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F-1　アグノ川に設置されたARIS頭首工

F-2　頭首工下流(右岸側の侵食が著しい)



F－3　導水路上流端付近の凌藻土砂堆積状況

（水路両岸に俊深土砂が積上げられている）

F-4　主水路内に設置されたVoltex tuve



F- 5　Voltex tube通過後の主水路懸濁状況

(下流にもう一ヶ所Voltex tubeが設置されている)

F-6　Abandonエリアの状況



はじめに

本報告書は､平成6年8月7日から8月14日まで､フィリピン国パンガシナン州を中心

に実施した｢アグノ川藩政施設堆砂制御･補修計画｣に関する海外農業開発事業事前調査

(現地調査)結果をとりまとめたものである｡

アグノ川濯概地区(The Agno River lrrigation System, ART S)は､ルソン島中部

パンガシナン州を貫流する島内第2の河川であるアグノ川(C. A- 5,700kra､幹川流路

延長: 275km)の下流部右岸に展開する島内屈指の水田地帯である｡

1959年に完成した同港叔システムは､アグノ川中流部のサン･マヌエル付近で取水され

た濯瓶用水(最大86m3/s)を総延長209kmの水路網により配水するもので､補助水源であ

るシノカラン川からの取水と併せて20, 050baの計画受益地区を有するものである｡しかし､

その後アグノ川からの流入土砂による水路閉塞や取水堰上流に位置する金,銅鉱山からの

廃サイ土砂の水田内への堆積､更には､シノカラン川の洪水氾濫や地震等により､受益地

は急激に減少してきており､現在の受益地は当初計画の4割程度にまで減少をきたすに至

っている｡

このような状況に対し､国家港概庁(N I A)では港概システムの維持管理に各種の対

策を実施してきているが､主として予算上の制限から毎年の水路の維持凌諜の実施がせい

いっぱいの状況であり､漕概システムの抜本的な機能回復を行う事は極めて困難な状況に

ある｡

一方､フィリピン国政府は取水堰上流にサンロケ多目的ダム(発電､洪水調節)の建設

を予定しており､従って､ダム完成後には､取水地点における土砂流入の課題は解決する

こととなる｡しかし､ダム建設はBOT方式による実施を前提としており､事業費規模

($ 8億ドル)等からみて､事業実施までには今後多くの困難が予想される｡

また､仮に今後サンロケダム建設計画が順調に推移した場合にあっても､ AR I Sの機

能回復までには､更に水路の修復､シノラカン川の治水対策を含む取水設備の改修及び放

置水田の圃場整備等多くの課題が山積しており､ N I Aを初めとするフィリピン国政府は

これら課題の解決に我国の支援を強く求めている｡

このような背景から､本案件はAR I S (Agno River Irrigation System)の機能回復

へ向けた以下の事業を実施せんとするものである｡
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oアグノ川頭首工の改修と流入土砂除去施設(沈砂池)の設置

oシノラカン川の治水対策と取水施設の改築

o用水路の修復と排水施設整備

o荒廃圃場の再整備

-2-
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1.調査団構成

入江章演 ㈱アイ･エヌ･エー 理事

本多和彦 ㈱アイ･エヌ･エー 海外部長

Abelardo Al皿entia N I A計画部次長

Danny SwⅡ】aet NIA RegionI.技師

2.調査日程

調査日程は平成6年8月7日より8月14日までであった｡

詳細日程は以下のとおりである｡

日I憤 月日 行程 調査内容

1

8/7

(日)
成田-マニラ 移動

2

8/8 日本大使館.NⅠA及びパンガシナン州知事

(月) 自宅訪問

3

8/9

(火)
マニラ-ダクパン 現地調査.NⅠARegionⅠ事務所訪問

4

8/10

(水)

ダクパン-マニラ 現地調査.パンガシナン州政府訪問

5

8/ll NⅠA.JⅠCAマニラ事務所訪問

(木) 資料収集.打合せ

6

8/12

(金)
関係機関に調査報告､資料収集

7

8/13

(土)
資料収集､整理､本多団員帰国

8

8/14

(日)
マニラ一成田 移動
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3.主要面談者

山内勝彦氏

石田武士氏

吉田勝美氏

在フィリピン日本大使館一等書記官

在フィリピンNIA駐在専門家

在フィリピンJ ICA事務所駐在

MR. Aguedo F. Agbayaniパンガシナン州知事

MR. Punzal NIA計画部長

MR. Almentia NIA計画部次長

MR. Qrlando L. Bulseco NIA Region I事務署長

MR. Danny Sumaet NIA Region I技師
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4.本格調査の概要

4.1 計画の名称及び位置

名称:アグノ川濯概施設(ARI S)堆砂制御･補修計画

位置:パンガシナン州サンマニュル

4.2 相手国担当機関

国家港概庁(NIA)

4.3 計画の目的

本計画は､多年にわたる土砂の涜入､堆積等により､濯概区域の減少が著しいAR I

S港概地区を対象として､漕概可能区域を現状の7, 700haより当初計画の20, 050haへと

復旧することを目的として､流入土砂対策･治水対策及び水路復旧等､農業基盤諸施設

の機能回復を計るものである｡

4.4 ARI Sの現況と計画の背景

アグノ川港概システム(The Agno River lrrigation System･ AR I S)は中部ルソ

ン,パンガシナン州の水田18, 500haを対象に計画された大規模港概システムである｡

AR I Sはアグノ川中流部右岸に広がる10市の水田地帯を対象に､ 1950年代後半に建

設された｡その後1979年にはサンタ･パルバラ市を流れる支流シノカラン川を水源と

する3集落の1, 550haの濯概地区が追加され､受益農家数約10, 000世帯､受益人口約

40, 000人と推定されるルソン島内屈指(総漕概面積: 20, 050ha)の濯概システムが完成

した｡ (図-3参照)
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一方､アグノ川上流域は地披に乏しく､多量の侵食土砂が発生することに加えて､金,

銅の採掘に伴う鉱樺の混入等により配水地点の浮遊砂の含有率は1, 000ppm-3, 000ppmに

およんでいる｡

この為､ AR I Sは1959年の竣工直後から水路内への大量の土砂流人により､水路の

埋設､圃場内への鉱樺の沈毅等により多大の被害を被るところとなり､港概可能区域は

減少の一途を辿るに至っている｡

これに対処するため､ AR I S管理事務所は1973-74年の間に935, 000m3のシルトを

凌諜したが､その後凌深費用の高騰等により凌諜量は年間31, 000-33, 0001剖こ低下する

に至った｡このような凌諜土砂量の低下と当地を襲った地震とにより､サイフォン箇所

の殆どが閉塞されるところとなり､全長209kmの支水路のうち71kmは通水不能となって

いる｡

このような､用水路網の機能低下に伴う港概可能区域の減少と､流入土砂の圃場内へ

の堆積とにより､港概面積は減少の一途を辿っており､ 1994年現在のAR I S港概面積

は7,000baと当初計画の40%にまで減少するに至っている｡ (図-4)

更に､今後も有効な対策が実施されなければ､年間約1, 000haの割で廃田化が進行す

ると予想されている｡

加えて､受益地のはぼ中央を貫流するシノカラン川の洪水氾濫により廃田化が一層加

速されることが懸念されている｡

このようなAR I S潅概区域の荒廃を防ぐべく､ N I AはVortex tubeの設置(199年

英国無償援助)等の対応策を実施してきているが抜本的な解決には至っていない｡

N I AによるAR I S補修計画は､当初フィリピン電力公社が取水堰上流に計画中の

サン･ロケ多目的ダムが完成するという前提で計画された｡

サン･ロケ多目的ダムは､総貯水容量11億5千万m3の大ダムであり､これが完成すれ

ば､上涜より搬出される土砂は殆ど貯水池内に捕捉されることから､ AR I Sにおける

最大の課題である､土砂問題の抜本的な解決が画れることとなる｡

発電､濯混用水開発､治水に加えて大きな流送土砂対策効果を有するサン･ロケダム

建設にはフィリピン政府も意欲的に推進を計っており､ BOT方式での建設を各国に働

きかけている｡
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しかし､現在1-2ケ国が関心を示してはいるものの､総額8億ドルと推算される工

事費や､治水や土砂対策を含む多目的ダム事業を対象とする投資であること等､幾つか

の課題を内包しており､近い将来における事業の完成には疑問を提する声が多い｡この

ような現況を考慮すると､ AR I S濯概地区の機能回復へ向けた各種対策事業の実施は､

サン･ロケダムの完成を待つまでの猶予を有するものでは無く､早急な実施が強く望ま

れるところである｡

-10-
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4.5 調査計画の内容(S/W)

本調査の対象項目は大きく以下の6つに大別される｡

(1) ARI S濯概地区現況調査

-1.施設現況調査(取水施設,用配水路,圃場)

-2.被害実態調査

-3.水文環境調査

-4.水質実態調査(既往調査の再レビューと追加調査)

(2)堆砂制御施設の検討

-1.地形･地質調査

-2.堆砂制御方式の検討

-3.取水堰改修計画及び設計

-4.沈砂(排砂)設備の設計

-5.水理模型実験

(3)水路補修計画の検討

-1.補修計画の立案

-2.補修施設設計

(4)シノカラン川治水対策検討

-1.治水基本計画の検討

-2.内水排除計画の立案

-3.治水対策施設設計

(5)圃場整備計画の立案

-1. Abandon Aria 再整備計画の立案

-2.シノカラン地区港概計画の立案

(6)経済分析･評価

-1.工事費積算

-2.経済分析

-3.財務分析

尚､上述の各調査の内､特に緊急を要する調査は(1)の現況調査によるAR I S港叔地

区の内包する各種課題の定量化と､ (2)の堆砂制御施設の検討である｡
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4.6 本格調査工程

前項で示した各調査項目を対象とする本格調査の工程は概ね図- 5に示すとおりであ

る｡
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図- 5 本 格 調 査 工 程

!
コ
E
!
-

調査項目
月

1 2 3 4 5 6 7 8 9 10 EE 12

現況調査

施設現況調査(取水施設,用配水施設,圃場設備)

被害実態調査(土砂被害,洪水被害,内水被害)

水文環境調査(雨量,流量)

水質実態調査(取水地点水質,水路内水質) lコ l■ lコ I

堆砂制御施設の検討

地形.地質調査

堆砂制御方式の検討

取水堰改修計画及び設計

沈砂(排砂)設備の設計

水理模型実験

水路補修計画の検討

補修計画の立案

補修施設設計

シノラカン川治水対策検討

治水基本計画の検討

内水排除計画の立案

治水対策施設設計

閲場整備計画の立案

廃棄地区再整備計画の立案

シノラカン地区濯概計画の立案

経済分析.評価

工事費積算

経済分析

財務分析



5.収集資料リスト

本調査により収集したAR I S濯敵地区の堆砂対策検討に関する基礎的資料は以下の

とおりである｡

(1)計画地点1/50, 000地形図

(2) ARIS一般平面図

(3) NIA作成TOR原案

(4) Sediment Control in the AR I S by Hydrulic ResearchWillingftrd, UK

(5) Vortex tube関連資料

(6)サンロケ多目的ダム開発計画諏査報告書(∫ I CA. 1985年)

(7) N I A年次報告書(1993年版)
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6.参考資料

参考資料としてN I Aと協同で作成したProject Proposal及びVortex tubuによる排

砂対策提案書(Hydroulics Research, Wallingford, UK)を以下に添付する｡

-日3:-



PROJECT PROPOSAL

I. Name & LDCation of Project:

Agno RiverIrrigationSystem (ARIS)Rehabilitationand
SedimentationControlStudy

San Manucl, Pangasinan

ll. ProJ'ect Proponent:

Natbnal lrrigationAdministrauon叩A)

lIL Proposed Finaming Institution:

Japan InternationalCooperation Agency (JICA)
me Government of Japan

IV.ObJ'ective:

The projectaims to (1)rehabiutateARTS and improve the drainagesystem,
(2)upgrade theSinoca]anIrrigationSystem in orderto restore theservice area

ofthe former from 7,000 ha to theoriginal18,500 ha,and to increase from

700 ha to 1,500 ha the service area of the latter;and (3)save the huge

maintenance cost.

V. Proposed Development Scheme:

A. Backqround ■

The Agno River lrrigauon System was designed to irrigatesome

18,500 ha of paddy fieldsin Pangasinan Province, in theCentra)Plainof
Luzon. Itwas constructedin the late50s to serve ten municipahties.ln

1976, an exten由onarea of 1,550 ha coveringthree towns was made
possiblewiththeconstruchon ofan auxiliarydam (checkgate)across the
SinocalanRiver in the town of Sta.Barbara.The extension broughtthe

potentialservice area ofthe 4gno-SinocalanRIS to 20,050 ha.
ARIS has long sufferedfrom two盲脇entsdnce itsinaugurabon in
1959, i･e･sedimentabon and siltabon.Composed of geologicalforma-

tionsvuherable to erosion, theupstream valleyoftheAgno River produces
a lotofsediment materialscomprising mainbof coarse sand.Also,water

releasedfrommine taiungs contains very finepanicles.Previous studies

revealedthatsuspended sediment at the ARTS hcadworks are about 0.1-
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0･3% ofwaterdimentmixture･ Yearbdesiltingworks were conductedby
theARIS officeand in 1973-74 some 935,000 cu m ofsiltwere removed

at a totalcost of P2･8mi]]ion･During the 1980s,the volume of desilting

decreaseddue to highcosts.In 1984 and 1985, onり33,000cu m and
31,000 cu m ofsilt,respec伽eり,were removed at an annuaJ expense of
P500,000. Consequcntり,the main canalbecame sha]]ow and itsdis-

charge capa叫decreased from thedesigncapacity of38 cu m/s to onb
about 24 cu m/s･ Siphons ako losttheircapacibes due to cloggingand
some 71 km out of thetotallengthof 209 km ofsecondarycanak were

abandoned due to sikation.To keep thecanalsfreefrom siltat alltimes and

maintain lOO% conveyance capabihty,aboutPlmiJhon isneeded annu-

alり･Withoutthisyearlya】】ocabon,thesystem wilLbe decreasingitsirrigated
area by 1,000 ha every year･Asof 1994, theirrigationarea was already

reduced to 7,000 ha from thedesigned area of 18,500 ha.

ARIS area frequentlysuffersfrom damages by fわodbecause the

SinocalanRiver which traverse the area cannot accommodate the flood

dischargeand thelocaldrainagesystems are not suffident.To improve this

situation.andirrigate1,500
ha ofpaddy fields,NIA launchedtheSinocalan

Project･Due to some constraints at thattime NLA finishedonb part ofthe

construction works which inc)uded a concrete weir builtacross the

Sinocalan River･However, the weir was
-never

operated during rainy
seasons because farmersopposed the raisingof water leveLof theriver

above thecrest leveloftheweir･ The rehabihtauonoftheexistingSinoca]an

diversiondam to serve thedesignedarea of 1
,500
ha and theconstruction

of noo°protecuon dikes along both river banks dll be includedin a

separate projectpropos云Iforgrant aidassistance.

B. Proposed Deve)oDment Scheme

'The rehabi】itatbnand improvement ofARIS was originallyproposed
dth the conditionthatthe San Roque Mulbpurpose Dam Projectof
Nabonal Power Corporauon即APOCOR)would be implemented. Thisis
to take advantageofthefactthatan allocauonforsediment storage in the
dam was incorporatedin the projed.However, due to NAPOCOR's

)imitedresources and the highcostof the 220m highdam pro)'ect,
esumated nowat US$ 800 Miluon,itisdeemed thatthemu]bpurposedam
projectwould not be implemented in the immediate future.At this
instance, the improvement ofARIS must be reformu]atedon a Hwithout
Sam Roquc" basis,which preliminarystudiesshow thatit'wouldbe possible
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to do so. For instance,to prodde a sedimentcontrolmeasure intheperiod
beforelongermeasures become effective,a vortex tube was constructed
sometime in 199 1 by theHydraulicResearch LaboratoryofEngland.This

P6 Millionstructure isnow beingused by theNationalIrrigationAdmin-

istration (NLA)Region 1 Officein Urdaneta, Pangasinan in itsdesilting

effortsat the main canalsoftheARTS Project.However, as thisdesilting

facilityisonly effectivedurhg thewet season and flushingsedimentsat

about60% recovery efficiency,thereisstilltheneed to findothereffective
means to controlthe heavy sedimentationproblem at Agno River.

Thisproposalinvolvestheconstructionofsettlingbasinsat thebanks

ofthe main canals justdownstream of the intakestructure.

V7. Proposed Scope of the Study

l. Investiqationof Water Oualitv
- Investigationof suspended sedimentsat the Agno River and at the

canalsystem
- Paniclesizeanalysts

2. Desiqn of Sedimentation Control Facilities
- Topographic survey and geologicalinvestigation
- Design of sand sctt)ingbasin
- Hydrauhc model testing

3. RehabilitationPlan forARIS
- Investigationof existingsedimentsin canals
- Investigationof crop water requirements
- Formulation of rehabilitauonplan
- Design of rehabilitationstructures

4. Hvdrologica】Study
- Rainfallanalysts
- Flood anabsis
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5. Drainage P一an
- Inves臼gationof n∞d damages
- Riversurvey
- Formulationofdrainageplan
- Design o川ood and drainagefaciuties

6. SinocalanIrrigationProl'ect
- Irrigationplan
- Design ofweir
- Design of irrigationfaci)ities

7. Constmction Schedu一e

8. EconomicAnalvsis
I Cost Estimate
- Benefitestimate
- Projectjustification

9.Pre arationoffeasibilitstud re ortsuitableforresentationtoforein

fundinqinstitutions

V]I. Study Sdledule

A tenta伽e studyscheduleisshown in Figure 1.
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AGNO RIVER BASIN

Location

Catclment Area

TotalLength

Mean Annual Precipitation

Upstream

Downstream

Precipitation Pattem

Wet Season

Dry Season

N[ean Temperature.

Upst;ea m

D ownstream

Amual Mean Discharge

Duration Month

D ischa rye

%

Western Part of Central Luzon (Benguet, Tar)ac, and Pangasinan Province)

5,700 km2

275 km

4,000 mm

2,000 mm

MaリーOctober

November - April

190C

270C

9,990 x lO6m3

1 2 3 4 5 6 7 8 9 10 11

33.9 22.6 18.I 19.2 31.7 61.0 186.5 229.5 202.3 174.1 93.8

3.0 2.0 1.6 l.7 2.8 5.4 16.5 20.3 17.8 15.4 8.3
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SUMY

The note presents preliminary designs for sediment control structures

that could be constructed in the ARIS irrigation system･ Large

quantities of river sediments and mine tailings are diverted to this

systeml resulting in hi･gh rates of sedimentation of the conveyance

canals･ At present canal bed levels are generally between one and two

metres above design levels･ Tbe皿ain canal, designed in the 1950-s for a

discharge of 38 m3/s
has in recent years been operated at an average

discharge of only about 6 m3/s.

The present low canal discharge capacity can only been maintained by

annual desilting in the canal head reach. and at other critical points

at syphons etc･･ mere is a massive backlog of sediment to be cleared if

the canal
is to be restored to design conditions. However this is now

vbat is plannned as part of the IOSP progra-e･ ne canal syste皿Vill be

remodelled to new design cross sections, With a design discharge

capacity in the ma与n canal of 26 m3/s.

me additional 甘ater diverted to the canal vilュ bring With it additional

sedi皿ent･ and effective sediment COntrOl facilities are necessary if the

system is not to rapidly revert to its present silted condition. A

number of options Would be feasibleI Spanning a range of costs and

expected performance･ As there is the possibility that the construction

of the Sam Rogue Dam, and /or the implementatioh of other measures in

the上iver catchent that Will reduce the problem in the mediu皿term. We

have considered a relatively low cost interim solution. This vilュ

provide a measure of sediment control in the period before longer

measures become effective.

We suggest that a vortex tube located at km. i.7 in the main canal is

used to divert sediment back to the river the vet season･ In the dry

season･ vben only low discharges can be diverted to the canal, and the

additional flow required to operate the vortex tube is not available,
the head reach vilュ be operated as sluiced settling reach. mis vilュ
require that the canal is closed for periods of up to 24 hours during

sediment flushing･ Which Would be carried out every two Weeks. Fine

sediments･ that canヮot easily be controlled at the head of the system.

Would be trapped in small settling basins located at the heads of
laterals.

The Works that Would be required are shown in figure 2 and consist of:

Removing the existing canal cross regulator at km 1

Constructing a new canal cross regulator at bn 1.7

Constructing a vortex tube sedi皿ent extractor and low level escape at
km i.7
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Constructing about 200 m of escape channel from km i.7 to the flood

protection bund at the edge of the river, and a conduit throughthe
bun°, controlled vitb flap gates to prevent reverse flows.

Forming and maintaining a channel from the bun° to the river low flow

channel.

Constructing small settling basins at the heads of laterals to trap

sedi-nents in the fine sand and silt size range･

Outline designs i- these components are presented in the note in enough
detail to allow preliminary costings to be prepared. Estimates of the

perfomance that Would be achieved have been made and illdicate that ｡f
the estimated 280,000 tonnes of sand.sized sedi皿entS that vilュ enter the

remoddelled system about 196000, tonnes vilュ be divered back to the

river at km l･7･ The remaining sediment, Which Will be finer than that

ptesently settling `in th system, can be
carried

by the upper sections of
the main canal･ but Would be trapped in settling basins located at the
head5 0f laterals.

Some sediment deposition Would occurr in the lover reaches of the main

canal, but at much lover rates than at present.

A significant proportions of sediments in the clay and silt size ranges
is at present transported to the fields. and Would continue to do With
the new vorks･ However about 40 % of the sediment larger than 10 microns
that now settles in the smaller channels vouls be tr.apped by the

settling basins located at the heads of laterals.

If NIA-decide to preceede vith the constructioh■ of some or all.f the

sediment control facilities described then further studies should be

made to finalise the dimensions of the structures, and to optimise their

operation, so as to achieve the highest possible rates of sediment

removal from the canal system.
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i INTRODUCTION

This note sets out the options for improving sediment control at the

Agno irrigation intake, located in Pangasinan Province in the

philippines. The study Was carried out during a visit to NIA Region i

irrigation office between 31 0ct and 7 Nov 1989 by P Lawrence and E

Atkinson of Hydraulics Research, UX･ Some additional performance

simulations Were carried out at Vallingford after the visit･

NIA and the Overseas Development Unit at Hydraulics Research are

carrying Out a COllaborative study at two irrig早tion off takes located in

the′ Agno river system, both suffering from severe canal sedimentation

problems.
me study as orlginally conceived, Atkinson 1988･ had four

components :

* Field data collection at the two canal intakes

*Analysis of field data, and use of numerical modelling,
to

･predict
the ･performance of improvements to the intakes･

.*,~Modification
of the intakes, (If justified by the

Lanalysis)

･★ Field data collection to measure the benefits of the

- modifications, and to assist in the development of effective

operational procedures.

■

Thus the project is assisting NIA by identifying solutions to canal

sediment problems, and is providing Hydraulics Research With detailed

field data. This is needed to verify Lthe improv占d design-and performance

prediction procedures for sediment control structures at intakes that ve

are developing.

Data collection Was initiated in August 1989. Because of the time

constraints in NIA■s construction progra皿Ie it Was necessary to prepare

outline drawings of the modifications proposed for the Agno off take by

the end of November 1989, before field data Was available for analysis,

and before performance simulations of the proposed modifications at the

intake
could be carried out. nle is note is concerned only With this

aspect of the Joint studies, ie improved sediment control facilities

for the ARIS system. Other aspects of the project vilュ
be reported

seperately.

2 THE PROBLEM

The area of land that can be irrigated by the ARIS system has been

dramatically reduced by the effects of canal sedimentation･ The

original
design discharge for the main canal, constructed in the 1950,s

Was 38皿3/s, but the average discharge in the period between 1978 and

1985二Ⅴ甲reduced to about 6 m3/s･ (data from Ca声tenCia, table 2)･ While

some of this reduction is due to the shortage of Water in the dry

seaso9..I SediJnent deposits in the canal system make it now make it

lmPOS*ble to convey... more than about 8 m3/s.
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system, are reducing crop yields.

Various measures have been proposed that Would result in a reduction of

the sediment loads transported by the Agno river system. me£e include,

control of the sediments resulting from mining activities, improved soil

conservation in the catchments, and construction of the Saロ Roque

multipurpose dam. It Will take a number of years before improvements in

the catcbement can reduce the quantity of sediment diverted to the ARIS

system･ and ve understand皇that no decision has been made
on the

construction of the dam.

Sediment control in the ARIS system at present relies on canal

desilting, but resource constraints have restricted this mostly
to the

canal head reach and at some other critical points, such･as syphons. Bed

levels in the main canal are now lm to 2m above design levels, and there

is thus a massive backlog of desilting required to testore the system to

design conditidns.一

some fun°ing for maintenance activities is being provided under theユ凹｣

鴎, and a progra-e has･ been prepared for rehabilitating the main

canal system. It is envisaged that the canal vilュ be operated With flows

of up to 26 m3/s in the vet season and 12 m3/s in the dry season, a very

large increase over the average flow rates that have been supplied in

the recent past.

The increase in the flovs entering the canal vilュ bring a proportionate

increase in the quantities of sediment that enter, and thus the quantity

of sediment Settling in the rehabilitated system vilュ be between two and

three larger than at present unless effective sediment control is

introduced.エf this is not done the system vilュ rapidly revert to its

existing silted cross section, and vilュ be incapable of irrigating the

larger area that is targetted in the ISOP programe.

It is usually found that control of sediment at or near to the

irrigation off take, using sediment control structures. is more

economical than attempting routine desilting of an entire canal syte皿.

Thus ve have not considered the massively increased desilting effort

that Would
be needed to maintain the canal at its new design bed levels

as a viable sediment control option.

3 MODIFICATIONS TO THE INTAKE

At thel-start of the study is Was envisaged that the construction of a

tunnel sediment eXCluder in the existing sluicevay could provide a

substaヮtial reduction in the quantities of coarse sediment that are

diverted to the canal. However the field da.ta collected in 1989 shovs

that the existing intake is minimising the concentrations of sand size

sediments that enter the canal. This is a result of a combination of the
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beneficial slting of the intake, and the Way the sluice gates are

operated, producing favourable flow curvature in the sluice pocket･

Figure 1 compares sediment concentrations in the upper half of the river

flow at the bridge, located about 500m upstrea皿from the intake, vith

the sediment concentrations entering the canal. It can be seen that the

concentrations.are similar･ The sediment concentrations carried in the

lover half of the river flow, also shoⅥl in figure 1, are about three

and a half times larger. A tunnel excluder, Which Would prevent the flow

near the bed of the river from entering the canal, vould thus not

provide any useful improvement over the existing situatiori･

The measurements do not cover either very high flood discharges, or low

dry season river flows, When little Water is available for sluicing･

mus ve suggest that further corlSideration of an excluder should be

postponed until the data collected over the dry season is available, and

a mathematical model study of the effects of introducing an excluder on

the performance of the intake at high flows has been completed･ At this

stage it appears that the benefits Will probably be only marginal･

4 0THER SEDIMENT CONTROL OPTIONS

In this section ve briefly review the other sediment control options

that are ayailable for the ARIS system･ These are:

4.i A'sluiced settling basin located near the intake.

A sluiced settling basin could trap both the sand sizes and a proportion

of the finer sediments entering the canal. However the head that is

available near the intake for gravity flushing is too small for

effective flushing. This option Would only be viable if the height of

the existing Weir Was substantially increased.

4.2 A sluiced settling basin located further doⅥ一the system

By removing existing cross regulators the canal slope downstream from

the i km. long lined section could be increased, making it
possiblel

convey sediment to a settling basin located further doⅥ1 the system,

Where a larger head for flushing is available. The
principal

disadvantage of this option is the very bigb capital cost of the basin,

flushipg sluices, etc.

4.3 Mechanical ●desilting from a settling basin near the intake

A settling basin near the canal head could
be considered,.if sediments

are rimoved by mechanical means. The desilting Work previously carried

out over the Whole system Would thereby be concentrated at one location.

The basin Would probably be considerably less expensive than a sluiced
basin due to the 16ver hydraulic forces on the structure and the lack of

a requirement for large gates. However a high recurrent cost for

desilting alld sediment disposal Would still be incurred.
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4.4 Sediment extraction from the canal head reach

As there is the possibility that the longer term measures mentioned in

section 2 vilュ be implemented, and the sediment concentrations entering
the canal may eventually be much lover than at present, a less expensive

options Which Would offer improved, sediment control have been

considered.

A sediment extractor located in the canal bead reach could provide a

more economical means of苧ediment control, but Would trap less sediment,

particularly at the finer-end of the size range, than a Well designed

settling basin･ However in the option that ve
outline in the following

sections the head reach Would be used as a settling reach in the dry

season.
､vhen canal

flows are low, and thus the advantages of a settling

basin Will be obtained for the part of the year When canal discharges

arelov･

An extractor diverts the flow and sediment from the reglOn near the

canal bed to an escape channel, Which returns the Water and sediment
diverted tbrougb the?Ⅹtractor t｡ the river･ As the largest sediment
concentrations are transported near the bed, removal of say 20 % of the

canal flow can divert aboutら0% of the.sediment. A vortex tube extractor

can be designed to operate at a much lover bead than is required to

flush a large settling basin. Both tunnel and vortex tube extractors

have been used for many years in the Indian sub⊥continent and elsewhere.
Anoutline design for a vortex tube extractor cわmbined With a low level

escape for flushing sediments from the head reach is presented in the

next section.

5 VORTEX TUBE WITH HEAD REACH FLUSHING

In thi畠section ve explain the design of a vortex tube extractor and the

arrangements for flushing the head reach in the dry seasonJ and present
a preliminary estimate of the performance that vilュ be achieved.

5.1 Layout

The first suitable location for a vortex tube is at the end of the lined
head reach section･ about h l･ However trapping efficiency calculations

show tbat･ at the new design discharge of 26 m3/s, the bigb velocities
in th白1ined section vilュ result in a low sediment trapping efficiency.
The selected-location is at about X血. 1.7, close to lateral A extra.
Here aーsbort, approximately 200 m. escape channel to the river flood

protection bund is possible, and a larger head for operating the vortex
tube And escape channel is

available than at the upstreaJn location.

me dinal from km･ 1.to the vortex tube location-･has insufficient

slope-to ensure that.sediment is transported to七be vortex tube.
However by relocating the cross regulator at km■ 1 to a new

position just dovnstreaJn from the vortex tube the slope in the
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700 metre reach between the lined section and the extractor can be

allowed to steepen to the slope of approximately O･0004 needed to

transport sediment to the vortex tube. (Design Water, bank and bed

levels for this reach of canal should be recalculated on the basis of
this new slope)

Figure 2 shows the general layout for the sediment handling facility

that is proposed･ ne vortex tube Would discharge to a short escape

channel that Will return the extracted sediment to the river. me

existing cross Lregulator at kJn･ i Would be removed and replaced With a

new 各ated regulator just downstream from the vortex tube. The escape

channel Would pass through the flood bund in a conduit. Which Would be

provided With flap gates to prevent reverse flows in floods.

A low level escape Would be included just upstream from the vortex

tube, and Would also discharge to the escape channel. The low level

escape Would be operated intermittently in the dry season to flush

sediments that settle in the head reach.

5.2 Design conditions

The following conditions vcr-e assumed in order to carry out the design

calculations.

5･2.1 Discharge

Canal design discharge of 26 m3/s in the vet seasonI 12 m3/s in the dry
season, and a probable minimu皿discharge of 6 m3/s.

5.2.2 Mean sediment concentration

The dohcentrations of sediments larger than O･063rnm entering the canal
in the 1989 measurements varied between 20 ppm and 2000 ppm, vitb an

average of 431 ppm･ This gives an indication of concentrations entering
over the vet season, but for design a longer data record is needed,

covering both vet and dry seasons･ Data quoted in the Castencia report
on mean total suspended load concentrations entering the canal over the

years 1978 to 1985 has been used ･
me mean of the vet and dry season

sediment concentrations, Weighted to account for the different vet and
dry season discharges･ is 1387 ppm･ This is for the total suspended
load, and so includes the clay and silt. sediment fractions. Some

assumptions are required to estimate the proportion of this

concentration that represents sediment in the sand size range.
(According to JICA, 1989, about 90 Ⅹ of the sediment that settles in the

main canals and laterals is sand.)

Castencia reports that 70 % of the sediment that enters the canal is

mine tailings･ and JICA･ 1989･ state that less than 40% of mine tailings
are in the sand size range･ Thus, as a first approximation, 1387 * 0.7 *

0･4 = 388 ppm･ represents sand sizes contributed by mine tailings. In

other rivers With similiar characteristics to the Agno about 50% of the
total suspended load is sand･ thus sand from natural erosion processes
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represents about 1387
★

.3
★

.5
≡ 208 ppm. The mearl COnCentration of

sand entering is thus, approximately. 388 + 208 I 596 rpm.･ We have used

a mean
annual sand concentration of 600 ppm for design. a figure Which

can be revised if necessary in the light of the results of dry season

sediment monitoring.

5.2.3 Bed sediment size grading curve

Figure 3 shows two size grading curves. The first is a bed grading curve

for the canal head reach, derived from the measured sizes of the

sediJnent entering the canal. The second is for a bed sample collected at

the end of the canal head reach, at about km i.0. The curves are

similar, but ve have used the first curve for trapping efficiency

calculations, as it shows slightly smaller sediments at the fine end of

the si2:e range, and Will result in smaller (conservative) estimates of

vortex tube trapplng efficiency. me second curve Was used to estimate

the sediment transporting capacity of the canal system.

5.3 Vortex Tube, predicted trapping efficiency

Sediment trapping efficiencies for the vortex tube have been predicted

using the DACSE computer pro名ramS for the design of Sediment extractors.

They are:

CANAL DISCHARGE CANAL DISCHARGE TRAP EFFICIENCY

(upstream) (DOWNSTREAM)

m3/s m3/s

32.5

9.6

26 61

63

These are conservative predictions, use of the slighty coarser sediment

si2:e grading curve 2 in figure 3 increases the predicted trap

efficiencies by about/ 10 A.

5.4 Cabal Sediment transporting Capacity

A5 the extractor vilュ divert the coarser sediment fractions moving near

the canal bed, the sediments passing over the vortex tube Will be finer

than sediments entering the main canal at present. mus the sedi皿ent

transporting capacity of the canal doⅥ1Stream from the extractor vilュ
increase. The result of DACSE computations of canal sediment
transporting capacityl for the design slope and cross section in the

reach to km 10.25 are tabulated below. The sediment concehtrations

enterirlg the reach are based on the assumed average concentration

entering the canal, 600 ppm, a Water extraction ratio at the extractor

of 20Ⅹ, and the bed sediment grading curve 2 shovn in figure 3.
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DISCHARGE SEDIMENT CONCENTRATION

PASSING EXTRACTOR

(m3/2)

26.0

12.0

6.0

(ppm)

172

150

135

SEDIMENT TRmSPORTING

CAPACITY

(ppm)

276

187

132

Thus in the canal reach dovnstream from the extractor the sediment input
is smaller thari transporting capacity for discharges down to about 6

m3/s･ Further down the main canal･ Where the discharges are reduced, the
transporting capacity is also reduced. In the lover reaches some

sediment deposition is predicted When the canal is operating a low
discharges.

5･5 Hydraulic Design of vortex tube

Anoutline design for a vortex tube has been prepared, again using the
DACSE package, and is shown in figure 4･ Two tubes With a diameter of
about l･7 m, a length of 4 m守tres, and a slit Width of 0.5 metres is

suggested･ Vortex tube discharges are
controlled using vertical lift

gates located
at the end of each tube･ The transition from the design

canal bed level to the flu皿ed section containing the vortex tubes is set
at a slope of 1 to5.

Until the survey being carried out at the vortex tube location is

available levels can not be specified･ Indicative levels, relative to
the revised canal design full supply level at km 1.7 are listed below so
that the likely cost of the structure can be detemined. However levels
must be reconsidered before the design is finalised.

Flume. section contalni□g the vortex tubes -1.89m

Bed level of escape channe1 -2.43m

Low level escape gate -sills
-2.63m

Bed of the escape channel at the bund
-3.23m

A su-dry of the design calculation results, for a Water extraction
ratio of 20‡, is given below:

CA∬AL DISCHARGE

(Dovnstrea皿)

m3/s

26

8

TUBE DISCHARGE

(Each tube)

m3/s

3.25

0.80

-3l-
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m

O.87
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5･6 Escape channel design

me escape channel vilュ be operated at a range of discharges and

sediment concentrations･ As a †lreglme1- channel can only b6 designed for

one discharge and sediment concentration, the dimensions and slope are

set initially for the?teepest slope required and the largest Width
required･ Some channel adjustment can be expected as the flows and

sediment loads change through the seasons. The recommended initial

design is tabulated below.

Bed Width

Side Slope

Depth

Bed slope

Length (to flood bun°)

7.9 m

1 to 1.5

0.65 m

0.004 (Note i)

about 200 m

(Note:i This bed slope is set by the tranporting capacity needed When

sediJnent is being flushed from the low level escape, see section 5..7)

The escape channel TnuSt Pass under the flood bund･ A
rectangular section

conduit･ 6 metres videand l･5 metres high, With a bed slope of l% is

suggested･ Flap gate? Will have tO be installed.at the doⅥlStreaLm end of
the conduit to prevent Water passing through the bun° in floods. On the

river side of the bund a channel aligned at about 30% to the Axis of the
bund can be formed through the cobbles and boulders to connect the
escape channel to the river low flow channel. Some routine clearance
Work may be necessary at this location to

maintain a channel to the
rlVer.

5･7 Flushing from the Low level escape

A gate4 low level escape is proposed at the location shown in figure 4.
The gate sill should be set at O･2m below the canal design bed level.

In the dry season the canal Would be operated at the full supply level

at the cross regulator downstream from the vortex tube. This Will
result in a low sediment transporting capacity in the canal reach
between km 1 and kTn 1･7･ Initial calculations have been carried on the
Performance that can be expected, using the saJn占assumptions as for the
vortex tube calculations.
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D工5CHARGE

TIHE SEMEN SLUICINGS

6.0 m3/s

30 days

HEAR SEDIMENT CONCENTRATION PASSING km l･7 53 ppm

APPROXI比ATE SLUICING TIME 15 Hours

DISCHARGE

TI班E BEmEN SLUICINGS

12.0
m3/s

15 days

MEAN SEDIMENT CONCENTRATION PASSING km 1･7 102 ppm

APPROXI比ATE SLUICING TIHE 24 hours

More detailed simulations tan be carried out if

proceed With construction. H♪vever from the data

seems that routine flushing every two Weeks Will
sluicing time depending on how much sediment has

irrigation is not carried out at night sediment

minimise the time that irrigation supplies vil上

me sediment COnCentrations passing the settling

With those listed in section 5･4･ The sediment concentrations passed to

the canal are lover than transporting capacity even at the minimum
discharge of 6 m3/s･ As the sediments passed to the canal Will also be

very fine, (D50-･09-) no probleJnS Of sediment deposition in the main

canal during the dry season are expected.

A small quantity of gravel and cobbles Will continue to be diverted to

the can且11 and vilュ settle, as now, in the first one hundred metres of
the canal･ Routine clearance of these sediment deposits vilュ still be

needed if Water levels at the canal head are not to be raised

unacc9Ptably.

6.0 0PERATION

At this stage-only the broad principles of the operation of the sediment
handling facilities is discussed･ Detailed operational rules Would need
to be prepared if a decision is made to proceed vitb construction.

During the vet season the vortex tube Would be operated With as high a

flushing discharge as possible, subject
to the constraints imposed by

the discharge capacity of the canal head reach and the escape channel.
At the new canal design discharge the Water extraction ratio Would be

20%･ and the sediment trapping efficiency 61%･ Larger trap efficiencies
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it is decided to

tabulated above it

be necessary, the

accumulated. As formal

flushing at night Will
be disrupted.

reach can be compared



vilュ be obtained if the tubes are run at higher Water extraction ratios

When the canal discharge is at less than design discharge･

In the dry season two options are possible･ In the first the vortex tube

Would be operated in the same Way as in the vet season. in this case the

main constraint being the availability of additional Water to operate

the vortex tube･ However the recorrmended method of operation in the dry

season is
･to
maintain the canal full supply level at the cross regulator

at km l･7I Which vilュ encourage sediment deposition When the flows are

lov･ The low level escape Would be operated about every two Weeks to

flush sediment deposits from the head reach.

7 COmOL OF FINE SEDIHENTS

A vortex tube extractor vilュ not control sediments smaller than fine

Sand. However fine sediments settle in the field channels and are

adversely effecting soils ,
so it is necessary to consider the hov七hey

could be controlled･ me settling velocity of the clay fractions is so

small that they vilュ be carried through the canal syste皿tO the fields.

However a useful trap efficiency for sediments larger than about 10

micrblns can be obtained With small settling ba占ins. These could be

located at the heads of laterals, and Would have to be periodically

desilted･ mus desilting carried out doⅥ- the length･of a lateral Would
be replaced by desllting from small basins.

Ve have carried out trial calculations for a settling basin
in channel

conveying O･3
m3/s, using the Camp settling basin design method to

obtain an approximate estimate of what could be achieved. The results of
a calculation for a settling basin 3･O metres vide and 75 metres long

are listed below.

SEDIHENT SIZE TRAP EFFICIENCY

(MICRONS )
63

50

40

30

20

10

5

%

98

96

93

76

44

12

3

A long narrow basin Was assumed as it is necessary to provide storage
for the deposited

sediment, and it is assumed that a narrow basin Would
be more practicable than a vide basin･ The dimensions and length of the
basin can be

adjusted
to
suit the requirements of sediment Storage, the

size of sediment to be
controlled, and the required trap efficiency.

(

!

If VIA Wish to pursue thi占option further then more detailed

computations could be carried out･ Before this can be done the settling

velocities of the silt sized sediment fractions Will have to be measured
in the field.
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8 PREDICTED PERFORMANCE OF SEDIMENT CONTROL FACILITIES

The table below gives an estimate of the performance of the sediment

control facilities described above.

Sediment settling

(Tonnes
★
1000, per annu血)

( Sand Sizes)

Present Conditions

After IOSP(1)

(Ⅳo Sediment control

After IOSP

(With Sediment Control)

112

280

84(2)

Note 1, based on a.mean canal discharge of 15 m3/s.

Note 2I most Of this Would be trapped in small settling basins in

laterals

For the silt and clay sizes ve do not have enotlgh information on the

settling velocities to make more then a very approximate estimate of the

proportion of sediments currently settling in laterals and smaller

channels･ However on the basis of the size range of fine sediments

transported in the Hagat river system a trap efficiency of about 40 A of
the silt and clay fractions might be achieved･ A large proportion of the

fine silt and clay fractions are transported to the fields at present,

and this Would continue With the new sediment handling arrangements.

9 RIVER BED LEVELS

Bed levels in the Agno river areknovn to be rising, JICA, 1989,

reporting a rise of about one metre in eight years in the r甲Ch
dovnstreaJn from the intake site･ The installation as designed could
function With a further rise in river bed levels of about one metre

before operation of the vortex tubes Would be seriously effected,

bovever future rises in river bed levels are a cause for concern.

It is suggested that NIA should locate all the available surveys of the

reach d･oⅥ-strea皿from the intake, including if possible, the surveys

carried out at the time the system Was constructed. mese can be

compared vitb cross sections measured during this years dry season, aTld

a decision made as to the likely rise in bed levels in future years.

10 FUTURE ACTION

Using the information contained in this note NIA, Region i, are to

estimate the cost of constructing the sediment control facilities as

described･エf it is then decided to proceed vith
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the construction HR Would be pleased to offer further assistance With
the sediment COntrOl aspects of the detailed design･
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The o points are the near-bed
sediment concentration in the

river, the dashed lne represents
315 times the top-half-concentration
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stored sediment
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10 100

Sediment concentration in top half of river flow (ppm)
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Fig l Comparing sediment concentration entering canal to

concentration in top half of river flow
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