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Participatory Watershed Planning in San Francisco Menendez

I. Introduction

As part of the GREEN PROJECf In El Salvador, a watershed management approach to water resources
planmng has been initiated m the southwestern part of the country A USAID-funded 1mbatlve to "halt
and then reverse degradation of EI Salvador's natural resource base to safeguard year-around water
suppbes and rural Incomes", the GREEN PROJECf has focused watershed actiVIties In a 420 km2
rural watershed The projeCt now mtends to focus rural watershed planmng mone or two subwatersheds
whIch have water supply, water quabty and land use ISSUes

Plannmg on a watershed scale IS ratIonal because It recogmzes that the hydrologiC cycle operates on a
watershed baSIS and that land uses occumng upstream Impact downstream resources Watershed
management recogmzes that the water and land resources are mtegrated and that long-tenn sustamabIhty
depends on the mteractlons between water, sod, vegetation and humans Upstream land use managememt
impacts downstream areas by reducing reservOIr sedimentatlon, reducmg runoff ofpestiCides and fertlhzer
nutrIents, and enhancmg water quality for other uses

There are numerous examples worldWide of mappropnate upstream land use which has resulted m
downstream problems Upstream sod loss not only reduces productivIty on mdlvldual farms, but also
fills rrngatlon ditches, causes bigger floods m the lowlands, and mcreases eutrophication m nvers and
lakes With sod loss comes pestiCides, herbiCides and the fecal contammatlon associated With Improper
management of waste matter With watershed management, the landscape IS conceptuahzed as an
rntegrated landscape which IS phySically, biologically and SOCially connected Much of watershed plannmg
focuses on small-scale sustamablhty approaches (e g 10dIvldual farms), rather than large-scale structural
means (e g reservolt'S) for conserving land and water resources

II. Previous Work in the Rio San Francisco and Rio Cara Sucia
Watersheds

Accordmg to McDowell (1997), the follOWing are actlvltles that have begun m the two watersheds

1) Water qualIty momtonng has begun on a monthly baSIS dunng 1995-% 10 8 locatIons m the two
watersheds Both nvers have been gaged for flow dunng the same penod HIgh levels of fecal
contammatlon and the presence of some pestlcldeslherblcldes were found At times, dissolved
oxygen levels mdicated less than saturated conditions (WASH, 1996, PROJECf GREEN data,
1997)

2) Water supply pre-feaslblhty studies have been completed for part of the town of Cara Sucla and
surroundmg area (to supply 11,000 inhabitants) and the area around the Village ofLos Conacastes
(to supply 1,600 Inhabitants) PrelImmary cost estimates for constructIOn range from 05 to $1
mtlhon to supply the Carn Sucla area and $150,000 for the area around the Village of Conacastes
(Sorto, 1997, Ingemena S A de C V, 1996)
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3) Hand-dug wells, handpumps and latnnes, have been budt m 15-20 commumtIes on a cost -share
basiS, mvolvmg the commumtIes drrectly 10 reduction of surface water contammatlon

4) A "Participatory Rural Appraisal" (PRP) to Identify local watershed problems and alternative
solutions 10 the comumdad of San FranCISCO Menendez A relIable water supply, particularly
dunng the dry season, was Identified as aproblem, as well as others such as overgrazmg, excessive
fuelwood collection, bummg, erosion and poor water quality

5) Fanner "promoters", who were Identified as progressive leaders m therr commumtles, have been
tramed 10 sod and water conservation practIces 10 several casenos 10 the Cara Sucla and San
FrancISCO watersheds The promoters are VISIted on a weekly basiS by agronomists who adVise m
theestabhshmentofdemonstratIon farms and outreachextensionfrom the promoters tonelghbonng
fanners

III. Selection of Watershed Planning Area

Field tnps were made to the upper and lower parts of the San FranCISCo and Cara Sucla watersheds, m
additIon to La Palma watershed, which hes between the two and contnbutes water to the combmed
watershed. North of the coastal hIghway, the watersheds are steep WIth dlstmct boundaries and definable
quantItIes ofsurface water flow, which predommate over ground water However, south of the highway,
the topography IS nearly flat and It IS lIkely that ground water IS the major method of flow to the
mangroves, estuanes and cultIvated land of the coast

The hydrology ofmuch ofthe coastal area has been altered by an extensIve system ofdrams and canals
to mcrease production areas and supply rrngatlon water The upper and lower parts of the watershed are
hydrologIcally connected, and water dIverted or contammated upstream Impacts the quantity and quahty
of water south of the highway Many farms m the lower zone have wells WIth water levels rangmg from
one to five meters and have hIgh levels of fecal contammatIon

Both watersheds have their headwaters 10 EI Imposlble National Park, an Important source of protection
for downstream users Hydrologically, the two watersheds combme to contnbute water to a substantial
lowland area, and the separate groundwater contnbutlons of the two tnbutanes (10 addition to the La
Palma watershed) are dIfficult to separate geographIcally At the coastlIne, the apparent boundary of the
combmed system IS relatIvely narrow and definable The two watersheds contnbute much of the ground
water for the coastal mangrove reserve, and It would be difficult to establIsh the quantity which comes
from each one separately Therefore, from a hydrologiC View, particularly their contnbutlOns to the
coastal zone, It IS reasonable to conSider the two watersheds as a combmed system

Given the pohtlcal and hydrologIcal boundaries, It may be practIcal to conSIder both watersheds
concurrently ma watershed plannmg process WhIle the county seat IS located at San FranCISCO Menendez
In the RIo San FranCISCO watershed, the largest populatIOn center IS Cara Sucla 10 the RIO Cara Sucla
watershed. There are two prefeaslbIllty studIes for water supply, one m each ofthe subwatersheds, and
the two commumtles may have to compete for eventual fundmg One of the alternatives for the town of
Cam Sucla mcludes surface water from the RIO La Palma, located between the two subwatersheds

Wilham Flemmmg Watershed Planntng In San FranCISCO Menfndez
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IV. Watershed Inventory: A Participatory Approach to Organizing
Information on Land and Water Issues

An mventory of land and water resources IS the first step m a watershed planmng approach aimed at
long-term sustamablhty While some of the work IS specmhzed and techmcal, such as au photo
mterpretauon, much of the field checkmg part of mventones IS best done With local mvolvement Not
only does thiS supply essential mfonnatlon, but It bnngs a sense of local ownership 10 the project from
the very begmmng, even before the problem Identification stage Specific recommendatIOns for techmcal
tasks to be carned out as part of the watershed analysIs are detaIled 10 Annex 1

Several techmques for rural appraisal ofnatural resources projects emerged m the 1980s and have been
further refined to a small watershed level (Thompson and Pretty, 1996) Begmnmg With "Rapid Rural
Appraisal", It became apparent that outSide evaluators made more realistiC appraisals If their method
mcluded local mput The next stage was termed "PartiCipatory Rural Appraisal" (PRA), whIch carned
the advantage that local land and water stakeholders were central to the potential project, even at thiS
prehmmary stage of plannmg

PartiCIpatory rural appraIsal methods were adapted to become "RapId Catchment Analyses" (RCAs) 10

Kenya, where It was found that "participatory approaches adopted by governments and non-government
organizations m catchment or watershed management for sod and water conservation [resulted mJ
slgmficant economiC, enVironmental, and SOCial benefits" (Thompson and Pretty, 1996) In the approach,
mterdlsclplmary teams assess land use and erosIOn problems m nucro-catchments (200-500 ha), help
fonn Catchment ConservatIon COrnmtttees made up of locally elected farmers, and estabhsh detailed
actlonplans for Implementmg sod and water conservation practices

The formation of local "catchment conservation commIttees" IS an option 10 the GREEN PROJECT
watershed where lead farmers, or "promotores" are Identified at the local "caseno" or ADESCO level
These lead farmers could act as organIzers for local catchment commIttees, where watershed mventones
could begm the plannmg and problem IdentificatIon process

A Land Use.

A key part of a watershed mventory IS a land use map, and the upper part of the watershed has recently
been mapped and pubhshed With 11 land use categones (Vasquez, 1997) The lower half has been
mapped, usmg aIr photographs from 1996, and Will be publIshed as soon as ground truthmg has been
accomplished The categones of land use, WIth approximate percentages for the mapped area of the
watershed are

land Use type approximate % of upper watershed

bosque perenmfoho 35

matorral 25

granos baslcos 20

cafe de sombra 15

granos, matorral, pasto 5

total 100
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It IS Important to note that a significant percentage of the area IS classified as "matorral" (perhaps a
quarter), for which the actual use IS unspecified TIllS category ofvegetation IS mamly bushes and small
trees, presumably used for the collection of fuelwood and perhaps fodder leaves Why It does not have
a more productive use m such a densely populated area IS a conundrum

Few data eXist for erosion rates on different land use types m EI Salvador ErOSIOn plots established at
Metapan, north of San Salvador, were momtored from 1975 to 1980 (Hernandez et al 1994) Results
from "traditional practIce" plots mdlcated sotllosses rangmg from 4to 137 tonslha/yr, With an average
of 49 tonslhalyr These plots may approxImate the land use and cultIvatIOn practices on the "granos
baslcos" category m the San Franclsco-Cara Sucla watershed Ifa rate of I to 2 tonslhalyr IS considered
sustamable for trOPical sods (Pimentel, 1993), these rates are clearly unsustamable

Sod erosion plots were estabhshed thiS year at the San FranCISCO Menendez school and Will momtor
sod loss on several different land use/vegetation types (W McDowell, personal commumcatlOn, 1997)
Results from these plots Will help to estabhsh baselme mformatlon, as well as provldmg an educatIOnal
tool to teach students about erosion and water quality

A SOlI conservation project In the nearby MUOlClPIO of Guaymango showed that conservation practIces
were adopted when mcreased productiVity was an Incentive for USIng mmlmum tIllage and mulchIng
With reSidue mstead of burnIng (Sam and Barreto, 1996) Here the conservatIon practice "consisted of
replacmg farmers' land preparation practice (slashIng weeds and burnmg crop reSidue) With chemical
weed control and dlstnbutmg crop reSidue umformly over the sod "Large quantities of mIneral fertilIzer
were added Maize and sorghum yields mcreased more than four-fold With these combmed practices
between 1963 and 1989 It IS unlIkely that marked yield mcreases Will be poSSible m future proJects,
and that other mcentlves Will need to be part of watershed management programs such as the GREEN
PROJECf In fact, reductIOn of fertdlzer and tOXIC pestiCide Inputs may be the most Important future
Impact for both farm economics and water quahty

B Land Tenure and PolitIcal Boundaries

Ownership of land has been categonzed m three general types I) EI Imposlble NatIOnal Park and Barra
de Santiago Natural Reserve, 2) cooperatives, and 3) pnvate land (GREEN PROJECf Tenencla de
Tlerras Map, 1997, Figure 1) ApproXimate land ownership percentages m the San Franclsco-Cara
Sucla watershed are

OwnershIp Category

El Imposlble Park!

Bosque Salado Reserve

Cooperatives

Pnvate land

total

ApproXimate Percentage of Watershed Area

20

30

50

100%

Pnvate land dommates the watershed and thiS fact has slgmficant management ImplIcatlons Land use
Impacts on water quahty Will have to focus on workIng With many IndiVidual farmers, rather than larger
landholdmgs

Nearly half of the upland watershed IS EI Imposlble NatIOnal Park, which serves an Important water
quahty protectIOn function The deSignation as a natural reserve for WildlIfe habitat and recreation IS

Wilham flemming Watershed Planmng In San FranCISCO Me~ndez
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one that will also serve to protect the land from further development, preservmg the hydrologic functlons
of thiS steep and largely maccesslble upland

The Barra de Santiago Natural Reserve, near the PaCific Ocean (5 to 10% of the watershed area), IS the
recipient of surface and ground water from the upper watershed and the mangrove ecosystem depends
on good quahty fresh water to mamtam ecologic functIons Fresh water and nutrient balances are cntIcal
to the hfe cycles of the flora and fauna, and runoff With high pestlclde/herblclde levels would be
detnmental to the ecosystem

Four cooperatives make up as much as 30% of the watershed area m the lower part and are dependent
on good qualIty water from the upper watershed for rrngatton dunng several penods of the year

Although much of flow m thiS area IS ground water, the ultImate source IS preclpltatton and surface
water flow from the upper watershed

The pohtIcal boundary between the mUnlClplOS of San FranCISCo Menendez and Tacuba are Important
from a watershed plannmg perspectIve and are approximately shown 10 Figure 2 Only about 15% of
the watershed area IS In the Tacuba mumclplo, whtle at least 85% of the area IS 10 the San FranCISco
Menendez mumclplo

The boundary has a complex pattern and should be carefully delImIted from the I 25,000 topographic
maps

C. Surface Water Supply and Groundwater Levels

ThIs work has begun With stream gagmg and water level momtonng ofground water dunng the past 12
months (GREEN PROJECf data, 1997 and Estrada, 1997) LImIted flow data are also avatlable from
the prefeaslblhty water supply studIes done for the Cara Sucla and Conacastes areas (Ingemena SA,
1996 and Sorto, 1997) Flow data for the watersheds upstream from the coastal highway are reported 10

a WASH Field Report (1993), but they are taken from a Salvanatura study that reports measurements
from only one month (March) of 1993 and therefore are not conSidered to be representatIve of annual
flow charactensttcs

D. Water Quality and Land Use

Three major water quahty Issues are eVIdent mthiS watershed 1) an abundance oforgamc loadmg from
natural and cultural sources, resultmg m reduced levels of dissolved oxygen and hIgh fecal cohform
concentratIons, 2) excessive nutnent loadmg (mtrogen and phosphorus) from the addItion of large
quantItIes ofmmeral fertlhzer, 3) pestICIdes and herbIcIdes from agncultural use (WASH, 1993)

The alief of the Agncultural ExtenSIon Agency m Cara Sucla mdlcated that the pnmary sources of
watercontammatlon m the mUniCIpiO are "dIscharge from [feed lots], the mdlscnmmate use of fertlhzers
and herbiCides (Gramoxone and Paraquat) and pestlcldes by small farmers, and poor agncultural practIces
(use ofslash and bum techmques and lack of s01l conservation measures)" (WASH, 1993) One example
Cited was fecal contammatIon from a dairy farm on the RIo Cara Sucla where water samples showed
much higher concentratIons downstream than upstream

SedIment does not now appear to be a major Issue, although It may m the future as more land IS cleared
for cultIvation and vegetation cover IS reduced for fuelwood collectIOn While nvers observed dunng
May 1997 (before the commencement of the ramy season) appeared clear, some SItes had accumulatIons
of sedIment between boulders and cobbles
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A survey of the npanan health of the 3 watersheds would be helpful 10 supply baseline 1Ofonnatlon and
to Identtfy problem areas A npanan health survey was developed for a New MeXICO program called
"Watershed Watch" which could be used to survey selected nparlan areas 10 the watershed The survey
10cludes 12 parameters rang10g from "pebble counts" to the diverSIty of aquatic 10sects The survey IS
especially helpful 10 estlmat10g the amount of sediment 10 stream channels, the degree of streambank
vegetation protection and the Impacts of npanan disturbance (details and suggested locations are
presented 10 the Annex)

The WASH study recommended 3 samplmg locations on the RIo San FranCISCO, one pomt on the RIO

Palma and 4 pomts on the RIO Cara Sucla Selected ground water from approximately 6 wells 10 the
watershed has also been sampled Data have been collected for over a year and need to be analyzed and
presented (details on thiS task are presented 10 the Annex)

E Water Rights

A diSCUSSion of the laws With regard to water nghts IS Important because of upstream water diversIOns
which Impact downstream users For example, water taken for use 10 the Cam Sucla area for domesttc
use would not be avatlable for downstream IITIgatton, except for return flows from future sewage
treatment facilities, 10 which case the waterquahty would be Impacted FIeld observations and diSCUSSions
With farmers 10 the Cara Sucla watershed above the town 10dlcated that there are 3 dIverSIOn po1Ots for
Imgatlon, but thiS conclUSion needs to be confirmed (field observatIons, May, 1997)

The follow1Og pnnclples govern water use (Ley de Rlego as summanzed 10 ADESCO EE, 1996 and
diSCUSSions With Dr Jose Rodnguez Dlaz, 1997)

*
*

*

*

*

*

*

Water resources are pubhc property (Art 3)

Domesttc consumptton of water takes precedence over other uses, such as lITIgation and
hydroelectnc power productton (Art 4)

No structures may be budt which change the natural flow of nvers Without authonzatlOn by the
DlrecclOn General de Recursos Naturales Renovables (DGRNR, Art 6)

The follow1Og users have preference a) users 10 the headwaters, b) npanan users, c) others,
follow1Og 10 order of proximity to headwaters or npanan areas (Art 13) Accord1Og to Dr
Rodnguez, owners of nparlan land have first pnonty to divert and use water, and the order of
pnonty decreases With the distance from the stream There IS no "first 10 tIme, first 10 nght" law
10 EI Salvador, which would correspond to the appropnattve water law doctnne 10 the western
USA Pnonty of use 10 "headwater" areas ("donde nazca el agua") IS not clear, as there IS no
defimtlon of the SIze or descnptlon of thiS type of area

It IS pOSSible to revoke aconcessIOn to use IITIgatton water If It IS needed for domestic water supply
(Art 17)

Groundwater wells that extend more than 30 centimeters below the ground surface must have
authonzatlon (Art 62), and a permIt from ANDA IS necessary for domestic wells

TheJunsdlctlon ofthe Adm1Olstraclon Naclonal de Acueductos y Alcantarillados (ANDA)covers
the constructlon ofall works related to the study, 1OvestigatIon, extraction, supply and dlstnbutlon
ofpotable water (Ley de ANDA, Art 3) 11us refers to projects whIch propose to use both surface

Wilham Flemmmg Watershed Plannmg In San FranCISCO Me~ndez
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*

and ground water

There are two types of permits for the use of trngatIon water 1) provIsIOnal, which IS Issued for
a year and can be renewed, and 2) concesslOnal, which IS a long-term permit There IS a "registry
of users" 10 the lrngatIon DlvlSlon of the OORNR which bsts the number ofhectares (manzanas)
oflITIgated land for each user and the amountofwater which may bediverted dunng the dry season
on a per area basiS (personal commumcatlon, Jose Rodnguez Dlaz, 1997)

* To obtam permISSIOn for domestIc surface water use, a permtt from OORNR IS necessary, as well
as from ANDA (personal communIcatIon, Jose Rodnguez Dlaz, 1997) For a groundwater
diversion for domestic use, a penmt from ANDA IS needed Because of the pnonty given to
domestic use, permits for domestic use 10 the RIO San FranCISCO, RIO Cara Sucla and RlO de la
Palma watersheds would be granted, even If Imgatlon permtts may presently eXist for usmg all of
the avatlable surface water dunng the dry season (personal commUniCatIOn, Jose Rodnguez Dlaz,
1997)

InformatIOn on eXlstmg permits for Imgation use m these watersheds has not been collected from the
DGRNR

*

F

The mayors of mUniCipalIties have the authonty to collect fees from Imgators and other water
users, dependmg on the area Imgated and amount of water used (personal commumcatlOn, Jose
Rodnguez Dlaz, 1997) This money should be used for Improvements 10 water systems, but It IS
not clear that thiS IS always done It IS also not clear If the mayor of San FranCISCo Menendez IS
presently collect1Og the fees or knows who the Imgators are

Riparian ProtectIon Areas

The most sensItive areas of a watershed to human disturbance and Impacts on water quahty are nparlan
zones Field observatIOns 10 the project watersheds mdlcate that much of the npanan zone has a reasonably
well vegetated npanan zone, and It IS Important to mamtam these areas for several reasons 1) nparlan
vegetatton helps to filter sediment washed down from upland sites and steep slopes which may not be
well vegetated, particularly dunng the dry season, 2) npanan vegetatIOn uses nutnents commg from
natural sources, as well as from excess fertilIzer use, preventmg nutnent overloads and potential
eutrophication 10 streams, 3) protected nparlan areas prevent development on stream banks and preser
ve these sensitive zones for the ma10tenance of downstream water quahty

There IS presently a proposal 10 preparation for a change 10 the Ley Forestal With regard to npanan
protectton (personal commumcatton, J Rodnguez Dlaz, 1997) The proposal would deSignate all npanan
zones of stream channels 10 rural areas to be protected by a 25 meter buffer zone of natural vegetation
on both Sides (10 meters 10 urban areas) Where a 25 meter protection zone does not eXist, the law
would prevent further development wlthm a npanan zone It IS not clear whether revegetation ofaltered
zones would be reqUired In any case, the protection of all eXlstmg natural vegetation m the nparlan
zone of the watershed should be a key element of the watershed plan

G. Slopes and Sods

Steep slopes are vulnerable to vegetatIOn removal and potential eroSIOn, espeCially those 10 excess of
60% A slopes map With the foIlowmg categones IS needed 0-20%, 21-40%, 41-60%, greater than
60% A SOil Stabllty map which uses avatlable sods or geology 1Ofonnatlon to mdlcate which solis are

William Flemmmg Watershed Planmng 10 San FranCiSCO Me~ndez
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susceptible to erosion when natural vegetation IS removed A map mdlcatlOg three categones of soil/
geological stability may be made stable, shghtly unstable, unstable

H Stakeholder Identification

These lOdlvlduals and groups have been Identified mayors, water supply groups, ADESCOs,
cooperatives, the National Park Service, NGOs, the Environmental DIVIsion, the Mlmstry of Health,
casenos, lITlgators and others They Will come together In the formatlOn of a watershed aSSociatIOn

~ Participatory Analysis of Watershed Inventory Information

A partiCipatory analySIS lOvolves local stakeholders 10 the review of mventory mfonnation to pnontlze
problems and locate cntlcal areas Stakeholders should be Involved 10 all parts of thiS analySIS, IncludlOg
the techmcal blophyslcalldentlficahon of problems and problem areas

1 Biophysical Identdicatlon of Problem Areas

Data from the Inventory on water supply, water quahty, erosIOn problems, deforestatIOn, overgrazlOg,
lOsect control, scarcity of nutrients and other problems IS organized and speCific sites Identified Areas
With steep slopes (e g greater than 60%), unstable soils and clasSified as "cultivated" areas would have
highest pnonty for fann conservatIon Areas With water quantity and quahty problems would be
Identified

2 Dlssemmatlon of BiOphySIcal Survey to Stakeholders

The biophySical lOfonnatlOn IS techmcal and needs to be put lOto graphical and plctonal formats for
comprehenSiOn by stakeholders This IS best done through a senes ofcolorful posters for the followlOg
ISSueS water quantity, water qualIty, erOSion, deforestation for fuelwood gathenng, streamside buffer
zones of vegetation, overgrazlOg, fertlhzer and feedlot nutnents, and pesticides/herbicides

3. Stakeholder Identification of Problem Areas

The stakeholders will Identify problem areas down to the caseno and ADESCO level, With the help of
extensIOn workers and promotores, and then to mdlvldual landholdmgs The lOltial process of rural
partICipation completed m March 1996 by the San FranCISCO Menendez comumdad IS an excellent start
and should now be detailed to locate and pnontize speCific sites This process trams stakeholders 10

watershed Issues, strengthens their orgamzatlons on a caseno/ADESCO level and Identifies leaders 10

preparation for the formatIon of a watershed councd

VI. Formation of a Watershed Council

A watershed councIl would bnng together stakeholders from all the casenos/ADESCOs, electlOg a
representative from each as a member of the San FranCISCo Menendez-Carn Sucla Watershed CounCil
With techmcal asSistance, the councIl would pnontlze watershed problems and carry out the followlOg
actIons

Wilham Remnung Watershed Planmng 10 San FranCISCO Menendez
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A Tram stakeholders 10 the formatIOn ofa watershed council and methods for confllct resolutIOn and
consensus bulldmg

B Draft a watershed plan and circulate for pubhc comment This plan would pnonttze problems and
suggest alternatIve solutIons for Implementation Information from the mventory and analySIS
stages descnbed above would be mcluded

C ReVIse the plan after tak10g mto account comments and suggestions from stakeholders

D Develop proposals for fundmg the Council and projects Identified 10 the plan on a pnonty basIS
TIus mcludes advancmg the prefeaslblhty water supply studIes to the feaslblhty stage

VIT. Implementation of a Watershed Plan

As fundmg becomes avatlable to Implement projects on a pnonty baSIS, the work to Improve land and
water management m the watershed would begm A procedure for evaluatmg each project would be
developed and Implemented

Wilham HemmIng Watershed Planmng In San FranCISCO Menendez
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GREEN PROJECf

ANNEX 1:

6 JUN97

Watershed Planning Tasks in the San Francisco

11

Menendez-Cara Sucia Watershed

Many of the recommendatIOns 10 thiS report lOvolve the preparatiOn of maps, or the mochficatJon and
lOterpretatIon of eXistlOg maps Several eXistlOg maps, such as land use (Vasquez, 1997), were done
uslOg ARCINFOIARCVIEW technologies ARCVIEW is much more accessible and useful than
ARCINFO for those who do not speciahze 10 GeographiC InformatIOn Systems, espeCially the new 30
verSion ARCVIEW is the preferred mapplOg tool for the preparation of a watershed plan

A. Land Use

A key part of a watershed lOventory is a land use map, and the upper part of the watershed has been
mapped and pubhshed With II land use categones (Vasquez, 1997) The lower half has been mapped,
usmg arr photographs from 1996, and Will be pubhshed as soon as ground truthmg has been accomphshed
The categones of land use, With approXimate percentages for the upper part of the watershed are (a
crude ocular estimate)

land use type approximate % of upper watershed

bosque perenmfoho 35

matorral 25

granos baslcos 20

cafe de sombra 15

granos, matorral, pasto 5

roW 100

(small percentages of thiS area are cafe de sol)

RECOMMENDED ACTIONS (estImated bme 3 person weeks)·

1) The land use categones for the entire watershed should be quantlfied m terms of area, accord1Og
to the boundanes shown 10 Figure 1

2) The use of "matorral" land should be clarified (e g fuelwood collection, graz10g etc)

3) The watershed area 10 the northwest part (RiO Sacramento) should be mapped for land use

B. Land Tenure and Political Boundaries.

Ownership of land has been categonzed 10 three general types

1) EI ImposJble Nattonal Park and Bosque Salado Reserva,

2) cooperattves,and
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3) pnvate land (GREEN PROJECf Tenencla de Tlerras Map, 1997, Figure 1) Approximate land
ownershIp percentages 10 the San Franclsco-Cara Sucla watershed are

OwnershIp Category ApproXImate Percentage of Watershed Area

EI Imposlble Park!

Bosque Salado Reserve

CooperatIves

Pnvate land

total

20%

30%

50%

100%

RECOMMENDED ACTIONS (estimated time 3 person weeks):

I) Areas of the three land tenure categorIes 10 the watershed should be measured accurately and
tabulated Land areas for the four cooperatIves should also be quantIfied separately so that the
mfluence of each IS clear m the preparatIon of a watershed plan

2) The political boundary between the mumclplo ofSan FranCISCO Menendez and Tacuba should be
accurately delimIted on the base map and the area of each mumClplO calculated

3) locatIons and approximate areas of "casenos" and ADESCOs should be mapped for the 3
subwatersheds These umts, whIch contam 50-ISO households, may be reasonable ways to Identify
stakeholder groups which could fonn the basIS for a "watershed assocIation" or "watershed
councIl "

4) A populatIon map of the watershed should be prepared, usmg casenos or ADESCOs as pnmary
umts InfonnatlOn from the mumclpal surveys done by the MInIstry ofPlannmg for San FranCISCo
Menendez should be used as a prImary data source (available from the Alcalde of the mumclplO)

c. Surface Water Supply and Groundwater Levels.

1 Water Balance

The work of Estrada IS partIcularly useful because It was done monthly dunng 1996 and, assum10g thiS
was an average ramfall year, should be representatIve of vanatlons 10 surface flow For the three major
subwatersheds m the area, the followmg data are summanzed for measurement po1Ots about 2 k.m
upstream from the coastal hIghway (FIgure 3)

Subwatershed Average Dry Season Flow Average Annual Flow

(l/sec) (llsee)

Palma 22 472

Cara Sucla 70 910

San FranCISCo 41 421

Wilham Hemmmg Watershed Planmng m San FranCISCO Menendez
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RECOMMENDED TASK (estimated time 2 person days)-

If these data are representative of an average year, they can be used to approximate an annual water
balance for these 3subwatersheds The total average preclpltatton for the watersheds may not be measured
at an average elevation, but can be approximated from other mformatIon For example, the WASH
(1993) study reports that the precipitation m the upper watersheds vanes from 1600 mm to 2400 mm
annually, averagmg 2000 mm The amount of precipitation falhng annually can be estimated by
multlplymg the area ofeach subwatershed by the annual precIpitation (e g If the San FranciSCO watershed
IS 10 km2 (an arbitrary number), With 2 m of preclpltatton, the amount ... 10 mIlhon m2 X 2 m ZIl 20
mllhon m3) That amount can be compared WIth the average flow of 421 llsec, or 0 4 m3/sec, which IS
equal to about 12 mtlhon m3 annually For thiS example, the amount of surface flow IS about 60% of the
annual precipitation, a surpnsmgly high percentage which corresponds to a tropical watershed that IS
mamly cleared for agncultural use (Fig 4) The calculations should be done more accurately, usmg
better estimates of preCipitatiOn, area, and total annual surface flow

2 Water Supply and Demand-

For each watershed, It IS Important to estimate monthly water supply and demand, especially because
there IS such a marked difference between the dry and wet seasons For each of the 3 subwatersheds,
monthly flow should be tabulated m the followmg fonnat (data from Estrada, 1997), and other columns
filled m as data IS either esttmated or becomes avatlable for the other uses m each subwatershed

RECOMMENDED TASK (estImated tIme 2 person weeks)-

SUPPLY AND DEMAND OF WATER, RIO SAN FRANCISCO, ESTACION C

Subwatershed

Palma

CaraSucla

San FranCISCo

Average Dry Season Flow

(llsec)

22

70

41

Average Annual Flow

(llsec)

472

910

421

3 Flow In Different Reaches:

Seepage runs should be made once dunng the dry season and twice dunng the wet season to detennme
the amount of flow m different reaches of the 3 flvers on the same day By measunng flows at the same
time, natural and cultural gams and losses can be detennmed Eight pomts are recommended on the RIO
Cara Sucla, 6 pomts on the RIO San FranCISco and 3 pomts on the Rio Palma (Figure 3)

RECOMMENDED TASKS (estimated time 4 person weeks)-

1) Measure streamflow (seepage runs) once dunng the dry season and tWice dunng the ramy season
Do each stream system on the same day at 8 places on the RIO Cara SucIa, 6 places on the RIO San
FranCISCO and 3 on the Rto Palma (FIgure 3) Present the results m terms of nver WIdth
"thicknesses" on a map, WIth the thIckest lme representmg thousands of hters per second and the
thmnest only a few lIters per second

2) Interpret the results of the seepage runs m tenns ofdiversions for tmgatlOn, stock or domestic use,
or natural losses or gatns to and from the groundwater system
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3) Present hydrographs of surface water flow for the three lowest elevatIOn statIons on the Rio Cara
SUCIa, RIO San FrancIsco and the Rio Palma Do this for the monthly 1996data collected by Estrada
(1997) Show on the same hydrographs (but 10 a different color) the water that would be diverted
from each stream for the domestIc water supply proposals for Cara SUCIa and the Conacostes area
Indicate other known dIversIons on the same graph

4) Present hydrographs of the water level fluctuattons for the 5 wells WIth the most complete
mformatIOn 10 the subwatersheds ofRIO San FranCISCO Menendez, Rio Cara Sucla and RIO Palma
Plot monthly values for the year 1996 from the data collected by Estrada (1996) IndIcate the yIeld
for each well 10 lIters per second and water quahty lOformatIon If It eXIsts

5) Locate dIversIons of water 10 the 3 subwatersheds by field checklOg for dIversIon POints whIle
domg seepage runs Measure the streamflow diverted at each pomt

6) Calculate a water balance for each ofthe 3 subwatersheds by estImatmg ramfall lOputs and surface
water outputs Compare the results to other water balance studies 10 trOPICal areas and draw
conclUSIOns about the Impacts of land use on the water balances 10 the 3 subwatersheds (refer to
FIgure 4)

7) Determme the monthly supply and demand for water 10 the 3 subwatersheds and present thIS
mformatIOn 10 the hydrographs indicated In task number 3

8) Areas WhICh flood on a regular basiS should be located on a map and the landowners mtervlewed
to determ10e If flooding IS an Issue which should be addressed 10 a watershed plan

D Water QualIty and Land Use

Three major water quahty Issues are eVident 10 thIS watershed I) an abundance oforganIC 10ad1Og from
natural and cultural sources, resulting 10 reduced levels of dIssolved oxygen and hIgh fecal cohform
concentratIons, 2) excessive nutnent 10ad1Og (mtrogen and phosphorus) from the addition of large
quantitIes ofmmeral fertilIzer, 3) pestiCides and herbICIdes from agncultural use (WASH, 1993)

RECOMMENDED TASKS (estImated tIme 4 person weeks)-

I) Data for the follow1Og parameters (8 nver locatIons and 6 wells) should be graphIcally presented
With concentration on the y-axis and time on the X-axiS (each graph should have the maXImum
permiSSible concentratIon as a honzontal hne 10 red, see WASH, 1993 for the permtsslble
concentratIOns)

* total and fecal cohforms

* dissolved oxygen

* ammoma

* total (or dissolved) phosphorus

* organochlonnated compounds

* organophosphonzed compounds

* turbidity
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2) SedImentatIon data collected by Estrada (1997) should be presented for the 3 subwatersheds and

thiS mformatiOn related to land use percentages m each one RelationshIps between land use and
water quahty need demonstration, clanficauon and documentation

3) A map should be prepared which locates sites of agromdusmal effluents m the watershed A Itst
ofSJtes and descnptlons ofapproximate locatlons IS 10 AppendiX I ofthe WASH report (1993, data
from Dept EnVlfon SamtatJon [MOH])

4) Several locations should be momtored for total dIssolved sohds (TDS) 10 the mflow channels to
the Estero EI Zapote to aId 10 detenmmng whether the 3 subwatersheds conmbute fresh water to
the Bosque Salado (ZanJon Aguachapio and ZanJon Tacachol) The locatiOn of a tentative
watershed dIVIde between the ZanJon Madre VJega and the Z8nJon Tacachol should be clanfied

5) RJpanan health surveys should be made at6 SJtes on the RJO San FranCISCO, 3SItes on the RIO Palma
and 8 SItes on the RIO Cara SucJa (FIgure 3 shows locations)

E Water Rights

A dISCUSSIon of the laws WIth regard to water nghts JS Important because of upstream water diversions
whJch Jmpact downstream users For example, water taken for use 10 the Cara Sucla area for domestic
use would not be avaIlable for downstream ImgatJon, except for return flows from sewage treatment
faCIlIties, m whIch case the water qualIty would be Impacted Fjeld observatIons and dISCUSSIons WIth
farmers 10 the Cara SucJa watershed above the town 10dicated that there are 3 dIversIOn po1Ots for
IrrIgation, but thiS conclUSIon needs to be conftrrned (field observatIons, May, 1997)

RECOMMENDED ACTIONS (estimated time 3 person weeks)

1) Collect eXIst10g mformatIon from the OORNR on water nghts penmts m the RJO San FranCISCO,
RIO Cara Sucia and RiO de la Palma watersheds Determ10e the areas imgated, number of
diversJons, owners of the lands Imgated and amount of water whJch could be diverted dunng the
dry season The person to 10terview 10 the ImgatIon DIvlS10n IS Ing GarCIa Granado and 10 the
Legal Department IS LIC Ferm10 Argeta.

2) FIeld check the 1OformatIon the DGRNR to locate dIversIOn po1Ots, areas rrngated and owners of
Irngated land Plot these areas on 1 25,000 topographIC maps and determme Jf potentIal conflICts
eXJst between present ImgatlOn nghts and proposed nghts for domestIc use

3) Determme If the mayor of San FranCISCO Menendez IS aware of the number of Imgators m the
mumclpahty, and Ifhe IS, whether he IS collect1Og ImgatlOn fees It would be helpful to know what
these fees are supposed to be used for

4) Make preltmmary applIcations to the OORNR and ANDA for mumclpal water nghts for use by
the Cara SUCIaand Conacastes commumtIes A tnal apphcanon would be helpful so that the level
of detaIl needed on the final apphcatlons would be better understood Whether pre-feaSibIlIty or
full feaSIbIlIty studies are needed for an applIcaho IS unknown

5) Amphfy the prefeasJblhty reports on water supply for the two areas With mformatlon on water
nghts and further analySIS of water supply and water quahty Based on amplIfied mformatlOn,
prepare detaIled proposals for water supply proJects, on asubwatershed baSIS, to potential fundmg
agenCJes
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F Rlpanan Protection Areas

The most sensItive areas of a watershed to human disturbance and Impacts on water qualIty are npanan
zones Field observations In the project watersheds mdlcate that much of the npanan zone has a reasonably
weH vegetated npanan zone, and It IS Important to mamtam these areas for several reasons 1) npanan
vegetation helps to filter sediment washed down from upland sites and steep slopes which may not be
well vegetated, particularly dunng the dry season, 2) npanan vegetation uses nutrients commg from
natural sources, as well as from excess fertIlizer use, preventmg nutrient overloads and potentIal
eutrophication m streams, 3) protected npanan areas prevent development on stream banks and preser
ve these sensItive zones for the mamtenance of downstream water quahty

RECOMMENDED ACTIONS (estimated time 3 person weeks)'

I) Produce a map With all the stream channels m the watershed, which wIll also be a map of the
npanan areas Designate these as 25 meter protectIOn zones on both Sides of the stream channel

2) Analyze air photographs to detemune stream channels where the 25 meter zone eXIsts and areas
where the npanan zone lacks vegetative protection

3) Calculate the length of stream channels m the watershed that do not have nparlan vegetative
protectIon and deSIgnate these areas for rehablhtatlon or protectIOn

4) Carry out npanan health surveys m selected areas ofeach subwatershed (Table 1) For mstructlOns
on how to use the survey, see Annex n

F Slope and Soil Stability Maps

RECOMMENDED TASKS (estimated time 1 person week)

1) Prepare a slope category map With the foHowmg

0-20%

21-30%

31-40%

41-60%

greater than 60%

2) If suffiCient mformatlon eXISts, prepare a map mdlcatmg the followmg soIl stabIlIty categones

stable

moderately unstable

highly unstable
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Annex II. Instructions on Riparian Survey.

1 Ripanan vegetatiOn structural diversity note if there are three height classes (grass, shrubs, trees),
or only one or two

2 Upper bank stablhty note If all stream banks are stable With vegetation cover, or If there IS at least
20% vertical banks With bare soli (suboptlmal), or 20-50% erodmg banks (fair) or more than 50%
of bank area erod1Og (poor)

3 VegetatIon cover note the % vegetation cover With at least 3 transects, average the results

4 Vegetation buffer Width measure the Width of the least buffered Side where more than 50%
vegetation cover eXIsts

5 Vegetation diversity note the number of different species of plants

6 Embeddedness pick up at least 10 rocks from the streambed and estimate the % ofeach rock that
is covered With fine sediment (clay or slit or fine sand), average the results

7 Flow measure the flow 10 cubiC meters per second

8 Canopy shad10g estimate the % of stream area that is covered by shade durmg the middle four
hours of the day

9 BenthiC 10sects collect benthiC 10sects With a net and note how many of the three major orders
which represent healthy conditions are present (stoneflIes, mayflIes, caddisflIes)

10 Width to depth ratio of bank measure the stream Width and depth and compute the ratiO

11 Pools and nffles measure the distance between nffles and diVide by the stream Width

12 Streambed geology make 10 steps III the stream and at each step pick up the matenallmmedlately
III front ofyour nght shoe, note whether the size IS boulder (more than 1010ches diameter), cobble
(2 to 10 Inches), gravel (025 Inch to 2 Inches), or smaller (sand, slit, clay) The greater the
percentage of fine matenal, the less healthy the stream 10 terms of downstream sedimentation
commg from upstream eroSiOn sources
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Figure 1 Land Ownership In Barra de Santtago Watershed
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FIgure 2 Watershed Boundary for SFMenendez/Cara SUCIa

Sub Watershed (CombIned)
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FIgure 3 Muntclpal Boundary (SFMenendez)
Versus Watershed (CombIned)

MAPA BASE DEL AREA DEMOSTRATIVA

MUniCIpIO ------

Cuenca - - - -

-15Km

~ Cooperatlvas

.. Parques y Reservas NaClonales

• • Zonas Urbanizadas


