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Appendix 1: Summary of Aggregated HEC-RAS Model of the Lower Platte

River

The HEC-RAS model (HEC model) used as the platform for running the SIAM bed-
material sediment budget analysis presented in this report was constructed by aggregating
channel geometry and hydraulic inputs from three separate existing hydraulic models, each
representing a different segment of the LPR. The three models were constructed at different
times as part of various flood insurance studies (U.S. Army Corps of Engineers, 1998). The
aggregated model, as well as detailed descriptions of each of the three model components, was
provided to the USGS by the USACE, Omaha District. The aggregated HEC model spans from
the mouth of the Platte River to just over 2 miles upstream from the Loup River confluence (fig.
1). The three major model components were constructed chronologically, and spatially, from
downstream to upstream and, for the purposes of this report, are hereafter referred to as “lower,”
“middle,” and “upper” in reference to their relative positions within the aggregated model. Brief
descriptions of each model component are provided in this report for context and documentation.

The lower model component of the aggregated HEC model spans the segment of the LPR
extending from the mouth to just upstream from the Elkhorn River confluence (fig.1). The lower
model component originally was constructed using the USACE HEC-2 backwater computer
program, but was migrated to the HEC-RAS program for the aggregated model. Cross-sectional
geometry data for the lower component came from three primary sources depending on location
within the segment and proximity to bridges. Geometry data from the mouth of the LPR to State
Route 50 originated from a study conducted in 1975 by the Nebraska Natural Resources
Commission. Geometry data from State Route 50 to Interstate 80 originated from a 1978

USACE flood insurance study (FIS). Cross-section geometry data upstream from Interstate 80
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originated from a Nebraska Department of Natural Resources (NDNR) photogrammetric analysis
using aerial photographs from 1997. A limited number of the cross sections used in the lower
model component were obtained from on-the-ground surveys performed by the NDNR. From the
documentation provided, the 100-year and 500-year flood events were modeled and, based on a
1998 USACE hydrologic analysis of the Platte River (U.S. Army Corps of Engineers, 1998), the
streamflows recommended for estimating water-surface elevations of the 10-, 50-, 100-, and 500-
year flood events for combined season probability (mixture of open-water and winter season
probabilities) were 67,000 ft*/s, 151,000 ft*/s, 187,000 ft*/s, and 300,000 ft*/s, respectively, at the
Platte River near Ashland streamgage, and 114,000 ft%/s, 205,000 ft%/s, 250,000 ft*/s, and
405,000 ft*/s at the Platte River at Louisville streamgage. Thus, for the purposes of this study, it
was assumed that the lower model component was calibrated for a streamflow range of 67,000 to
405,000 ft’/s.

The middle model component of the aggregated model spans the segment of the LPR
extending from the Sarpy-Douglas County line to near Fremont, Nebraska (fig.1). The middle
model component originally was constructed using the USACE HEC-2 backwater computer
program (U.S. Army Corps of Engineers, 1991), but was migrated to the HEC-RAS program for
the aggregated model. Cross-sectional geometry data for the middle component came from a
NDNR photogrammetric analysis using aerial photographs from 1997 for the segment spanning
from the downstream boundary to State Highway 77, and in 1998 for the segment upstream from
there. Cross sections of the stream bed near bridges, and a “limited” number of other locations
were constructed from surveys conducted by the NDNR. Several of the cross sections did not
include streambed elevations, and the USACE used an iterative method to fit different streambed

elevations until the modeled water-surface elevation approximately matched that of the water-
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surface elevation in the aerial photographs. The middle model component was used to model
water-surface elevations for the 10-, 50-, 100-, and 500-year streamflow frequencies for the
open-water season, ice-affected season (winter), and a combined probability that includes runoff
in the presence of ice. The ranges of streamflows for which water-surface elevation were
simulated were 49,400 to 133,000 ft*/s for the open-water season, 48,100 to 210,000 ft%/s for the
ice season, and 62,000 to 220,000 ft*/s for the combined probability.

The upper model component of the aggregated model spans the segment of the LPR from
near Fremont, Nebraska, to near the western boundary of Butler County, just west of the Loup
River confluence (fig. 1). The upper model component originally was constructed using the
USACE HEC-2 backwater computer program, but was migrated to the HEC-RAS program for
the aggregated model. Cross-sectional geometry data for the upper component came from a
NDNR photogrammetric analysis using aerial photographs from 1998 and 1999. Cross sections
of the streambed near bridges and a “limited” number of other locations were constructed from
surveys conducted by the NDNR. Several of the cross sections did not include streambed
elevations, and the USACE used an iterative method to fit different streambed elevations until
the modeled water-surface elevation approximately matched that of the water-surface elevation
in the aerial photographs. The upper model component was used to model water-surface
elevations in two hydraulic reaches for the 10-, 50-, 100-, and 500-year streamflow frequencies
for the open-water season, ice-affected season (winter), and a combined probability that includes
runoff in the presence of ice. The most downstream hydraulic reach spanned from the
downstream boundary of the model to the Loup River confluence, and the ranges of streamflows
for which water-surface elevation were simulated were 49,400 to 133,000 ft*/s for the open-

water season, 48,100 to 210,000 ft*/s for the ice season, and 62,000 to 220,000 ft*/s for the
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combined probability. The upstream hydraulic reach spanned from the Loup River confluence to
the upstream model boundary, and the ranges of streamflows for which water-surface elevations
were simulated were 14,500 to 45,100 ft*/s for the open-water season, 13,100 to 44,600 ft%/s for

the ice season, and 17,500 to 53,000 ft*/s for the combined probability.

Nineteen bridges were modeled across the lower, middle, and upper modeling
components of the aggregated hydraulic model. Bridge geometry data were obtained from a 1978
FIS study, the Papio-Missouri River Natural Resources District, the Nebraska Department of
Roads (NDOR), and NDNR. Both normal and special bridge methods were used to model the
bridges (U.S. Army Corps of Engineers, 2010a), and bridges were modeled only for
unobstructed flow. Bridge contraction and expansion coefficients were set at 0.3 and 0.5,
respectively. Contraction and expansion loss coefficients for channel reaches away from bridges
or constrictions were set to 0.1 and 0.3, respectively. Channel roughness values varied from
0.017 to 0.025 in the main channel for reaches without islands or backwaters, 0.025 to 0.030 for
the backwater part of the Elkhorn River, 0.030 for reaches with wooded islands, and 0.050 to
0.095 for the overbank part of cross sections. Starting Platte River water-surface elevations at the
Missouri River confluence were the 10-, 50-, 100-, and 500-year Missouri River flood water-
surface elevations from the FIS for Sarpy County that was effective in 2001. Because the model
components were generated from downstream to upstream, starting water-surface elevations in
the middle and upper modeling components were the water-surface elevations generated for
equivalent flow probabilities in the most upstream cross section of the adjoining downstream

model component.
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Appendix 2: Methods and Simulations of Channel Hydraulics and SIAM
Sediment Budget Analysis Using the Aggregated HEC-RAS Model of the

Lower Platte River

Before the study described in this report, the aggregated HEC-RAS model of the lower
Platte River (HEC model) had not been used to simulate streamflows across all 103 river miles
of the study area. For the purposes of this study, three primary simulation types were made using
the HEC model to generate sediment budgets using the SIAM tool: trial simulations, testing
simulations, and final simulations. Trial simulations were made to identify problem areas within
the model, and to evaluate the ability of the model to simulate water-surface elevations at known
points, such as streamgages. Testing simulations were made to generate an initial sediment
budget with the SIAM tool. Final simulations were made after the U.S. Army Corps of Engineers
reviewed the HEC model hydraulics, and suggested areas of model improvement were identified
and made. Final model simulations were used to generate the final SIAM sediment budget
present in the main body of the report. All simulations assumed sub-critical flow, and thus the
model simulated water-surface profiles using a step-backwater approach (U.S. Army Corps of
Engineers, 2010a).

Trial simulations used the original aggregated model geometry, and assumed normal
depth for downstream boundary conditions, to test the ability of the raw model to simulate water-
surface elevations at known points. Eleven water-surface profiles were generated, one for every
tenth flow percentile from 0 to 100" percentiles (baseflow to highest streamflow) for the 1970
2011 streamflow record in each of the segments. Initial trial simulations identified several cross

sections near the Elkhorn River confluence that did not have ineffective flow areas, and which
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were causing substantial errors in the calculation of sub-critical flow water-surface profiles.
After ineffective flow areas were added to the problem cross sections, water-surface profiles
were generated for each of the 11 flow percentiles, and water-surface elevations were checked
against the latest rating curves from 5 USGS streamgages (streamgages 06796000, 06796500,
06796550, 06801000, 06805500; fig. 1). Absolute differences between simulated and known
water-surface elevations ranged from -1.46 to 0.51, and the median difference was -0.45. Root-
mean-square differences between simulated and known water-surface elevations at the 5
locations ranged from 0.09 to 1.29, and median RMSD was 0.63.

Testing simulations were made to generate water-surface profiles (saved as “plan” files in
HEC-RAS) for testing the SIAM sediment budget tool. For each simulation, 15 water-surface
profiles were generated for each of the four segments, one for each of the select streamflow
exceedance percentiles (0, 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, and 99" daily
exceedance percentiles) used to simulate tributary contributions to the lower Platte River. For
each exceedance profile, known water-surface elevations (referenced to the National Geodetic
Vertical Datum of 1929, or NGVD 29) were designated at USGS streamgages 06796000,
06796500, 06796550, 06801000, 06805500 (fig. 1) using the latest rating relations for each gage
(http://waterdata.usgs.gov/nwisweb/cgi-src/get_ratings?site_no=; accessed April 30, 2013).
Water-surface elevations also were generated for each of the exceedance frequencies for the
Missouri River at Omaha (USGS streamgage 06610000) and the Missouri River at Nebraska
City (USGS streamgage 06807000), and these profiles were interpolated to the mouth of the
Platte River to generate downstream boundary conditions for each profile in the HEC-RAS
model. The ratings included adjustments to the base, also known as “shifts.” In the case of the 0

percent exceedance profile, known water-surface elevations could not be set at the Leshara
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(USGS streamgage 06796500) and Venice (USGS streamgage 06796550) streamgages because
the respective rating tables did not include streamflows of such high magnitude.

The water-surface profiles generated from testing simulations were used in the test SIAM
analysis by converting the exceedance frequencies for the representative streamgages in each
sediment reach into annualized frequencies (percent of time a flow is equaled or exceeded in a
single year) by multiplying the fraction of percent in each exceedance category by 365 days.
Sediment inputs to each sediment reach were grain-size specific estimates from tributary
contributions, bank erosion, and bank accretion (see Methods Used to Estimate Sediment Supply
by Grain-size from Large Tributaries and Bank Erosion section). Test computations from SIAM
used the Engelund-Hansen (1967) and Yang (1973) sediment-transport equations, and the
tributary inputs used for each of the computations were the estimates that used each specific
equation. Test computations in SIAM assumed a water temperature of 68°F (20°C) and used the
default settling velocity estimations specific to each equation.

The test SIAM computations are shown in table 14. Test computations indicated a
substantial negative sediment balance in the Loup sediment reach (-22.6 to -10.7 million tons/yr),
and a substantial positive sediment balance in the Elkhorn sediment reach (8.5 to 21.4 million
tons/yr). In the Shell sediment reach, the Engelund-Hansen (1967) equation indicated a slight
positive sediment balance (0.5 million tons/yr), and the Yang (1973) equation indicated a slight
negative balance (-0.09 million tons/yr). In the Salt sediment reach, both SIAM computations

indicated negative balance, ranging from -6.1 million tons/yr to -8.6 million tons/yr.

Table 14. Summary of test sediment balance computed for segments of the lower Platte River, Nebraska,

1970-2011, using the U.S. Army Corps of Engineers Sediment Impact Analysis Methods tool.
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The large sediment imbalances produced in the test SIAM computations for the Loup and
Elkhorn segments were approximately equivalent to or more than double the median of recently
(Heimann and others, 2011) published estimates of annual suspended-sediment transport at the
most downstream gaging station on the lower Platte River, the Platte River near Louisville
(USGS streamgage 06805500, fig. 1). Because of the large sediment imbalances, it was assumed
that simulated channel hydraulics in the HEC model were of poor quality. The HEC model was
subsequently reviewed by the U.S. Army Corps of Engineers, Omaha District, to evaluate if the
model was adequately simulating hydraulics, and to identify any areas of the model that could be
improved. The review recommended several areas for improvement and troubleshooting
strategies, many of which were interrelated. The USGS focused on two of the recommendations
for model improvement, because they were deemed to potentially be the source of the poor
quality hydraulic simulations. First, the review cited ineffective flow areas within cross sections
as a potential primary source of the poor hydraulics, and recommended adding ineffective flow
areas at locations where large variations in channel width were occurring. Second, the review
recommended removing known water-surface elevations, and allowing the model to solve
independently. The review also indicated that the model was defaulting to critical depth, and that
these defaults were likely contributing to the poor simulations of hydraulics. The USGS assumed
that the defaults to critical depth were a result of a combination of the mixed geometries of the
aggregated model (appendix 1), as well as the lack of ineffective flow areas.

To refine the HEC model, the USGS entered or changed ineffective flow areas in 63 of
the 336 cross sections within the geometry file of the aggregated HEC model. Additionally,
known water-surface elevations were removed from the steady flow file. Final simulations of the

15 water-surface profiles were made, SIAM computations were repeated, and the final sediment
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budget compared to the test sediment budget. Despite refinements to approximately 20 percent of
the channel cross sections, the final sediment budget (see Sediment Budgets Using a One-
Dimensional Hydraulic Model and Automated Sediment Budget Tool section) did not differ
substantially from the test sediment budget. Because of the lack of improvement in the final
sediment budget, a review of the hydraulics in the refined model was made, and the review
indicated that the model hydraulic simulations were of poor quality for most streamflows below
approximately 14,000 ft*/s, and improvements to the model would likely require substantial
refinement of the model geometry, a task that was outside the scope of the study. A summary of
the evaluation of channel hydraulics in the aggregated HEC model is given in appendix 3 of this

report.
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Appendix 3: A Brief Evaluation of Hydraulic Simulations in the Aggregated

HEC-RAS Model of the Lower Platte River

The aggregated HEC-RAS model (HEC model) of the LPR originally was calibrated for
simulations of streamflows of 10-year return frequency or greater. For the purposes of the
sediment budget constructed using the SIAM tool, simulations were made with the HEC model
to generate water-surface profiles across the range of daily average flow magnitudes for 1970 to
2011 (fig. 4), and thus, most of the streamflows simulated for the SIAM sediment budget were of
lower magnitude than those the model was originally designed to simulate. Refinements were
made to the aggregated model geometry and steady flow files after review by the U.S. Army
Corps of Engineers suggested areas to improve the quality of hydraulic simulations (see
appendix 2 of this report for a summary of model simulations).

The aggregated HEC model with refined geometry was used to simulate 15 water-surface
profiles, which were subsequently used as inputs for final SIAM sediment-budget computations.
Because the final SIAM computations did not indicate a substantial improvement of model
simulations, a review of the hydraulics of the aggregated HEC model with refined geometry was
made to provide some indication of where the model could be improved. One of the indications
of the quality of simulated hydraulics is the ability of the model to simulate sub-critical
conditions continuously upstream to downstream. For a given streamflow simulation, sub-critical
flow is indicated at a cross section by a Froude number less than 1.0 (Dingman, 2009). HEC-
RAS simulates sub-critical flow by solving the energy equation using a step-backwater approach,
for which the elevation of the water surface at a downstream cross section is used to solve for
flow depth at an upstream cross section (U.S. Army Corps of Engineers, 2010a). If a sub-critical

answer cannot be determined after a pre-determined number of iterations, the software defaults
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to the answer with the lowest valid energy, even if that answer produces a Froude number larger
than 1.0 (supercritical flow), violating the assumption of sub-critical flow. Thus, the number of
times the model defaults to a critical or supercritical answer is an indicator of the quality of the
hydraulic simulations, particularly if the streamflow being simulated is known to be sub-critical.
The hydraulic outputs from the 15 simulated water-surface elevations were examined to
determine whether or not certain cross sections or certain streamflows were consistently
producing Froude numbers near 1.0, causing the model to produce default, supercritical water-
surface elevations. Two primary patterns emerged from the examination of model outputs:
higher-frequency (lower-magnitude) streamflows consistently produced increased Froude
numbers, and certain cross sections consistently produced increased Froude numbers. The
number of cross sections with Froude numbers greater than 0.95 for the entire range of
exceedance frequencies simulated using the aggregated HEC-RAS model is shown in figure 14.
The range of Froude numbers greater than 0.95 for the range of streamflows simulated using the
aggregated HEC-RAS model is shown in figure 15, as is the range of Froude numbers greater
than 0.95 for two other recent flood-hazard studies performed by the U.S. Army Corps of
Engineers that simulated flood flows along shorter reaches along the lower Platte River, using
the same model geometries as the original aggregated model. Both the range and number of
Froude numbers greater than 0.95 increase for flow exceedance greater than 5 percent
(streamflows exceeded 5 percent of the time during 1970-2011), and at least 10 percent, and as
much as 20 percent of the cross sections produced Froude numbers greater than 0.95 for
simulated streamflows less than approximately 14,000 ft%/s. The range of Froude numbers
produced for streamflows greater than approximately 14,000 ft%/s were similar to the range and

number of increased Froude numbers produced for previously published flood-hazard analyses,
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indicating the HEC model was performing at least as well as previous analyses at greater
magnitude streamflows, and that model geometry and hydraulic assumptions such as channel
roughness, were less adequate for simulations of lower-magnitude, higher-frequency

streamflows.

Figure 14.  Bar chart showing number of cross sections with Froude numbers greater than 0.95 for the
range of streamflow exceedance frequencies simulated in the aggregated HEC-RAS hydraulic model of

the lower Platte River, Nebraska.

Figure 15.  Graph showing range of Froude numbers greater than 0.95 for streamflows simulated in the
aggregated HEC-RAS hydraulic model of the lower Platte River, and two previously published models

which used the same geometry but simulated only higher-magnitude streamflows.

Analysis of the locations of cross sections consistently producing Froude numbers
approaching 1.0 indicated that these cross sections tended to cluster in the Loup and Shell
segments, in the upper and middle model components (fig. 16). Although several cross sections
in the Elkhorn and Salt segments (both in the lower model component) produced Froude
numbers approaching critical depth of 1.0, the problematic cross sections in the Elkhorn and Salt
segments did not tend to cluster, indicating longer sections of river had sub-critical hydraulic

solutions in those segments.

Figure 16. Bar chart showing the number of simulations for which a Froude number at a cross section was
greater than 0.95 for the range of streamflows simulated in the aggregated HEC-RAS hydraulic model

of the lower Platte River, Nebraska.
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The cross sections of the aggregated HEC-RAS model had two general types of channel
bottom topographies: flat-bottomed and natural-bottomed (fig. 17). Bed elevations associated
with flat-bottomed cross sections were determined iteratively during the development and
calibration of individual model components, and were more abundant in cross sections
representing the middle and upper model components (see appendix 1 of this report for model
component descriptions). Bed elevations of natural-bottomed cross sections were determined
from photogrammetry or within-channel surveys, and were most abundant in cross sections in
the downstream model component. Although specific analysis to identify whether or not
problematic cross sections tended to be those with flat bottoms, it is likely that the interspersion
of flat-bottomed and natural-bottomed cross sections in the middle and upper model components
produced substantial flow irregularities between cross sections, triggering hydraulic defaults.
Because a substantial number of cross sections in the upper and middle modeling components
tended to be at or near critical flow for the entire range of streamflows, these same locations
would be expected to have increased estimated sediment-transport capacities. Thus, the large
imbalances in the sediment-budget calculations using the SIAM tool were potentially the result
of a cascade of sediment originating in the Loup sediment reach, transported through the Shell
sediment reach, and deposited within the Elkhorn sediment reach, where cross sections with

natural-bottom topography were more abundant.

Figure 17.  Graph outputs from HEC-RAS showing examples of two different types of channel-bottom
topographies used in cross sections of the aggregated HEC-RAS hydraulic model of the lower Platte

River, Nebraska: (A) flat-bottomed, and (B) natural-bottomed.
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Table 9. Estimates of riverbank erosion and accretion in segments of the lower Platte River, Nebraska, 1970-
2011.

[Slight inequities in accounting may be shown because of rounding. Erosion assumes eroded area is typically mature banks of estimated
average height for each reach. Accretion assumes land gained is only 60% of the height of the land lost. Assumption based on calculated
ratios of coarse fraction to fine fraction thicknesses reported in Schaepe and Alexander (2011), and bank height estimations performed for
this study. Erosion and accretion calculations assume a factor of 1.35 tons of sediment per cubic yard (Marron, 1992); Segment, length of the
lower Platte River channel bound at upstream and downstream ends by major tributary, named by upstream tributary; acres/milyr, acres per
mile per year; Ttons/yr, thousands of tons per year; +, plus or minus sensitivity or statistical uncertainty of estimate; pred., predicted; --, not
applicable; indet., indeterminate condition, defined when no difference between magnitude of bank erosion and accretion can be concluded
when the uncertainty of the estimates is considered; eros., defined as net evacuation of sediments from riverbanks or islands; acc., accretion,
defined as net depostion of sediment by creation of riverbanks or islands.]

Unit of Segment
Parameter measure Loup Shell Elkhorn Salt
1970-1993
Total eroded area acres 490 750 50 320
Incremental rate eroded area acres/mifyr 1.0 .6 3 5
Total rate of erosion Ttons/yr 256 310 26 190
Total accreted area acres 870 980 100 520
Incremental accreted area acres/mifyr 1.8 .8 .6 9
Total rate of accretion Ttons/yr 275 242 29 184
1993-2003
Total eroded area acres 100 370 40 170
Incremental rate eroded area acres/milyr .5 v .6 v
Total rate of erosion Ttons/yr 125 354 44 226
Total accreted area acres 270 420 50 380
Incremental accreted area acres/mifyr 1.3 8 v 15
Total rate of accretion Ttons/yr 192 240 32 311
1970-2003
Mean total rate of erosion Ttons/yr 216 323 31 201
Mean total rate of erosion, less muds’ Ttons/yr 175 269 31 178
Erosion less muds uncertainty +  Ttons/yr 7 14 1 6
Mean total rate of accretion Ttons/yr 250 242 30 222
Mean total rate of accretion, less muds’ Ttons/yr 246 225 29 177
Accretion less muds uncertainty +  Ttons/yr 37 34 4 27
Mean adjustment’ Ttons/yr 34 -27 -1 45
Pred. adjustment condition® - indet. eros. indet. indet.
Mean adjustment, less muds'? Ttons/yr 71 -44 2 -1
Pred. adjustment condition, less muds** - acc. eros. indet. indet.

lEstimate excluding grain sizes smaller than 0.0625 millimeters.

Rate of adjustment predicted by subtracting mean total erosion rate from mean total accretion rate. A positive value indicates
net accretion; a negative value indicates net erosion.

3Predi(:ted dominant bank adjustment condition when uncertainty of mean total erosion and accretion estimates is considered.



Table 14. Summary of test sediment balance computed for segments of the lower Platte River, Nebraska, 1970-2011, using the U.S. Army Corps of
Engineers Sediment Impact Analysis Methods tool.

[Slight inequities in accounting may be shown because of automatic rounding in computed output; tons/yr, tons per year; Engelund-Hansen, estimate of annual bed-material sediment
discharge made using Engelund-Hansen (1967) dimensionless equation; Yang, estimate of annual bed-material sediment discharge made using Yang (1973) dimensionless equation]

Local sediment

Reach transport

Bed sediment

Reach sediment

Sediment transport supply' capacity supply? Washload supply® Sum local supplies balance
prediction equation (tons/yr) (tons/yr) (tonslyr) (tons/yr) (tonslyr) (tonslyr)

Loup segment
Engelund-Hansen 4,240,000 26,700,000 4,030,000 211,000 4,240,000 -22,600,000
Yang 3,070,000 13,400,000 2,740,000 333,000 3,070,000 -10,700,000

Shell segment
Engelund-Hansen 2,710,000 26,500,000 27,000,000 2,560,000 6,950,000 542,000
Yang 933,000 13,500,000 13,400,000 1,240,000 4,010,000 -87,600

Elkhorn segment

Engelund-Hansen 7,070,000 11,400,000 32,900,000 3,260,000 14,000,000 21,400,000
Yang 2,120,000 6,710,000 15,200,000 1,670,000 6,120,000 8,510,000

Salt segment
Engelund-Hansen 2,650,000 20,400,000 11,800,000 5,560,000 16,700,000 -8,580,000
Yang 1,010,000 12,900,000 6,780,000 2,600,000 7,130,000 -6,110,000

! Local supplies are within-reach tributary and bank-erosion contributions. Tributary contributions were estimated independently using the same prediction equations as
those shown for the SIAM analysis.

2 . . I
Includes part of local supplies that are coarser than muds, plus upstream bed-material contributions.

3 Supplies of sediment from tributaries, bank erosion, and upstream that are finer than 0.0625 millimeters.





