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Sedimentation problems near dams










Sediment can be Flushed

Part Il — Sediment Management

Density currents in reservoirs




A general pattern of turbid density
ir, 2094)

Example
Imha Reservoir has suffered from turbidity problems since 2002.

 Watershed area covers 1,361 km?
« Three major tributaries

Ercsion modeling
RUSLE =

AT
i

omm 0 1

Turbid density currents are developed by
thermal stratification

In a deep reservoir, the density is determined by the result of solar
heating of surface water which produces thermal stratification
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red landslides and lots of sediment transport
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A general type of turbid density
currents during summer
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Il. Numerical Model

GO Ver: nlng Eq UATIONS based on the Reyvnolds-averaged Navier—
Stokes (RANS) equations combined with a turbulence closure model (RNG k- €)
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* Momentum (with Boussinesq approximation, non-hydrostatic ) :
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Numerical animation with bird’s-eye viewpoint at EL. 141m

Measuring System

Real-time gaging stations were installed at five stations to monitor turbid
density currents propagating from each tributary into to the reservoir

Real-time monitoring system for Imha Reservoir; installed
and has been operating by K-water since 2006




» Factors inducing turbid density currents

- Geomorphology and geological features of Imha Reservoir basin :
Soil particles not easy to sink

Other Site Imha Dam Basin

BanByeon

YongJun
<Suspended Particle Sedimentation Test (After 48 hours)>

Turbidity Measurements

<After the Typhoon, 09/24/2003> ]
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NEW Results on Density Currents!
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Dambreak impact

How does the flood wave
propagate downstream?

s & o= S = :

le Dam, Elko County, NV, Feb 8, 2017 -
o 53, 2 R WX i e
O

ey

N




The Fundao Dam Collapse

Bento Rodrigues Town,
Coast, 21 November 201
6 November 2015 C =1,500 gl

Doce River at

Gesteira Town = Xy Governador Valadares City
6 November 20 . . ] 11 November 2015,

~30,000 m gll

Candonga Dam, 6'Novem
€ =700,000 mg/

Hydrographs

Observed hydrographs in Doce River after the Funddo Dam break (ANA,
2015).
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» Reservoir: The reservoir routing can be solved using the Level Pool Routing

ds(t 25(t; 25(t;
£0_ 25 4 0) = ) + 1601 + [ 522 - 06|

Where:

I(t) —0(t) -

S(t) = reservoir storage as function of time; /(¢) = Inflow; 0(t) = Outflow;
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Floodwave Propagation Modeling

i ; e b 2

Sediment Routing
NEW Development!

The one-dimensional advection-dispersion equation is applied on the evaluation of transport of
suspended load in open channels (Fischer et al., 1979; Julien, 2010).
Cis the concentration;

ac  ac a2c Ui the flow averaged velocity;
—+U=—=Ky5— —kC Kqis the longitudinal dispersion
at dx (2% coefficient;

k is the settling rate
Analytical solution for a constant spill in finite time interval is given by (Chapra,
2008):
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Where: T = T+ anay = 54
The error function complement, erfc, is equal to:

erfc(b) =1—erf(b) =
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Sediment Concentration Modeling
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Multi-objective dam operations

Sangju Weir, SK
from Hwayoung Kim

Other Issues besides sedimentation

* |tis hard to change reservoir operation rules
for sedimentation problems because

we have many other issues to deal with.

Stream ecology N _:_ Hydropower,

“er;ide

environment
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Trap efficiency (Tg)
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Sediment Yield & Reservoir Sedimentation
‘ Integrated Reservoir Sedimentation Estimation Procedure (IRSEP)

1
! 1
Conventional FD/SRC method qu
1 f 1
f \
@Llow stage  FD SRC SEMEPP T
L roat

5 ‘;3“ w B |Res- se. (onsyear)
0 | a=erao

B
w2| s 5w
as| 2 1
95| asser 21
ZE NP Y E R
e | 21| 2e7m 1%

6% 72| 10108 8%
a2 4w

2569 | 2%

1261 1%

55 0%

us 0%

PR

o %

0 0%

o EX %515
28310 58501 o | o
EE a6 PO T

firerm (il (i eiell, ASCE, 2007 Sediment Yield: 426,000 tons/yr

Excavation Costs

* Nakdong River Estuary Barrage (1990 — 2010)
e V=13,678,000 m3(43.2 million dollars)
e Unit cost = 6.31 USD/m3

Nakdong River Estuary Barrage Photos of excavation
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Benefit and Cost Analysis
Hydropower Revenues
¢ Capacity: 1,500 kW * 2 units
e P=981Xx1nXQ,XH,
¢ Unit cost of sales = 0.13 USD/kWh

Production and benefit [ Unit cost of sales

[
Weir [ MWh [ Benefit(10° KRW) | benefit(10°USD) | KRW/kWh | USD/kWh

[ Sangju [ 8,004 [ 1,179 [ 1,072 14732 | 013

(Data: K-water, 2014, 1 USD = 1,100 KRW)

Hydraulic Thresholds

Operate the dam above Open the gates above
H threshold = EL. 43.6 m Q threshold = 620 m3/s
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MCDA Optimization

Multi-Criterion Decision

[MCDA procedure] Analysis - MCDA

« Main-Criteria and Sub-Criteria An Approach for Complex Decision Situations
Identification . o .
¢ Decision making method
- Relative Importance Factors to choose the best
5 (RIF) Definition "
alternative
cun ¢ Systematic process based

on the familiar concept of
an overall score

— * Provides a way to

+ Rating method Determination i

L docyment and audit
decisions

« Alternatives Development

firem 1l Mimeiell, ASTE, A007

14



Water Supply

Max. Reservoir Storage (V) e fore (2008)

Maimum stoage for vt supply >

Available storage

Resevai storage (m?)
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Flood Control
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Stream Ecology & Riverside Environment

Max. GVSR
(Good View Station Ratio)
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Stage (H) Constraints

Water Supply Constraints
Critical stage (El.45.0m)

Flood Drainage Constraints

Critical stage (EI.46.1m)
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Discharge (Q) Constraints

¢ Hydropower production
Q>50mi/s

¢ Break-even discharge
Q<620 m3/s

¢ Turbidity limit Discharge

H and Q Constraints

[H range: £L. 44.2 - 47.0m
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Alternatives development
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Historical Operational Data

¢ Sangju Weir, July 2012 — December 2014 (2yrs)

Water Stage is kept high according to the current rule
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Socio-economic considerations

gre Dam in Haiti
S e

Demographic Expansion

18



Lowland Slash and Burn

Farming Uphill
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Farming Hilltops?

Sedimentation
. Reduces Flood

Control
e
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Hurricane Impact

Hu cane Georges
hits Hispanola
2z September 1998

COES Project NASA-GSFC

Emergency Spillway Operation

Citizens Blame their Government
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Could this be avoided?

Summary and Conclusions

Flushing and dredging are possible in low-head dams
Turbidity currents can be modeled and predicted
Dam breaks impact rivers over long distances

Hydraulic thresholds and MCDA are useful for dam
operations

Sedimentation can have a large socio-economic impact
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