Smart River Engineering

Chapter 1. Introduction
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Objectives of Chapter

» Why is River Engineering so important?
» What type of problems do we have in River Engineering?

» What are Solution Strategies for these problems?
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Introduction 1

* Majority of rivers are subject to such natural modifications as
- meandering sand bed
- alluvial stream

* Engineering works are to control or modify

- discharge (or stage)

sediment discharge

stream alignment*

channel depth for navigation

floodplain for land use

water quality*
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- USGS Scientific Report 2004-5272
- Monitoring Channel Morphology and Bluff Erosion at Two Installations of Flow-Deflecting Vanes, North Fish Creek, Wisconsin,

2000-03
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Control of Water Quality
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FIGURE 1.1
An urban water-wastewater
system. A water treatment
plant (WTP) purifi es river water
for human consumption. A
@ wastewater treatment plant
(WWTP) removes pollutants
from sewage to protect the
receiving water.

Waste removed

* A significant part of the water diverted is usually returned to

the stream as waste discharge.

» Some design goal has to be established that would protect the

environment properly and economically.

Introduction 2

* Targets of river engineering can be summarized to
- channelization: mostly for flood control

- canalization: mostly for navigation
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Introduction 3

* These are achieved by
- dam and reservoir
- levee (flood wall) and bank revetment*
- locks* (for navigation) Zf#

- channel contraction or dredging

Revetment: 2 2t&

Y= AT UF SR TESA 2ASA
Use of close-to-nature concrete blocks for revetment in Yoshino River, Japan
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After placing the blocks, soils will be covered and grass will be grown over the
soil layer.

Lock

There is 15 m difference in the sea water levels in Panama Canal.
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Purpose of River Engineering
(1) Flood Control and Drainage of Floodplain

* Flood control by levee*

- may result in reduction of storage capacity of
floodplain and conveyance of the river
* Increase storage capacity or diversion of flood water

- by building a reservoir
* Increase discharge capacity*

- reducing roughness, enlarging the cross section, and
shortening the channel reach

- However, increasing Q may result in increasing V and

tractive force, which jeopardize the bank.

Levee

Backfill and
native plants

Existing
loven

River

Missouri Army National Guardsmen patrol the top of a levee next to the
flooding Mississippi River.
Joe Raedle/Getty Images

« S (HIEh): bank, levee (52, barrage, dike




The Great Flood of 1993 in US

O August Jzt, 1993, the Mizsissippi River ar 1. Lowts erested ar 49,58 feer, the highest stape ever

e

The size and impact of the Great Flood of 1993 was d has been i mast costly and & ling flood to
ravage the LS. in modern history. The number of record rives levels. the aerial extent. the number of persons displaced, amount of crop
and property damage and s duration surpaesed all earier U5, flocds in modern timas.

After the flood

There was a debate between the NGO and the Corps of
Engineers.

The NGO argued that what the Corps of Engineers did during
the last five decades was to raise the water level.

They raised the flood level by building the levees.

The water level was not high even for a flood larger than this

year.

The COE countered this claim, saying previous flow

measurements were not sufficiently accurate.

What is your opinion?
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River Straightening: 1989'd LIFA| $=5ff

(1) Collapse of bank

During the flood in July 1989, the bank of
Yeongsan-gang River collapsed and the
entire Naju city was flooded.

(2) Why it happened

The upstream part of Yeongsan Grand
Bridge was strengthened, and a revetment
was installed at A.

(3) Lesson

Before straightening the reach, the weak
point was A. However, after the river works,
the weak point moved to B. Both lab

experiments and computer simulations are

needed to identify the weak point.
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Purpose of River Engineering
(2) Water Supply

* Impoundment by dam is necessary due to streamflow

variability both seasonal and annual*

* Irrigation not only increases volume of food but also increases
the reliability of food production (B#2&iF2| H 28t CHH])
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Seasonal Variability of Rainfall
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In general, 2/3 of annual precipitation occurs in the summer in Korea.
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Purpose of River Engineering
(3) Navigation

» Water transport is cheap but slow.

* Waterway development

Before waterway was developed mainly for water transport, but nowadays for leisure.

Purpose of River Engineering
(4) Hydropower

* Hydropower generation has become less important, especially
in Korea.

* Its role is being replaced by nuclear power plants and solar
energy generation.

» Once built, it produces clean energy.

» Pumped-Storage Hydroelectricity (7K E)

Nuclear power | Fossil power Hydropower
plant generation generation

40% 50% 10% (8%)
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Pumped-Storage Hydroelectricity

-

Pumped-storage hydroelectricity (PSH),
bl wzAAe] o s or pumped hydroelectric energy
VIR XOEA BN storage (PHES), is a type of
™™ T O 'l"%l—nl hydroelectric energy storage used by

electric power systems for load

balancing.

The method stores energy in the form
of gravitational potential energy of
water, pumped from a lower elevation
reservoir to a higher elevation.

Low-cost surplus off-peak electric
power is typically used to run the
pumps.

During periods of high electrical
demand, the stored water is released
through turbines to produce electric
power.

PSH in Korea
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Purpose of River Engineering
(5) Cooling Water

- Downstream power plants or industries need water for cooling

process.

» The amount of water required is small, but the impact of

returned heated water is detrimental. Thermal shock

Hydropeaking and Thermopeaking

1000

_ 800

5

E o0

&

g l |

3 400

Ei h l' lII ll

3 I LA
0\ LA rl'\‘“.l]l-_ | W

Tdan | Feb | Mar | Apr | May  Jun | Jul | Auwg | Sep | Oat | Nev  Dec |
month

Inflows to the dam

&

discharge (m3/s)
g 8 &

=

Jan  Feb  Mar

Apr - May  Jun Jul  Aug  Sep Ot Nov  Dec
month

Hydropeaking flows
Soyang-gang Dam (2005)

2024-09-13

14



Thermopeaking in Goesan Dam
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The dam releases warm water in the winter and cold water in the summer.

Stratification and Cold Water Damages
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(a) Simulated and observed water temperature in 2005

Soyang-gang Dam (2005)
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Terminologies

* Hydropeaking: Short-term fluctuations of flows in the reach
downstream of a dam due to hydropower generation
» Thermopeaking: Short-term fluctuations of water temperature

due to hydropeaking flows

THERMAL STRATIFICATION - resonse -
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Local fishermen: “Only 1/10th of the average catch after sudden discharge” Some
fishermen receive daily wages and do weeding work after missing the blowfish season
due to sudden discharge on May 17 Residents: “The water temperature dropped,
destroying the fish habitat... “Should have released it slowly over time” vs. “We have no
choice but to release it according to the manual” K-water and local governments need to
jointly study the impact of sudden discharge on the ecosystem of the lower reaches of
the Imjin River.

In particular, the habitat of blowfish and other fish has been destroyed as a large
amount of water from Gunnam Dam, which has a temperature 7 degrees lower than that
of the lower reaches of the Imjin River, has been released in a short period of time,
causing poor fishing conditions for several years.

Takifugu obscurus
(blowfish)
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Purpose of River Engineering
(6) Recreation

« Artificial floods in Glen Canyon Dam on Colorado River, AZ in US

* Weir removal in Korea

Artificial Floods

* When Glen Canyon Dam was completed in 1966, sand bars
disappeared slowly in the reach downstream of the dam.

* This affected the business of water sports such as rafting along
the river.

* In fact, they had been rafting along the river and pitching tents on
the sandbar to stay overnight, but when the sandbar disappeared,
they lost the place to pitch their tents.

* So, USBR decided to generate artificial floods using dams on the

tributaries to supply sands to the downstream reach.
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Purpose of River Engineering
(7) Fish and Wildlife

» Two issues in longitudinal continuity

* Various fishways

(a) Larinier—Denil type (b) Vertical slot type (c) Ladder type

The Denil fishway was developed in 1909 by Belgian scientist G. Denil. It uses a series of symmetrical close-spaced
baffles in a channel to redirect the water flow, allowing fish to swim around the barrier.

The flow turns upon itself at the base of the baffle and this creates a low velocity zone that fish use to ascend. The

main advantage of Denil fishways is that they can be built on steeper slopes compared with pool-type fishways like
the vertical-slot design.

Types of Fishways

* Pool type
* ladder type
- vertical slot type ice harbor type  vertical slot type
* ice harbor type
 Channel type
- wall type wall type
* Denil type
- artificial channel type
* Operation type
* lock gate type
- lift type
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Fish Ways: Ol
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Fish Ways: O]&=
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Some Conceptual Fishways (1)

Some Conceptual Fishways (2)
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Example of Fishway (1)

Kinneytown Fishway on the Naugatuck River in Seymour,
Connecticut

Example of Fishway (2)

Hadley Falls Fish Lift
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CFD for Fishway

- Fishways have not been so successful, but they are highly needed.

- CFD can be used to improve the function of the fishways.
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