Sediment Impact Analysis Methods (SIAM):
Overview and Application

Charles D. Little, Jr.
ERDC Coastal & Hydraulics Laboratory
Vicksburg, MS

NWK Sediment Webinar
December 2, 2010

!

US Army Corps _
of Engineers Engineer Research & Development Center




Question: Why SIAM?

Answer: Emphasis on regional
sediment management and need

to assess channel rehabilitation
MEERIES
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Regional
Sediment
Management

* From Sources
* Through Pathways
* To Sinks

US Army Corps
of Engineers




by o 1
.,.;;.. -|' EA

:-ﬁ‘-‘.

5 ha *'H{m o weglonal

h.-l!

‘:‘"-Ftood contrelﬁ wm“ .
Nawgatlon : N
- Reservoirs & |mpoundments .f;‘ rﬁhﬁl_c :

Stream ba*nk stablllzatlon ; Budget & time constramts —sediment

S ma ;
Stream rehabLlltathp '“iu‘ a%zrr?%g $0£$? :.system -wide

Envwonmenlal/habﬂ*a‘t restoration Assess Gt G S L ol
I gatron g"ra'--n‘?g? . flood‘ agejreductlon water
e & gupply R

1 i : i, z - #J'._-' | o b .’_ ; m_;;lmjm .

US Army Corps _ " Resources Frogram
of Engineers Engineer Research & Development Center e




Assess Channel Rehabilitation
Measures

How many structures
are needed?

What are the impacts on
sediment continuity?
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SIAM was developed as atool for

sediment managers to assess the

Impacts of sediment management
alternatives and rehabilitation

measures on sediment continuity
of a stream network.
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Question: What is SIAM?

Answer:. A reach average

sediment continuity assessment
tool.
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SIAM Is Incorporated in HEC-RAS
Hydraulic Design Module

4N HEC-RAS 4.0 D[_E|
File Edit Run  View Options Help
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Popular, widely-used hydraulic modeling
system.

Stream network framework of HEC-RAS
provides basis of SIAM application.

HEC-RAS interface expedites data entry.

HEC-RAS provides reach averaged
hydraulic parameters.

Many existing HEC-RAS models permit
subsequent application of SIAM.

Existing technical support. ﬁ,;mwmi;i;w
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Capabilities: SIAM s .......

A reach-based sediment continuity model. Uses reach
averaged hydraulic parameters for sediment transport
computations by grain size class.
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Capabilities: SIAM determines...

Local sediment balance by comparing computed annual
transport capacity with bed material supply on a reach-by-
reach basis.

r
Total Bed Material Budget - Grenada Workshop

Aggradation/D egradation [tohz/year)

E+04) -312E+04) -312E+04) -31ZE+04

3045 1.90E+04) -1.90E+04 -1.90E+04

ied vallugs indicate bed degradation.

Green values indicate bed equilibrium. —I0sE -
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SIAM Output for each Reach

Local balance (sediment continuity of bed
material)

Average annual transport capacity
Bed material supply

Wash material supply

Local supply

All results reported by grain size
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Capabilities: SIAM distinguishes...

Between bed material |oad and wash material 1oad based on
user defined wash material thresnhold. Allows bed material
and wash material to interchange from reach to reach..

Hickahala Creek Wash Load Trends

M 3 -
Channel Improvement mfv
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Bed Material D10 (mm)
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Bed Material/Wash Load Concepts

amie

Total Sediment

Bed Material \Wash L oad

Found in significant quantities in the Not found in significant quantities in
bed the bed

Function of hydraulic regime Function of supply

Interacts with bed - more geomorphic No interaction with bed - more
effect (work) on channel development aesthetic or water quality effects

Long-term impacts, may take Short-term impacts on a hydrograph
years/decades to see effects. timescale.
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How SIAM accounts for bed
material and wash load

Wash Material

oo Reach
e

|
Upstream

Channel Channel Channel
Material .
L Material s

T t
Loca ool

Local Balance
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Question: What isn’'t SIAM?

Answer: A sediment routing

model or a sediment
source/erosion predictor
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SIAM iIs not a routing model....

!

Cross section geometry Is not adjusted, and
sediment transport is not recomputed
accordingly.

Input geometry represents a “snapshot” that is
assumed representative of average conditions
for determination of sediment transport capacity.

There Is no temporal aspect (i.e., no time
stepping through a hydrograph). Results are
computed as average annual values.

Cannot determine specific regions of scour or
deposition.
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!

SIAM iIs not a sediment
source/erosion predictor....

Does not compute bank erosion or channel bed
Incision.

Sediment source input is user specified, both In
guantity and grain size distribution.

Sediment source loads are assumed uniform
over the reach (no point source loading).
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Additional SIAM Limitations...

!

Steady state, 1-dimensional hydraulics only.

Assumes supply of bed material not limited
within a reach. Application is limited to alluvial
streams.

Reach length selection can affect reach averaged
values.
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Question: What is applicability
of SIAM?

Answer: A screening tool for
rapid assessment of the impacts

of channel modification or
stream rehabilitation measures
on sediment continuity.
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SIAM provides a means to
address sediment continuity on a
watershed scale
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SIAM Example Application

Hickahala Creek, MS
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Hickahala Creek Watershed
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Hickahala Creek Example Network
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HEC-RAS/SIAM Interface

Hydraulic Design - Sediment Impact Assessment Model
File Twpe Ophions Wiew Help

Title: [Hick ahala existing HO File: |G\ AS1aM workshopstarenada workshoohO4 — Short 1D |Esisting
Sed. Reach: |Hil:kahala5 ﬂ Flan Marne: |E:-<isting conditions j Apply |
Flan File: [C:4 45140 Work shoosharenada workshon. o3 Compuite. .. | Tables...

River. |Hickahala | US RS: 735001 ¥ |
Feach: |Baskettowolf | D5 RS5)499001 = |

ed atl] Hydro | SedProp | Sources| Hl,ldraulics]‘

Sampling |Hick5Eed I A

Cla diam, [mm] %Finer |
1. Cla 4

2 WFhd 0008
3.FM n0Me
4 b
5.CH
E.WFS

473932 80, 1540263.00 -
m Select a Sediment Source ﬂ#—iﬁ#ﬁ w!m
: S WWRP’ )
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Hickahala Creek HEC-RAS Model

Geometric Data - Hickahala geometry
Eile Edit WVew Tables Tools Help

Tools| River |Storage | S.A. Pump RS
Edit Reach | Area Conn. | Station
NN = s = O | (<25

mEE)

N

| Cross
Section

¥l

%

33

5545 28500

Partial GI= data
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HEC-RAS/SIAM Interface

Hydraulic Design - Sediment Impact Assessment Model
File Twpe Ophions Wiew Help

e Ehala existing HD File: |5 WS14M wWork shoosharenada workshoo.h04 — Short [D: |Existing

Sed. Reach: |Hil:kahala5 ﬂ Flan Marne: |E:-<isting conditions j Apply | |

. IREile: T4 \SlaM wWorkshoos\arenada workshop.ol3 Compuite. .. | Tables... |
River: |Hicka ala . ) J

Feach: |Baskettowolf | D5 RS5)499001 = |

iR l] Hydro | SedProp | Sources| Hl,ldraulics]‘

Sampling |HickEBed =[5 SIAM Reach

Cla diam, [mm] %Finer |
1. Cla 4

2 WFhd 0008
3.FM n0Me
4 b
5.CH
E.WFS

473932.80, 1540263.00 ppa—
Select a Sediment Source ____,.;Qfsfﬂ#-wﬁﬁ w.ﬂ!f‘
{ 4
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HEC-RAS/SIAM Interface

Hydraulic Design - Sediment Impact Assessment Model
File Twpe Ophions Wiew Help

Title: [Hick ahala existing HO File: |G\ AS1aM workshopstarenada workshoohO4 — Short 1D |Esisting
Sed. Reach: |Hil:kahala ﬂ Flan Marne: |E:-<isting conditions j Apply | |

Flan File: [C:4 45140 Work shoosharenada workshon. o3 Compuite. .. | Tables... |
River. |Hickahala | US RS: 735001 ¥ | C

Feach: |Baskettowolf | D5 RS5)499001 = |

Sampiing [HickEEed HEC-RAS River
Cla diam. (mml
1. Claw 0,004

it s and Reach
3FM 00iE
4 ihd
B Ch
B.WES

473932.80, 1540263.00 ppa—
Select a Sediment Source ____,.;Qfsfﬂ#-wﬁﬁ w.ﬂ!f‘
{ 4
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Bed Material Gradations

Bed kat' ] Hydio | Sed Prop | Sowces| Hydraulics

Sampling |Hick1Eed I

Cla diarn. (] “Finer |
1. Claw o04
2 Wk WANINL
3 Fid AL
4 hibd o3z
5 Ch 00625
6 %FS 0125
i FS 025
b i =1 05
9. CS 1
10 WS 2
11.YFG 4
12 FG g
13, MG 16

32

Gd

14.CH
15.%CE
16.5C
17.LC
18 SH 52
19, 1B
20 1B

-
=
[S)
T
=
>
o)
=
)
c
=
-
c
fa}
[&]
2
o}
o

Diameter (mm)

—Hl=—H2 H3&H4=—H5 Basket= Sena
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Flow Duration Input

Bed Mat'| Hpdmo ] SedPrgp | Sources| Hydraulics

A Grenada Worksho Plan: Existing conditions 2/21/2006
Dur. Curve Hudro Aick.ahalat Laf . P | " . i
hala DS to Senatobia ‘F Hickahala Senatobia to Bas 9H<— Hickahala Basket to JWolf
Prafle/ | ChQ | Duration | Nemp

FF1 10758
PF 2 4330
FF 3 1200
FF 4 400
PF & aa
FFE 10

S

D¢

!

A

¢

i Main Channel Distance (mi) i ‘__"
b
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WER Materlal Threshold Dlameters (mm)

Transport Function: |“r’ang

Fall %/ elocity bMethod: | Drefault

Wazh Load Max Clazs, Diameter: |5, Ch, 0.0625 j = it |

Specific Gravity: | 265 NG
Cone. Fines(opt):

Dloof bed material used as
; Washload threshold dlameter
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Coarse ank Sediment Surce — Reach “H5”

! 8000 feet of erodi ng panks |
'/composed of coarse materi a

BedMat1 | Hydio | SedProp  Sources | Hudrauics | .
Source Group |Hil:k5 ﬂ D E Al

MHame | Type | hultiplie
CoarzeBanks Bank. 2000

2

Bl

Define/Edit Sediment Sources »» |

G el T D bl ) [
i) ol i
SPRRER

305
10.YES
11 %FG
12.FG
13 MG
14 06
150G
16 SC
12 L0
18 SH
19 MH

e oK |;?
L
A

Sediment contribution from eroding banks

composed of coarse matenals in bors/vear/near
US Army Corps foot of caving bank
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Fine Bak Sediment Souce — Reach “ Bask”

. O VEER e SR 10,000 feet of eroding banks
BedMat! | Hydio | SedProp  Sources | Hydraviies] / ) :
Souse Gioup [Eaia =D+ composed of fine material

MName | Twpe | Multiglier | = :
FineBanks Bank 10000 . L -

Source
Tupe |Bank

Cla drn [l

1. Claw 0.004
2. %F 0003
3. Fid 0016
4. bk 0032
5 CM 00525
£ WFS 0125

| B! | e 7 FS 0.25
Jeihs , A B_M5 05

-~ - - f E I:S 1

2

4

Define/Edit Sediment Sources »» | ; : o = SdE ) 110 MES

- : ; s 1. YFG
3 12 FG g
13 MG 16
14.CG 32
15 400G £4
16.5C 128
17 LC 206
13 5B L

19. B 1024

J0LE 2045 Ok,
Sediment contribution from eroding bank s
compozed of coarse matenals in tonsdvear/inear

foot of zaving bank.
- y
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Example scenarios for Hickahala
Creek SIAM application

Existing conditions, with sediment sources
from coarse material bank erosion and fine
material bank erosion.

Coarse material bank erosion source
removed (bank stabilization).

Coarse & fine material bank erosion source
removed (bank stabilization).

Grade control structures added in reach H5.

k
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Relation of bank sources to bed material

Coarse bank (1.0 — 0.25 mm)

Fine bank (0.125 — 0.032 mm)
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SIAM results: Existing Conditions

r

Total Bed Material Budget - Grenada Workshop

File Tvpe

Reaches ... | Agaradation,/D egrﬁatiun [bomz/vear)

120000

100000

S00ao

G000

40000

20000

1]

0.25 00625 0.032 00625 0125 0.125

0.25

120000

100000

gooao

GO000

40000

-

20000

-0

BaskotC ook
Hickahalz 1
Hickahala?
Hickahalad

Hizkahalad

SenatubiaCresk

| ie:kabala®

[ E:isting
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SIAM results: Coarse banks stabilized
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Total Bed Material Budget - Grenada Workshop

File Twpe

Aggradations/Degradation [tons/vear)

120000

100000

0000

GO000

40000

20000

0

0.25 00625 0032 00625 0125 0125 0.25

120000

100000

0000

GO000

40000

20000

—

-0

Hickahala?

Hickahalad
|

BaskotC ook
Hickahala 1
Hickahalad

| lickabalah

SenatubiaCreek

B Eisting
Coarse
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SIAM results: Fine banks stabilized

r

Total Bed Material Budget - Grenada Workshop
File Twpe

Aggradations/Degradation [tons/vear)

oo 025 00625 0032 00625 0125 0125 025 ...

100000 100000

0000 Fo0ao

GO000 G000

40000 40000

B Ezizting
Coarse
-0 B Coarze+Fine

20000

20000

=
o

0 -

=
=
=
—
I

—

Hic:lahala1
Hiclahalaz
| lickahala’
| ickahalad
| lic:kahalah

Baskelt:eel
SenalobiaCreel

-H X .
o WWRP/
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Grade control structures added to Reach H5

Grenada Workshop w/GCS Plan: GCS 2/23/2006

‘J‘% Hickahala Senatobia to Bas 9”‘— Hiclﬁagsletto Jwolf —’(
L

SW
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SIAM results: Grade control in H5

Total Bed Material Budget - Grenada Workshop

dggradations/Degradation [tonsdvear]

ine| CE+FB+LT| C E.+FE.+LT+I3I:':

E.. HE+H4
1.04E+05 ‘I I IJ,E +05

'._|_1 ._'E +|_|..1. -
d 2 2601 BE0
Hick. :|h:||:| -3045 1.90E+04 ) -1.30E+04 -1.30E+04
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