  the characters i n  
the current f i e l d  (where the cursor is  located).  
The f i e l d  is defined by the tab se t t ings .  

HELP VARIABLE When the Help Program feature has been enabled, the 
HELP VARIABLE key displays the defini t ion of the 
variable fo r  the current f ie ld .  

JUSTIFY The JUSTIFY key toggles the jus t i f i ca t ion  s e t t i n g  
between e i the r  r ight  (data) ju s t i f i ca t ion  and no 
jus t i f ica t ion .  This key is generally used only 
when preparing a data input f i l e  without the Help 
Program command on (see the Help Program appendix). 
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2.3.3 Edit Control Kevs (continued), 

Kev Descriotion 

REFRESH SCREW The REFRESH SCREEN key repaints the screen. This 
key may be used when the screen is accidentally 
cleared or changed locally (at the terminal). 

SETUP The SETUP key on the personal computer provides a 
(PC only) means of setting parameters that will be saved 

across editing sessions. This includes screen 
colors, the directory of accessory files (e.g. the 
help file and recovery files), and an option 
causing COED to enter the full-screen mode 
automatically after initiated. Follow the 
directions printed on the screen, after pressing 
this key. 
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2 .4  Kev Incat ions  

2 . 4 . 1  IBM P.C. and Com~atibles 

A key loca t ion  template f o r  the function keys and keypad key i s  
loca ted  i n  the  appendix. 

A. Keypad. The keypad is located on the r i gh t  s ide  of the  keyboard. 

G Y  Function 

0 
1 
2 
3 
4 

4 6 
7 
8 
9 - 
+ 

5 then 2 
5 then 4 
5 then 6 
5 then 8 
C t r l  4 
C t r l  6 

Delete Character 
I n s e r t  Character Mode 
End 
Cursor Down 
Page Down 
Cursor Lef t  
Cursor Right 
Home * 

Cursor Up 
Page Up 
Sc ro l l  Up 
Sc ro l l  Down 
Bottom of Screen 
Beginning of Line ' 
End of Line 
Top of Screen 
Previous Word 
Next Word 

B. Function Keys. The function keys a r e  the 10 keys. marked El  through 
F10 e i t h e r  on the  l e f t  s i de  of the keyboard, o r  along the  top of the  
keyboard. 

lkY Function 

F1 
A l t  F1 
F2 
C t l  F2 
F3 
F4 
F5 - F8 
F9 
F10 
A l t  F10 
S f t  F10 
C t l  F10 

Help 
Help Variable 
Restore 
PC Setup 
Delete Line 
I n s e r t  Line Mode 
Reserved 
Single Command 
Line Edi t  Mode 
F i l e  
Save 
Quit 
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2 . 4 . 2  Terminals (Heetine ANSI Standards) 

A. Keypad. The keypad is located on the r i g h t  s i d e  of the keyboard. A 
key l oca t i on  template fo r  the keypad is provided i n  t he  appendix. 

Kev Func t ion 

0 
1 
2 
3 
4 
6 
7 
8 
9 - 
, ( t ab)  
5 then 2 
5 then 4 
5 then 6 
5 then 8 
"enter"  
5 e n t e r  

Delete Character 
Inse r t  Character Mode 
End 
Cursor Down 
Page Doun 
Cursor Left  
Cursor Right 
Home 
Cursor Up 
Page Up 
Scrol l  Up 
Scrol l  Down 
Bottom of Screen 
Beginning of Line 
End of Line 
Top of Screen 
Next Word 
Previous Word 

B. Function Keys. The number and locat ion of funct ion keys vary among 
terminals  ( these a r e  defined i n  the  SYST*COEDTD f i l e ) .  Function key 
i d e n t i f i c a t i o n s  may be shown by pressing the  HELP key from the  f u l l  screen 
mode. Function key.templates fo r  some ANSI terminals a r e  provided i n  t he  
appendix. See your s i t e  manager f o r  more information. The following 
t a b l e  provides control  characters t h a t  w i l l  provide t he  same. functions.  

Control Character Function 

A A Single Command 
^B Line Edit Hode 
"C Restore Line 
"D Help 
A F Inser t  Line'Mode 
" G Delete Line 
AN Num-Lock 
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3.0 Command Documentatioq 

3.1 Basic Line Movement Commands - 
3.1.0 Summary 

Name - Use - 
TOP 
Bottom 
Next 
UP 
Pr in t  
Locate 
Find 
Go t o  

T 
' B  
N [nl 
U [nl /string/] 
P in1-1 
L [/string/] [AND\OR(NOT /string2/] [n] 
F [string] 
G n .  

3.1.1 TOP 

The TOP command moves the l ine  pointer to  the top of the f i l e .  This 
l i n e  is  defined as l ine  number zero and is  not saved with the f i l e  ( t h i s  
l i n e  allows for  insertion of new l ines a t  the top of the f i l e ) .  Line zero 
cannot be changed, deleted, e tc .  The top of f i l e  ident i f ie r  "TOF.." i s  
displayed here. 

3.1.2 BOTTOM 

B 
The BOTTOM command moves the l ine  pointer to  the bottom of the f i l e .  

The end of f i l e  ident i f ie r  "EOF.." is  displayed here. 

3.1.3 NEXT 

The NEXT command moves the l ine  pointer down n l ines .  The default  
number of l ines is  1. 

COED Page 3-1 



The UP command moves the l ine  pointer up n l ines.  I f  n is not 
specified, 1 i s  assumed. I f  a s t r ing  is specified, the UP command 
searches upward for "str ingn,  s ta r t ing  with the l ine  above the current 
l ine .  

3.1.5 PRINT 

The PRINT command prints the next n l ines ,  s ta r t ing  with the current 
l ine .  If "*" is used for  the l ine  count n,  the remainder of the f i l e ,  
beginning with the current l ine ,  is printed. In these cases, the l ine  
pointer i s  moved to  the l a s t  l ine  printed. I f  the "ALLn option is used, 
the .ent ire  f i l e  is printed, but the l i n e  pointer i s ' n o t  affected. "ALL" 
may be abbreviated to  "A". To stop execution of the PRINT.command, press 
control-X. Prefixing the PRINT command with a minus sign (-P)  w i l l  p r in t  
upward n l ines.  
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3.1.6 LOCATE 

L [/string/] [ANDIORINOT /string2/] [n] 

The LOCATE command searches for the next n occurrences of "stringm 
beginning with the next line. If n is not specified, only the next 
occurrence of "stringn is located. If an asterisk (*) is given for n, all 
occurrences of "string" will be located (beginning with the next line). 
The pointer is positioned to the line containing the string. If the 
string is not found, the pointer is positioned to the last line in the 
file . The LOCATE command without any parameter will repeat the most 
recent LOCATE command. Prefixing the LOCATE command with a minus sign 
"-L" will locate the specified string upward from the current line. 

LOCATE can also be used with the operators "AND", "OR", and "NOTn 
along with a second string to find lines which meet one of these three 
conditions. The syntax is: 

L /strl/OR/str2/ (Locate the next line containing the string "strl" 
or the string "str2".) 

L /strl/AND/str2/ (Loca,te the next line containing both string "strl" 
and string "str2".) 

L /strl/NOT/str2/ (Locate the next line containing the string "strln, 
but not containing the string "s tr2". ) 

As an example, if one wants to determine what FORTRAN subroutines the 
variable "XYZ" is located in, the following UCATE command can be given: 

3.1.7 FIND 

F [string] 

The FIND command searches each line, beginning with the next line, 
attempting to match each character of "string", with an identical string 
which starts in the first column of .the line. When found, the line 
pointer is repositioned to that line. The first character of string is 
the next character following the single blank after the command name. 
Only non-blank characters in string are compared. The FIND command 
without any parameter will repeat the most recent FIND command. String 
delimiters are not used. 
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The GOT0 command moves the line pointer to line number n, where n is a 
decimal number with respect to the top of the file. 
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3 . 2  Basic Line Edit Commands 

3.2.0 Summary 

Name - Use 

Change 
DElete 
Inse r t  
Replace 
Overlay 

c [/stgl/stg2/ [nln m l  I 
DE In1 
I [ l ine]  
R l ine  
0 l ine  

CHANGE 

The CHANGE command replaces the m-th occurrence of "s tgl"  with "stg2" 
f o r  the next n l ines .  The default value f o r  m and n i s  1. A "*" used f o r  
n denotes a l l  l i nes  from the current l i n e  to  the bottom of f i l e ;  a "*" 
used f o r  m denotes a l l  occurrences of "stgl".  The l i n e  pointer w i l l  
advance n-1 l ines  toward the bottom of the f i l e .  The CHANGE command 
without any parameter w i l l  repeat the most recent CHANGE command. 

Prefixing the CHANGE command with a minus sign ( - C )  w i l l  reverse the  
pointer  direction and w i l l  replace the mth occurrence of "s tg l"  with 
"stg2" up through the f i l e  for  n l ines .  

DELETE 

DE [nl 

The DELETE command deletes n l i nes  from the f i l e  s t a r t ing  with the 
cur rent  l ine .  I f  n is  omitted, j u s t  the current l ine  w i l l  be deleted. A n  
a s t e r i s k  (*) used for  n w i l l  delete a l l  l ines  from the current l i n e  to  the 
bottom of f i l e .  
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3.2.3 INSERT 

I [line] 

The INSERT command inserts "line" after the line at which the pointer 
is currently positioned, and advances the pointer to the new line. If no 
string follows the INSERT command, the editor enters the "inputn mode. In 
the input mode, the prompt is changed to "I>". All lines entered 
thereafter are inserted in the file directly below the current line. The 
input mode is terminated .by typing three dollar signs ($$$) at the 
beginning of the line. Upon exit from the input mode, the line pointer is 
positioned to the last line inserted. 

3.2.4 REPLACE 

R line 

The REPLACE command replaces the current line with "linen. 

3.2.5 OVERLAY 

0 line 

The OVERLAY command places the non-blank characters of "line" in the 
corresponding positions of the current line. The first character of line ' 
is the next character following the single blank after the command name. 
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3 . 3  Terminate Edit Commands 

3 .3 .0  Summary 

Name - 
FILE 
SAVE 
QUIT 

FILE [filename] 
SAVE [filename] 
QU 

3.3.1 FILE 

FILE [filename] 

The FILE command stores the edited f i l e  on the disk,  replacing the 
ex i s t ing  copy of the f i l e .  Following the update of the f i l e ,  COED e x i t s .  
If an optional f i l e  name is specified, the edited f i l e  is s tored i n  the 
spec i f ied  disk f i l e ,  leaving the original f i l e  unmodified. 

3.3.2 SAVE 

SAVE [filename] 

The SAVE command stores  the updated copy of the f i l e  on the disk,  
replacing the exis t ing copy. I f  an optional f i l e  name is given, the 
ed i ted  f i l e  is stored i n  t h i s  f i l e ,  leaving the or iginal  f i l e  unmodified. 
The current  l i n e  pointer not affected, and the editor is  not exited. 

3.3.3 QUIT 

The QUIT command causes COED t o  e x i t  without updating the f i l e .  The 
user  should be sure to  use QUIT only when the e d i t  session r e s u l t s  a re  to  
be discarded. The recovery option may be used when a QUIT is accidently 
requested. 
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3 . 6  Block Commands 

3 . 4 . 0  Summary 

Name 

STart ST 
ENd EN 
Duplicate Du [nl 
MOve MO 
RErnove RE 
GEt GE [filename] [mlm n] 
Put PU [filename] 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.4.1 START 

The START command defines the current line as the beginning of a 
block. 

3 . 4 . 2  END 

The END command defines the current line as the end of a block. A 
START command must have been entered to define the begirming of the block 
before an END is given. 

3 . 4 . 3  DUPLICATE 

DU [nl 

The DUPLICATE command copies the previously defined block, inserting 
it directly below the current line. If the parameter n is given, the 
block is copied n times (n defaults to 1). The DUPLICATE command may be 
repeated without redefining the start and end of the block. The line 
pointer remains in the same position. 
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3 . 4 . 4  MOVE 

The MOVE command removes the previously defined block from its former 
locat ion and inser t s  i t  direct ly  below the current l ine.  The l i n e  pointer 
remains i n  the same position. 

3 . 4 . 5  REMOVE 

RE 

The REMOVE command eliminates the defined block from the f i l e .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . 4 . 6  GET 

GE [filename] [m(m n] 

The GET command inser t s  l i n e  m or l i nes  m through n of the specif ied 
f i l e  d i rec t ly  below the current l ine.  I f  m and n a re  omitted, the en t i r e  
f i l e  is inserted. If  the f i l e  name is omitted the f i l e  previously 
spec i f ied  w i l l  be used. The l ine  pointer w i l l b e p o s i t i o n e d a t t h e  
inser ted  l ine  or the l a s t  l i ne  of the inserted block. 

3 . 4 . 7  PUT 

PU [filename] 

The PUT command copies the defined block to  another f i l e .  I f  the f i l e  
spec i f ied  does not ex is t ,  it w i l l  be created. If the file already ex i s t s ,  
the  block is  appended to  the f i l e .  I f  the f i l e  name is omitted the f i l e  
previously specified w i l l  be 'Led. 
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3 . 5  Advanced Line Edit Commands 

3.5.0 Summary . 

Name 

ALter 
CoLumn scale 
Column Duplicate 
Column Move 
Column Remove 
Column Set 
Locate Except 
Find Except 
Locate Wild 
Change Wild 
Define Wild chars 
C U t  l i n e  
Splice l ines  
FRee 
TRuncate 
X 
Y 

m-n c [ r ]  
m-n c [ r ]  
m-n [ r ]  
m[-n] =charm [ r ]  
/string/ 
s t r ing  
/string/ [n] 
/stringl/string2/ [nln m] 
[ c l  c2] 
c 1 /string/ [n] 
cl/string/ [n] 
[OFFIVERIFY] 

3.5.1 ALTER 

The ALTER command allows one to  change, delete, or inser t  characters 
correspondingly t o  the i r  column position i n  a l ine.  This is accomplished 
by pr in t ing  the current l i ne ,  then a new l ine  with no prompt. The user  
then spaces out and rypes those charac ters to  be changed, according t o  the 
following rules:  

space leaves the corresponding position unchanged. 
character replaces the character i n  the corresponding posit ion. 
n#n replaces the corresponding character with a blank. 
"en deletes the corresponding character and compresses the l i n e .  

inser t s  one blank before the corresponding character. 
% s t r i n n  inserts the s t r ing  before the corresponding 

character. 

After any changes, the l ine  is  printed again, and more changes can be 
made, or  a carriage return. with no changes w i l l  terminate the ALTER mode. 
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3.5.2 COLUMN SCALE 

The COLUMN SCALE command will print the current line and a column 
scale, beginning in column one, as an aid to identifying column position. 
If control characters appear in the line, it is displayed by a caret (") 
with the control character under it. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.5.3 COLUMN DUPLICATE 

CD m-n c [r] 

The COLUMN DUPLICATE command will duplicate the inclusive range of 
columns (m-n) to the position after column (c) for (r) lines. If (r) is 
omitted, the duplication will occur only on the current line. For 

. example, "CD 40-70 0 4" will duplicate columns 40 through 70 to the 
position after column 0 for 4 lines. 

3.5.4 COLUMN MOVE 

CM m-n c [r] 

The COLUMN MOVE command will move the inclusive range of columns (m-n) 
to the position after column (c) for (r) lines. If (r) is omitted, the 
move will occur only on the current line. For example, "CM 1-9 20 2" will 
move columns 1 through 9 to the position after column 20 for 2 lines. 

3.5.5 COLUMN REMOVE 

CR m-n [r] 

The COLUMN REMOVE command will remoGe the inclusive range of columns m 
through n from (r) lines. If .(r) is omitted, the remove will occur only 
on the current line. For example, "CR 20-29 3" will remove columns 20-29 
(inclusively) for the current line and next two lines. 
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3 -5.6 COLUMN SET 

CS m[-n] "charn [r] 

The COLUMN SET command will set the inclusive range of columns m 
through n (or just column m if -n is excluded), to the single specified 
character "charn for r lines. If (r) is omitted, the set will occur only 
on the current line. For example, "CS 73-80 ' ' *" will set columns 73-80 
to blank on all lines, and "CS 73 Hn will set column 73 to 'H' on the 
current line. Single quotes are required around a blank, a comma, a 
single quote, or other delimiter. 

LOCATE EXCEPT 

/string/ [n] 

The LOCATE EXCEPT command operates similar to the LOCATE command, 
except that the lines - where "stringn does not appear are located. The 
MCATE EXCEPT command searches for the next n times where "stringn does 
not appear in the line, beginning with the next line. If n is not 
specified, only the next non-occurrence of "stringn is located. If an 
asterisk (*) is given for n, all non-occurrences of "string" will be 
located (beginning with the next line). The pointer is positioned to the' 
last line with a non-occurrence The memory will be retained until a 
MCATE (or anot5er LOCATE EXCEPT) command is given. 

3.5.8 FIND EXCEPT 

FE string . . 

The FIND EXCEPT command operates similar to the FIND command, except 
that this command finds strings that do not match. h e  FIND EXCEPT 
command searches each line, beginning with the following line, attempting 
to find a non-match for each character in.the string. When this non-match 
occurs, the line pointer is repositioned to that line. The first 
character of the string is the next character following the single blank 
after the command name. . Only non-blank characters in the string are 
compared. . String delimiters are not used. The findmemorywillbe 
retained until a FIND (or another FIND EXCEPT) command is issued. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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3.5.9 LOCATE WILD 

LW /string/ [n] 

The LOCATE WILD command allows one to locate string using wild 
characters that will match other characters. Two wild characters are 
available, a "?" and a "*". A "?"  in the string will match any other 
single character. A "*" in the string will match any number of characters 
(including zero). For example: 

LW / IFWHEN / will locate the following strings: 

IF (X.GT.Y) THEN 
IF (LFIRST) THEN 
I FTHEN 

LW my(?)-/ will locate the following strings: 

There may be up to 40 wild characters in any combination in a string. 
Wild characters may be redefined by using the DEFINE WILD CHARACTERS 
command. The LOCATE WILD command will locate the next "n" occurrences of 
the sting, and position the pointer to the last occurrence. If no "n" 
value is provided, the next occurrence will be located. If a "*" is 
substituted for n, all occurrences will be located, and the pointer will 
be positioned at the end of the file. 
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3.5 -10 CHANGE WILD 

The CHANGE WILD command allows one to  change a s t r ing  using wild 
characters  that  w i l l  match other characters. Two wild characters a re  
ava i lab le ,  a "?" and a "*". A "?" i n  the s t r ing  w i l l  match any other 
s ingle  character. A **" i n  the s t r ing  w i l l  match any number of characters 
(including zero) . For example: 

CW /SUBROUTINE * */*/ 100 w i l l  change 

SUBROUTINE INPUT (IUNIT,CLINE,LTIME) 
SUBROUTINE COMPUT (XARY,PIE,ILOCS,YARY) 
SUBROUTINE ENDPRG 

INPUT 
COMPUT 
ENDPRG 

h e  f i r s t  s t r ing  may have up t o  40 wild characters i n  any 
combination. The second s t r ing  m u s t  have the same number, fewer, o r  no 
wild characters. If the same number or fewer wild characters are used in ,  
the second s tr ing,  they must be i n  the same order as i n  the f i r s t  s t r ing .  
For example, 

CW /SUBROUTINE *(?ARY/SUBROUTINE * ( m y /  is legal 
CW /SUBROUTINE *(?ARY/SUBROUTWE ?(*ARY/ is  i l l ega l  

The optional m and n parameters correspond t o  the m-th occurrence of 
the s t r i n g  for  the next n l ines.  The default  values for  m and n is 1. A 
"*" used for  n or m denotes a l l  l ines  from the current l i ne  to  the bottom 
of f i l e  o r  a l l  occurrences of "stgl",  respectively. The l ine  pointer w i l l  
advance n-1 l ines  toward the bottom of the f i l e .  

3.5.11 DEFINE WILD CHARACTEX3 

The DEFINE WILD CHARACTERS command allows one to  change the wild 
characters  used i n  , t h e  LOCATE WILD and CHANGE W I L D  commands. If no 
parameters follow the command, the current wild characters are displayed. 
The parameter "cs" must be a single character to  use as the single wild 
character .  The parameter "cm" must be a s ingle  character to use as the 
multiple character'  wild character. To specify "cm", "cs" m u s t  a lso be 
provided. The default single character wild character is "?" and the 
de fau l t  multiple character wild character is "*". 
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3.5.12 CUT 

The CUT command will divide one line into two lines after column c or 
after "string" for the next n lines. The cut may be either by column or 
by string location. After a cut, the current location is on the second 
half of the cut line. For example, "CU 80 *" will cut all lines into two 
lines after column 80 from the current'line to the bottom of the file. 

3.5.13 SPLICE 

SP cl/string/ [n] 

The SPLICE command causes the next line to be added on to the current 
line after either the column or string location given. This will be 
performed on n lines (default of 1 line) following the current line. For 
example, "SP 40" will add the next line on to the end of the current line 
after column 40. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.5.14 TRUNCATE 

The TRUNCATE command truncates n lines to c columns, beginning at the 
current line. If n is omitted, only the current line is truncated. If a 
"*" is used for n, all lines from (and including) the current line will be 
truncated. 
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3.5.15 FREE 

FR [OFF I VERIFY] 

The FREE command causes input l ines  to  be treated as free-f ie ld.  The 
input l i n e s  tha t  - a re  affected include single l ine  input, input mode (the 
prompt is " D m )  and replace l ines .  I f  the VERIFY option is specified, the 
input l i n e s  are  echoed to the terminal a f t e r  formatting. A f ree- f ie ld  
input l i n e  consists of data elements, blanks, delimiters and s t r ings.  The 
fixed output f ie lds  are defined by the tab sett ings.  Entering a FREE 
command changes the current tab sett ings to  those most useful fo r  
generating input for several HEC programs, i . e .  

1 )  A data f i e ld  is a contiguous s e t  of characters not containing a 
del imiter .  

2) A delimiter is: 
a )  One or more blanks 
b) , > <  
c)  Single or double quotes for  s t r ing  delimiters ' " 
d) The tab character (default >) 

3) A nu l l  data f i e l d  is defined by two adjacent non-blank delimiters 
(ignoring blanks) and causes the corresponding output f i e l d  t o  be 
blanked. 

4) A s t r ing  is a data f i e ld  which begins with a s t r ing  delimiter and 
contains a l l  subsequent characters (including blanks and other 
delimiters) un t i l  the next occurrence of ' that  delimiter. The 
beginning and ending s t r ing  delimiters are  not included i n  the s t r ing .  

5)  Input data f ie lds  a re  mapped into output f ie lds .  A data element 
may not be longer than i ts corresponding output f ie ld .  A s t r i n g  may 
overflow i ts  corresponding f i e l d  and therefore span several f i e lds .  

6) Data f i e lds  are r ight  jus t i f ied  into the i r  corresponding output 
f i e l d s  except when the ending delimiter (ignoring blanks) is  < i n  
which case the data f i e l d  is l e f t  just i f ied.  
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3.5.16 X and Y 

and 
X1 through X5 
Y 1  through Y5 

The X and Y commands allow the execution of several  commands contained 
i n  one command. To define an X or Y "command s t r i n g n ,  en te r  X (or  Y) 
followed by a space, then individual commands, each separated by a 
de l imi t e r  (e.g. a period "."). Anunlimited number of commands may be 
placed i n  the X o r  Y command s t r ing .  Once the command s t r i n g  has been 
def ined,  enter ing X (or Y) followed optionally by a count n w i l l  execute 
t h e  defined command s t r i n g  n times. I f  n is not specif ied,  i t  w i l l  
d e f a u l t  t o  1. 

X 1  t o  X5, and Y 1  t o  Y5 expand the number of X and Y commands t h a t  can 
b e  defined.  The de f in i t i on  of the l a t e s t  use of the X o r  Y commands w i l l  
b e  re ta ined  u n t i l  changed. The current  def in i t ion  w i l l  be displayed by 
preceding the  command with an - s ign,  as -X or  -Y2 . 
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3.6 Edit Control Commands 

3.6.0 Summary 

Name - Use 

HElp 
File Name 
Full Screen 
Line Numbers 
Print Line number 
Help Program 
Help Variable 
Justify 
Job Control 
Special Characters 
TAb Settings 
Tab Character 
TErm definition 
Verify 
Zone 

[commandJnumber] 
[ filename ] 
[Ll [CI 
[OFF] 

[program-namel?lOFFION] 
[variable-namelline-id.field] 
[DATA 1 OFF] 

ON 1 OFF 
Icl[ ,ct I I 
char 
[S-n] [MI [C-char] 
[OFF1 
[m-nl 

3.6.1 HELP 

The HELP command provides on-line access to the COED documentation. 
When used without a parameter a help selection menu is displayed. When 
used with a 1 or 2 letter command identifier, idonnation on that command 
will be -displayed. When used with a number, various messages from the 
selection menu will be displayed. 

3.6.2 FILE NAME 

FN [filename] 

The FILE NAME command allows the file name to be reset while editing a 
file. The new file name is used when a SAVE or FILE command is 
subsequently issued. If the file name is not specified, the current file 
name is displayed. 
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3.6.3 NU SCREW 

The FUTL SCREEN command causes COED t o  operate i n  the f u l l  screen e d i t  
mode f o r  ce r ta in  terminals/computers . I n  t h i s  mode ed i t i ng  may be 
performed using the cursor keys t o  move around f i l e .  . See the sec t ion  on 
f u l l  screen edit ing fo r  de t a i l s .  

On Harris computers, with a terminal t ha t  meets ANSI standards,  the 
"L" parameter w i l l  cause the current  l i n e  number to be displayed on the 
s t a t u s  l i ne .  The "C" parameter w i l l  cause the current column number t o  be 
displayed on the s t a t u s  l ine .  These parameters can cause slower cursor 
movement on some terminals. Either (or both) parameters can be s e t  i n  the 
COED terminal def ini t ion f i l e  (SYST*COEDTD). 

3.6.4 LINE NUMBER 

LN [OFF] 

The LINE NUMBER command p r i n t s  the l i n e  number along with each l i ne .  
LN OFF turns  off the l i n e  number pr intout .  

3.6.5 PRINT LINE NUMBER 

The PRINT LINE NUMBER command p r in t s  the current  l i n e  number. 

COED Page 3-19 



3.6.6 HELP PROGRAH 

HP [program-name 1 ? 1 OFF1 ON] 

The HELP PROGRAH feature assists users in the preparation of data 
input files for HEC programs when using the full screen mode. This 
capability includes : 

1) A prompt line at the bottom of the screen, indicating the names 
of variables for the current line (identified.by the first two 
characters of the line). 

2) Automatically setting tabs for the current line. 

3) Automatically setting the justification for the current line. 

4) Providing definitions of the current variable (where the cursor 
is) by pressing the HELP VARIABLE key (or the COMMAND key, then 
enter HV). 

A general description of the HELP PROGRAM capabilities is included in 
the appendix. 

The HP command followed by a question mark (?), or nothing, will 
display a list of those programs for which help is available. The HP,. 
command followed by the name of one of the programs displayed, will 
activate help for that program. After help has been activated, it can be 
disabled by entering the command "HP OFF", and re-enabled with "HP ONm. 

3.6.7 HELP VARIABLE 

The HELP VARIABLE command provides definitions of HEC program 
variables as an aid in preparing data input files. HELP PROGRAH must be 
on in order to access this command. 

In the full screen mode, HELP VARIABLE is requested by placing the 
cursor on the line and data field for which the variable help is desired, 
then pressing the HELP VARIABLE key. If no HELP VARIABLE key is available 
for the terminal you are on, press the COMMAND key, then type HV (return) 
to access help. 

HELP VARIABLE may be used from the line edit mode by entering the 
command (HV), followed by either the variable name (e.g. HV METRIC), or 
the data line identifier and field number (e.g. HV 51-02). 
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3.6.8 JUSTIFY 

The j u s t i f y  command controls how information is entered i n to  f i e l d s  i n  
t h e  f u l l  screen mode. When JUSTIN is act ive  ( the  defau l t  is o f f ) ,  and 
t h e  cursor  is on the r i gh t  edge of a data f i e l d  (by pressing the tab key) ,  
new characters  entered cause those characters already i n  t ha t  f i e l d  t o  b e  
s h i f t e d  t o  the l e f t ,  so  t ha t  en t r i es  are  always al igned with the r i gh t  
s i d e  of the  f i e ld .  .For more information see the Help Program Appendix. 

When HELP PROGRAM is on, JUSTIN is controlled by information i n  the 
HP program f i l e ,  and cannot be turned off  or  on. JUSTIFY is normally used 
f o r  en te r ing  data f o r  programs tha t  do not have a HP f i l e .  

3.6.9 J O B  CONTROL 

J C  
DOS (on the  PC) 

The J O B  CONTROL command temporarily moves you i n to  Job Control ,  
r e t a i n i n g  your e d i t  session. I n  Job Control, you can do l imi ted th ings ,  
such as list a f i l e ,  ge t  a directory (or map on the  Harr is) .  DO NOT e d i t  
any o ther  f i l e s  i n  t h i s  mode; I f  you do, your e n t i r e  e d i t  session may be  
10s t . 

On Harr is  computers, do not attempt a "FREE ALL". To re tu rn  t o  your 
COED sess ion,  type "EXIT". You w i l l  be returned t o  the  where you were 
when you issued the J C  command. 

On the  PC, you a r e  moved in to  an abbreviated version of WS. I n  t h i s  
ve r s ion ,  there is no prompt ( the  cursor w i l l  remain a t  the  end of the  last 
l i n e  p r in ted) .  To re turn t o  COED, press only a carr iage re turn.  The 
command "DOS" can be used instead of "JCn on the PC. 
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3.6. LO SPECIAL CHARACTERS 

SC ON1 OFF 

The SPECIAL CHARACTERS command allows control characters to be 
entered, and will print control characters when encountered. Control 
characters are displayed as a caret (^) with the control character under 
it. For example, a control-G in a line would be printed as: 

This isA a test line. 
G 

The COLUMN SCALE (CL) command will always print control characters, 
regardless if SPECIAL CHARACTERS is on or off. (Note: The delete key is 
not a control character, and its printing is dependent upon the terminal 
being used.) 

3.6.11 TAB SETTINGS 

TA [cll[,cI...ll 

The TAB SETTINGS command sets tabs at columns el, c2, etc. Up to 
twenty tab fields may be set. Tabs may be removed by typing "TAR with no 
parameters. Default settings are 7, 10, 13, 16, 19, 22 and 73. The tab 

. . settings are automatically changed to data style by entering a FREE 
command. The current tab settings may be displayed with the TERMINAL 
DEFINITION command. 

O n  Harris computers, the default settings may be changed in the COEDTD 
file (see Site Installation). 

3.6.12 TAB CHARACTER 

TC char 

The TAB CHARACTER command defines the character "char" to be used for 
tabbing. The default tab character is ">". 
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3.6.13 TERMINAL DEFINITION 

The TERHINAL DEFINITION command describes the a t t r i b u t e s  of the 
individual  terminal t o  the ed i to r .  This is separate from the  terminal 
de f in i t i on  f i l e  used i n  f u l l  screen edi t ing.  

The "S-" option describes the l i n e  s i z e  t o  be used f o r  p r in t ing .  The 
defau l t  value is e i ther  80 o r  132 characters ,  depending on the f i l e  
being edited. 

The "G" option specif ies  the number of l i n e s  per t e x t  l i n e  t o  p r i n t .  
The defaul t  value is 1 l i ne .  

The "C-" option defines the continuation character  f o r  input. This is  
useful  when input l ines  a r e  greater  than the  terminal column width. 
The defaul t  character is ">". 

If TE is entered with no parameters, the current  values of S,  L, C and 
t he  cur ren t  tab se t t ings  are displayed. 

3.6.14 VERIFY 

V [OFF] 

The VERIFY command, when used i n  conjunction with the  "OFF" parameter, 
suppresses output (unless exp l i c i t l y  requested using the  PRINT command). 
The ve r i f i c a t i on  may be re ins ta ted by enter ing V without "OFF". 

3.6.15 ZONE 

Z [m-n] 

The ZONE command causes subsequent execution of the  CHANGE and LOCATE 
commands t o  apply only t o  the zone (col'mns) specif ied.  m is the  s t a r t i n g  
column and n is  the ending column. I f  no parameters a r e  spec i f i ed ,  the 
c u r r e n t  zone se t t ings  a r e  displayed. 

COED Page 3-23 



4.0  Machine S ~ e c i f i c  Attributes 

4 . 1  IBM PC (MS-DOS) Svecifics 

4.1.1 General Information 

The P.C. version of COED requires MS-DOS Version 2.1 or  l a t e r ,  and at 
l e a s t  512 KB of memory. The 8087 math co-processor is not needed. I f  
COED w i l l  not run, the number of f i l e s  specified i n  the "\CONFIG.SYSn f i l e  
should be changed to 15, and the number of buffers s e t  to  10, that  is:  

The PC version has been ta i lored  to  take advantage of the speed of 
in-core editing. I f  the f i l e  being edited exceeds available memory, a 
s p i l l  f i l e  w i l l  be used ( th is  occurs a t  about 2000 l ines  a t  80 columns). 
When the  s p i l l  f i l e  is  needed, edi t ing speed performance is degraded, s o  
appropriately sized f i l e s  is recommended. 

4.1.2 F i l e s  Used 

When a f i l e  is  edited, two backup f i l e s  are  created for  recovery 
purposes. By default ,  these f i l e s  w i l l  be generated i n  the root 
d i rec tory ,  unless an accessory f i l e  directory has be defined as described 
i n  sect ion 4.1.3. Their names are: 

COED. BUP 
CO El). REC 

The f i l e  COED.BUP w i l l  contain a copy of the l a s t  f i l e  edited, before 
any modifications were made. This f i l e  can be used, i f  unwanted changes 
a r e  accidently saved. 

The f i l e  COED.HLP must be available f o r  HELP features to  function. 
The f i l e  \COED.TRM w i l l  be created i n  the root directory of the default  
dr ive  i f  any setup features are used (see below). . 

4.1.3 Setup Function for  Full Screen 

The. control-F2 function key i n  the ful l -screen e d i t  mode provides a 
means of set t ing screen colors ( for  color monitors), defining the 
d i rec tory  for  the COED accessory f i l e s ,  and making COED come up i n  the 
f u l l  screen mode. After pressing control-F2, a short  menu w i l l  appear, 
requesting the user to  enter a "P", o r  a "N" t o  s e t  the Ful l  Screen mode 
to Permanent (or unset i t ) ,  a "Dm to change the accessory f i l e  directory,  
o r  a "C" to  change screen colors. I f  a "P" i s  entered, then COED w i l l  
always go direct ly  i n  to  the Full Screen mode a t  the beginning of an e d i t  
session,  without the user having t o  type "FS". To rese t  t h i s  fea ture ,  so 
t h a t  COED w i l l  begin with the l ine  ed i t  mode, type a "Nu. The user is  
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re turned t o  the f u l l  screen mode when e i t he r  of these characters a re  
pressed. 

If the accessory f i l e  directory is changed, then COED w i l l  generate 
the recovery f i l e s  i n  t h i s  directory,  and look for  the help f i l e  
(C0ED.HI.P) here. After se t t ing  the directory,  and terminating the e d i t  
sess ion ,  the user should copy a l l  of these f i l e s  from the old directory 
( the  defau l t  is the roo t  directory) in to  the new directory,  with the 
exception of the f i l e  \COED.TRM. C0ED.TR.M must always remain i n  the root  
d i rec tory .  

To change the screen colors,  enter  a "Cn from t h i s  menu. This w i l l  
cause another short  menu t o  appear, allowing one to  change the foreground 
and background colors fo r  the main screen, the s ta tus  l i ne ,  and the help 
program prompt l i ne  on a color screen. These colors are retained between 
e d i t  sessions ( i n  f i l e  \COED.TRM). By pressing the "F" key, the colors 
s c r o l l  through the foreground color (16 colors) .  "Bn changes the  
background color (8 colors) ,  "S" changes the s t a tu s  l i n e  foreground color ,  
and "Tn changes the status l i ne  background color. .  A "H" toggles through 
the  he lp  program prompt l i n e  foreground colors,  while a "P" toggles 
through the  prompt l i n e  background colors. When complete, a carriage 
r e tu rn  re turns  to  the e d i t  mode. 

4.2 Harr is  Specific Information 

I f  $ADD is s e t  t o  "ONw, COED w i l l  turn i f  off  and p r in t  a message t o  
t h a t  e f f e c t .  To e d i t  a f i l e  with $ADD ON, the "A" option must be used 
($ADD does not have t o  be s e t  on, COED w i l l  automatically s e t  it t o  on); 
For example: 

COED uses the f i l e  "SYST*COEDTDn, which must be located i n  the system 
q u a l i f i e r ,  t o  identify parameters (such as  the duplex), and and terminal 
de f in i t i ons  for  f u l l  screen editing. Located i n  t h i s  f i l e  is the  
q u a l i f i e r  name of where addit ional  accessory f i l e s  may be found (such a s  
COEDHE, fo r  on-line documentation, and the help program f i l e s ) .  See the  
Harr is  i n s t a l l a t i on  sect ion fo r  more information on the COEDTD f i l e .  

I n  order t o  achieve the most effect ive  performance on Harris  
mini-computers i n  use by the Corps of Engineers, several  COED capab i l i t i e s  
have been ta i lo red  for  t h a t  system. Most edi t ing is done in-core with the  
operat ing system providing v i r t u a l  memory paging through the  in-core 
' f i l e '  instead of using l e s s  e f f i c ien t  user d isk  I / O .  This makes COED 
requ i re  a larger  amount of memory than previously. Some system s i t e  
managers a re  re luctant  t o  provide users with permission t o  use more memory 
under the bel ief  t ha t  it w i l l  have detrimental e f fec t s  on t h e i r  system 
performance. Our t e s t i ng  has shown tha t  l imi t ing the program s i z e  may 
cause l e s s  e f f i c i en t  use of computer resources. The addit ional  overhead 
of t he  user disk 110 implementation is far  more demanding on system 
resources than.the current ly  implemented v i r t u a l  memory approach. 

Page 4-2 COED 



APPENDICES 



A~~endix A 
Alphabetical Command Swnmary 

Command 

Alter 
Bottom 
Change 
Change Wild 
Column Duplicate 
Column Move 
Column Remove 
C o h n  scale 
Column Set 
CU t 1 ine 
DElete 
Define Wild 
Duplicate 
ENd 
Find 
Find Except 
FILE 
File Name 
FRee 
Full Screen 
GEt 
Go to 
H E ~ P  
Help Program 
Help Variable 
Insert 
Job Control 
JUs tify 
Line Numbers 
Locate 
Locate Except 
Locate Wild 
MOve 
Next 
Overlay 
Print 
Print Line number 
Put 
Quit 
Replace 
REmove 
STart 

AL 
B 
C 
CW 
CD 
CM 
CR 
CL 
CS 
cu 
DE 
D W 
DU 
EN 
F 
FE 
FILE 
FN 
FR 
FS 
GE 
G 
HE 
HP 
HV 
I 
JC 
JU 
LN 
L 
LE 
LW 
MO 
N 
0 
P 
PL 
PU 
QU 
R 
RE 
ST 

[/stgl/stg2/ Inln ml I 
/stgl/stg2/ [nln ml 
m-n c [r] 
m-n c [r] 
m-n [r] 

m[-n] 'char' [r] 
cl/string/ [n] 
[nl 
[=I [cml 

[string] 
string 
[ filename] 
[ filename ] 
[OFF IVERIFY] 
[LI [CI 
[filename] [mi m n] 
n 
[commandlnumber] 
[program-namel?lOFFION] 
[variable-namelline-id.field] 
[line] 

[DATA I OFF) 
[ OFF1 
[/string/ [nl 1 
/string/ [n] 
/string/ [n] 

[nl 
1 ine 
InlALLl 

[ filename ] 

1 ine 
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SAVE 
Special Characters 
Splice lines 
TAb settings 
Tab Character 
TErm definition 
TOP 
TRunc a t e 
UP 
Verify 
X 
Y 
Zone 

SAVE 
SC 
SP 
TA 
TC 
TE 
T 
TR 
U 
v 
X 
Y 
z 

[filename] 
ON 1 OFF 
cl/string/ [n] 
[cl t .c[ . - 1 1  
char 
[S-n] [ G m ]  [C-char] 
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h ~ ~ e n d i x  B 
Table of COED Commands 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I A .  -ALter I FR -FRee I PL -Pr int  Line number I 
I B -Bottom I F S  -Fu l l s c r een  I P U  - P u t  

I G -Goto I Q U  -Quit 
I 

I C -Change 
I CD -Column Duplicate I GE -GEt I R -Replace 

I 

I CL -CoLumn sca l e  I HE -HElp I RE -REmove 
I 

1 HP -Help Program / SAVE -SAVE 
I 

I CM -Column Hove I 
I CR -Column Remove I fIV -Help Variable I SC -Special Characters I 
I CS -Column Se t  1 I - Inser t  I SP -Splice l i ne s  I 
1 - C u t l i n e  I J C  -Job Control I ST -STart I 
I CW -Change Wild I JU - Jus t i fy  I T  -Top I 
I DE -DElete I L -Locate I TA -TAb se t t ings  I 
I DU -Duplicate I LE -Locate Except I TC -Tab Character I 
I DW -Define Wild I IN -Line Numbers I TE -TEm def in i t ion  I 
I EN -ENd I IJJ -Locate Wild I TR -TRuncate I 
I F -Find I HO -HOve I u  -UP 
I FE -Find Except I N  -Next 

I 
1 V -Verify 

I FILE -FILE 
I 

I 0 -Overlay I X -X 
I FN -F i l e  Name I P -Pr int  I Z -Zone 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
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H e l ~  Pro~ram Information 

This section describes the COED Help Program capabi l i t ies  tha t  a id i n  
generating and editing data input f i l e s  fo r  engineering programs. The 
following topics are  covered i n  th i s  section: 

1)  Prompting with data input l ine  definitions. 
2) Automatic tab stops for  each data input l i ne .  
3 )  Automatic just i f icat ion of data i n  each f ie ld .  
4) Checking fo r  non-numeric data a t  time of entry. 
5 )  Use of the numeric key pad fo r  data input. 
6) Data input variable definit ions.  
7)  Program Help f i l e s .  

C.l Data I n ~ u t  Line Prom~ts 

The f i r s t  two characters of the l ine  that  the cursor is  on governs the 
contents of a program prompt l i n e  located a t  the bottom of the screen. 
These characters are  compared against a l ist  of l ine  iden t i f i e r s  from a 
f i l e  containing tha t  program's help information. I f  the i d e n t i f i e r  i s  
recognized, the prompt l ine  associated with that  ident i f ie r  is displayed. 
I f  the ident i f ie r  is  not recognized, a default prompt is displayed. The 
prompt is  changed i f  the ident i f ie r  on the current l ine  is changed, o r  i f  
the cursor is moved to  a different l ine.  

C . 2  Automatic Tab S t o ~ s  

The tab stops are dynamically reset  fo r  each l ine ,  according t o  the 
l i n e  iden t i f i e r  and information from the program's help f i l e .  I f  the  l i n e  
i d e n t i f i e r  is not recognized, then default  tab stops are s e t .  

C . 3  Automatic Just i f icat ion 

With Help Program on, the jus t i f ica t ion  se t t ing  is dynamically s e t  for  
each l i n e  and f i e l d ,  according to  the l ine  ident i f ie r  and information from 
the program's help f i l e .  When Help Program is  o f f ,  the ju s t i f i ca t ion  mode 
may be s e t  by the JUSTIFY key or command. Without data ju s t i f i ca t ion  on, 
data  entry and tab stops operate normally. With da ta- jus t i fy  on, 
characters  entered are  r ight  jus t i f ied  within each f ie ld .  I f  the cursor 
is  on the r ight  edge of a f i e ld ,  any characters typed are  aligned t o  the 
r i g h t  of the f i e ld .  I f  the cursor i n  not on the r ight  edge of the f i e l d ,  
then any characters typed w i l l  be placed normally, u n t i l  reaching the 
r i g h t .  edge. The tab key is used to  move to the next f i e l d ,  whereby the 
cursor is placed on the r ight  edge of the f ie ld .  When data j u s t i f i c a t i o n  
i s  on, the backspace and the delete key w i l l  remove the :character a t  the 
cursor location. 
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C . 4  Checkine for  Nan-numeric Data 

When entering data, the data may be checked to assure only numeric 
d i g i t s  a r e  entered. This can prevent the entry of the l e t t e r  "On when a 
zero was intended. - Uhen numeric data checking i s  performed, only the 
following fourteen characters may be entered: "0123456789 .-+". Numeric 
data  checking is governed by information i n  the program's help f i l e .  

C.5 Use' of the Numeric Kenad 

Numeric data may be entered most rapidly from the numeric keypad. 
Unfortunately, on many keyboards th i s  disables the use of the keypad for  
cursor movement. The keypad may be s e t  i n  a numeric mode-by pressing the 
COED "MM-LOCK" key. To return the keypad to a cursor movement operation, 
press the COED "NUH-LOCK" key again. O n  personal computers with programs, 
tha t  emulate terminals, the local  keyboard "NUM-LOCK" key may need to  be 
s e t  on, and the separate COED "NUH-LOCK" key i s  used to  toggle between the 
cursor movement application and numeric application. 

C .6 Variable Definitions 

If the Help Program mode is on, and the program's help f i l e  contains 
var iab le  def ini t ions,  the definit ions may be displayed on the screen by 
use of the HELP VARIABLE command. 

I n  the  f u l l  screen mode, HELP VARIABLE is requested by placing the 
cursor on the l i n e  and data f i e l d  fo r  which the variable help' is desired,,  
then pressing the HELP VARIABLE key. I f  no HELP VARIABLE key is available 
f o r  the  terminal you are  on, press the COHHAND key, then type HV (return) 
t o  access help. 

HELP VARIABLE may be used from the l i n e  e d i t  mode by entering the 
command (HV), followed by e i ther  the variable name (e.g. HV METRIC), or 
the data l i n e  ident i f ie r  and f i e l d  number (e.g. HV 51.02). 

C .7  H e l ~  Prozram Fi les  

The Help Program feature uses.= external f i l e ,  fo r  each program, tha t  
contains information on the l ine  variable names, tab set t ings,  
j u s t i f i c a t i o n ,  non-numeric checking, and variable definit ions.  The f i l e  
"COEDHP" contains a list of a l l  programs fo r  which help is available, and 
the names of each program's help f i l e .  (The format of the COEDHP f i l e  is 
self-explanatory.)  The COEDHP f i l e  is located i n  the directory or  
qua l i f i e r  defined i n  the OOOOSYSWCOEDTD or.\COED.TRM f i l e .  

The program help f i l e s  are  indexed t ex t  f i l e s .  If a progran help f i l e  
is changed, the byte or l i ne  count tha t  is used fo r  indexing may become 
incorrec t ,  and the help for  that  program w i l l  not operate properly. I f  
you wish t o  modify or  add a help f i l e ,  contact the HEC for  assistance. 
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Harris Instal la t ion Information 

Several default set t ings may be specified i n  the f i l e  "SYST'+COEDTDn, 
along with terminal definit ions for  full-screen editing. These se t t ings  
include: 1 )  the duplex (echoplex); 2) the column s i ze ;  3) tab 
se t t ings ;  4) the qual i f ier  location for  the help f i l e ;  and 5) the 
terminal def ini t ion to  be used for full-screen editing. 

D . l  Set t ing General Editine Defaults. 

I n  order to  change the default set t ings,  the f i r s t  four characters of 
t he  f i r s t  l i ne  i n  f i l e  "SYSPCOEDTD" must be LOAD. On subsequent l i n e s ,  
instruct ions can be given to  change the default set t ings.  This typical ly  
cons is t s  of a four character keyword, followed by an equal sign, then the 
new se t t ing .  . Comments may be inserted (as separate l ines)  by using a n  
a s t e r i s k  (*) as  the f i r s t  character i n  the l ine.  The se t t ings  must end 
with an ENDLOAD statement.- 

D . 1 . 1  Duplex (Echoplex) 

By default ,  COED checks the Harris s t r ing  regis ter  "SDX" to  determine 
i f  the duplex is FULL or HALF (by checking a reg is te r ,  d i f fe rent  
terminals may have different duplexes). I f  t ha t  r eg i s t e r  i s  
nonexistent, f u l l  duplex is assumed. The COEDTD f i l e  may specify a 
d i f f e ren t  regis ter  t o  check, or.'hardwiren the duplex. If the duplex 
is  h a l f ,  and full-screen editing is desired, see the notes under 
Full-Screen Terminal Definition tha t  follows. 

.To have COED check another regis ter ,  use the keyword "DREGn,. 
followed by an equal sign , then the reg is te r  name. For 
example, to  check the regis ter  "DPX", use: 

To "hardwire" a duplex set t ing,  use the keyword "DUPL", followed 
by an equal sign ( )  then the word "FULL" or  "HALF". For 
.example: 

COED 

DUPGHALF 
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2 Column Size (S-value) 

The defaul t  column s ize  (length) is s e t  t o  the optimum 80 characters. 
With t h i s  se t t ing ,  COED w i l l  check the f i r s t  100 l ines ,  to  see i f  any 
l i n e s  a re  longer than 80 characters. I f  so, the column size w i l l  be 
s e t  t o  132 characters. Any value specified on the execution l ine w i l l  
override this .  I f  a default column size other than 80 is desired, it 
may be specified by the keyword 'S", followed by an equal sign, then 
the new value. For example: 

[ I n  t h i s  case, COED w i l l  not check the f i r s t  100 l ines . ]  I n  any case, 
if the user specifies an S value on the execution l ine,  it w i l l  
override any se t t ing  in  the COEDTD f i l e .  

D.1.3 Tab se t t ings  

The defaul t  tab set t ings (7, 10, 13, 16, 19 ,  22, and 73) may be 
re-specif ied by giving a tab command in  th i s  section. This is done by 
entering the l e t t e r s  "TAB" followed by the new tabs. For example: 

TAB 7, 11, 18, 30, 73 

D.1.4 Qualifier Containing Help File 

A separate qual i f ier  .may be specified for  the location of the COED 
help f i l e  (COEDHE), and the help program f i l e s  (COEDHP). This is 
accomplished by giving the l e t t e r s  "QUAI,", followed by an equal sign, 
then the qual i f ier .  For example: 

I f  no qual i f ie r  is given, the default of "SYST" is used. 

D.1.5 Terminal name fo r  Full Screen 

When a user f i r s t  goes into full-screen mode, COED w i l l  check the 
r eg i s t e r  "STX" t o  identify the type of terminal being used. I f  that  
r eg i s t e r  is not present, a l ist  of the terminals defined w i l l  be 
given, and the user w i l l  asked for  the name of the terminal i n  use. 

A different  regis ter  can be checked, or the terminal name may be 
hardwired (useful only where a s i t e  has one type of terminal). 
To have COED check a different regis ter ,  use the keyword "TREG", 
followed by an equal sign ( ,  then the 3 character regis ter  
name. The regis ter  should contain a four character name or 
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abbreviation for the terminal. For example to have COED check 
the register "TRH": 

To "hardwire" COED so that only one type of terminal can be used, 
use the keyword "TERM", followed by an equal sign (-), then the 4 
character terminal name or abbreviation. For example, to set the 
terminal name to "TABG": 

TERM-TABG 

D.2 Exam~le TOD Portion of the "SYS'PCOEDTD" File 

U A D  
* SET THE DUPLEX REGISTER TO "DUP" 
DREGDUP 
* SET THE ACCESSORY FILE QUALIFIER TO HLIB 
QUAGHLIB 
* RESET THE DEFAULT COLUHN SIZE (LENGTH) TO 132: 
S-132 
* RESET THE DEFAULT TABS: 
TAB 7 11 20 
* SET THE TERMINAL REGISTER TO "TRM": 
TREGTRH 
ENDLOAD 

D..3 Terminal Definitions for Full-Screen Editinp; 

In order to use full-screen features on the Harris, the terminal type 
being used must be defined in the file "!XSVCOEDTDn. The definitions . 
include the number of lines and columns the terminal screen has, any 
messages that need to be sent to the terminal to set it to the proper 
mode, or reset it when done, down-loading information to any programmable 
softkeys, redefining any keys, and providing any help messages to the 
user. 

Currently, full-screen editing can only be done on terminals that meet 
ANSI terminal standards (this includes most newer terminals). 
Unfortunately, many Harris terminals, such as the Beehive, do not meet 
these standards. It is planned that a future release will have provisions 
for those terminals. 

Full-screen editing can only work in a full duplex mode. If you use 
half duplex, a message can be sent to some terminals to change them into 
full duplex during full-screen editing, then back to half duplex during 
the regular line edit mode. For more information, see the "BHn and "EMn 
keywords (following) . 
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A terminal definition begins with the keyword "TERH" (starting in the 
left-most column), followed by a blank then the terminal name (only the 
first four characters are used). If more than one model of terminal meets 
the same definition, one or more TERH statements can follow this. A 
terminal definition ends with the keyword "ENDTERM" (starting in the left 
most column). For example: 

* Define Tektronix 4105, 4017, and 4109 
TERM 4105 
TERH 4107 
TERM 4109 
(definitions) 
ENDTERM 

Each terminal definition must contain at least the following keywords: 
"TERM", "ENDTERM", "NL", and "NC". Except for TERM and ENDTERM, each 
keyword consists of two upper case characters. All parameters are 
separated from the keyword by a blank. 

D.3.1 Keyword Definitions. 

a) TEN: Identifies the beginning of a terminal definition. The 
terminal name must follow, of which only the first four character are 
used. 

b) ENDTERM: Defines the end of a terminal definition. 

c) NL: Number of lines the terminal screen has. This number may be 
followed by the word "ON", which indicates the current file line 
number should be displayed on the status line. On most terminals at 
most baud rates it takes too long to change the line number while 
moving through the file. Example: 

d) NC: Number of column the terminal screen has. If the terminal 
has two mode (e.g. 80 columns or 132 columns) or if the terminal can 
scroll horizontally, use the larger number (e.g. 132). This number 
may be followed by the word "ON", which indicates the column number 
should be displayed on the status line. On most terminals at most 
baud rates it takes too long to change the column number. Example: 
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e) IH: Initiate Message. Upon entering full-screen mode (for the 
first time), the message that follows will be sent to the terminal. 
Host of the time this message is to set the terminal in a mode 
necessary to do full-screen editing. The message is defined by a 
beginning and ending delimiter (e.g. a quote (I), or dollar sign ($)) ,  
which may not appear anywhere else in the message. Control characters 
are sent by using a caret (^) preceding the character. For example, a 
^A will send a control-A, a ^ [  will send an escape character. To send 
a caret, supply two carets (e.g. ^^)  . The message is sent exactly as 
is; No carriage return or line feed is appended. For example: 

* Set terminal to ANSI mode 
IM '^[<' 

This will send an escape character followed b; a less-than sign 
character (<). Also: 

* Set horizontal scroll on 
IM '^[[-4h1 

This will send an escape character followed by a left bracket ( [ )  
followed by an equal sign (9). a 4, and a lower case h. 

The initiate message is often used to send information to the terminal 
for programmable soft keys. There may be as many initiate messages as 
needed. 

'f) RM: Reset message. The message following the keyword is sent 
upon termination of COED. The message follows the same conventions 
used above. This is often used to return the terminal to its initial 
state. 

g) BM: Begin Message (this keyword is used infrequently). The Begin 
Message is typically used for setting the duplex to full upon entry of 
full-screen on a half duplex system. The message following the 
keyword will be sent to the terminal every time COED goes from a 
line-edit mode to a full-screen mode.' The same conventions.used in 
"IMn are used here. Only 5 "BH'sn may be used per terminal. [An "IMn 
is sent only the first time COED enters full-screen mode during an 
edit session. A "BHn is sent every time COED enters full-screen 
mode. ] 

h) EM: End Message. Used in accordance with Begin Message. The 
message following the keyword is sent to the terminal every time COED 
goes into the line edit mode from full-screen model. 
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i) HE: Help. The message following the HE keyword is sent to the 
terminal when the user requests help from full-screen mode. Typically 
a series of HE'S are provided to fill up the screen to indicate to the 
user what keys or control characters do what functions. The messages 
follow the conventions given under "IH", except that a carriage return 
and a line feed are appended to each message. 

j) HK: Help Key. This provides the name of the help key, which is 
displayed on the status line. Up to four characters may be used as 
the help key name. Example: 

D.b Redefinin~ Keys for Full-Screen Functions 

Many terminals provide alternative keys to provide functions such as 
cursor movement, or the function keys may not be programmable. By 
redefining the COED full-screen function sequence these keys ,can be 
utilized. The keys to be used must either send out a single control 
character, or an a control code sequence of up to 5 characters (.a control : 
character followed by up to 4 more characters). All sequences for a 
particular control character must be the same length. 

The keywords for redefining the function sequence are DEFINE and 
DEFINE2. DEFINE will add on that key's definition, and remove any other 
definitions for that function, while DEFINE2 will add on to that key's 
definition. There may be several definitions for each function (there is 
room for a total of 200 definitions). 

Suppose that the terminal you are installing has 4 keys, separate from 
the key pad, with arrows on them; one right; one left, one up, one down. 
If you want the key w i t h  the left arrow to preform a cursor left, and that 
key produces an "escape [D" when pressed, the COED cursor left function 
can be defined by providing the following line in the definition file: 

* Set the alternative cursor-left key 
DEFINE2 CURL-̂  [ [D 

The other cursor left key will remain defined (by default) as the 4 on the 
key pad. If DEFINE only were used, the keypad 4 would preform no 
function. 

If you wish the backspace to move the cursor left (a non-destructive 
backspace) without blanking the character, you can add another definition 
to the cursor left: 

* Make the Backspace Non-Destructive 
DEFINE2 CURG^H 

(The backspace key sends a control-H when pressed). For these 
examples, a total of 3 keys performed the cursor left function. 
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Several functions can be combined into one key in order to make more 
powerful keys. For example, to create a key to clear to the end of the 
line, you could program a softkey (terminal dependent) to send the delete 
function, a carriage return, then another delete key. However, COED 
limits its type-ahead capability only to standard characters (if someone 
were to keep the "Page Down' key pressed, it would continue paging down 
long after the key was released if type-ahead was used). Type-ahead may 
be turned completely on by sending an escape then ++, and back off by 
sending a escape then - -  In order to make a multiple function key, 
type-ahead must be first turned on (and reset to off when done). For 
example to download a "clear to end of linen sequence to a terminal 
softkey, the following Initiate Hessage.may be sent: 

* Download Clear to end of line key (multiple function key) 
* Sequence: Type-ahead on, delete char, carriage return, 
* delete char, type-ahead off. 
IM 'A[*AIOnA~AIOnA[--' 
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D .  5 Define Function Keywords, 

The keywords (and the  default  character sequences t h a t  invoke t ha t  
function) t o  used when redefining keys fo r  functions (sect ion D.4) a re  
provided i n  the following table. In  t h i s  table a ca re t  ( ^ )  indicates  A t h a t  
the  next  l e t t e r  is a control  character. For example a A represents 
con t ro l  A and a A [  represents the escape character. 

Keyword Default Sequence Function 

COMN 
LINE 
CURR 
CURL 
m u  
CURD 
PGUP 
PGDN 
HOME 
END 
BOL 
EOL 
TABR 
TABL 
INSC 
D E U  
LNSL 
DELL 
HELP 
REST 
SCUP 
S CDN 
NUHL 
METW 
PREW 
TOS 
BOS 
SAVE 
FILE 
QUIT 
KEYS 
JUST 
HLW 
EFLD 
REFR 

^A 
A B 
A [ov 
A [Ot 
A [Ox 
A [Or 
A I9 
A (0s 
A [ow 
7 0 9  
see below 
see  below 
^I 
none 

A [OM 
see below 
see ,below 
see below 
none 
none 
none 
A 

none 
none 
none 
none 

Command (single) 
Line - Edi t 
Cursor Right 
Cursor Left 
Cursor Up 
Cursor Down 
Page Up 
Page Down 
Home 
End 
Beginning of Line 
End of Line 
Tab Right 
Tab Left 
Inser t  Character Hode 
Delete Character 
Inse r t  Line Hode 
Delete Line 
Help 
Restore 
Scrol l  Up 
Scroll  Down 
Numb - Lock 
Next Word 
Previous Word 
Top of Screen 
Bottom of Screen 
Save F i le  
F i le  
Quit 
Key 5 on the Keypad 
Jus t i f y  
Help Variable 
Erase Field 
Refresh Screen 

Several  functions (such a s  Beginning of Line) use 2 keys f o r  t h e i r  
d e f a u l t  definit ion:  the keypad 5, then another keypad key. These may be 
r e f i ned  t o  use only one key, if desired. 
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D.6 ASCII Control Character Code Reoresentations 

Decimal 
Value Mnemonic COED Reoresentation 

KLTL 
SOH 
STX 
ETX 
EOT 
WQ 
ACK 
BEL 
BS 
TAB 
LF 
VT 
FF 
CR 
SO 
SI 
DLE 
DCl (X-ON) 
DC2 
DC3 (X-OFF) 
DC4 
NAK 
SYN 
ETB 
CAN' 
P1 
SUB 
ES C 
FS 
GS 
RS 
US 
Delete 
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D . 7  Example Terminal Definition, 

The following provides an example terminal definition used for the TAB 
132/15-G terminal. 

TERn TABG 

NL 24 

NC 132 
Define a l t e m t i v e  cursor keys 

DEFINE2 CURO-AtIA 

DEFINE2 WRD=^t[B 

DEFINE2 (XIRL=^CI0 

DEFINE2 tllRR=AJtC 

DEFINE2 HLPV=̂ V 
* 

Def ine backspace as m - d e s t n r t i v e  (i.e. cursor l e f t )  

* DEFINE2 CURL=̂ H 
* 
* Set terminal t o  ANSI lnode 
In '^[<' . 

Set *TABmX)E* on 

xu '^t_TABowAt\' 

Set H o r i z m L  s c r o l l  on 
XU 'Att=4h@ 

* Set Black B a c k g r d  

In * * [ ~ ? s l ~  

Set normal a t t r i t u t a  

I U  *^C[Om' 
Set replacement modc ( instead o f  i n r e r t )  

XU 'Att4L'  

Set a l te rna t i ve  K q p d  on 
In on[=@ 
+ 

Set Sof t  key Ledgends 

In IA[-LlDelete L n A n *  

In 'A[-L21nsert L n A n s  

1U @ ^  [-L3 Nun-LockA[\' 
L e d g m d  4 i s  resewed f o r  fu ture use 

xu *^t-L4 - n* 
IU lAt-LS Help ^[\I 

Xu @^t-16 Restore *n@ 
In C-L.J cannand At\1 
I U  I"[-L8Line-EditA[\@ 

Page D-10 COED 



Set Soft Key Messages 

In 'at-nlAGat\' 
In ~at-M2"F"t\o 
In oAr-luAwar\l 
In oAr-ncAt\o 
In 0al-6%At\0 
In oAt_ns-c-r\o 
In A t-n7-~~ no 
In '"l-maBat\' 

Display these sett ings 

In '*t9' 

TAB Reset Messages 
Rn 'a[t=6h' 
Rn '̂ [>' 

Rn 'at-TABOFFa~\' 
' TAB HELP MESSAGES 

TAB Help Key i s  SS 
HK SS 
HE '------------------------a 

- - - - - - - - - - - * - - -  TAB T E R n I w  NwCTIm m s  -------- - - - - - - - - - - -  I' 
I S1 - Delete current Line 55 - HELP I 1' . . 
/ S t  - Irrrert Line mode (toggLe) S6 - Restore Line I 1' 
1 53 - Nrmkr-Lock S7 - Carmsnd I 1' 
I SC - ( resend )  S8 - Line edit  mOde I 1' 
-----*----.----------------*-------------*------------..*-*.-..--------. I' 

K E Y  P A D  K E Y S  
--------------------.-*-.--.-*------. 

I' 
I' 

HE ' I Other Kyped Fu r t i ens  

HE '1 
HE ' I Key 5 then 4: Begiming o f  l i n e  

HE I Key S then 6: End of Line 

HE ' I Key 5 then 2: Bottaa o f  screen 

HE ' I Key 5 then 8: Tcp of  screen 

HE I Key S then *printa: Previous 

HE '1 Word 
HE '1 
HE '1 
HE I Press <space> fo r  w r e  help 

HE I Press <SS> (HELP) t o  reumc ed i t  

I HacE I I PACE 1 SCROLL I 
I I I  I u p I l " ' I  I-------.--.-.------.-.-.----.----.- 

1 - - ->  
I 

I <--- I I SCROLL I 
I I S  I I D M  I I----------.--.------..-.----------- I 
I END I I I PAGE I I 
I I V I DOUN I NEXT I I.------.------.--------.-.. - I 
I INSERT I DEL I I 
I CHAR I CHAR I I -----.-*----------..-..-.....---...-- 
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b ~ ~ e n d i x  E 

MS-DOS P.C. Installation Informatioq 

The MS-DOS version of COED can either be used on a dual-floppy systesn, 
or on a hard disk system. On either system, at least 460 Kbytes of free 
memory (equivalent to 512 Kbytes of total memory running DOS 3.1) and W S  
2.1 (or later) are required. The math coprocessor is not needed. Make 
sure that the \CONFIG.SYS file has at least the following: FILES-15 and 
BUFFERS-10. 

Three diskettes are supplied for COED. The first diskette contains 
the executable program, the on-line help file, some installation setup 
files, and some accessory files. The second diskette contains the HEC 
help program files, for use with the help program feature of COED. The 
third diskette contains a copy of the COED documentation, if a hard copy 
is not already available. 

Included with the first diskette is a Crosstalk file (HARRIS-XTK) that 
emulates a Televideo terminal for coamnmication with a Harris computer. 
Since the Televideo meets ANSI terminal standards, it can be used for 
full-screen editing. This file may be used by those, with Crosstalk, for 
full-screen editing by pressing the NUM LOCK key to enable use of the key 
pad (to communicate with the Crosstalk program, press the MTM LOCK key a 
second time). Communication parameters (e.g., baud rate, port) may need 
to be changed. 

On a dual-floppy system, insert the first COED diskette into one of 
the drives, and edit file(s) on the other drive. The default drive may be 
either drive, as COED will check both drives for the COED.TRH file (the 
file that .remembers the screen colors). (Piake sure that no directory is . 
set in the COED.TRM file). 

The following are instructions for installing COED on a hard disk 
(assumed to be drive C: in these examples). The instructions in section 
one are for loading the COED program into the root directory, and the 
accessory files into directory C:\UTIL. Section two provides instructions 
on loading the COED accessory files into an alternative directory. If you 
have an old version of COED, backup that version, then erase all the old 
COED files on the hard disk before you begin. 

1) A batch file (SETUP-C.BAT) has been included on diskette 1, which 
will load C0ED.W and COED-TRH into the hard disk root 
directory, then copy the accessory files into the directory \UTIL 
(which will be created, if not present). To install COED in this 
manner, insert diskette one into drive A, then type: A:SETUP-C 
and follow the instructions on the screen, 
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2) I f  you des i re  to  load the COED accessory f i l e s  ( i . e .  help f i l e s ,  
recovery f i l e s ,  and help program f i l e s )  i n  a a l t e rna t ive  
d i rec tory ,  complete the following instructions:  

a )  Create the  directory fo r  the accessory f i l e s  i f  it does not 
y e t  e x i s t s  (e.g.,  type: HD \UTIL) . 

b) place the  f i r s t  COED disket te  i n  the A drive and change the 
defau l t  drive t o  A: (type: A: i n  DOS). 

c )  Use COED t o  e d i t  an dummy f i l e  (e.g. ,  type: COED XYZ). 

d) After  t he  D prompt has appeared, enter  i n to  ful l -screen 
mode (type: FS). Now press the setup key (control-F2). 

e )  Set  the  drive and the a l ternat ive  di rectory by pressing the 
"Dm key. Enter the drive anddirec toryse l ec t ed (e .g . ,  
type: C:\UTIL\) . 

f) Exit  COED by pressing the qu i t  key (control F10). 

g) Change the  default  drive back t o  the  hard disk  drive 
(type C:) then copy A:COED.TRM i n to  the  roo t  directorv of 
t he  hard disk  (type: COPY A:COED.TRM C:\COED.TRM). 

h) Copy the  C0ED.HL.P f i l e  from disket te  one i n to  the  di rectory 
se lec ted  (e.g., type: COPY A:COED.HLP C:\UTIL). 

i) Copy the  COED program from d i ske t te  one i n to  the root, 
d i rec tory  , ( o r  a l ternat ive  directory according t o  the  note 
below) (e.g., type: COPY A:\COED.EXE \COED.EXE). 

j) Copy a l l  of the f i l e s  on disket te  two in to  the  directory 
se lec ted  (e.g., type: COPY A:*.* C:\UTIL). 

3) I f  you des i re  t o  s to re  a l l  the COED f i l e s  i n  your roo t  d i rectory,  
copy a l l  of the  COED f i l e s  from disket tes  one and two i n t o  the  root  
d i r ec to ry  (e.g. ,  type:. COPY A:*.* C:\), The setup f i l e s  may be erased 
a f t e r  copying. 

Notes: 

The COED documentation f i l e  on disket te  three does not  need t o  be 
placed on the  hard disk (only use it i f  you des i re  a hard copy of the 
documentation). 
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The COED executable may optionally be stored in an alternative 
directory by setting the path to that directory. This is done by 
modifying the autoexec.bat file to contain a PATH command that includes . 

the directory where the executable is. For example, if COED is to be 
stored in "\UTILn, add (or modify) the following line to autoexec-bat: 

PATH C:\;C:\UTIL 

See your DOS Documentation for further information on the PATH 
command. 

Copy the executable file (COED.=) from diskette one into this 
directory. 
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ADDendix F 
F u l l  S c r e e n  Kev T e m ~ l a t e s  

MS-DOS P e r s o n a l  Corn~uter  

COED NU SCREEN KEYS 

Beg of Line:  5 4- 
End of Line: 5 -b 

Top of Screen:  5 t 
Bot of Screen: 5 4 
P r e v  Word: 5 Nxt Wd 

- 

Scror 

UP 

+ b d  

Dom 

licit 

Wad 

,, 

4 - 5  

w 
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/ d. I Z I  

COED FUNCTION KEYS 
Key 
Control + Key 
Shift + Key t 

4 

Alt + Key 
Help 
- 
- 

Help Var. 
Delete tine 

- 
Erase Field 

- 
- 
- 
- 
- 
- 
- 
- 
- 

Command 
- 
- 
- 

Pope 

Vp 

Popc 

Dm 

Restore 
PC Setup 

- 
- 

Insert tine 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

tine-Edit 
Quit 
Save 
file 



TAB Terminals 

COED 

COED FUU SCREEN KEYS 

Beg of Line: 5 t 
End of Line: 5 4 

Top of Screen: 5 t 
Bot of Screen: 5 8 
Next Word: C n t 1 - t  
Prev Word: C n t l +  
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Tektronix 1100 Ser ie s  Terminals 

C O D  NU SCREEN KEYS 

Beg o f  L i n e :  5 + 
End o f  Line:  5 -+ 

Top o f  Screen:  5 t 
Bot  o f  Screen:  5 4. 
Next  Word: C n t l  -+ 
P r e v  Word: C n t l ~  

+ . b d  

up 
(-1 

bd 

Oa 

(4 

COED 

I ,, 1 :  I 

Pope 

up 

P, 

Dom 

Hanc 

4- 

w 
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Human D e s i g n  S y s t e m s  (HDS) Terminals 

COED FUNCTION KEYS F 1 7 - F 2 3  I 
I I 1 I Help Vor I I shut 

Delete Ln 1 Insert Ln I Num-Loel. 1 Help ( Restore ( Command 1 Line Edit 

COED FUNCTION KEYS F1-FS  
Oelete ~n I Reirean 1 Sowe Z ~ U I  

COW mu SCREEN ms 

Insert Ch 

Beg of L i n e :  5 4- 

End of Line:  5' 
Top of S c r e e n :  5 t 
~ o t  of Screen:  5 8 
Next Word: Cntl 4 

p r e v  Ford: Cntl + 

OeIete Ch ~namrt L n  I 0.1 to EOL 1 Fit. 
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. . . . . . . . . . . . . . . . . . . . . . . . .  Al te r  3-10 

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ o t t o m  3-1 

. . . . . . . . . . . . . . . . . . . . . . . . .  Change 3-5 
. . . . . . . . . . . . . . . . . . . . . .  Change Wild 3-14 

. . . . . . . . . . . . . . . . . . . .  Column Duplicate 3-11 
. . . . . . . . . . . . . . . . . . . . . .  Column Move 3-11 

. . . . . . . . . . . . . . . . . . . . .  Column Remove 3-11 
. . . . . . . . . . . . . . . . . . . . . .  CoLumn sca le  3-11 

. . . . . . . . . . . . . . . . . . . . . .  Columnset - 3 - 1 2  
. . . . . . . . . . . . . . . . . . . . . . . . . .  CUt  3-15 

. . . . . . . . . . . . . . . . . . . . . . . . .  DElete 3-5 
. . . . . . . . . . . . . . . . . . . . . .  Define Wild 3-14 

. . . . . . . . . . . . . . . . . . . . . . .  Duplicate 3-8 
. . . . . . . . . . . . . . . . . . . . . . . . . .  ENd 3.8 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Find 3-3 

. . . . . . . . . . . . . . . . . .  . Find Except . . . .  ' 3-12 
. . . . . . . . . . . . . . . . . . . . . . . . . .  FILE 3.7 

. . . . . . . . . . . . . . . . . . . . . . .  F i l e  Name 3-18 
. . . . . . . . . . . . . . . . . . . . . . . . . .  FRee 3-16 

. . . . . . . . . . . . . . . . . . . . . .  F u l l s c r e e n  3.19 . 

. . . . . . . . . . . . . . . . . . . . . . . . . .  G E t  3-9 

. . . . . . . . . . .  . . . . . . . . . . . . . .  Goto : 3-4 

. . . . . . . . . . . . . . . . . . . . . . . . . .  HElp 3-18 
. . . . . . . . . . . . . . . . . . . . . .  Help Program 3-20 

Help Variable . . . . . . . . . . . . . . . . . . . . .  3-20 
. . . . . . . . . . . . . . . . . . . . . . . . . .  I n s e r t  3-6 

. . . . . . . . . . . . . . . . . . . . . . . .  J u s t i f y  3-21 
. . . . . . . . . . . . . . . . . . . . . .  Job Control 3-21 
. . . . . . . . . . . . . . . . . . . . . .  Line Numbers 3-19 

. . . . . . . . . . . . . . . . . . . . . . . . .  Locate 3-3 
. . . . . . . . . . . . . . . . . . . . .  Locate Except 3-12 

. . . . . . . . . . . . . . . . . . . . . .  Locate Wild 3-13 
. . . . . . . . . . . . . . . . . . . . . . . . . .  MOve 3.9 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Next 3-1 

. . . . . . . . . . . . . . . . . . . . . . . .  Overlay 3-1  
. . . . . . . . . . . . . . . . . . . . . . . . .  P r i n t  3-2 

P r i n t  Line number . . . . . . . . . . . . . . . . . . .  3-19 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Put 3-9 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Q u i t  3-7 

. . . . . . . . . . . . . . . . . . . . . . . .  Replace 3-6 
. . . . . . . . . . . . . . . . . . . . . . . . .  REmove 3-9 
. . . . . . . . . . . . . . . . . . . . . . . . .  STart 3-8 
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Spl ice  l i n e s  . . . . . . . . . . . . . . . . . . . . . .  3-15 
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TAB Terminals 
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CHAPTER 2. Modeling a Bridge %te with HEC-6T1 

Introduction 

The segment of river selected for this problem is the West Fork of the San Juan River (UPPER). It is also called 
the Bridge Site. This site has a drainage area of 50.5 square miles and a bank full discharge of 650 cfs. The channel slope 
is about 2 percent. Sediment size varies from sand to boulders. 

Making a Sediment Study 

Summaw of Tasks. The problem is organized according to the following Summary of Tasks for making a sediment 
study - 
1. Assemble available data from office files ( i ,  cross sections, suspended sediment measurements, bed loaddata, bed 

material measurements. soil ~ d s e d i m e n t  yield. hpirvgmphs, water tempernture, observed water surface pmfies, reservoirs 
in the basin, construction activities) 

2. Develop geometric data set and nm a steady state water discharge (using a 2-yearpeak discharge to idma$ fmuble 
spew 

3. Make a reconnaissance trip through the study area (to identifi locations of bank instability, bed instability, features 
that will aid in establishing n-values of the bed banks and overbanks, giving particular attention to locations 
appearing to be trouble spots); Document the observations with photographs and prepare a report of the findings 

4. Calibrate n-values 

5. Develop the sedimentary data set 

6. Calibrate the model 

7. Run Base Test (The No Action Condition) 

8. Run Plan Test 

9. Analyze Rdts (Compme dae results of the P h  Test with thacefiPm the Base Test to evaluate the impact of sedimentation 
on the plmt. the impact of the plan on strermr system morphology. the cost eflectiveness of the plan, and the reliabiliv of the 
plan during extreme events) Continue nmning plans until all have been tested 

10. Select the Recommended Plan and perform a sensitivity analysis by changing boundaxy condition values 

General Conce~ts Prowsed bv Thomas. Computational modeling is the fonnal process of assembling data which 
provides the geometry of a study reach at two points in time and which provides the idowing water discharge. the 
inflowing sediment load and the downstream stages between those two points in time. The model is "calibrated" by running 
the hydrologidsediment boundaxy conditions between two sets of measured mss sections. Sediment inflow, the sediment 
mqon function, and n-values are adjusted, within reason, until calculated changes match those in the prototype. 
Important parameters to observe are cross sectional areas, water surface elevations, water velocities, and sediment delivery. 
Calibration is the process of adjusting model parameters until the calculated values agree with the measured data. 

' Data furnished by Dave Rosgen, Wildland Hydrology, Pagosa Springs, CO 81 147,970-264-7100. 



An alternative to computational modeling is ComputntionaI analysis. Computational analysis is the application of, 
perhaps, the same computer program to a problem in which model caliiration is not possible. Perhaps thm is only one . - 
n w e y  of the river. Perhaps boundvy condition data arc not available. Perhaps the river is so highly dLrurbed &at. 
computational modeling is not possible. Whatever the w e ,  computational analysis allows the engineer to use the latest , 

technology in mobile boundaxy computations as an aid for decision making. The list of tasks is the same for both nudies. 

Step 1 

This chapter presents Step 1 fiom the Summary of Tasks: "Assemble available data from office files (maps, cross 
sections, suspended sediment measurements, bed load data, bed material measurements, soil typeslsediment yield, 
hydrographs, water temperature, observed water surface profiles, reservoirs in the basin, consmction activities.)" 

Study Area 

Figure 2-1 shows Plan and Profile views of the study arca Four cross sections were measured. These are plotted on 
Figures 2-2A through 2D. 

The circles on these figures mark subsection boundaries. There an five subsections: left overbank, left bank of the 
channel, channel bed, right bank of the channel, and right overbank. 

The asterisks mark left and right sides of the bed sediment reservoir, and the squares mark erosion limits. Note that 
sediment can deposit over the entire cross section, but erosion is limited to the channel bed 

The triangles mark the left and right conveyance limits. There was no reason to set a conveyance Iimit in this modeL 

The water surface on these cross sections is the calculated value for a discharge of 650 cfs - which is the bank full 
discharge. 

Discharge Rating Curve 

The measured stage-discharge rating curve is shown in Figure 2-3. The USGS Gage, Number 9340800, is located 
about 30 feet upstream fiom the bridge. 

Sedimentary Data 

The gradation of sediment in the bed sediment reservoir was measured at each surveyed cross section, Figure 2-3. 
The DM ranged from 75 to 110mm (0.25 ft to 036 A) and D, h m  1000 to 2000 mm ( 3 2 8  ft to 6.56 A). 

Sixteen water-sediment discharge measurements have been made for flows ranging from 295 cfs to 95.7 cfs. The 
measured stage, water discharge and bedload values arc shown in Table 1. Tle  stage-discharge rating curve at the gage is 
shown in Figure 2-4. 
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Figure 23.  Discharge Rating Curve at Gage, West Fork of San Juan River(Upper) 
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Figure 2-4. Gradation of Bed Surface 
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Table 1 .  Measured Water Discharge and Bedload 

WSNAME - - - - - 
WFORK 
W FORK 
WFORK 
WFORK 
WFORK 
HFORK 
HFORK 
HFOHK 
WFORK 
HFORK 
HFORK 
HFORK 
WFORK 
WFORK 
WFORK 
WFORK 

DRY WEIGHT 
Mean Mean < - - - - -  #NAME? capturedon eie vee in grame----------->Largeat 

Width Depth Velocit y <2mm Zmm 4mm 8mm 16mm 32mm 64mm particle 
DATE (ft) (ft) (ft/e) (g) (g) (9) (g) (g) ( 9 )  (g) (tn~n) - - - - - -  - - - - -  - - - - -  - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - -  

51497 48 1 . 8 7  3 .29  123 29 2 1  6  13 18 
51597 48 2 . 2 3  4 .19 348 133 164 102 13 1 7  
51697 48 2 .24 4 .13 362 109 222 358 180 111 45 
51797 48 2 . 5  4.4 664 94 8  856 655 165 278 48 
51897 48 2 . 2 8  4 .15  584 207 185 155 6  7  30 
52097 48 2 .17  3 . 5 8  106 3 2  3  0  1 2  1 0  
5 2197 48 2 .18 4 .06 733 546 531  465 195 329 6  3  
52297 48 2 .17 3 .85  193 106 319 222 169 145 40 
52797 48 1 . 7 5  3 .02 4 1  14 18 8  6  20 
52997 48 1 .92 3 .92 6  8 2  0  3  4  12 14 
53097 48 2 .4  4 .32 546 133 140 7  6  5 1  37  
53197 48 2 .59  5 .27 2289 1328 1489 1793 960 716 5  2  
60197 48 2 .73  7 .29  2184 1594 3234 5707 5278 3440 1390 8  6  
60297 48 2 .88  6 . 9 2  3549 1616 1954 3106 3990 4321 7  5  
60497 48 3 . 0 2  6 .27  2098 819 1094 1187 556 1184 880 85 
61097 48 2 .22 4 . 5 1  483 199 326 25 5 1 2 1 

total 
diacharg bedload 
(cf a) tone/day mg/l ' - - - - - -  - - - - - - -  
295 .71  1 .467 1 - 8 4  
448.08 5 . 7 9 1  4.79 
444.77 10.22 8 . 5 1  
527 .11  27.173 19 .09  

455 9 .121  7 . 4 2  
372.47 1 .373  1 . 3 7  
424.89 21.327 18.59 

400 .8  9.395 8 .68  
254.55 0.666 0 .97  
361 .69  1 .022  1 .05 
498.26 7 .208 5 .36 
655.03 65.335 36.94 
955.77 173.924 67.40 
957.27 141.23 54.64 
908.43 59.567 24 .29  
480.94 8 .259 6 .36 



The 1 ,ed load measurements were convened from tonsfday to rnilIigrams/liter, using the following 
equation. and aloned in Figure 2-5. 

where 
Qs - - Sediment Discharge, Tons/Day 
QW = Wata Discharge, cfs 
C = Sediment Concentration 
0.0027 = Conversion factor 

The suspended sediment measurment. are shown in Table 2 and plotted in Figure 26. Both the bed load 
and suspended load concentrations were fitted with trend lines and plotted in Figure 2-7. 

Table 2. Measured Suspended Sediment Concentrations 

Particle size fractions for the bed load w m  calculated from data in Table 1 and a few meamremats were 
plotetd in F i r e  2-8. 

DATE Q, cis ConcSs, 

5/9/97 99.96 10.93 

5/12/97 87.86 11.92 

5/14/97 295.71 30.37 

5/15/97 448.08 106.67 

5/16/97 444.77 48.73 

5/17/97 527.11 65.24 

5/18/97 455 34.74 

5/19/97 417.56 20.81 

5/20/97 372.47 25.71 

5/21/97 424.89 62.03 

5/22/97 400.8 15.11 

5/23/97 357.07 14.44 

5/27/97 254.55 7.22 

5/30/97 498.26 88.5 

5/31/97 655.03 293.17 

6/1/97 955 -77 390 

6/2/97 957.27 161.89 

6/4/97 908.43 322.91 

6/5/97 862.21 84.68 

6/6/97 701.89 49.49 

Hydrologic Data 

DATE Q, cis ConcSs, 

6/10/97 480.94 17.55 

6/11/97 544.6 19.49 

6/12/97 574.85 20.45 

6/15/97 481.08 10.44 

6/16/97 589.98 14.87 

6/17/97 550.65 13.96 

6/19/97 586.95 25.61 

6/21/97 656.52 40.09 

6/23/97 638.37 51.02 

6/24/97 614.18 17.97 

6/26/97 472.01 31.71 

6/27/97 426.64 5.85 

6/29/97 360.09 11.2 

6/30/97 320.77 4.21 

7/1/97 332.87 8.29 

7/2/97 223.98 11.49 

7/3/97 181.63 7.21 

7/5/97 124.16 3.49 

7/6/97 72.74 9.54 

7/9/97 102.98 7.91 

The water discharge hydrograph at the gage in our problem area is shown in Figure 2-9. 



Figure 2-5. BED LOAD CONCENTRATION . 
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Figure 2-6. MEASURED SUSPENDED CONCENTRATIONS 
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Figure 2-7.' TOTAL MEASURED CONCENTRATION 
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Figure 2-8. 

Gtadallori of Bed and of Bed Load 
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SSEG 1 2 1 
$TAPE12 OFF 
T1 CALCULATE INFLOWING SEDIMENT DISCHARGE. F U N ~ ~ I O N -  EINSTEIN, TRIAL -2 

@ ?: West Fork San Jaun River (UPPER) Wildland Hydrology Class June 
HEC-6T.Version 5. April 2, 1998 WA THOMAS 

, I  - NC -150 .I50 .079 
ND 11 .200 
ND 22 .I75 2 .040 4 
ND 34 .I75 .5 .I75 2 .lo0 3.0 .040. 4.0 
ND 42 .I75 2 .040 4 
ND 51 .200 





T4 SEDIMENT DATA FROM -S EINSTEIN METHOD 
T5 BED GRADATION ARE 
T6 SEDIMENT INFLOW IS 0.0 
T7 
T8 
11 - 1 
I4 6 1 15 
IS 0 1 0 1 0 0 
LQ Q 100 200 400 800 1000 
LC MG/L 4 9 28 180 380 
LF 1 VFS .2 .2 0.30 0.30 0.30 a- ;;: g .2 .2 -2 0.20 0.20 0.20 

.2 0.10 0.10 0.10 
LF 4 CS .2 .2 0.08 0.08 0.09 
LF 5 VCS .2 .2 0.05 0.05 0.08 
LF 6 VFG 0 0 -02 .02 0.07 
LF 7 FG 0 0 -002 -002 .0013 
LF 8 MG 0 0 -022 .022 .0139 
LF 9 CG 0 0 -078 .078 .0491 
LFlO VCG 0 0 -144 .I44 .0917 
LF 1 SC 0 0 -002 -002 .0015 
LF 2 LC 0 0 .000001 .000001 .000003 
LF 3 SB 0 0 0 0 0 
LF 4 MB 0 0 0 0 0 
LF 5 LB 0 0 0 0 0 
PF D 791 2048 1024 100 .OO 512.000 
PFC 128. 65.00 64.000 44.00 32.000 29.00 16.000 
PFC4-000 7.00 2.000 6.00 1.000 3.00 0.500 
PFCO. 125 0.00 0.063 0.00 
PF D 553 2048 1024 100.00 512.000 
PFC 128. 65.00 64.000 44.00 32.000 29.00 16.000 
PFC4.000 7.00 2.000 6.00 1.000 3.00 0.500 
PFC0.125 0.00 0.063 0 .OO 
PF C 269 2048 1024 100.00 512.000 
PFC 128. 61.00 64.000 40.00 32.000 22.00 16.000 
PFC4.000 3.00 2.000 3.00 1.000 3.00 0.500 
PFCO.125 0.00 0.063 0 .OO 
PF B 7 5 2048 1024 100 .OO 512.000 
PFC 128. 71.00 64.000 44.00 32.000 32.00 16.000 
PFC4 .OOO 10.00 2.000 8.00 1.000 7.00 0.500 
PFCO.125 0.00 0.063 0.00 
PF A 0 2048 1024 97.00 512.000 
PFC 128. 54.00 64.000 39.00 32.000 31.00 16.000 
PFC4.000 13.00 2.000 11.00 1.000 11.00 0.500 



$RE 9 
SKI 2 

AB RUN 1 
Q 1000 
T 4 0 
W 0 .0025 
SPMTP TITLE="CALIB, EINSTEIN FUNC" 8 , 9 , 1 5  

B RUN2 
Q 650 
W 0 .0025 

B RUN3 
Q 650 
W 0 .0025 

B - R U N 4  
Q 650 
W 0 .0025 

B RUN5 
Q 650 
W 0 .0025  

AB RUN 1B 
Q 650 
W 0 .0025  

B RUN 2B 
Q 650 
W 0 .0025  

B RUN 3B 

Q 650 
W 0 .0025 
* AB RUN 1C 
Q 650 
W 0 - 0 0 2 5  

B RUN 2C 

Q 650 - -. 
W 0.0025 

B RUN 3C 
Q 650 
W 0 .0025  
* B RUN4C 
Q 650 
W 0 .0025  
* AB RUNlD 
Q 650 
T 4 0 
W 0 .0025  

B RUN 2D 
Q 650 
W 0 .0025  

B RUN 3D 
Q 650 
W 0 .0025  

B RUN 4 0  

Q 650 
W 0 .0025  




