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Objectives

Brief overview of stream restoration and
river rehabilitation guidelines:

. Hydrology and Hydraulics;

. Extreme River Floods;

. Climate Change Impact on Rivers;

. River Geometry;

. Flow Pulses Downstream of Reservoirs.




1. Hydrology and
Hydraulics
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Rainfall distribution of Typhoon Maemi in Korea

Total rainfall of Typhoon Maemi in 2003
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Water stage and discharge graph at Gupo bridge
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Return period (years)
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2. Extreme River Floods




Flooding in Peninsular Malaysia from 2007 to 2012

YEAR STATES NOTE SOURCES

2007

2008

2011

Johor, Pahang, Kuala
Lumpur, Kedah, Negeri
Sembilan, Kelantan
Negeri Sembilan, Kuala
Lumpur, Pulau Pinang,
Kelantan, Terengganu,
Pahang

Kuala Lumpur, Kelantan,
Kedah, Selangor, Pahang

Most of the states in
Peninsular Malaysia

Most of the states in
Peninsular Malaysia

Most of the states in
Peninsular Malaysia

RM 1.2 Billion (USD 400 Million)

260,000 people were evacuated from more
than 40,000 families

Major roads effected

Landslide

Over 6,000 people evacuated to 40 flood
evacuation centers

Severe traffic congestion

Landslide

About 60 families were evacuated

More than 70,000 people were evacuated

Traffic jams and water depth more than 1.0 m

More than 70,000 people were evacuated

Traffic jams and water depth more than 1.0 m

More than 5,000 people were evacuated and
600 houses were submerged

Water depth approximately reached 2.0 m at
most of the places

Shafie (2009); MMD (2007)

MMD (2008)

MMD (2009)

MMD (2010)

Taucan et al. (2011); Utusan (2011);
Maslih et al. (2011); Ismail (2011);
Abdullah (2011); Md.-Noor (2011); Mohd
and Perimbanayagam (2011)

Utusan (2012); Jamaluddin and Hassan
(2012); Maslih (2012); Sinyang (2012);
Wan-Alias (2012); Cameons and Wong
(2012); myMetro (2012); Md.-Noor (2012)
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Extreme Floods in Malaysia

Extreme Rainfall Precipitation

" Rainfall Events in Ma laysia

* Malaysia receives between
2000 and 4000 mm of
rainfall per year

2010
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Extreme Floods in Malaysia

Extreme Flood Modeling

TREX model (Hydrological model)

Hydrological sub-models are:
Rainfall and interception
Depression storage and infiltration
Overland flow routing (2D diffusive wave approximation)
Channel flow (1D diffusive wave approximation)

P e HYDROLOGY
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FLOODPLAIN
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Extreme Floods in Malaysia

Kota Tinggi Flood
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SATELLITE IMAGES - RAINFALL AT KOTA TINGGI
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RalnfaII near Kota nggl

December 2006
17-Dec 66 mm 33 mm 29 mm 48 mm
18-Dec 52 mm 23 mm 47 mm 43 mm
19-Dec 156 mm 189 mm 200 mm 161 mm
20-Dec 73 mm 78 mm 69 mm 39 mm
4 days total 367 mm 353 mm 345 mm 287 mm
January 2007
11-Jan 145 mm 124 mm 147 mm 167 mm
12-Jan 135 mm 290 mm 234 mm 122 mm
13-Jan 84 mm 76 mm 42 mm 49 mm
14-Jan 20 mm 44 mm 35 mm -
4 days total 384 mm 534 mm 458 mm 338 mm
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KOTA TINGGI FLOOD
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RETURN PERIOD (DAYS)
RETURN PERIOD (YEARS)

2 3
RAINFALL DURATION (DAYS)

== FLOOD THRESHOLD
=== LAYANG-LAYANG === BUKIT BESAR
ULU SEBOL === KOTA TINGGI

Extreme Floods in Malaysia

Muda River Flood
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Sand and Gravel Mining

River Sand

Mining

Riverbed Degradation
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Extreme Floods in Malaysia

River Management Manual

<«—> | Global

Local

River Management

Flood Control and Dam Safety
Navigation and Transportation
Water Supply
Irrigation and Drainage
Water Quality
Aquatic Habitat

. International Treaties
Federal Agencies .
State Agencies Water Delivery Compacts

i o Water Rights
Counties and Districts
Cities and Towns Cleamjualeiicy

Private Sector/Companies Endangered Speciesinct
Public

Technical <€

International

National

46
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>

GOVERNMENT OF MALAYSIA
DEPARTMENT OF IRRIGATION
AND DRAINAGE

Volume 2 - River Management

P
-—
—
_—
-—
-
—
=
=

Summary and Conclusions

Recent advances in the frequency analysis of multi-day
rainfall events

Distributed models like TREX can simulate extreme floods

Multi-day rainfall precipitation events control floods on
large watersheds

Concept of river corridor and problems associated with
gravel mining

Major step towards Integrated River Basin Management
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3. Climate Change Impact
on Rivers

mpact-of Climate Change
WatersResources

Pierre Y. Julien
Colorado State University

7" World Water Forum
Daegu, South Korea, April 2015
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“ ... four glaciations were recognized, each
lasting approximately 100,000 years...
Laurentide Ice Sheet & Y
the maximum ice thickness was o ’\;*'
~ close to 4,000 metres” -

Cordilleran
Ice Sheet

The Canadian Encyclopedia .

Lower Elevation: flooding from thunderstorms




Waldo Fire

Colorado June 2012
e
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Waldo Fire

Colorado June 2012‘ ]
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Plugs on the Rio Grande
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California lmposes First
Mandatory Water Restrictions
to Deal With Drought

PHILLIPS, Calif. — Gov. Jerry Brown on Wednesday
ordered mandatory water use reductions for the first
time in California’s history, saying the state’s four-year
drought had reached near-crisis proportions-after a

winter of record-low snowfalls.
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Mean Sea Level Trend
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Figure 2. Change in S5ea Surface Temperature, 1901-2012

warm oceans => stronger hurricanes

Change In sea surface temperature (°F):

T T | |

1 05 0 05 1 1.5 2 25 3 35 4 Insuffident
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New Orleans ®

¥ 4 Neli Orleans in Algtis

Cincinnati

Katrina

August 2005
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.

emrains on saturated soils after a snow-heavy winter

i Cedar Rapids, IA, June 2008

Cedar ap_ dsyATdune 2608

B
S ]
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2 1938 Design — Original
1982 Update
2014 Update

13 inches 430,000 cfs

1,086,000 cfs
1,564,000 cfs

From N. Koutsunis. USACE

20 inches

18 inches

Structural Measures at a Glance

Levees

Benefits/Processes
Surge and Wave
attenuation and/or
dissipation

) ding

Risk Reduction for
vulnerable areas

Performance Factors

Levee height, crest
width, and slope
Wave height and

period

Water level

GENERAL COASTAL RISK REDUCTION PERFORMANCE FACTORS:

Storm Surge
Barriers

Benefits/Processes
Surge and Wave
attenuation
Reduced Salinity
Intrusion
Barrier height
Wave height
Wave period
Water level

Reduce flooding
Reduce wave
overtopping
Shoreline stabilization
behind structure

Performance Factors
Wave height
Wave period
Water level

Scour protection

STORM SURGE AND WAVE HEIGHT/PERIOD, WATER LEVEL

Shoreline stabilization

Performance Factors
Groin length, height,
arientation,
permeability and
spacing
Depth at seaward end
Wave height
Water level
transportation rates
and distribution

Breakwaters

Benefits/Processes
Shoreline stabilization
behind structure
Wave attenuation
Breakwater height and
width.
Breakwater
permeability,

proximity to shoreline,

orientation and
Spacing

From K. White, USACE, ETL 1100-2-1 https://corpsclimate.us
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Impact of
Katrina
on wetlands

Sept, 4, 2005: After Katrina

» h‘
%
Aug. 9, 2005: Before Katrina

River Geometry
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Objectives

m Bedforms and resistance to flow during
floods.

m Effects of dams on hydraulic geometry.

m River response to deviations from
equilibrium geometry of alluvial rivers.

Rhine River flood in 1998
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Primary dune height vs discharge

Discharge (m?/s)

Discharge (m?3/s)

Bovenrijn

15 0.6
£ | @ Center
2 | oLeft o
R 4 Right  ,a 0o 8
210 .8 © 0.4
() o «
c
>
©
2
5]
§3.5 0.2
a

0.0 0.0

- 2500 5000 7500 10000 2000 4000 6000 8000
Discharge (m?3/s) Discharge (m3/s)
Roughness height vs discharge
Bovenrijn Waal
0.6
—+Center b8

E | +Left iy 0.3

£ | +Right :

E’OA

= 0.2

(%]

()

c

S0.2

08: ' o 0.1

1L
0. 0.
2500 5000 7500 10000 2000 4000 6000 8000

38



Darcy-Weisbach f vs discharge
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Downstream Hydraulic Geometry
of the Rio Grande, New Mexico

=

Mew Mexico
Cochiti Dam

/4

T Mexico A\
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Peak Annual Discharge

— Otowi Gage - Upstream of Dam

Cochiti Gage - Downstream of Dam

1973 - Cochiti Dam Closed

A

A

Annual Peak Flow (m */s)

Annual Average Daily Sediment
Concentration

1973 - Cochiti Dam Closed

—e— Otowi Gage - Upstream of Dam
—+— Cochiti Gage - Downstream of dam
Bernalillo Gage - Reach Outflow

Albuguerque - Reach Outflow

Annual Average
Daily Sediment Concentration (mg/L)
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Elevation (feet
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Change in Mean Bed Elevation

Change in Mean Bed Elevation (m)

Reach 1 Reach 2 Reach 3 Reach 4

CO-line Number

Bed material size

Median bed material size, d so (mm)

Reach 1 Reach 2 Reach 3 Reach 4
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Sinuosity

Reach Averaged Active Channel Width (m)

a1
o

o

Sinuosity

Reach 1 Reach 2 Reach 3 Reach 4

Active channel width

Reach 1 Reach 2 Reach 3 Reach 4
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Planform geometry
1935 1972

Planform Adjustments
Braided=— . =_ Meandering

ey | —
10 HKilemeters Y o
# /s
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Lateral Adjustments

Reach 2

[ 1992 Active Channel
[ ] 1985 Active Channel
1972 Active Channel
1962 Active Channel
1949 Active Channel
£ 1935 Active Channel
1918 Active Channel

3 Kilometers A
N

Equilibrium?

Hydraulic Geometry Equations

*J&W

= S & A (coarse
material)

%S &A (sand
bed & banks)

X Lacey

Predicted Equilibrium Width (m)

350
Active Channel Width from Aerial Photos (m)
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Hydraulic Geometry Equations
(Julien & Wargadalam 1995)
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(Julien-Wargadalam 1995)
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Modeling Lateral Movement

Deviation from Equilibrium
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Modeling Width Change

Deviation

m equilibrium width

Width = We

Exponential Model Results
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Conclusions

. m Bedforms affect resistance to flow and
Manning n can increase during floods.

. m The effects of Cochiti Dam on the Rio Grande

ol are primarily degradation and armouring.
There is relatively little effect on channel
width.

- m The rate of change in channel width is
proportional to the deviation from the
[ equilibrium channel width.

5. Flow Pulses
Downstream of Reservoirs
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Plan view from Main dam to
Re-regulation dam

- - —

Re-regulation Dam

119 md/s during
3 hr per day

20 m3/s during
24 hr per day

[ |

ain Dam
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"
Study Reach

Hapcheon: city : g « } 1

NakdongfRiver

Re-regulation Bam

Hapcheon Main Dam

bed elevation (m)
& & a &
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width (m)
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|
'variation of Non-vegetated Active Channel
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River changes below Hapcheon dam
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Lake Borgne Surge Barrier, New Orleans, LA

~ $10 billion ... too much or not enough?
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