TK PEVR FR ¥ i
Reservoir Sedimentation Control
By Han, Q.W.

Institute of Water Resources and Hydra-electric

Power Research



[HEN

N

w

RN

1

TK IR AR 128 il

Reservoir Sedimentation Control
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1. Purpose and operation techniques

2. Development and achievements
In study on sedimentation control anc
preserving capacity for long term ir
China

3. Fundamental principles, technical
feasibility and economic rationality

4. Preserved capacity for long term
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Purpose and Operation Techniques of Reservoir

Sedimentation Control
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1.2 I AR 1
1L3ITHIMARE

1.1 Significance of Reservoir
Sedimentation Control

1.2 Principles of reservoir
sedimentation control

1.3 Operation scheme for
preserving storage
capacity for long term
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Significance of Reservoir Sedimentation Control
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Impounding of reservoir creates
dramatically reducing of flow velocities
and thereby serious consequences:
® |osing total capacity (all flood protecting
capacity and most of capacities for power-
generation, navigation, and water supply) ;
® more inundate damage caused by deposition
extended upstream
® influence on river reach downstream reservoir
@ safety of dam structure
therefore reservoir sedimentation is very important,

especially for hyper-concentrated river
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Principles of reservoir sedimentation control
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Based on characteristics of
hydraulics and deposition
In reservoir to control amount
and location of deposition In
order to preserve certain
capacity for long term

Dredging can be adopted In
Small reservoir sometimes



1.3 EHIK AR
Operation procedures for preserving storage
capacity for long term

Operation procedures including:
IKEERIRIE SO ERE trol of
W PRSI oo y
Fedl. EsEDKR & @ Storage deposition
il ETEY SkEEH. @ Water level rising at back water end
DL iF Bl sl K g At PPN -
b s K B2 0 VB B Navigation condition in fluctuating

P 2 WA AR 2 ) K PR A4 back water region

mlR A cHE, UTFEE @ Sediment and flow routine in front
B EERRIRES, BIKE of dam

K HARE R s FH 5 K

® Degradation downstream reservoir
Control of storage deposition is the key
of reservoir sedimentation control
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Development and achievements in study on deposition

control and preserving capacity for long term in China

. N 2.1 Small attention paid before twenties of
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S 2.3 Incorrect viewpoint of  reservoir

sedimentation
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2.6 Appraisal from CYJV(CIPM Yangtze Joint
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2.1 20 28 20 FARBAHI/KER BRI RE
Bl A EEHEAY
Small attention paid before twenties
in last century

ok B — R H ARk EE, @ Single-purpose reservoirs,
XtHR BB AE &, Vb such as for flood detention
A VAR S ot O LN or irrigation On|y
e, BIKEIR/DIIRERRKEE.

Small deposits
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‘ e o ' i
T ZEVAK I 2 B ) Smal s_torage capacity having
IKEE/N, AT 35 small influence on economy
M )N ® Serious consequences not
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Large scale reservoirs for multi-purpose
creating serious deposition
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¥4 5000 X 10°m®, SRR 12X 10°m®,
H 1935 4F DUHT G2 7K B P 58 i R 10
10%, HAKREER 1/2—3/4 5 10%.

HAKEEEER AT 100X 10°m®, HF7E
15m DL Rk 265 BE, COPIHRER
20.6%, H 5 FEEIRIT.

According to data in seventies of last century

® US.A. total capacity 5000x10°m?®

annual deposits 12x10°m?®

10% of which involved in abandoned reservoir
10% of which involved in reservoirs
with discarded capacity 1/2—3/4 of storage
capacity
® Japan 265 reservoirs with capacity larger than

100x10“m®, dam height larger than 15 m

20.6%0 capacities discarded ,
5 reservoirs abandoned



2.2 BEESZEAAKERERE, TRz ™3
Large scale reservoirs for multi-purpose
creating serious deposition

[PEE

AT B W X EBER MK @ U.S.S.R in middle Asia

PElE 6m LUF, TATHER—BN 1-3 life span of irrigation reservoirs
4B, 7-30m TR %Y 3-13 4F. with dam height less than 6m: 1-3 years

® China  Serious deposition occurs
especially in North and West China
In Shanxi Province 31.5% of total capacity

WiLvE4, £ 1973 £448 43 PR
KERER 223X 108m°, 2R M

31. 5%, BEFE4E 100X 10°m3 A _E/KFE,
8 3 .
KR 15X 10°m°, ELiZk 31.6%. 22.3x10°m* discarded

In Sanxi Province 31.6 % of total capacity

15x10°m*® discarded

10
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Incorrect viewpoint of reservoir sedimentation
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Reservoir deposits unavoidable and
reservoir life span limited
Reason: income sediment passing through
reservoir is contrary to
surplus capacity left
l.e. either surplus capacity (except
channel capacity) creates
deposition
or no surplus capacity left
(except channel capacity)
to pass all income sediment

through reservoir ”
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Operation scheme for preserving capacity for long
term first proposed in China in sixties
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Since last sixties operation scheme has been
studied to reduce deposition and sediment
routine for preserving long-term capacity
has been worked out, which simplified as
“ impounding clear water
and discharging muddy water”

i.e.  “impounding clear water for
beneficial use and discharging
muddy water in flood season to
restore capacity”

12
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Operation scheme for preserving long-term capacity

applied extensively in China
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Operation scheme for preserving long-term
capacity has been applied successfully to
many reservoirs such as
Sanmenxia,Xialongdi, Three Gorges
Operation scheme for preserving capacity
for long term deeply studied since sixties,
Including:

fundamentals, feasibility and rationality,

preserved capacity,

necessary conditions for preservation,

process of deposition

13
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Appraisal from CYJV(CIPM Yangtze Joint Venture)

£k CYJIV (CIPM  Yangtze Joint Ventune)
= TRAMATHER SRS (BRE) TEE:

“PREIX— RRMRERER, PR EK
B A B AR [ B2 R R R — R B
B, =k THEACH4FR IR YD ) SRuk 2 7R 5T
EXANEME B 7 EEE - MERGHHE
XHE, TEAKERTTHAEREZHER, DB
R PR AR vk R A e TG BB ST A DR 3

“It is important to point out that
the theory of equilibrium slope and of
preserving the long term storage of
reservoirs, upon which the entire
sediment management strategy of
Three Gorges Project is based, is
developed in China to a fine art. No
other nation in the world has as much
experience designing reservoirs so
their regulating and flood control
storage can be preserved indefinitely”

14
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Fundamental principles, technical feasibility and

economic rationality

3.1 fundamental principles for
1. JKEERK I H E preserving capacity for long

term
R
= 3.2 technical feasibility for
2. FiARBIAATHE preserving capacity for long
term

3. &5F bHEHM

3.3 economic rationality for
preserving capacity for long

term
15
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Fundamental principles for preserving capacity
for long term

IRETR, KRB EH The viewpoint of reservoir
life-time being limited is

EEHRDRRLE, A hased on the fact that
A Be7E Rl —B a4 3], x deposition and passing all

. o - sediment through reservoir
IE e 7K P e SE 2 A P are contradictory and not

G UL LR “HRHE S able to occur at the same
time

16
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Fundamental principles for preserving capacity
for long term
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3.1 KA IO FH 1 J 2
Fundamental principles for preserving capacity
for long term

The fundamental principles for preserving capacity for
long term is that the period of one year is divided into
two stages (or several stages) (Fig.1): flood season and
after flood season. Reservoir is treated as a river channel
and a reservoir in different stages separately and In
flood season the drawdown to the sluicing level turns the
reservoir to be a river channel without surplus capacity,
passing the income sediment with higher concentration
all through the reservoir, while in dry season a higher
level will be maintained to impound the reservoir for
multiple-purpose  utilization, and under low
concentration only few sediment deposits and is
scouring away in the next drawdown period.

18



Fig.1 Sketch of Reservoir of Long
Life Span

1 EE & KA Normal pool level
g L .

Reservoir bed profile during sediment discharge

HEyb K e AB,CD  Reservoir during sediment discharge AB,CD
' EKMKPE AB,CD  Reservoir during storage AB,CD




3.1 7K A 0 45 FH ) i B
Fundamental principles for preserving capacity
for long term
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To prolong the life span of
reservoir a procedure of lifting
the dam height to compensate the
lost capacity has been adopted
for some reservoirs. Without
drawdown to pass sediment
through the raised level enlarged
the capacity but created deposits
dramatically. (Fig.2) Gergbilseke
Reservoir in U.S.S.R is a case of
this kind. 20
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Fundamental principles for preserving capacity
for long term

A, G0 SR T R B
KALHRYS, TR RESHT,
AERKAL, B fKER
REEFERIE . Wi FEHG K e
CLRT A B it TR R A -
1970 FHE e, FFEMNEEK
27 5000X 10°'m°, fEHRT i
BT K MM KR,
IE AL G 1 I PR LI T
T

On the other hand while drawdown
for passing sediment through the
level should be raised to allowable
height for more benefits.

Laodehai Reservoir was only for
flood detention, after reconstruction

in 1970 impounding 5000x10* m"®

for irrigation after flood season.

22
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Technical feasibility for preserving capacity
for long term

KRR R AEBOR BB ATAT HEAR
ARIAEKFERE A R, BE R
- i BRI A A /N T R AR T TE 35
CIXPIE LB — A il L PR
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W0 5 INTRIRI s [ 2 AT 3 F/)N
TRABWE, BAILEM, PR
Zab). mTEEKERLXERE, K
I 5 R B S R T 7K R TR R T 2 5
(ERE VKRR RENHIR K ER), B
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Condition for feasibility:
equilibrium slope after
deposition smaller than
nature river slope.

Since most reservoirs are
constructed in mountain
area the feasibility always
exIsts

23



3.2 BRI A AT
Technical feasibility for preserving capacity
for long term

ST RE 32 FEKFE. HA
32 JFEIK R 27 BEK P,
D> 30%—50% 1 27
BE, 5 29.7%; #/> 50%—
80%HJA 31 &, & 34.1%:;

3 B> 80% LA 1A 7 B,

5 7.7%.

Among 32 reservoirs in China,
32 in Japan, 27inU.S.
27 reservoirs (29.7% of total)
with slope reduced 30%--50%
7/ reservoirs (7.7% of total)
with slope reduced 50%--80%

24



3.2 AR AAT I
Technical feasibility for preserving capacity
for long term

2T TP /N B AR Conditions for more capacity
=AW E kY e e (B [E 7K FE— preserved:

® more amount of iIncome
7 HZ 9 H=1HkRW 70.2%— sediment in flood

96.09%), AR THEVE, JEIE I % season for discharge muddy
water(70.2—96.0% of total

K FEA 2 e B KR gk e sediment carried from July

B A to Sept. in China)
® steeper slope of nature river for

surplus carrying capacity

25



3.3 &ut LA M
Economic rationality for preserving capacity
for long term

Procedures for preserving
capacity for long term damage

EA B )& BRI . .
the benefits of reservoir in
K EEAS AR 7 2\ = 2% certain degree.
FIE bR B8, 5 W Economic rationality rr_1eans to
adopt measures to realize the
L compatibility between benefits

of long term preservation and
reservoir utilization

26



3.3 &% ERE RN
Economic rationality for preserving capacity
for long term

BG, KEMEAKERZ

5 2t 5 B v B A — Sediment routine for
B, AR 2 DK R 5 B long-term preservation is the
BEBR AR ALA R, B AT B same for flood prevention,
MR GRS K specially when flood

BrHEYS, 57K BRIk IE F BT prevention level Is the same
BUEPEAR—E . TIAER as sluicing level

HERUKI, MI4SEREL, B

JEFHED).
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3.3 &% L&
Economic rationality for preserving capacity
for long term

Sediment routine for long-term

KBRS ARA S KA preservation makes large variation
I JERIEAR KRR, of water head for power generation,
WEIh THEE, JkkE/,  since the head in flood season is
Tz KL K. a7t Small for sluicing. More generators
of available type should be adopted to
use the run-off discharge In flood
season

HIEFHET, BB L
Bl A FH R A2 O K R R
Abo
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3.3 &5 L&
Economic rationality for preserving capacity
for long term

KEKHBEAEHIZMRR, A2R  Sediment routine for long-term
B —3, T EREEE ks preservation is the same for

% (GEEE KA e, | navigation.. Impounding in dry
season increases navigation depth;

HIHAKAL T R0 2> AR B [A] 7K X3 .
Drawdown In flood season reduces

BO, SMBETAKFEREN, 28] deposition in fluctuating backwater
KX FEEEK, X REHMEEELERN  region;Fluctuating back water area

] 8545 AR BS0, {BEL A] DL S extending upstream because of large

‘ variation of | level r mor

T ariation of poo ee_tOf:eate ore
local obstacles of navigation

29
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Preserved capacity for long term

FE—E T, KIMHKER &L
RE RN

~ mAH§L+AHOBCL
3
mAHS AH/B, AH,hB,
= + +
3J 2J, J

c

Horp VN REREER, AH, N IEH &KL
H, ZPTPRBIKAL (HEP KAL) HHIZE(E,
L RKEEREE, B 7K EE-PAT A %R,
Jo AP35 %

Vv +B,hL

c

Expressions of final capacity preserved for long

term

_ MAH;L L AHB.L
3
MAH; AHZB, AH,hB,
+ +
3J 2J, J

Vv +B,hL =

c c

V final capacity;
AH, difference between normal level
H, and flood control level #:
L length of reservoir, B. equilibrium width
of reservoir deposition

J. equilibrium slope
30



Fig.3 Sketch of preserved capacity
for long term
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Preserved capacity for long term

B 3 DA A K R AR P-4 e I i A
. NAHEH, B—TOY B T 3905 MR,
FTUNE 1T BN NHIER, H=TC8EPE
11T B X R ER . AT R &R E KA
BER . —IRAEREFEZHT, EH M MER

(P& ABCD BTt B ) ATH

MWAXEH, BEREERS V)5 RE R
& B. BRIEEE, 5P R J B b, SRR IER &
TKAL 55 HRD 7K AL 22 22 )1 i Tz 48 A

BROE R S OR B R A o A O LB, U3
FEAE R ABURA RK

Three terms corresponding to I, 11, 111
In Fig.3 respectively.
Before final equilibrium reached capacity
of flood plain ABCD is available
Finally preserved capacity is proportional
to equilibrium width and in inverse
proportion to equilibrium slope
and difference between
normal level and sediment sluice level
River-type especially gorge-type reservoir
Is available for large ratio of preserved
capacity to total capacity

32
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Sufficient discharge through outlets-basic conditions

for preserving capacity for long term

SIRB T, R R HURT it d is i
KPP BT, R e AUHIK Sufficient discharge through outlets is in

fr, SHiiEE B BEEKAR. H2H need to guarantee the preserved capacity

T R R, fustge O ON9 term | |
The longitudinal profile of deposits depends

ARG, WA RIRIERAN R E on before-dam level, which related with
GKEEFFHE R K 78 T gk discharge capacity of outlets.

‘ . N . Without sufficient discharge capacity of
IEBFRDACAL, TR AL Lt koutlets sediment sluice level under certain

gt BOORIRAAR, iK%, Hufiizk flow discharge can not be assured so that pool

PBEAT AT !evel raised, flood retarded, depos?t?on
increased, slope enlarged and deposition
extended upstream. 33
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Sufficient discharge through outlets-basic conditions

for preserving capacity for long term

=T TR IK P it S K] DAy i
AESI A, STJR PR ,
R T EE Sy, EEH) TR
B. NZHIzHEERE, &
F FKENIZER] T IR

%\

Sanmenxia Reservoir after

reconstructed twice
discharge capacity of outlets
enlarged, deposition under
control and deposition
being equilibrium
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Sufficient discharge through outlets-basic conditions

for preserving capacity for long term

oy 8 e, 0 — LEYRTE R
IR FERI AR, HRERIIT
BAW, Hinltmees, #%
TIPIAE Y B T R S —
FE

Discarded reservoir caused by
deposition able to be reused if
discharge capacity is enlarged
and thereby deposits from
reservoir can be scoured and
sediment routine is available
for preserving long-term capacity

35



