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5 Stream Stability and Floodplain Operation

5.1 Channel Sediment Transport Analysis Approach

5.1.1 SAM Model

The SAM Sediment Hydraulic Package is an integrated system of programs developed through the Flood
Damage Reduction and Stream Restoration Research Program to aid in the analyses associated with
designing, operating and maintaining flood control channels and stream restoration projects. SAM
combines the hydraulic information and the bed material gradation information to compute the sediment
transport capacity for a given channel or floodplain hydraulic cross section for a given discharge at a
single point in time. A number of sediment transport functions are available for this analysis and SAM
has the ability to assist in selecting the most appropriate sediment transport equation. The SAM.SED
module combines the hydraulic parameters with the bed material gradation curve to compute bed
material discharge rating curves by size classification. The SAM.AID module provides the user with
recommended procedures based on the best matches between hydraulic parameters and grain size
gradation of the study reach with the same parameters of selected river. Calibrations based on measured
data have been performed between the available procedures and selected rivers. This calibration has
shown which procedures best predict the actual sediment transport capacity of a particular river.
SAM.SED provides a sediment transport capacity for each discharge.

51.2 Input Data and Selection of Transport Functions

The SAM numerical model is built upon hydraulic and fluvial components. The hydraulic components
include representations of river bed characteristics including top width, side slope, hydraulic depth, bed
roughness, reach length, energy grade, and discharge. The fluvial component includes representation of
bed gradation as percent finer statistics and a selection of up to twenty sediment transport equations.

Hydraulic representation of the river bed is accomplished in several distinct steps. First, the HEC-RAS
numerical model is converted to HEC-2 format and run to produce the Army Corps’ T95 binary hydraulic
simulation output file. Next, the T95 file is then read directly into SAM using the SAM model's M95
subroutine. This methodology is powerful because it ensures that data created for, and analyzed using,
HEC-RAS and HEC-2 hydraulic software is fully compatible with, and implemented in, SAM fluvial
analyses. Finally, sub-reaches within the model are specified and average hydraulic parameters are
calculated for those sub-reaches. Sub-reaches are determined by examining the hydraulic parameters of
the individual HEC-RAS cross-sections and identifying correlations between those hydraulic parameters
and the longitudinal position in the channel of the individual cross-section. This process is described in
detail in Section 5.2, below.

Representation of sediment grain size distribution in SAM takes the form of percent finer data obtained
from sieve analysis of channel sediment grab samples. At each sample location three samples are
collected and analyzed, and the average data is input into the model. All sampling and sieve analysis
was conducted by Allan E. Seward Engineering Geology, Inc., and sample locations were chosen based
on either the presence of recently active alluvium or the presence of adjacent/underlying older alluvium
commonly incorporated into stream sediment load during major events. Environmental constraints on
subsurface investigations in active drainages limited sampling locations in some instances, and in these
cases the most representative, obtainable data is used.

Sediment transport equations used in all SAM modeling were chosen with the assistance of the Army
Corps’ SAM.AID subroutine. The SAM.AID subroutine determines the most representative transport
function based on the hydraulic parameters and percent finer data for each sub-reach by comparing the
data with the results of 20 peer-reviewed and widely acknowledged sediment transport studies. This
case-by-case transport equation selection is more likely to provide a robust representation of channel
sediment transport than choosing and individual transport equation for all reaches. Once the best
transport equation matches have been determined by SAM.AID the most representative equations are
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run for each sub-reach. Sediment transport for each sub-reach can then be estimated by reviewing the
calculations of transport from each equation, excluding any outliers, and using the median transport
estimate.

5.2 Reach-by-Reach Channel Hydraulic Characterization

As noted in section 6.1.2, SAM modeling is based on channel sub-reaches determined by correlating
hydraulic characteristics with longitudinal cross-section location. The hydraulic parameters examined are
discharge, energy slope, bed slope, Froude number, top width, hydraulic velocity and flow area.
Correlation values typically vary from r=0.0 to r=+0.5. In the case of the five tributary drainages, changes
in discharge along the creeks dominated the other hydraulic parameters with respect to sub-reach
classification. Therefore, all sub-reaches have been defined based on locations of significant discharge

increases within the drainages, and correspond to reaches defined in Tables 5.2-5.5.

5.3 Results of Sediment Transport Analysis

Table 5.1 — Chiquito Existing Conditions SAM Model Estimates of Transport Potential

L Discharge Median Transport Transport Transport -
Ups_t ream (CFS) Equation (tons/day) (tons/day) Stability
Section No

9190 3917 Yang 128844.92 NA NA
1074 Laursen-Copeland 804192.56 NA NA

9000 4147 Laursen-Copeland 1674485.00 1545640.08 Degrade
1137 Laursen-Copeland 312726.53 -491466.03 Aggrade

8445 4178 Laursen-Copeland 1501544.75 -172940.25 Aggrade
1144 Laursen-Copeland 342133.63 294071 Degrade

7595 4199 Laursen-Copeland 1864599.75 363055 Degrade
1153 Laursen-Copeland 429458.06 87324.43 Degrade

7155 4218 Laursen-Copeland 2037389.38 172789.63 Degrade
115 Laursen-Copeland 483598.22 54140.16 Degrade

6735 4205 Laursen-Copeland 1870280.50 -167108.88 Aggrade
1156 Laursen-Copeland 453714.53 -29883.69

6215 4389 Laursen-Copeland 1908495.88 38215.38 Degrade
1199 Laursen-Copeland 506152.78 52438.25 Degrade

4980 4482 Laursen-Copeland 846347.38 -1062148.5 Aggrade
1209 Laursen-Copeland 191837.08 -314315.7

4510 4526 Laursen-Copeland 1669890.88 823543.5 Degrade
1218 Laursen-Copeland 554889.38 363052.3 Degrade

3935 4564 Laursen-Copeland 1931309.5 261418.62 Degrade
1228 Laursen-Copeland 414582.28 -140307.1 Aggrade

3165 4603 Laursen-Copeland 2072274.63 140965.13 Degrade
1239 Laursen-Copeland 531083.25 116500.97 Degrade

2630 4641 Laursen-Copeland 1738055.8 -334218.83 Aggrade
1247 Laursen-Copeland 456944.59 -74138.66

1560 4663 Laursen-Congand 247662.47 -1490393.33 Aggrade
1252 Ackers-White 24952.03 -431992.56
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Table 5.2 — San Martinez Grande Canyon Existing Conditions SAM Model Estimates of Transport Potential

. Potential
Sub-Reach Upstream Discharge . . Transport -
Section No. (CFS) Median Transport Equation Transport (tons/day) Stability
(tons/day)
5850 2653 Laursen-Copeland 1062558 NA NA
655 Laursen-Copeland 132509 NA NA
2796 Laursen-Copeland 1155397 92839
4980 Degrade
687 Laursen-Copeland 203384 70875
2840 Laursen-Copeland 126559 -1028838
4362 Aggrade
696 Laursen-Copeland 19919 -183465
2905 Laursen-Copeland 523534 396975
2905 Degrade
707 Laursen-Copeland 96797 76878
2951 Laursen-Copeland 1097482 573948
1050 Degrade
719 Laursen-Copeland 222004 125207
Table 5.3 — Potrero Canyon Existing Conditions SAM Model Estimates of Transport
Sub-Reach Upstream Discharge . . Transport A Transport -
Section No. (CFS) Median Transport Equation | o\ iqav) | (tonsiday) | Stability
19270 1335 Ackers-White 1410890.63 NA NA
393 Ackers-White 222140.67 NA NA
19095 1335 Ackers-White 224352.98 -1186537.7 Aggrade
393 Ackers-White 19554.45 -202586.22
17915 1403 Ackers-White 841989.81 617636.83 Degrade
404 Ackers-White 117538.77 97984.32
16820 1457 Laursen-Copeland 842762.31 772.5 Degrade
411 Ackers-White 124808.85 7270.08
15655 1497 Ackers-White 77840.09 -764922.22 Aggrade
414 Ackers-White 24940.24 -99868.61
14425 1519 Ackers-White 222064.30 144224.21 Degrade
412 Ackers-White 27968.70 3028.46
13420 1915 Ackers-White 491276.97 269212.67 Degrade
512 Ackers-White 57493.26 29524.56
11980 1932 Ackers-White 488148.53 -3128.44 Aggrade
519 Ackers-White 165166.41 107673.15 Degrade
11555 1977 Ackers-White 197281.13 -290867.4 Aggrade
524 Ackers-White 6054.56 -159111.85
9780 2052 Ackers-White 33566413 33369131.9 Degrade
526 Ackers-White 92267.9 86213.34
8365 2586 Ackers-White 1262616.38 | -32303797 Aggrade
634 Ackers-White 215179.45 122911.55 Degrade
7125 2619 Ackers-White 1775680.88 513064.5 Degrade
641 Ackers-White 204807.34 -10372.11 Aggrade
6730 2862 Ackers-White 522737.53 -1252943.4 Aggrade
700 Ackers-White 290205.97 85398.63 Degrade
5310 2913 Ackers-White 880623.4 357885.87 Degrade
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Sub-Reach Upstream Discharge . . Transport A Transport -
Section No. (CFS) e lE UlErE e S (tons/day) (tons/day) DSl
705 Ackers-White 25215.71 -264990.26 Aggrade
~Whi 17627121
3830 2968 Ackers-White 2643335.5 6 Degrade
717 Ackers-White 426914.03 401698.32
3031 Ackers-White 1808221.63 -835113.87
1610 Aggrade
725 Ackers-White 123336.78 -303577.25
1000 3303 Laursen-Copeland 1967993.25 159771.62 Degrade
775 Laursen-Copeland 300732.19 177395.41
Table 5.4 — Long Canyon Existing Conditions SAM Model Estimates of Transport
Sub-Reach . .
. Discharge Median Transport Transport A Transport -
Upstream Section | ™ cFs) Equation (tons/day) | (tons/day) | StaPility
9600 663 Ackers-White 241598.73 NA NA
175 Ackers-White 36847.83 NA NA
8900 763 Ackers-Wh?te 332339.19 90740.46 Degrade
195 Ackers-White 41230.65 4382.82
7500 862 Ackers-Wh!te 344063.72 11724.53 Degrade
218 Ackers-White 47915353.00 | 47874122.35
6400 972 Ackers-White 398829.00 54765.28 Degrade
234 Ackers-White 37721.23 -47877631.8 Aggrade
5600 975 Ackers-Wh!te 659459.13 260630.13 Degrade
245 Ackers-White 88346.01 50624.78
5000 1014 Laursen-Copeland 699208.06 39748.93 Degrade
252 Ackers-White 65162.20 -23183.81 Aggrade
1051 Ackers-Whi 469214.47 -22 .
4700 05 ckers !te 69 9993.59 Aggrade
264 Ackers-White 39326.92 -25835.28
3900 1103 Laursen-Cop(?Iand 768771.31 299556.84 Degrade
281 Ackers-White 164427.67 125100.75
3500 1123 Laursen-Copeland 641724.13 -127047.18 Aggrade
287 Ackers-White 203324.16 38896.49 Degrade
3300 1145 Ackers-Wh!te 108812.54 -532911.59 Aggrade
292 Ackers-White 4808.85 -198515.31
2600 1192 Ackers-Wh!te 570890.81 462078.27 Degrade
303 Ackers-White 93209.45 88400.6
2400 1220 Ackers-Wh!te 252360.06 -318530.75 Aggrade
309 Ackers-White 3525.15 -89684.3
1442 Ackers-White 469548.03 217187.97
1400 - Degrade
363 Ackers-White 40545.71 37020.56
1455 Ackers-White 388097.38 -81450.65
1100 - Aggrade
367 Ackers-White 2096.19 -38449.52
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Table 5.5 — Lion Canyon Existing Conditions SAM Model Estimates of Transport

. Potential
Sub-Reac_h P lesiEne Median Transport Equation Transport U0 Stability
Section No. (CFS) (tons/day) (tons/day)
6800 64 Ackers-White 8803 NA NA
13 Yang 533 NA NA
5800 202 Ackers-Wh!te 51330 42527 Degrade
41 Ackers-White 3149 2616
5200 294 Ackers-Wh!te 114547 63217 Degrade
58 Ackers-White 10606 7457
4600 351 Ackers-Wh!te 59694 -54853 Aggrade
69 Ackers-White 3128 -7478
4 Ackers-Whit 165304
3400 56 ckers !e 6530 105610 Degrade
90 Ackers-White 12520 9392
2000 584 Ackers-Wh!te 237531 72227 Degrade
115 Ackers-White 15600 3080
1050 608 Laursen-Copeland 2111832 1874301 Degrade
119 Laursen-Copeland 452634 437034

5.4 Discussion of Stream Stability and Long-Term Trends

Stream stability can be examined based on the change in potential transport between channel sub-
reaches. Sub-reaches are readily determined from changes in hydraulic parameters, and frequently the
most significant hydraulic parameter in terms of impact on stream stability is discharge (volume per unit
time). If a channel sub-reach has equal potential transport both entering and exiting the reach then the
sub-reach is said to be in equilibrium. Frequently, however, channel sub-reaches are either in an
aggrading or degrading condition. For the purposes of this study, aggrading reaches are those whereby
the potential transport entering the reach (the potential transport of the sub-reach upstream of that under
immediate consideration) is higher than the potential transport leaving the sub-reach (the potential
transport of the sub-reach under immediate consideration). In degrading sub-reaches the opposite is true
and potential transport entering the reach is lower than that leaving the sub-reach. While it would appear
that downstream sub-reaches would be degrading constantly because discharge generally increases in
downstream sub-reaches, in turn increasing the transport potential as one moves downstream, other
factors such as hydraulic depth, mean sub-reach velocity, hydraulic top width, and bed slope contribute
significantly to potential transport.

To determine stability and long-term trends in each of the five tributaries, the 100- and 10-year discharge
was calculated for each of the channel sub reaches. Transport equations chosen for modeling was
based on output of the SAM.AID subroutine, as noted above, and potential transport was estimated
based on the median potential transport. For the five tributary drainages, Yang, Laursen-Copeland or
Ackers-White equations represented the median values in every case modeled. The results of the
simulations are shown in Tables 5.2-5.5, above. In general, the existing condition bed stability are similar
is predominately in a degrading condition.

5.5 Floodplain Outlet and Inlet Operation

Generally, outlets and inlets to the channel include the upstream channel entrance, the confluence with
the River and any inlets which occur along the channel length. There are no existing diversions away
from the channels. Inlets and outlets have a direct influence on the hydraulics, and thus sediment
capacity, of the channel. The upstream channel inlet is generally in a natural state. The channel
confluence with the River will largely be controlled by the aggradation or degradation in the River, as well
as episodic River hydraulic events in the form of backwater effects. Along-stream inlets are considered in
the modeling as changes to discharge.
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