Using SAM te Determine the
“Effective Discharge”



o Part 1

o Quick Introduction toe Single
Representative Discharges

s Part 2

o Using SAM to Determine the “Effective
Discharge”
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Charley River—USGS Alaska




’ - - ‘-  and
3_.’.‘ - i -~ - i ..

5 -
-y "R:"‘, - . . =5 = _
S~ —— “‘\‘:«‘*- . o ‘?.~ . i
‘-"‘J-.:L,',’p & ‘.; b 7__‘ - -







Tensas River




¢ An alluvial stream will adjust the
dimensions of its channel to the
wide range of flows that mobilize its
boundary: sediments

¢+ Research has shown that in many
FiVers a single discharge can be used
to determine a stable channel
JEeOmEeCtry.



¢ Foundation Is in “Regime™ and “hydraulic
geometry " theories

¢ I'he Single Representative Discharge is
Sometimes called

e Dominant Discharge

e Channel Forming Discharge
o Effective Discharge

o Bankiull Discharge



¢ For my talk Channel-forming
Discharge and dominant discharge

are equivalent

o [he theoretical discharge that if
maintained indefinitely: would result in
the same channel geometry: as the
existing channel geometry with the
natural range of flow: events.



Channel Width vs. Bankiull
Discharge

Chapter 5 - Enhanced Width Equations

a Simons and Bender (1963)
o Schumm (1968) Australia
o Schumm (1968) U.S.A.

o Kellerhalls et al. (1972)

e Chitale (1970)

< Annable (1996)
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Figure 5.2 Downstream width-discharge relationships in sand-bed streams based on
data from various sources.




¢ Regime Eqguations frrom Julien and Wargadalam

W= 0.512Q053d 337,02
\/~ 14_7QO.07dS.33T*0.47
h~ 0.133Q%A40T, 02

Sz 14_7q-.0.4dST*1.2

+ Where: @ = dominant flow discharge, d.= d-,of the bed

material, T. = Shields parameter S = slope, V= velocity.
h= depth



EFFECTIVE DISCHARGE:

Effective discharge Is defined as the mean of
the discharge icrement that transports the
largest fraction ofithe annual’'sedimenticad
OVeEra periediofiyears (Andrews 1980). Iti1S
calculated by integrating the flow-duration
curve and a bed-materal-sediment rating
curve. (USACE 2000)



EFFECTIVE DISCHARGE:

TThe effective discharge Incorporates
the principle prescribed by Wolman
and Miller (1960) that the channel-
forming discharge Is a function of both
the magnitude of the event and Its
frequency: off OCCUrreNCE.



Bed Load: Component of the total
sediment load made up off sediment
mMoVing In freguent, sUuccessive contact
with the bed (Bagnold 1966)

-Bed-Material Load: Portion of the total
DOSed of grain size
found in appreciable guantities in the

sediment Load com

stream bed, In Sanc

-bed

significant quantltles of

MOVeE as suspended load.

streams
ned-material load




.Fine Material Load (Wash Load) Portion
of the total sediment load composed of
particles finer than those found in the
stream bed, freqguently: assumed to be the
fraction finer than .0625mm

.Suspended Load (Total Suspended
Loa %is the Suspended bed material load
Plus the Fine material Load



l[otal Bed Material Load: Is Suspended
Bed Material Lead Plus the Bed load

lotal Sediment Load: is Bed Material
Load Plus the Wash Load



. Effective discharge is calculated using
only the Total Bed Material Load

. Wash Load'is not included in
computations



Channel Cross Section
Bed Material Gradation
Channel Bed Slope
Flow Duration Curve



Sam Inputs

Cross-Section Sabine River at Bon Wier
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Discharge (cfs)

Colorado River nr. San Saba - Flow Duration Curves

10000
9000
8000
7000
6000
Gage
5000 HEFR
MAX 10k
e==75th (540)
4000
e==m60th (283)
90th (1490)
3000
2000
1000
0 |
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Exceedence (%)



569
29929
0LET9
82009
98/85
Y61LS
20295

4] 0T6%S
T 8T9ES
a 92€2S
r— VEOTLS

) ThL6h
o 05+8%
© 85T/
9985

- —
Q) p— C8TEY
o p— 0661
+ [ 3000V
9 [r— S0V5E
% e A2
L — LS
——

: —— 44
© —— 44
Q — — e
© — A
) —
— s

= —
© v61SC

5 =

- E——— A
c e ——r
- vEL8T
3] I ——— A

E —
8581

[+ 4 ——— 4

o e ———— 57 2T

S I S —— A

4 I ——— -0
i I ———
o I ——— et
= I S S S g =

z ——
ogze
8€61
9%9

o o o o o o o (@)

(1edA /suo}l) PISIA pPeo] pa9 |ennuuy 3be.lany

Midpoint of Mean Daily Discharge Range (cfs)



Colorado River nr. San Saba - HEFR Regime
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Colorado River nr. San Saba - 60th Percentile Max

Midpoint of Mean Daily Discharge Range (cfs)
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Discharge (cfs)

Colorado River at Columbus - Flow Duration Curves
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Average Annual Bed Load Yield (tons/year)
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Average Annual Bed Load Yield (tons/year)

Colorado River at Columbus - HEFR Regime
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Average Annual Bed Load Yield (tons/year)
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e Decrease in discharge and Bed material
Load can lead to:
Reduction inf width
Depth changes (+-/-)
Decrease in width-depth ratio
Slope changes (+/-)

Increase in Sinuoesity
e From Stan Schumm (1969)



Sam Input
Bed Material Gradation

¢ From USACE Report
o D16 = .0625 mm

¢ D50 = .14 mm

o D34 = .30 mm

o D100 = .5 mm

+ Channel Bottom Slope = .00014 ft/ft
or about .75 Et per mile



SAM Input

¢ Flow duration Curve

Flow Duration Curve
1972-2007

+  Obsenrvwed Flows
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Sam output

¢ Hydraulics

¢ Rating Curve 11
® SAM Computed
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Sediment Rating Curve




¢ Observed Hydrologic Regime
e Annual Water Yield = 5,465,145 AC ET

e Annual Sediment Yield = 3,342,038
Tons
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Existing Conditions
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¢ Adjusted the yearly Hydrographs
From 1972-2007 to reflect full
implementation of the HEFR Flow
Fegime



Overbank Return Period (R) 0.8 (years) Duration (D) 32 (days)
Flows Volume (V) : 1353987 (ac-ft) Peak Flow (Q) : 31800 (cfs)
D 8 ) O D O D
0000 / 400 34814 000 039
High Flow P D : 0 P
Pulses 400 07868 900 9120 5 5
D D D 0 D 4 )
83090 S O 0700 08500 S 009
DO 0 o4 () O () 4
Base Flows 800 4000 0 870
(cfs)
40 40 0 0
Subsistenc
e Flows
(cfs)
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov




Average Hydrodrograph




Dry Hydrograph




Wet Hydrograph




New Flow duration Curve

Flow Duration Curve
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¢ HEFR Hydrologic Regime
e Annual Water Yield = 2,397,320 AC ET

o Annual Sediment Yield = 1,068,724
Tons
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HEFR Adjusted Flows
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¢ Significant Decrease in Water and
Sediment Yielda

+» Water Yielad
e 5.5 to 2.4 Million ac-fit.

¢ Sediment Yield
e 3.5 to 1.0 tons annually:

¢ Significant Changes in Effective
Discharge



e Decrease in discharge and Bed material
Load can lead to:
Reduction inf width
Depth changes (+-/-)
Decrease in width-depth ratio
Slope changes (+/-)

Increase in Sinuoesity
e From Stan Schumm (1969)






