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l.　Pur OSe Of the visi亡

Page l
O439i

一　骨o assess problems rela亡ed亡O亡he reuse of was亡e融er for agriculヒural

purpOSeS; ・

_　亡O aSSeSS PrOblems rela亡ed仁O the pro亡ec亡ion of groundwaヒer sources;

一　章O aSSeSS PrOblems of seawa仁er in亡rusion in groundwa亡er in the coastal

areaS;

_　仁O aSSeSS PrOblems of increased nitra亡e concen仁raヒion in wa亡er sources;

_　亡O PrOVide∴亡echnical assistance in planping future wHO/EURO prograrmes

for亡he Au亡OnOmOuS Govemmen亡Of Valencla;

鴨　仁O advise on亡he plaming of WHO/EURO fellowships∴ヒO train naヒional staff

for ac亡ivi亡ies rela亡ed亡O亡he工n亡ema亡ional Drinking water supply and

Sani亡ation Decade (工DWSSD).

Forヒhe programe of亡he visiヒ, See Annex l.

2.　Background

珊e degree of was亡ewa亡er亡rea仁ment andヒhe opera亡ional reliabiliヒy

required depend on the plamed reuse applica亡ions・ For municipal wasヒewater

reuSe・ these include the fo11owing (1is亡ed in亡he descending order of

羅三三r三三三三詩誌葦…需三善三豊三二〇三∴
A number of fac亡OrS affec亡implemen亡ation of munlCIPal wastewater

recl負mation and reuse projects;亡he impeヒus for waヒer reuse is generally:

availabili亡y of high qualiヒy effluenヒS

increasing cosヒOf freshwaヒer developmen亡

desirabiliヒy of es亡ablishing comprehensive融er resources plaming

including waヒer conserva亡ion and was仁e高aヒer reuse

avoidance of more s亡ringen亡wa亡er po11u仁ion con亡rol requiremen亡S SuCh as

advanced wastewaヒer亡reatment facili亡ies.

工n addi亡ion’the general factors affec亡ing was亡ewaヒer reuse decisions

盤言霊’fo豊e藍霊霊。霊p諜i豊t藍ex盤a書聖
WaS亡ewa亡er treatmen亡facili亡ies and requiremen亡for degree ofヒreatmen亡

霊三塁青空ia聖i盤　笠) p?亡en亡ial heal亡h risks mitiga亡i。n and publi。acceptance; and (5)

recl亀imed was亡ewa亡er.

financing wa亡er reuse facili亡iesl including sale of

2. 1 !±里t吐些些血書gri臆C叫u望l and臆1apd臆SCaPe上垣盟主聖

Was亡ewa亡er reuse for irrlga亡ion is one of the oldes亡forms of wa亡er

reClamaヒion and i亡has always been mos亡importanヒfrom a quan仁itative poin亡Of

View. The benefi仁S Of reuse and conserva亡ion are mos亡apparenヒin arid and

Wa亡er-Shor亡areas’where waヒer for agricul亡ural use may not be available

Otherwise’the small anounヒS Of fresh wa亡er being used for high priority

needs・ Even in more humid areaslヒhe亡rend is to use was亡ewa亡er for

irriga仁ion as a conservaヒion measure (l,2).
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工n regions亡hat are rapidly becoming indus亡rialized (including tourism),

the demands for a good reliable waヒer supply can severely仁a米とhe available

SOurCeS, making subsヒiヒu亡ion by reclaimed was亡ewaヒer a亡亡rac亡ive from a wa亡er

resources plaming s亡andpoin亡.

His亡Orica11y,亡he quality of irrlga亡ion wa亡er has been determined by亡he

COnCentration of cer仁ain dissolved sal亡S.珊e principal chemical waヒer

quali亡y of concems are仁0亡al dissolved solids (TDS), SOdium as expressed by

ヒhe sodium adsorp亡ion ra亡io (SAR), bicarbonate, and boron or o亡her phy仁O仁OXic

Substances・皿ese subs亡ances are亡he primary concem in de亡emining亡he

Suitabili亡y of waヒer for irrlga亡ion, bu亡PrOblems comec仁ed with亡he removal

Of infectious agen亡S (bac亡eria・ Viruses.and o亡her.parasi亡es) in reclaimed

WaSteWa亡er have no亡disappeared. The mlCrObioIoglCal quali亡y of reclaimed

WaS亡ewa仁er is usually controlled where food crops or landscape areas (parks,

golf courses, e亡C・) are to be irriga仁ed or where aerosol generation by

SPrinkler irrigaヒion is an亡icipa亡ed・ Genera11y’Public health agencies define

the quali亡y of reclaimed wastewaヒer亡ha亡Can be used for irrigation (3).

2.2　Was亡ewa亡er reuse for groundwater rechar容e

Groundwaヒer recharge with reclaimed munlCIPal wastewa亡er allows plamed

augmen仁ation of groundwa亡er supplies (4,5).珊e purposes of artificial

recharge of groundwa亡er have been: (1)亡O reduce, S亡OP Or eVen reVeでSe

declines of groundwa亡er levels, (2) to protect underground freshwa亡er in

COaS亡al aquifers agains亡Saltwa亡er in亡rusion, and (3) to s亡Ore Surface water,

including s亡Orm Or O仁her surplus wa亡er such asヒrea亡ed effluents, for future

uSe●

珊ere are several advan亡ages in storing waヒer underground・珊e cos亡may

be less亡han亡haヒOf equivalen亡Surface reservoirs;∴亡he aquifer serves as an

even亡ual dis亡ribu亡ion sys亡em and elimina亡es亡he need for surface pIPelines or

Canals; Wa亡er s亡Ored in surface reservoirs is subjec亡仁O eVaPOra亡ion and

PO11u仁ion? which may be avoided by underground s亡Orage・ Even more impor仁an亡,

inclusion of groundwa亡er∴reCharge in any water reuse scheme provides

PSyChoIogical and aesthetic benefi亡S. me loss of iden亡i亡y which groundwa亡er

rechaige seemsヒO PrOVide for亡he reclaimed wa亡er is due to time-in-S亡Orage

and separa亡ion-in-SPaCe・ The infilヒration and percola亡ion of recl亀imed wa亡er

亡hrough　亡he soil and亡he groundwaヒer∴ZOne adds addi亡ional　仁reatmen亡

reliabiliヒy亡O亡he ∴OVerall wastewa亡er亡rea仁men仁SyS亡em.珊is aspec仁Of

groundwa亡er∴reCharge is an lmPOrtan亡Public health consideraヒion.
●　へ

3.　Findings

Since many par亡S Of Spain are semi-arid’Plamed reuse ofヒrea亡ed

municipal wasヒewa亡er has been seriously considered・工n亡his respec亡, muCh

effort has been focused on∴亡he marke亡assessmen亡Or aCヒual marke亡ing of

reclaimed waヒer, Since primary benefi亡S Of reuse are in亡he area of water

SuPPly・ The fo11owing are more specific findings and recomend急tions: I

3.1　Assessment of agricul亡ural irriga亡ion and groundwaヒer DOllu亡ion

The need for direct and plamed reuse of hunlCIPal wasヒewa亡er is

increasing in many par亡S Of Spain. Reuse of亡rea亡ed effluen亡S PrOVides a.

Valuable source of wa亡er for agricul亡ural and landscape irrlga仁ion.

Was亡ewaヒer reclama亡ion and reuse can no亡Only supplemen仁　freshwa亡er supplies’

bu亡also allevia亡e wa亡er pollu亡ion, Par亡icularly inヒhe coastal reglOnS.
●　　.
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Many of亡he problems encoun亡ered in亡he provinces of Valencia and

Alican亡e appear亡O be relaヒed　亡O亡he overdraf亡Of groundwa亡er for agricul亡ural

irrigation. Because of excessive pumping of groundwater, SeaWa亡er inヒrusion

from the Mediヒerranean has occurred, de仁eriora仁ing亡he groundwa亡er quali亡y.

Agricultuでal produc亡ion, Parヒicularly ci亡rus, has been affec亡ed by亡he high

dissoIved solids levels of groundwa亡er. The salinity and sodici亡y problems

are managed by over-irriga亡ion wi亡h high fer亡ilizer applica亡ions. High

ni亡ra亡e concenヒra亡ions found in some of亡he we11s in仁he reglOn areヒhe resul亡

Of亡he irrlga亡ion prac亡ices.

To alleviate po11u亡ion of groundwa亡er and seawa亡er inヒrusion, grOundwaヒer

OVerdraf亡mus亡be controlled. Mos亡Of亡he problems, however, SeemヒO be in

legal and ins亡itu亡ional aspec亡S Of wa亡er resources alloca亡ion, Where

in亡eragency and in亡erreglOnal cooperation are essen亡ial:

- insufficien亡亡rea亡men亡and uncon仁rolled use of調nlCIPal was亡ewa亡er for●　　　　　●

agricul亡ural irrlga亡ion should be discouraged;

in consul亡a亡ion with仁he Heal亡h Depar亡men亡and with its approvall

reclaimed wa亡er may be used for surface or spray irrlga亡ion of fodder,
●

fibre, Seed crops, 1andscape irrlga仁ion and certain food crops.

Secondary was亡ewaヒer trea亡men亡　followed by chlorination is assumed in

ヒOuris亡areas;

-　uSe Of reclaimed munlCIPal was亡ewater for irrlga亡ion requires more

reliable trea亡ment plan亡OPera亡ion than ocean disposal・ Seasonal s亡Orage

Of reclaimed wa亡er and/or ocean disposal facili亡ies are.necessary to

resolve problems of excess wa亡er, Wa仁er quali亡y and irrlgation system

breakdouns ;

一in亡eragency and interdisciplinary cooperation are essen亡ial for

SuCCeSSful implemen亡a亡ion of agricul亡ural irrlga亡ion proJeC仁S With

reclをimed皿nicip亀l was亡ewaヒer・ Agronomists may be required to define

irr|ga亡ion wa亡er quality, Civil and sani亡ary engmeerS亡O deslgn and

COnS亡ruc仁WaS亡ewa亡er　亡rea亡menヒ　faciliヒies, and public health engmeerS　ヒO

Safeguard heal亡h and enforce regulations concerning use.

3:2　Assessment of groundwa亡er rechar象e tO DreVen亡　SeaWa亡er inヒrusion

Artificial recharge of groundwaヒeでis an effec亡ive way of managlng both

Surface and groundwa亡ers. The consul亡an亡　feels, however,亡he difficul亡y in

implemenヒing groundwa亡er∴reCharge in such loca亡ions as Denia and Cas仁ellon de

la Plana i? 1ack of coherenヒWa亡er resources policies and m亀nagement. Since

groundwa亡er recharge could be cos仁1y and亡ime-COnSuming, SOme direc亡mechanism

ms亡be established whereby beneficiaries, SuCh as famers, COVer∴亡he wa亡er

agencyls costs・工n o亡her wordsl a "cause - effec亡I- rela互onship mus亡be

defined in these circums仁ances soヒha亡the affec亡ed wa仁ershed or groundwaヒer

basins can be.managed.

The importa亡ion of surface

groundwa亡er overdraft.　Even in

may be much less expensive than

Wi亡hou仁　PrOPer Wa亡ershed and/or

unwilling or unable亡O PurChase

accessible　亡O　亡hem.

Wa亡er is by i亡Self no panacea for unconヒrolled

SeVerely depleヒed basins, grOuhdwaヒer pumpmg

亡he purchase of imported water. Consequen亡1y,

groundwaヒer basin managemen亡, Wa仁er users are

impor亡ed wa亡er if groundwaヒer sources are
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工n亡eragency and in亡erdisciplinary marlagemen亡Of bo亡h surface- and

groundwa亡er resources mus亡be established for efficien亡use of available

Wa亡er resources.

珊e role of Heal亡h Depar亡men亡is ra亡her limi仁ed in waヒer resources

managemen亡. Ac亡ive coopera亡ion with the Public Works Departmen亡and

Other wa亡er resources agencies is essen亡ial to solve groundwa亡er

OVerdraft problems.

Coheren亡Wa亡er resources policies and managemen亡　S亡ra亡eg|eS muSt be

es亡ablished so tha亡きhe mechanisms for payment by亡he beneficiaries form

Part Of亡he groundwaヒer∴reCharge and wa亡er∴reSOurCeS managemen亡　Plans.

曹o finance wa亡er∴reSOurCeS managemen亡PrOgrarmeS, O亡her funding sources

POSSibly available in conJunCtion with the WHO funding should be sough七〇
●

3.3　TechnoIo貧V　亡ransfer and　亡rainin象　Of na亡ional s亡aff

珊e consultant would like亡O PrOPOSe亡he following亡echnoIogy and

training prograrmes for仁he national staff:

3・3・ l　　単車中耳g二、直音pa卓On千十臆臆臆幸三聖

書wo Spanish professionals should visi亡　Califomia in Sep亡e血er 1986 to

S亡udy agricul亡ural irrlgation with reclaimed wastewa亡er and groundwa亡er

recharge.珊e consul亡an亡WOuld be pleased　亡O arrange for∴ヒhem亡O Visi亡　仁he

Califomia Governmen亡(Departmen亡Of Hbal亡h Services, Depar亡men亡Of Waヒer

Resources, and’S亡ate Water∴Resources Con亡roI Board) and　亡he Federal Goverrment

(U・S. A珊ny Corps of珊gineers and U.S. Environmental Pro亡ection Agency). The

Spanish professionals should also visit San DiegoI Los Angeles and

San Francisco to discuss public works proJeC亡§.

珊e consul亡an亡WOuld like亡O reCOrmend工ng. Enrique de Quesada, Direccion

General書de Salud, Valencia and one englneer from Public Works Departmen亡きO be

in亡he visi亡ing亡eam. Professor R亀fael Mujeriego of Universita亡Poli仁ecnica

de^ Barcelona could join them in Califomia as a consul亡ant; he will be

Visiting the University of California a亡Berkeley during 1986 and could be

available to亡he visi亡ing亡eam.

A仁entative sc:hedule and cos亡es仁imate is as follows:

6　Sep亡ehber 1986　曹ravel from Madrid亡O San Franci§CO.

8-9 Sep亡ehber San Francisco and Berkeley・ DepartmenヒOf Health

Services, US Environmen亡al Pro亡ecヒion Agency,

ReglOn 91 Universi亡y of Califomia a亡Berkeley・

10-13 Sep仁ehPer Sacremen亡O. ’Departmen亡Of Wa亡er Resources, S仁a仁e

Wa亡er Resources ControI Boardl U.S. Army Corps of

EnglneerS, University of Califomia at Davis..

14-17 Sep亡e血er San Diego and Los Angeles area・ Coun仁y Sani亡a亡ion

Dis亡ricts of Los Angeles, Orange Coun仁y Wa亡er

Factory 21, San Diego Aquaculヒure ProJeCt.
●

18-19　Sep亡ember

20　Sepヒe心er

Agricul亡ural irrlga亡ion in Bakersfield.

Los Angeles　- Madrid.
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Cos亡　es亡imate

P露9…

工ng・ Quesada and one engineer from Public Works Departmen亡　from Spain,

JOlned by Professor Mujeriego in Califomia as a consul亡an亡.

Air fare: !1000 x 2 = $2000

Per diem: $100x 14days x 2 = $2800

Consul亡an亡(Professor Mujeriego): !200/day including per diem for

10 days = !2000.

Es亡ima亡ed亡O亡al cos亡こ　$6800

3.3.2　Demons亡raヒion projec亡S

To promo亡e in亡eragency and in亡erdisciplinary communica亡ion,ヒhe following

two demonstraヒion projec亡S’under∴亡he auspices of WHO, are PrPPOSed・ me

COnSultan亡believes　亡he demonstra仁ion proJeC仁S SerVe bes亡∴亡O S仁imula仁e

interagency coopera亡ion and仁O bring仁Ogether many talen亡S fro鳳universities

and indus亡ries.珊e demons亡ration projects should be guided byヒechnical

advisory comi亡亡ees consis亡ing of universi亡y researchers事　COnSulting

englneerSl indus亡rial englneerSI SOil scien亡ists! Public health specialis亡S

and govemmen亡and mun|CIPal s亡aff.

Agricultural irrlga亡ion demons亡ra亡ion proJeC亡

Public safe亡yl ins亡itu亡ional arrangemenヒS

亡rea亡men仁　PrOCeSS reliabili亡y and use area con亡rol

agronomical inves亡iga亡ion

COSt and liability

Public heal亡h criヒeria

Waヒer resources al亡erna亡ives.

Groundwa亡er recharge demons仁ration proJeC仁

Wa亡er resources planning

COnJunC亡ive use of surface and groundwa亡ers

economic and ins亡i亡utional arrangemen亡

Public health and liabili亡y

recharge method and moni亡Oring

engmeering evalua亡ion of hydrogeoIogy and fluid mechanics

fa亡e of micropollutarrts in groundwaヒer.

4.　Reco enda亡ions

The consultantls recormendations are surmarized in Annex　2.　The

recomenda亡ions are based on仁he consul亡anヒS findings and were discussed wi亡h

Dr J・F・ Martinez∴Navarro and工ng. Enrique df Quesada on 4 Oc亡Ober 1985・
●

●

う.　Acknowled emen亡S
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PROGRAMME OF THE V工S工T

p務9三

Visi亡∴亡O Dr Antonio Abad Mar亡inezI Ministerio de Sanidad y

Consumo, Madrid, tO discuss generalヒOPICS Of wa仁er reuse and

envirormen亡al heal亡h.

Visi亡to Canal de工sabel工工, Madrid, for discussions on wa亡er

SuPPly for亡he Madrid me亡ropoli亡an area, Wa仁ershed proヒecヒion,

eu仁rophica亡ion problemsl and groundwa亡er recharge wi仁h工ng●

Benito Diaz y Diaz de la Cebosa, Direc仁Or Of Produc亡ion, Dr

Manuel Ma亡eos'　工ng・ de Caminos章　COnSulting englneer.

Travel from Madrid　ヒO Valencia

Meヒa亡Valencia Airpor亡by工ng. Enrique de Quesada, Direccion

General de Salud.
0

Mee亡ing wi亡h Dr J・F. Martinez∴NavarroI Direc亡Or and工ng. Enrlque

de Quesada, Direccion General de Salud.

Visi亡きO Denial Province of Alican仁e’Wi亡h工ng● Quesada

Discussion on wa亡er quali亡y problems wi亡h ci亡y officials

珊e consulヒan亡discussed (illus亡rated wi亡h slides)ヒhe plaming

aspecヒS Of was仁ewa亡er reclama亡ion and reuse with工ng. Quesada.

工n亡he af亡emoon’ the consul亡anヒVisited亡he Depar亡menヒOf Civil

Englneering) Poly仁echnic Universi亡y of Valencia●　Professor Juan

Marco Segura　亡OOk the consul仁an亡　亡O the research si亡e of亡心e
"Groundwa亡er Management ProJeCt" a亡Cas亡ellon de la Planal

Province of Cas亡ellon.

A surmary session was held on the fifth and final day at∴ヒhe

Direccion General de Salud with Dr Martinez NEvarro and工ng・

Quesada・皿e consultan亡Ou亡Iined his findings and

recommenda亡ions.
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SUMMARY OF RECOMME珊)AT工ONS

Drinkin容細Wa亡er SuDDIv in Arid Areas

工討DE X ;∴∴ WA曹宙R

EURODOC: 1210 Spain - Asano - Sep亡./Oc仁. 1985

WASTEWA曹ER REUSE FOR AGR工CULなURAL　工RR工GAT工ON AFD GROUNDWA曹ER RECHARGE

Recormenda仁ion Ac亡ion by

1. There are possibili亡ies for planned reuse

Of亡rea亡ed munlCIPal was亡ewa仁er for agri-‘

Cultural irr|gation and groundwa亡er

recharge. Planning of facilities mus亡be

COnduc亡ed and approved by regula仁Ory agenCies.

2.工nsufficien亡　亡rea亡men亡　and uncon亡rolled

use of mnlCIPal was亡ewa仁er for agri-

Cul亡ural irrlga仁ion should be discouraged.

Need to es亡ablish was亡ewater reuse cri亡eria.

3. Promote inヒeragency and in亡erdisciplinary

COmmunication on was亡ewa亡er∴reCl亀ma亡ion and

reuse・ Coordina亡e wa亡er∴reSOurCeS Plan-

ning and was亡ewa仁er reuse and wa亡er

C°nSerVa亡ion.

4・工ncreased agricul亡ural irrlga亡ion, tOurism,

groundwa亡er overdraft, grOundwa亡er

POllu亡ion, SeaWa亡er in亡rusion are all

rela亡ed. Es亡ablish priori亡y sys亡em in

Wa仁er resources managemen亡and po11u亡ion

COntrOl.

5・ Lack of coheren亡Wa亡er resources policies

and enforcement has resul仁ed in groundwa亡er

OVerdraf亡, POllu亡ion and seawaヒer

in亡rusion.　Mechanisms are needed for

beneficiaries　亡O Pay亡he associa亡ed cos亡.

6. To promote exchange of informa仁ion and

ヒechnoIogy仁ransfer,亡raining of national

S亡aff is recormended. Two Spanish profes-

sionals should visi亡　亡he California

goverrmen亡　for two weeks in Sep亡ehber 1986,

a Spanish professor visi亡ing亡he Unversi亡y

Of California aヒ　the　亡ime acting as

COnSul亡an仁.

7. To promoヒe in亡eragency and in亡er-

disciplinary cormunica亡ion,亡WO demons亡ra一

正on proJeC亡S in agricul仁ural irrlga亡ion

and groundwaヒer recharge are recormended

(under∴亡he auspices of WHO/EURO).

Goverrmen亡and local agencies

Government and local health

depar亡men亡

Governmen亡, Wa亡er agencies,

and universi亡ies

Governmen亡, Public works

depar亡men亡, munlCIPalities,

Water agenCies and public

heal亡h depar亡men亡

Govemmen亡, Public works

departmen亡, munlCIPali亡ies ,

Wa亡er agencies and public

heal亡h depaで亡ment

Goverrmen亡　and

EURO

Governmenヒ, EURO, unlVerSiヒies

and local agencies


