Fig.l. Velocity vecior
plot, seen from above,
of the sand trap of the
Jhimruk hydropower
plant, Mepal, The verii-
cal location it midway
henween the waler sur-
Jace and the bed.

Sediment control: recent
developments for headworks

D.K. Lysne, N.K.B. Olsen, H. Stdle and T. Jacobsen,
The Norwegian Institute of Technology, Trondheim, Norway

Headworks in rivers with severe sediment transport can suffer from poor sediment
control and poor techniques for removal of the sediments in the withdrawn water.
Reliable physical modelling of the phenomena Involved has always been a problem.
These facts, often combined with relaxed operational attention, invariably lead to the
blocking of intakes, channels, ponds and forebays by deposits of silt, sand, gravel
and sometimes rock. This article deals with numerical analysis as a planning tool,
and new techniques for removal of sediments, The authors comment on
appropriate operational procedures.

xtreme sediment loads in rivers, mainly dur-

ing monsoons, are among the major problems

' related to man's development of water re-
sources. Sediment transport will remain a

natural phenomenan. Reliable and efficient systems for
sediment contral and the removal of sediments fram
withdrawn water will therefore always be one of several
preconditions for the successful use of water resources.

Run-of-river projects and storage schemes with large
dams are today the only feasible hydropower projects in
river basins with severe sediment transport problems.
The reservoir sedimentation phenomenon has excluded
the possibility of building medium-sized reservoirs for
long-term regulation purposes. Medium-sized reser-
voirs in this context are defined as those with a total
volume of between 3 per centand 30 percent of the mean
annual run-off. Any project within this category must
therefore be addressed as run-of-river projects with re-
spect to the planning and design of sediment handling
facilitics,

The design of diversion works and intakes in rivers
with heavy sediment transport may be reduced to the
question of finding ways to withdraw water from the
river flow and appropriate means to return the sediment
charge back to the river, Various technigues for the con-
tinuous flushing of sediments from desander facilities
and run-cf-river headpends have been developed and ars
being implemented.

Recent research has dealt with feasible methods for
sediment control techniques (by-pass techniques) for
medium and large reservoirs.

When these different techniques have proved
successfil, several.of the follewing objectives will be
eble to be met:

o Headponds, daily peaking reservoirs, medium and
large size second storage reservoirs will maintain their
live storage. '

a Sediment eontrol can be handled without interruption
to the normal operation of reservoirs end desander
facilities. For example, desander flushing can be con-
tinuous or programmed independently of pow erplant
operation, a5 dewatering of the desander basins is not
necessary to carry out flushing,
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o Thesediment transpoit downstream is only marginall
influenced by introducing a reservoir on a river. Toda
the trapping of sediments within reservoirs is a majc
environmental problem. Selective withdrawal of si
or sand and gravel is of major importance for agricu
tural soil improvement and as a construction materia

Physical modelling of sediment flow has always bee
problematic and only very approximate techniques ai
available. The latest developments in three- dimension:

. (3D} numerical analysis provide an important step for

ward towards more reliable planning and design tool
Physical modelling will not become obsolete, but wi
gradually take on the role of overal] quality control ¢
proposed designs.

New techniques and the difficulty experienced in heat
works operation require a majer change in focus wil
regard to the needs of headworks operation staff. A ne
philosophy for headworks operation and staffing is by
ing implemented at new hydropower plants in Nepal.

1. Numerical analysis applications
A 3D numerical model for simulation of water and sed
ment flow has been developed over the last years t
M.R.B. Olsen. It is called SSIIM (Sediment Simulatic
in Intakes with Multiblock option). The model solves ti
Navier-Stokes equations déscribing the water flow, gi
ing the 3D flow pattern. The convection-diffusion equ:
tion for sediment transport is also solved, which giv
the sediment concentration distribution. This can beust
to determine trap efficiency and bed changes. The m
merical model calculates the pressure in the geometr
and this can be used to calculate the water surface. Wi
iterations, it is therefore possible to estimate how 1l
water surface and bed level change over time.

The main objective of the mode! is to simulate wat
and sediment flow for intake design purposes. Tl
model has been used in several cases to simulate flow
water and sediments in desilting basins and sand tra
[Chandrashekhar, 1994'; Olsen and Skoglund, 199
Olsen and Chandrashekhar, 1995%. The results ha
been compared with physical model studies, and go
agreement has been found. As an example of this ty
of simulation, the flow of water and sediment in the sai
trap of the Jhimruk hydropower plant has been calc
lated [Andreassen, 1994). The sand trap is 52 m lor
5.5 m wide and § m deep. The water discharge throu;
the sand trap is 3.5 m¥s.

A velocity vector map of the sand trap seen from abo
is shown in Fig. . The concentration is also calculat
for several sediment sizes. The resulting concentratio
are shown in e longitudinal profile along the centreli

Notes;

Source: “Sediment control: recent developments for headworks” by D.K. Lysne, N.R.B.Olsen, H.St@le and T.Jacobsen

The Norwegian Institute of Technology, Trondhelm, Norway, pp.46 — 49 of Hydropower and Dam March 1995.
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pdihe left chamber in Frg. 2, Fora"porticle size of 0.2 mm,

The numerical model has alse boen ussd io calculate
water and sediment flow in resgrvoirs [Olsen, 15915
Oigen &nd Melngen, 1903% Olsen et al, 19047, The
sediment deposition patiern was simulaled, including
hew the reservedr fills sp over time. The tap clicincy
ol the reservair and how miueh of the sediment enters the
intake wag also calculated

The photo an page 48 shows the welocity field (sezs
from above] st thie Garila kydropawear reservodr in Costa
Rice. The reservalr [5 sbout 500 x 300 m, and has &6
pverapge depth of § m. Water ko taken in from @ river 2 km
ausy, and bed theouph tunnels and chenrels into the
seservodr, The flow Nield has been caleulnied waik o waiter
gicharge of 17 mYe. Fleld measurements were carned
eut, which e5aw that the water flaw Feld is fairly well
urvulared, including all recircutalion Danes.

Anciher application of the numerical model i Lo 3imes-
late bocal seour. This has been dome by Oisenm and
Melanzn [159349, and s 51l an petbve fisld of numesizal
sessarch It s nlso possible to sirulele the flow ima Aver
which has large cesks [Olsen and Stokssth, 1953%], and
resaarch is continsing &n thig Lopee,

Research B also being condected to sirmlate neidity
vurnenits, Resulis from tbis work fer o labamiory flume
will be published soom [Ofsen and Tesaker, 1995, and
thers are alsa plans far simalating torbidity currents in
rEsErwirs, !

Anoiber tepic far nemesienl research s the simulation
of reservoir flushing. This |8 imporient when it comes 19
investipating the possibilities for reducing the negative
effects of sadiment depositian in reservpins,

[The SSIIM model s available g freeware snd can be
downlaaded from the Internet, From the sddress:
Jiecdromcan in directary publes'3Tbiedcate.)

2. The S4: a cure for Himalayan hy-
dro projects

The ‘Serpent Sediment Slaicing System', or simply
‘54", was nvented by H Stole in 1988, The patenied 54
conoepl has now developed feoem an kdes, through o
rescsarch and development process, to n commergial
praduct [Stale, § 593"], and the firs two commerncial 34
instillations bepas 1o operate in Mepal during the 1994
mossoan season, 1% Iwe plants built snd aperased by the
Tumwal Poawer Compasy,

When the setiling baskas af the § MW Andhi Khola
kwdropower snd irfigation project were refusbished in
1994, the odginal contisuous flushing sysiem was re-

Inz=d by |he 54 in balk seitling basins, afier a 1258 rig

dp:rf&ﬁmﬂ well in one of the basins for lwo yaars,

Bya ing the 54 far sediment control in the lﬂlﬂrb]
basing af ke 12 MW Jhimrak hydropewsr project, the
costs of ihe headworks were reduced considesably dur-

A Sergen Sedimenr Slwdeing Samem af the [2 W fumruk
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ing the plansing proceas (lawer sonslrustion costs, 14
well a8 the zaving of fermlend in the fertile Jhimrek
villey),

The iméenlass awn company, Sediment Sluiding Sye-
ierss D ing. H. Stele AL is supplying 54 o the Nepal-
ese markei, while Siatkrafl has ioensed the technology
for the warld market.

Fig. 3a shows an 54 nstallstion in 2 setiling basin
operated in opening mode, The ‘serpeni® ia a heavy-tay
ruhber fube which s=als a slit bebween the seftiing basin
and o flasking chanes| along the batios of the basin
when the tube is [illed with water. The fushing channel
is provided with & gate ol ils downetreasn ead, end an
aperling valve i applied for filling or emplying the
serpant, When the serpent s pradusily dewsared, i
rises and opess the alit like o zip fastener: The elsicing
area moves along 1hs botiem of the basim wish the slit
apening

54 fnsallasion may alse ke apssated in the oppo-
stz mode, ag shown in Fig. 3b. The serpent floads inthe
basin while sand asd gilt wre seuling sut, To Mush the
bain, the gsrpent is 11lked with warer apd 1he flushing

Fig.2. Lovgimalingl
prafile of sedsenl
aonratrarion o 0.7
with, dii sl midale o e
Ief? chember o e sand
e a7 fhe admyread
hyeivaporar pianl
Negal,

Fig. . The Serprud
Sl Sy
Eyarem, ja) apeviug
o owt, (B clming
mode
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Cadlowr plizet aff wiilasi-
ped drom abeee] af The
Geiid Avdivgs pasr
refemssir, Caura Rica,
Tht variical localion i
eafuay BEnegen e

wgtér purfosd aed e
bad

Fip 4. Sulcing pedi-
repned wilk the Slovved
Popr Sadiminr Smiggr
Water grd redimantp
ard dvden throngh the
St jlate The due-
i pob Aser dons-
predm aling the dlamed
pipe wull alf she redi-
mnll aRe remgued,

gate apened. The slit opeming will thea mowe in the
oppasite direclion, thus moving the slucing area
i h che snibre basdn,

54 [aeilinmtes the sanbinuous speratian af s2ttling ba.
aing, head-pands of small ressrvaice. The Aushing proe-
e84 ig, however, imlermittent, An 54 installation s
therefare flexible, and the flushing lrequency may be
sdjusted 1o ceemply with the sediment load of the nver,
The flushing process it carmed sual wibng gravicy forees
along, and therefare no power inpal i3 required, The
required flushing head &5 low and the sediment sancen-
tsation in the Mushing waser can be maintaimed 21 a high
lewel, The two modes of operation make Ike system
robust, climinating the sk of a “point of mo meoum’
situsion during aperation.

Maopitoning and operalion of the headwarks wah 54 i
simple. An 54 insallsion may be operated automati-
cally or manually by the use of the cpenting valve and
thz flushing gate. A controd umit is developed forf auale-
minive gperaiion. The flushing frequency can be vaned
from one fluibing per weck to 12 fushings per day, to
comply with tha sediment chamctenigiies af the siver and
ihg waber available for Msshing.

The system is st in the stasdby mads during the dry
seazon. Mo valuable water will therefore be losi dunng
the dry peagon, but the system will automatically start to
flwsh the Basin when o sediment-loaded flood appears.

3. Sustainable reservoirs

Sedimeniation is a m:j{lr ghstacle o the sasiamahble
management af reservairs. Wates demand 13 ineressing
wolldwide, and thies resarvairs for storing water are be-
seming marg impartant. Developing souniries have the
r'r||j|:||-i|:,l ol und.:v:.'lnp:d water slorage palential, but
many of these same counfres alia have seveds tedomen-
talion problems. In industrialized cousirics, as some
alder reiarvairs sulfer from sedimentation, the pogsibili-
ties for building new reservaics are limated. Two methada
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| far sluicing sedicsants developed by PRD student T Ja-

cobsen are presented here, The Slotied Pipe Sediment
Elmizer is & Mxed sluizing sysem, while the Saxephene
Suction Hewd is & suction head For siphoaing,

3.1 Slotted Fipe Sediment Slulcer

The Slotted Plpe Ssdimest Sluicer cam be deseribed a5
a pipe with & contineaus row of slots on the battam, bis
fixed close 1o the battom of the regervoir and conpectad
ta & pipeling with an outlel downsiream of the dam,
shown in Fig. 4. The upstream =nd points upwards, 52
tht it 13 always above the sediment deposits, The Slaled
Pipe Sediment Sluseer is aperased in two phases:

& Sediments are allpwed fo settle om top of the slalted
pipe umtil the thickness of deposits 15 safficient for
ﬂu:hin;f.

o The valve on the pdpeline i3 opened, and Nushing of
the sedimenta strna. Water 8 drawn throagh the s
and sedimenis are pleked up cleae 1o whare the gloived
pips emerges. As the sediments are slaiced, the sustion
paind will move downstream along the pape umbil all
sediments that cover the slotted pipe are removed.

Theadvantages of the Slotted Pipe Sediment Sluicercan
be summarized i follows:

8 Sediments are slaiced without intesnapting the waser
supply.

o The sysiem can opsrate wndes dilferent heads and
duics different types of mdiments withou medifiza-
L.

o There are no movable parts excepl for a walve an (b

pipeling, amd the driving forcz is gravity. Pipeline
clagging will nal assar besawse ihe ransponting ca-
pacity will always be larger than the suction capacity.

o The sadiments are released in a controlled mancer,
either back into the rver or to a special sits (for
coasbrection or lard reclamation, for example).

3.2 Siphoning with ‘Saxophone’ soction head
As the name indicates, this suction head looks fike &
saxophane, as shown in Fig. 5. s main feature is that it
draws waler from twa places. At the boitom thene 15 2
raw of slots. Dunng normal operation miast aff tha waror
and all ihe sediments are drawn throwgh the botiom slots.
The wpper apening will always be abave the sediments
Slides around the suction head that may cover all af ke
bottom slols are na problem, bacause cloan ‘balansing’
waler will be drawn frem the upper apsaing, preventing
clogging of the pipeline.

The msin advantage of the Saxophone is that it is exsy
and safe to operate. Operators need listle training and the
syutem will mot clog, in view of it special design. Like
the Slotted Pipe, the transparting :uw sl always b
larger than the suetion capacity, and stoned up to the size
@l the botipm slods cas be sluiced 'll'l[l'l-l.'.ﬂ.lt prodlemi

3.3 Successful pilot tests

Pilof sests ware perfonmed lor both meetlwods at the Thim-
rak hydrapower plant in Mepal, during 1994, Batk the
Slatied Fip: Sedameant Sluscer and b Ea:mplt-nm Wikia
made fram 150 mm HOPE pipe. Sediments (fine sand
and some small stonss) were sluiced through 2 43 m-
long, 125-mm dizmeter Nexible pipe.

An i m-long version of the Slotied Pips wasicated, The
hzad was limit=d 10 2 m, resulting in a ool gradiend [
the pipeline of about 3 per cent, The test funs gave 3
resubt of 7 m® removal of sediment deposits in 25 min-
ules. Concentrations of up ba 11 percent by volume wers
meagarsd,

Some 10 haurs of Fi|{||: testing with the Saxaphone
Suoclian Head were parfarmed. Duning oos hour of jeit-
ing, ¥ m? of sadimeot wers remaved, and an average
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