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San Salvador visto del Cerro San Jacinto. En frente se pueden ver cultivos anuales en tierras muy inclinadas.
View of San Salvador from Cerro San Jacinto. Annual crops are grown on the steep slopes in the foreground.
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LAND RESOURCES DEVELOPMENT CENTRE
The Land Resources Development Centre, one of the scientific units of the Overseas
Development Administration, assists developing countries in mapping, investigating
and assessing land resources, and makes recommendations on the use of these
resources for the development of agriculture, livestock husbandry and forestry; it also
gives advice on related subjects to overseas governments and organisations, makes
scientific personnel available for appointment abroad and provides lectures and
training courses in the basic techniques of resource appraisal and development. The
Centre works in close cooperation w i t h government departments, research institutes,
universities and international organisations concerned with land resources assessment
and development planning.

CENTRE DE DEVELOPPEMENT DES RESSOURCES DE LA TERRE
Le Centre de Développement des Ressources de la Terre (Tun des organismes
scientif iques du Département britannique de Développement Outremer) apporte son
aide aux pays en voie de développement en matière de cartographie, recherche et
evaluation des ressources de la terre et fournit des recommandations quant ä
l'exploitation de ces ressources pour le développement de l'agriculture, l'élevage et
la sylviculture. Le Centre offre également des conseiis techniques aux gouvernements
et organismes outremer, se charge de trouver du personnel scientif ique pour les
postes ä pourvoir ä I'étranger et organise des conférences et des stages de
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recursos de la tierra, y da recomendaciones sobre el uso de estos recursos para el
desarrollo de la agricultura, la ganaderfa y la silvicultura. También presta su
asesoramiento sobre temas vinculados a gobiernos y organizaciones de ultramar,
ofrece personal cientifico para puestos en el exterior y suministra conferencias y
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ABSTRACT
The Acelhuate river catchment (733 km 2 ) in El Salvador contains the capital city,
San Salvador, and in 1979 had an overall population close t o 1 million. Population
pressure on the land and uninhibited urban growth are the root causes of severe
environmental degradation, manifested in urban and rural soil erosion, river pollution
and accelerated river erosion, especially in widespread, weakly consolidated volcanic
ash deposits.
A multi-discipline team studied the chief problems and produced a catchment management plan. Recommendations include a practical and relatively cheap soil conservation
system, and designs for multi-purpose low-cost drop structures which will both arrest
river bed erosion and improve water quality by aeration. Options for conventional
sewage treatment are discussed. Other important recommendations are the establishment of a national water resources council, a redefinition of the responsibilities of
certain institutions, the rigorous application of existing key laws and the recognition of
the need for appropriate land use planning.

SOMMAIRE
En 1979, Ie bassin versant d'Acelhuate (730 k m 2 ) , dans lequel se situe San Salvador,
capitate de Salvador, comptait prés d'un million d'habitants. Cette pression
démographique exercée sur les terres, ainsi qu'une croissance urbaine non réfrénée,
sont les causes premières d'une sérieuse degradation de l'environnement, qui se manifeste par une érosion du sol dans les regions urbaines et rurales, une pollution des cours
d'eau et une érosion fluviale accélérée, notamment dans les vastes zones de depots de
eend res volcaniques peu consolidées.
Aprés examen des principaux probièmes, une équipe pluridisciplinaire a établi un plan
d'aménagement du bassin. Elle a recommandé, en particulier, un système pratique et
relativement économique de conservation du sol ainsi que des modèles de chutes ä
buts multiples, d'un prix de revient reduit, ä la fois capables d'arreter l'érosion du lit
de la rivière et d'améliorer la qualité de l'eau par aeration. Les options relatives au
traitement conventionnel des eaux d'égout sont discutées en détail. D'autres
recommandations importantes concement la creation d'un Conseil national des
ressources hydrauliques, une definition nouvelle des responsabilitésde certaines
institutions, ('application rigoureuse des lois essentielles en vigueur ainsi que la
reconnaissance d'une planification obligatoire et judicieuse de l'utilisation des terres.

KEYWORDS
Soil degradation, erosion control, water pollution, water resources, land capability,
land conservation, cost-benefit analysis, land tenure, environmental pollution.
El Salvador,
xi
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RESUMEN
La cuenca del rio Acelhuate (733 km 2 ) en El Salvador, que abarca a la ciudad capital
de San Salvador, tenia en 1979 una población de aproximadamente 1 millon de
habitantes. La presión ejercida por la población sobre la tierra y el crecimiento urbano
ilimitado son las causas fundamentales del grave deterioro ambiental, manifestado en la
erosión del suelo en zonas urbanas y rurales, la contaminación de las aguas y la erosion
acelerada de los lechos de los rios, especialmente en losextensos depósitos de cenizas
volcanicas poco consolidados.
Un equipo multi-disciplinario ha estudiado los problemas principales y ha producido
un plan de manejo para la cuenca. Las recomendaciones incluyen un sistema practico y
relativamente económico para la conservación del suelo, y disehos para estructuras de
caida de bajo costo con fines mü Itiples que impediran la erosión del lecho del rio y
mejoraran la calidad del agua por medio de la aireación. También se han discutido las
opciones en el tratamiento convencional de aguas residuales. Otras recomendaciones
importantes son el establecimiento de un consejo nacional de recursos hïdricos, la
redefinición de las responsabilidades de ciertas instituciones, la aplicación rigurosa de
leyes claves en existencia y el reconocimiento de la necesidad de una planificación
adecuada del uso de la tierra.

SUMARIO Y RECOMENDACIONES
Antecedentes; la zona del proyecto y su desarrollo
Durante la primera fase deevaluación del Proyecto, la cual duro mas de un atto, un
equipo conjunto del ODA-GOES estudió los problemas de la erosión del suelo , la
erosión de los rios y contaminación del agua en la cuenca del rio Acelhuate. Los datos
ambientales obtenidos durante estos estudios fueron utilizados para la producción de
un mapa de la capacidad de uso de la tierra en la Cuenca, y un mapa interpretativo
adicional incorporando zonas de manejo y areas criticas de manejo. También se
preparó un plan de manejo en etapas.
La cuenca del Acelhuate cubre 733 kms 2 o sea el 3,5% de la superficie total del pais y
esta situada en el centro del territorio. Consiste de llanuras disectadas, bordeadas por
montahas volcanicas aisladas. El rio Acelhuate y sus tributarios corren de sur a norte para
unirse al rio Lempa.
Lasprecipitacionespromedioanualesson de 1.800 mm, de caracter marcadamente
estacional, con una estación seca de 6 meses qu se extiende de Noviembre a Mayo. Dos
tipos principales de suelo predominan: suelos pardo claros de ceniza volcanica en el sur;
y arcilla rojiza en el norte. Queda muy poco de la vegetación de los bosques tropicales
originales.
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La población actual de la cuenca Mega a poco menos de un millón de habitantes,
incluyendo los 800 000 habitantes aproximadamente de San Salvador y sus
alrededores (AMSS), se extiende sobre un tercio de la superficie al sur. La población
esté creciendo rapidamente, de manera que para el a no 2 000 se estima que habrä
2,1 millones de personas en la cuenca. Esta explosion demogräfica amenaza con
agravar los tres problemas estudiados.
El principal uso de la tierra en la cuenca es la agricultura, cultivandose la mayor parte
con el café (12 750 ha.), pastos (10 780 ha.), caha de azücar (10 560 ha.) y granos
basicos (9 520 ha.). Los primeros tres ocurren principalmente en las tineas, las cuales
ocupan la mayor parte de los terrenos agrlcolas; mientras que los granos basicos son
cultivados principalmente por minifundistas, muchos de los cuales alquilan los
terrenos bajo arrendamientos anuales.
La mayoria de la población de la cuenca trabaja en la ciudad, la cual contiene el
complejo industrial mas grande en Centro America, y tambien presenta una amplia
gama de actividades de servicio. La clase urbana mas baja y muchos pequenos
agricultores y labriegos sin tierras tienen ingresos bajos y a menudo precarios,
generalmente viven en condiciones miserables y sus familias sufren de desnutrición y
mala salud.
No menos de ocho juntas directivas de cuatro Ministerios, y 15 instituciones gubernamentales y püblicas, estan directamente interesadas en uno u otro de los tres problemas
estudiados. No es de sorprenderse que exista una duplicación de esfuerzos, conflictos
de interés y division de responsabilidades entre las diversas organizaciones, en lo que
respecta a estos problemas. Existe una estructura legal que podria ayudar a resolver los
problemas, pero algunas de las claüsulas pertinentes estän mal definidas y comunmente
son poco observadas.
Erosion del Suelo
La erosion del suelo en las zonas rurales resulta en gran parte de la combinación de
intensos aguaceros (tipicos del clima local) y el establecimiento de cultivos anuales
(granos basicos) sobre terrenos con pendiente marcada con preparación de limpia y
desmonte. Las tasas anualesestimadas de pérdidas de suelo en estos terrenos, oscilan
entre 20 y 200 t/ha, dependiendo especialmente del uso y la pendiente del terreno.
La mayor parte de esto proviene de la erosion laminar y de surcos naturales. Las cércavas,
aunque mas facilmente visibles, son de menor importancia. Grandes extensiones de
tierra cultivadas con granos basicos ya han perdido su capa orgänica superior, mientras
que otras estan répidamente perdiendo lo poco que les queda. Debido a que las
profundidades del subsuelo al lecho de roca son comunmente considerables, no se espera
que mucho terreno quede fuera de producción en futuro cercano; pero no obstante la
pérdida de la capa superior, reduce seriamente el potencial natural del suelo y su
capacidad de rendimiento bajo un cultivo mäs intensivo.
Por otra parte el material erosionado es rapidamente transportado a la desembocadura
del rio Acelhuate, donde contribuye a la sedimentación de la Presa del Cerrón Grande.
A pesar de que la mejor solución seria cambiar de cultivos anuales a cultivos permanentes,
pastoreo o silvicultura, en los terrenos de pendientes fuertes, los pequenos agricultores
que cosechan su maiz y frijol necesitan cultivar estos para su subsistencia. Por otra parte,
las tenencias de un ano comunes en estos terrenos, desalientan tanto la conservación
como los cultivos permanentes, porque los arrendatarios no pueden recuperar
sus inversiones en tan corto tiempo.
POSRA ha disenado un sistema de conservación basado en acequias de ladera,
combinadas con camellones en los contornos, barreras vivas y capas retenedoras de la
humedad ("mulch"). Estas medidas, cuando correctamente implementadas y
mantenidas, protegerian adecuadamente las tierras con pendientes de hasta 14°(25%) y
reducirian la erosion considerablemente en pendientes de hasta 27° (51%). Este sistema
puede ser construido bastante económicamente por los agricultores utilizando
herramientas manuales y con poca supervision,
xiv

Un anälisis de costos y beneficios indicó recompensas altamente favorables para este
sistema en la mayoria de los terrenos con granos bésicos, aunque el rendimiento fué
mas alto en terrenos de pendientes suaves, donde la capa vegetal superior esté aün
presente. Se tomó como base de trabajo una superficie de 10 000 ha, casi totalmente
cubierta por cultivos anuales, que requena medidas de conservación.
La Ley de Arrandamiento de Tierras, que da a los arrendatarios oportunidad de
contrato por tres afios, ya existe, pero no es ampliamente aplicada. Si ésta fuera
ejecutada, estimularia a los arrendatarios a adoptar los trabajos y practicas de
conservación.
Finalmente, la erosion del suelo producida por las obras de construcción urbanas
es severa, ocasionando arrastres estimados en 1 000 ton/ha/ano como promedio, y
contribuye en gran parte a la sedimentación de los rios, contaminandolos y causando
azolvamiento en la Presa del Cerrón Grande. La mayor parte de esta erosion podria
evitarse mediante simples medidas de precaución.
Erosion de los Rios
Los perfiles inclinados de los tramos superiores de los principales rios y arroyos en
la parte sur de la cuenca, y la erodabilidad de las cenizas volcänicas blandes en estas
zonas, han contribuido a la seria erosion fluvial, principalmente mediante recortes
del lecho. La expansion del area urbana de San Salvador ha ocasionado la
concentración de aquas de drenaje y crecidas mas altas durante inundaciones;
agravando asi el problema. Como resultado, los rios amenazandaharcualquier forma
de infra-estructura urbana, especialmente urbanizaciones, lïneas férreas y la pista del
Aeropuerto de llopango. La principal solución propuesta es la modificación del perfil
de los rios, instalando estructuras de caida en los lechos para reducir la velocidad del
caudal (Sección 3.3).
Ademas, algunas secciones de los rios necesitan protección contra la erosion lateral,
lo cual puede obtenerse mediante el revestimiento de las orillas, protección vegetativa y
obras de encauzamiento. Losdisehos y esquemas propuestos, utilizan materiales locales
baratos, en lo posible.
Actualmente al MAG le corresponde el control de la erosion causada por los rios tanto
en las areas rurales como en las urbanas, mientras que a DUA Ie concierne el drenaje
urbano, y a A N DA la descarga de las aguas servidas. El mal diseno de la mayoria de los
desagüesdeaguasnegrasyde lluvia en los rios, contribuye seriamente a la erosion
fluvial. Seria lógico que DUA asumiera responsabilidad por el estado de los lechos de
los rios en el Area Metropolitana, por tener la mayor capacidad técnica para controlar la
erosion fluvial.
Contaminacion del Agua
La contaminacion del agua en la cuenca es crónica, particularmente en la estación seca
cuando los cuadales en los tramos superiores de los rios consisten de aguas negras no
diluidas. La vida de los peces es inexistente en la mayoria de los rfos. Las aguas cloacales
domésticas y los efluentes industriales descargados dentro de los rios sin previo tratamiento, contribuyen casi igualmente a la contaminacion actual. Los estudios de Wallace,
Evans y Co indican que los niveles de contaminacion han aumentado desde 1973. La
calidad actual del agua constituye un riesgo para la salud de la población que vive cerca
de los cauces que corren a través de la ciudad y reduce los posibles usos de las aguas en
los tramos inferiores, impide la pesca en los rios y amenaza la pesca en el lago del dique
Cerron Grande, ocasionando ademäs la incomodidad de ser mal olientes y repugnantes
en las areas urbanas.
Pese a las pesimas condiciones de los rios, los problemas son quizes menos graves que
otros que afectan la cuenca; ademés las soluciones convencionales para el tratamiento de
aguas negras y de los efluentes industriales son costosas.
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Por lo tanto, se recomienda que todo esfuerzo sea dirigido, por lo menos en el futuro
inmediato, a la identificación de un sistema de bajo costo adecuado a las condiciones
locales, y no inicialmente o necesariamente, destinado a obtener agua de calidad
equivalente a los altos niveles internacionales. Se favorece particularmente el posible
uso de estructuras de calda de doble propósito, las cuales estabilizarén el lecho de los
rios (Seccion 1.2.3) y también induciran la aireación del agua, contribuyendo de esta
manera a su purificación.
Dependiendo de éxito en la identificación de un sistema de bajo costo, puede resultar
necesario, en el largo plazo y a medida que aumentan la población y la contaminación,
utilizar plantas de tratamiento convencional, para obtener la calidad de agua deseada.
El problema de be ré abordarse inicialmente, eliminando el sedimento fangoso en plantas
de tratamiento primario, tratando una proporción del volumen total de aguas negras o
fluviales, luego aumentando la capacidad de la planta para contener el caudal total.
Solamente si no se logra obtener la calidad de agua deseada con este método, deberén
considerarse procesos mecénicos y quimicos secundarios o terciarios.
Actualmente, las disposiciones legales y las responsabilidades institucionales pertinentes
a la calidad del agua, es tan divididas y carecen de una definición clara. Se respalda
fuertemente la creación de una sola ley comprensiva, para aguas y el establecimiento de
un Consejo Nacional de Recursos Hidricos, como ya ha recomendado el PNUD/ELS-2
(1972) y WEP (1974). Este representaria a las instituciones gubernamentales interesadas
e incorporaria una agencia técnica que estableceria normas de calidad de agua.
Planificacion del uso de la Tierra
Para complementar los estudios de los problemas técnicos, socio-económicos e
institucionales y para indicar los sitios donde son mayormente requeridas las obras de
conservación, se prepararon mapas mostrando la capacidad del terreno y las zonas de
manejo. El mapa de capacidad del terreno indica, que extensas zonas de la compiha, en
particular aquellas con cenizas volcanicas, pueden ser utilizadas para la producción de
cereales, pero el cultivo debe incorporar medidas adecuadas para la conservación del
suelo; mientras que las zonas donde predominan los terrenos escarpados deberén ser
protegidas mediante forestación o cultivos permanentes, tales como plantaciones de café,
las cuales ya ocupan muchos de los terrenos empinados. Los mapas también indican
que el uso de las llanuras de aluvión en el Norte para el cultivo de caiïa de azucar se
adecua al ambiente.
La cuenca puede dividirse en seis zonas de manejo de acuerdo con las consideraciones
ambientales. Pautas detalladas sobre el uso del terreno se proponen para cada zona.
Ademés, dentro de las zonas, se han designado nueve areas crfticas de manejo cuyas
caracteristicas especiales ameritan una consideración por separado. Estas incluyen la
zona urbana de San Salvador, un sitio arqueológico y reservas biológicas propuestas.

RECOMENDACIONES
Los detalles que confirman las recomendaciones aparecen en Partes 3, 4 y 5 del texto
en inglés. Las secciones pertinentes de estas partes estan indicadas en paréntesis en el
texto que sigue. Los costos mencionados estän dados segün precios de 1979.
A corto plazo
Las recomendaciones principales para el corto plazo (1980-5), o sea, a ser implementadas
dentro de los próximos 5 ahos, pueden resumirse de la siguiente manera:
Conservación del suelo
1.
Comenzar un programa vigoroso de conservación del suelo (5.2) por medio de la
introducción de los siguientes programas:
i.
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Reclutar seis agents conservacionistas

ii.

Identificar cuidadosamente las zonas que necesitan ser conservadas

iii.

Proporcionar asistencia técnica gratuita a los agricultores interesados,
incluyendo los servicios de agrimensura y supervision

iv.

Proporcionar incentivos a los agricultores dispuestos a cooperar con el
proyecto, incluyendo raciones del Programa Mundial de Nutrición, vales de
descuento para la compra de materiales de cultivo, y crédito a bajo interés

v.

Establecer criaderos para la provision de materiales de cultivo.

2.
Tornar medidas para asegurar un mas extenso cumplimiento con la Ley de
Arrendamiento de Tierras (5.2.3)
3.
Exigir que DUA insista en que los agentes urbanizadores incluyan medidas de
conservación en sus planes, y que inspeccione las obras en construcción para asegurar
el cumplimiento con éste aspecto de los planes (5.2.4).
El costo total, para el Gobierno, de la implementación de los puntos 1-3 durante 5 anos
seria (22,7 millones aprox. (5.2.2).
Estabilización

fluvial

4.
Construir una serie de estructuras de caida, revestimientos para las riberas y
barreras en los tramos superiores de los rios principales (5.3.2).
5.
Adoptar un plan de desarrollo urbano, formular una politica de drenaje urbano y
hacer que DUA sea ünicamente responsable del control de la erosion fluvial en el AMSS
(5.3.5). *
6.
Establecer un Departamento de Ingenieria de Drenaje Metropolitano, inicialmente
como parte de DUA, para atender especificamente al diseno y construcción de desagües
urbanos y estructuras para el control de la erosión de los rios (5.3.5).
Costo total aproximado de puntos 4-6 para el Gobierno durante cinco anos = (210.0
millones (5.3.2.4).
Investigation de la contamination

del agua

7.
Iniciar inmediatamente una evaluación de (a) estructuras de caida en la purificación
de aguas servidas por medio de la aireación, y (b) cualquier otro método de tratamiento
de bajo costo (5.4.4.2).
8.
Continuar la instalación de nuevas cloacas primarias colectoras y extender la red
urbana de alcantarillado a colonias nuevas y marginales, la mayor parte a ser completada
para 1986/7. Reservar el costo para los tres primeros anos, del presupuesto total del
programa de 10 anos (5.4.2).
9.
Decidir, para 1983, cual es la estrategia més adecuada para el tratamiento de aguas
servidas a largo plazo (5.4.4).
10. Promulgar una ley para el establecimiento de un Consejo Nacional de Recursos
HFdricos. Este incluirïa una agencia técnica que definiria los niveles de calidad del agua
para el control de descargas contaminadoras (5.4.7).
El costo total aproximado de puntos 7 a 10 para el Gobierno de El Salvador durante
3 anos = (215 millones, suponiendo que el programa de alcantarillado (punto 8) es el
propuesto por Wallace, Evans & Co (1974). El costo individual de los puntos arriba
mencionados seria:
7(a): (20,8 millones; 7(b): (20,5 millones; 8: (213,8 millones, siendo e'sto tres
décimos del costo total en 10 anos. Ver también Figura 5.1.
* Mapa 4.2
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El uso de la tierra
11. Fomentar, en todo lo posible, y a través de los esfuerzos de losextensionistas
(punto 1.i) el uso adecuado de la tierra, de modo que se utilice al méximo la capacidad
inherente de los diferentes tipos de suelo, sin perjudicar el entorno ambiental.
12. Hacer estudios adicionales de las Areas Criticas de Manejo * (4.4.3), en particular,
de la posibilidad de limitar la expansion de San Salvador hacia el norte, mediante la
creación de una zona verde, y fomentar el dialogo entre los muchos sectores
interesados en el planeamiento y desarrollo urbanos.
13. Designar oficialmente cierto numero de Areas Criticas de Manejo* como reservas
biológicas y una zona arqueológica (4.4.3).
A largo plazo
Las principales recomendaciones a largo plazo son:
Conservation del suelo
1.
Continuar con e intensificar el programa de conservación del suelo hasta que
todas las tierras susceptibles a la erosión en la cuenca del rio, approx 6 400 ha, queden
adecuadamente protegidas (5.2.3).
2.
Continuar con la capacitación de personal especializado en la extension de la
conservación para asignarlo a otras zonas (5.2.2.5).
El costo de puntos 1 y 2 para el Gob. de El Salvador, a precios de 1979, y a razón de
800 ha/aho, se estima en C4,4 millones en 8 ahos (5.2.3).
Estabilización

fluvial

3.
Construir estructuras adicionales para el control de y protección contra la erosión
de los rios en los tramos medios e inferiores donde la erosión es mas acentuada.
El costo del punto 3 para el Gob. de El Salvador se estima en 06,5 millones a precios de
1979(5.3.3).
Control de contamination

de las aguas

4.
Bajo el punto 9 arriba mencionado, si se ha identificado un tratamiento para aguas
residuales de costo bajo a moderado que valga la pena para una porción del caudal
fluvial, se recomienda invertir en la construcción de estructuras adecuadas.
El costo del punto 4 serïa de C5 a C50 millones (5.4.5.1).
5.
Si no se ha identificado un tratmiento adecuado de costo bajo a moderado,
construir plantas de tratamiento primario y posiblemente secundario para las aguas
residuales urbanas. Tratar los efluentes de las principales industrias contaminadoras en
el tramo inferior del rïo, y también el efluente de Apopa. Ninguna medida sera efectiva
sin las otras para obtener una calidad de agua mejor.
El costo del punto 5 podria llegar a G350-390 millones para 3 plantas de tratamiento
primario-mas-secundario, para poder tratar el volumen total anticipado de aguas
residuales urbanas hasta el afio 2.000 AD (5.4.5.2-3). El costo del tratamiento de nueve
plantas industriales contaminadoras en el tramo inferior del rio se estima en C17,5
millones (5.4.6).
6.
Evaluar e implementar los metodos mas apropiados para el control de los
diferentes tipos de efluente industrial que desembocan en las cloacas urbanas y
especialmente de aquellos que desembocan en el rïo después de los ya tratados.
* Mapa 4.2
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El costo de punto 6 alcanzar los C 100.000 a 0200.000 para cada planta industrial
(5.4.6).
Dentro de un costo estimado de (2450 millones, se considera que el sistema del rio
Acelhuate podria ser mejorado hasta alcanzar un nivel internacionalmente aceptable
(3.4.4.1 y Figura 5.1).
ENMENDACIONES AL REPORTE BORRADOR
El present Estudio de Recursos Agrarios incorpora algunas de las enmendaciones que
no fueron incluidas en las versiones iniciales en espanol y en inglés del texto "Propuesta
de plan de manejo de la subcuenca del rio Acelhuate".
Sección 1.2, Resümenes y Recomendaciones, incluida en éste informe final, incorpora
todos los cambios al borrador; cambios importantes han sido hechos a las Secciones
1.2.4 y 1.2.6.
Otras enmendaciones son:
Sección 1.1: nueva nota al pie de la pégina
Sección 2.1.4.6, parrafo 5: anadidura
Tabla 2.9: nuevo plan
Sección 3.2.1, parrafo 3: enmendación
Sección 3.2.2: cambios considerables al texto
Sección 3.2.3.2: re-estructurada por la incorporación de secciones de Parte 5.2
Figura 3.6 con notas: nueva
Sección 3.4.4.1, parrafo 4; nuevo
Sección 3.4.4.1, Opción 3, pérrafo 2: anadidura
Sección 3.4.4.1, Costos de las Opciones recalculados
Tabla 3.5: nueva
Tabla 3.7 (anteriormente Tabla 3.8): costos modificados
Sección 4 . 1 : acortada
Tabla 4 . 1 : datos nuevos
Tabla 4.2: nueva
Secciones 5.2.1, 5.2.2: la mayor parte transferida a Sección 3.2.3.2
Tabla 5.1/5.2: renumeradas de acuerdo a la nota al pie de pégina
Sección 5.2.2.1: varias anadiduras
Sección 5.2.3, pérrafo 3: anadidura
Sección 5.2.5, No. 3: anadidura
Sección 5.4.2: escrita nuevamente
Sección 5.4.3: nueva
Sección 5.4.4: nueva
Sección 5.4.5: nueva
Sección 5.4.6: incorpora parte de la anterior Sección 5.4.4
Sección 5.4.7: renumerada Sección 5.4.5
Sección 5.4.8: nueva
Figura 5.1: nueva
XIX

Amendments to draft texts*

The present Land Resource Study incorporates some amendments which were not
included in the Spanish and English draft versions of the text, Propuesta de plan de
manejo de la subcuenca del no Acelhuate (Proposed management plan for the
Acelhuate River catchment).
The Spanish version of Section 1.2, Summary of recommendations, reprinted on the
previous pages, incorporates all the changes made since the draft report.
Major alterations have been made in Section 1.2.4 and 1.2.6. Other amendments occur
in the following sections, tables and illustrations:
Section 1.1: new footnote
Section 2.1.4.6, para 5: addition
Table 2.9: new layout
Section 3.2.1, para 3: amendment
Section 3.2.2: substantial rephrasing
Section 3.2.3.2: restructured by incorporating sections from former Part 5.2
Figure 3.6 with accompanying notes: new
Section 3.4.4.1, para 4: new
Section 3.4.4.1 Option 3, para 2: addition
Section 3.4.4.1, Costs of options: recalculated
Table 3.5: new
Table 3.7 (previously Table 3.8): revised costs
Section 4 . 1 : shortened
Table 4 . 1 : new data
Table 4.2: new
Sections 5.2.1, 5.2.2: most transferred to Section 3.2.3.2
Table 5.1/5.2: renumbered as per footnote
* The Spanish translation of this page is on p xix

Section 5.2.2.1: several additions
Section 5.2.3, para 3: addition
Section 5.2.5, No. 3: addition
Section 5.4.2: rewritten
Section 5.4.3: new
Section 5.4.4: new
Section 5.4.5: new
Section 5.4.6: part of old Section 5.4.4
Section 5.4.7: renumbered Section 5.4.5
Section 5.4.8: new
Figure 5 . 1 : new
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Glossary and list of abbreviations

GOVERNMENT AND OTHER INSTITUTIONS
Alcaldia de San Salvador

San Salvador Municipality

AMSS:

Area Metropolitana de San
Salvador

Metropolitan Area of San Salvador

ANDA:

Administracidn Nacional de
Acueductos y Alcantarillados

National Administration of Water
Supply and Sewage

BFA:

Banco de Fomento
Agropecuario

Agricultural Development Bank

BID:

Banco Interamericana de
Desarrollo

Interamerican Development
Bank(IDB)

CAESS:

Compania de Alumbrado
Eléctrico de San Salvador

Electric Light Company of San
Salvador

CAMINOS:

Dirección General de
Caminos (en MOP)

Directorate of Roads (in Ministry of
Public Works)

CAT IE:

Centro de Agricu I tu ra
Tropical de I nvestigacidn y
Ensefianza

Tropical Agriculture Centre for
Research and Training

CEL:

Comisión Ejecutiva del Rio
Lempa

Executive Commission for the
Lempa River

CENTA:

Centro Nacional de
Tecnologia Agropecuaria

National Centre for Agricultural
Technology

CEPA:

Comisión Ejecutiva
Portuaria Autónoma

Autonomous Executive Commission
for Ports

CIG:

Centro de 1 nvestigaciones
Geotécnicas

Centre of Geotechnical
Investigations

DDCI:

Dirección de Desarrollo y
Control Industrial

Directorate for Development and
Control of I ndustry

DGAC:

Dirección General de
Aeronéutica Civil

General Directorate of Civil
Aviation

DGEA:

Dirección General de
Economfa Agropecuaria

General Directorate for Agricultural
Economy

DGEC:

Dirección General de
Estadfsticas y Censos

General Directorate of Statistics
and Census

DGP:

Dirección General de
Presupuesto

General Directorate of the Budget

DGRD:

Dirección General de Riego y
Drenaje

General Directorate of Irrigation
and Drainage

DGRNR:

Dirección General de Recursos
Naturales Renovables

General Directorate of Renewable
Natural Resources
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DIDECO:

Dirección de Desarrollo de
la Comunidad

Directorate of Community
Development

DUA:

Dirección General de
Urbanismo y Arquitectura

General Directorate of Urbanism
and Architecture

ENA:

Escuela Nacional de
Agricultura

National School of
Agriculture

FAO:

Organización para Alimento
y Agricultura

Food and Agriculture Organisation

FENADESAL:

Ferrocarriles Nacionales de
El Salvador

National Railways of El Salvador

GOES:

Gobierno de El Salvador

IGN:

Instituto Geogréfico
Nacional

MCA:

Instituto Interamericano de
Ciencias Agncolas

National Geographical
Institute
Interamerican Institute for
Agricultural Sciences

INSINCA:

Industrias Sintéticas de
Centro America

Synthetic Industries of Central
America

ISTA:

Instituto Salvadoreho de
Transformación Agraria

Salvadorean Institute for Agrarian
Change

ISTU:

Instituto Salvadoreho de
Turismo

Salvadorean Institute for
Tourism

IVU:

Instituto de Vivienda Urban

Institute for Urban Housing

LRDC:

Centro de Desarrollo de los
Recursos de la Tierra, ADU
(vea se ODA abajo)

Land Resources Development
Centre, ODA
(see ODA below)

MAG:

Ministerio de Agricultura y
Ganaderfa

Ministry of Agriculture and
Livestock

MEC:

Ministerio de Economia

Ministry of Economy

MED:

Ministerio de Educación

Ministry of Education

MIH:

Ministerio de Hacienda

Ministry of Finance

Ml:

Ministerio del Interior

Ministry of Internal Affairs

MIPLAN:

Ministerio de Planificación y
Coordinación de Desarrollo
Económico

Ministry of Planning and
Coordination of Economic
Development

MOP:

Ministerio de Obras Püblicas

Ministry of Public Works

MS PAS:

Ministerio de Salud Publica y
Asistencia Social

Ministry of Public Health and
Social Assistance

Administration de Desarrollo
de Ultramar, Reino Unido
(ADU)

Overseas Development Administration, United Kingdom

ODM:

Ministerio de Desarrollo de
Ultramar

Ministry of Overseas Development

OPOR:

Oficina de Pequehas Obras
de Riego

Office of Small Irrigation Works

OSPA:

Oficina Sectorial de
Planificación Agropecuario

Sectional Office for
Agricultural Planning

'ODA:

* Formerly O D M , Ministry of Overseas Development.
Anteriormente M D U , Ministerio de Desarrollo de Ultramar
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Government of El Salvador

PMA:

Programa Mundial de
Alimento

World Food Programme

PNUD:

Programa de la Naciones
Unidas para el Desarrollo

United Nations Development
Programme

POSRA:

Proyecto de Ordenación
de la subcuenca del rib
Acelhuate

Management project of the River
Acelhuate subcatchment

PREALC:

Programa Regional de Empleo
para America Latina y el
Caribe

Regional Employment Programme
for Latin America and the
Caribbean

SOCHCS

Servicio de Ordenación de
Cuencas Hidrogräficas y de
Conservación de Suelos

Service for River Basin Planning
and Soil Conservation

UNDP:

(see PNUD)

WEP:

Wallace Evans and Partners

Civil Engineering Consultants,
United Kingdom

OTHER ABBREVIATIONS
Universal units
km
m
cm
mm
ha
m.c.m.
1
ml
t
kg
mg
USS
CIF

kilometre
metre
centimetre
millimetre
hectare
million cubic metres
litre
millilitre
metric tonne
kilogramme
milligramme
United States dollar
carriage, insurance and freight

Local units

C
mz
qq

XXV

colon
manzana
quintal

= USS 0.40
= 0.7 ha
45.4 kg

yr
h
min
s
p.p.m.
meq
BOD
DO
O

°c

a.m.s.l.
m.d.
kWh

year
hour
minute
second
parts per million
milliequivalent
biochemical oxygen demand
dissolved oxygen
degree
degree Centigrade
above mean sea level
man days
kilowatt hour

Parti

Parti
Introduction and summary

1.1

PREFACE

This report, comprising proposals for a management plan for the Acelhuate river basin
and compiled by a team of technical consultants from the United Kingdom (UK)
Government and their specialist Salvadorean counterparts, is submitted to the
Government of El Salvador (GOES) by the General Directorate of Renewable Natural
Resources (DGRNR) through the Ministry of Agriculture and Livestock (MAG)t. It is
the first broad study to propose specific lines of action, with long-term projections,
for resolving some of the chronic environmental and development problems associated
with the uninhibited growth of metropolitan San Salvador.
The project was known in El Salvador and the UK by it's acronym 'POSRA' (Proyecto
de Ordenación de la Subcuenca del Rio Acelhuate). Two phases were planned. The
first, comprising an analysis of the problems and a compilation of recommendations
over a period of one year, is reported here. The second phase, to last 4 years, was
designed to implement approved recommendations. Unfortunately, a deteriorating
political situation necessitated the withdrawal of the UK team before the second phase,
but El Salvador team members are continuing with a number of the planned measures.
Given the scale of environmental degradation and particularly the complexity of
certain problems, the proposed solutions are practical rather than ideal since ideal
solutions would be extremely costly and would involve the restructuring of the public
institutions most directly involved. The approach adopted is pragmatic and the solutions
proposed are believed to be technically attainable with the joint participation of
various government departments using primarily local materials and labour; these
measures will considerably improve the environment in the short term.
Success in the implementation of the proposals will depend to a large degree on the
level of inter-institutional coordination achieved, a redefinition of responsibilities in
certain public institutions, the effectiveness of application of the legal code, and on the
interest of the State in stimulating a general understanding of the problems.
1.1.1

The structure of the report

This synopsis will enable readers to identify those parts which are of greatest interest
to them.
Part 1, essentially an introduction and a summary of the report, will enable senior
decision-makers to appreciate the background, scope and principal results of Phase 1 of
POSRA, and the recommendations for Phase 2.
Part 2 presents an abbreviated description of the physical, human and institutional
environment of the Acelhuate basin. Part 3 is a detailed discussion of the main problems
studied during the project, together with possible solutions, with costs, on which the

t The present study is the final English version of the draft report, Propuesta de plan de manejo de la subcuenca
del rfo Acelhuate (J R D Wall & F A Ramos eds., 1979) made to GOES and the UK Government in October 1979.
The Spanish report corresponds in all essential respects with the present study except that it lacks certain factual
amendments (mostly minor) listed at p xxi
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recommendations in Part 5 are based. These two parts will interest technical advisers
who wish to understand the basis of the arguments underlying the proposed management plan.
Part 4 relates land capability to environmental problems in the basin, and identifies
management zones and critical management areas with corresponding guidelines for
future rational land use planning. This Part (which has a bearing on the recommendations made in Part 5, especially in connection with soil conservation) will
particularly interest those with responsibility for metropolitan, rural and regional
planning.
Finally, in Part 5, favoured solutions are selected from those presented in Part 3,
appropriate recommendations are made and measures described for their
implementation. Brief economic and social arguments in favour of the recommended
actions are also described. This section should be of most interest to decision-makers.
Government planners and officers of financial institutions who require a short
description of the specific proposals for further action.
The report is a summary of the studies carried out during Phase 1: technical data and
full supporting details of the work done by the 12 specialists and their counterparts
appear as Appendixes which are reproduced as microfiches inside the rear cover; these
will be of interest to specialist readers.
1.1.2

Background and origin of the project

The pressing need to develop yet protect the country's natural resources was expressed
by the Government of El Salvador as early as 1975 in a request submitted to the
United Kingdom government for three resource specialists, in catchment management,
soil science and soil conservation (DGRNR, 1975). The request resulted in a visit in
1976 by advisers from the then Ministry of Overseas Development (ODM); P Tuley
(agricultural adviser) and B G Little (engineering adviser). Following discussions, the
original request was modified to one whereby a team of four or five specialists would
study certain areas and describe the methodology of catchment management.
To define the working areas and the exact scope of the work, a further visit was made
in 1977 by R G B Jones of the Land Resources Development Centre (LRDC) of ODM
and J H Howell, a resources development consultant (Jones and Howell, 1977).
Immediately prior to this visit, the original catchment selected for the requested
British technical cooperation was discarded for political reasons associated with
agrarian reform, first in favour of the Jiotique catchment to the west of San Miguel,
and finally in favour of the Acelhuate River basin (Text Map 1.1). The DGRNR
selected this catchment primarily because of its soil erosion problems, a judgement
which was backed by the Sector Office for Agricultural Planning (OSPA). The
Executive Committee for the Lempa River (CEL) and the National Administration
of Water Supply and Sewage (ANDA) also supported this choice because of their
interests in sedimentation, and water pollution and city water supply respectively.
Technical assistance was recommended, four full-time experts being considered
necessary for a period of up to 5 years, including a soil scientist (project manager), a
soil conservation engineer, a conservation planner/training officer, and a hydrologist.
Short-term visits by specialist consultants were also envisaged.
In April 1978, T I Rees, Deputy Director of LRDC, J H Howell and Dr J R D Wall,
the designated project manager, made a final pre-project visit to draw up a costed
work programme for Phase 1, the evaluation stage of the Project. If circumstances
permitted, this was to be followed by Phase 2, in which Phase 1 recommendations
would be implemented during an expected 4-year period (Rees et al.; 1978;
DGRNR, 1977).
Phase 1 of the project, reported here, lasted from June 1978 to September 1979.
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MAP A 1.1 Ubicación de la cuenca del Rfo Acelhuate en El Salvador
TEXT MAP 1.1 Location of the Acelhuate River catchment in El Salvador
LRS 30/ELS/DW/1 Ministerio de Agricultura y Ganaderia

Prepared by Land Resources Development Centre 1980.

1.1.3

Reasons for choice of Acelhuate catchment and project objectives

In the final pre-project discussions between GOES and ODM, the DGRNR tabled a
document (DGRNR, 1977) which describes the general terms of reference of the
POSRA project, and its main objectives. The terms of reference are given in
Appendix A.1 and are summarised below as project objectives. The reasons for
selecting the Acelhuate as opposed to other catchments can be summarised as follows:
1.

The catchment, an area of 733 km , contains the capital city of San Salvador
and its Metropolitan Area, which embraces the largest industrial concentration in Central America. Its population represents over a fifth of the
country's total. The basin is, therefore, of national importance and schemes
to improve conditions in the area are assured of government support. For
the same reasons, financial assistance from overseas or international aid
organisations should be more readily available than for other catchments.

2.

Because of the range of environmental problems and its central location,
the Acelhuate catchment could be used as a showpiece and model for
similar projects in other critical catchments of the country.

3.

As the Government and its ministries have their headquarters in the capital
of San Salvador, the management of projects in the Acelhuate basin would
be eased.

4.

Due to increasing demand for water and its use by domestic consumers and
industry, water extraction from the aquifers under the city is believed to
exceed replenishment by groundwater recharge. Although plans for the
development of alternative supplies have been prepared, the water shortage
in the city is a matter for concern.

5.

Soil erosion in the rural areas is degrading farmland and, with products of
river erosion, contributes to the sedimentation of the Cerrón Grande dam.
Erosion from urban construction sites and new road-building projects also
increases the sedimentation problem.

6.

The River Acelhuate is polluted by untreated sewage discharges from San
Salvador city. During the dry season, coffee processing factories and sugar
mills discharge heavy pollution loads directly into the watercourses. As the
headwaters of the recently completed Cerron Grande dam extend to the
lower reaches of the River Acelhuate, pollution problems are expected in
this reservoir.

7.

Soil and water conservation legislation (to delimit "protection zones" in
which certain developments are subject to approval by a multi-sectoral
planning board) has already been drawn up for portions of the catchment
adjacent to the city (see Text Map 1.2) and this could be extended to cover
the remainder of the catchment.

The main specific objectives of the project were as follows:
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1.

To prepare a rational, conservation-based plan to allow optimal use of
natural resources and to provide a reasonable basis for the regulation of
urban expansion

2.

To stimulate soil conservation awareness, rural development, land improvement and agricultural production

3.

To control river erosion and sedimentation

4.

To decrease the level of contamination in river waters.

ESCALA SCALE 1 : 250,000 (approx.)
0
I

2

4

6

10 Kilometres

J

• Colon

Nueva San Salvador*)

,Comasagua

> Nueva
Cuscatlén

MAP A 1.2 Zonas protectoras en la cuenca del Rio Acelhuate
TEXT MAP 1.2 Protection zones in the Acelhuate River catchment

LRS 30/ELS/DW/2 Ministerio de Agricultura y Ganaderia

Prepared by Land Resources Development Centre 1980.

5.

To promote agro-forestry programmes or other measures designed to
increase groundwater recharge.

The Phase 1 work programme was designed to achieve the first objective, and to study
methods of satisfying the other objectives in Phase 2 of the project.
1.1.4

Main fields of study and the composition of the study team

It became apparent early in Phase 1 that there were three problem areas of particular
interest to the project in the Acelhuate basin: soil erosion, river erosion and water
contamination.
Other aspects of the project indicated by the terms of reference, for example groundwater recharge and sedimentation, were also examined.
The Phase 1 investigations show that there are no conclusive scientific grounds for
believing that the city aquifers are being overtaxed by present pumping: moreover, it
became clear that significant improvement of groundwater recharge by land use
modification would not be possible, as the main recharge areas are under coffee which
is probably an optimum vegetative cover for this purpose. Detailed hydrogeological
investigations would be required to identify methods of improving recharge in other
specific areas. While sedimentation is considerable, the problem is shown to be less
severe than thought by previous project appraisal missions, and there is no reliable
evidence to change the 1972 estimates of sedimentation levels (Harza, 1972) which
imply that the design life of the Cerrdn Grande dam would not be affected by siltation.
It was decided that the study of soil erosion problems would probably centre on
devising an effective soil conservation system. This was covered jointly by an
agricultural engineer and a conservation planner (see Table 1.1 for a list of specialists),
while a pedologist/geomorphologist supplied information on the nature and distribution
of soils.
River erosion problems were studied by a hydrologist.
An investigation of the water quality, the causes of contamination, and possible remedies
was entrusted to a firm of consultant civil engineers, Wallace Evans & Partners (WEP),
who had previously worked in the catchment.
It was later decided to add an economist to the team, to prepare economic analyses of
the proposed remedies for the three main problems studied.
As work on the field studies progressed, the need for additional short-term specialists
became evident. It was believed that there might be scope for increasing the production
of high-value flowers and vegetables to help cover the cost of soil conservation works,
possibly using supplementary irrigation. An agronomist specialising in horticulture and
irrigation was brought in to study this possibility.
A sociologist was recruited to identify farmers' attitudes to soil erosion, and incentives
which would induce farmers to implement soil conservation measures. He was also to
make a general demographic analysis and study the possible effects of water pollution
on health, specifically of people living close to rivers.
A land tenure specialist legalist was contracted to study the legal framework affecting
environmental issues, and to comment on the effect of the land tenure system on soil
conservation and land improvements.
During fieldwork it became evident that much sediment was originating from urban
construction sites, and that it was difficult to make accurate estimates of rural soil
erosion rates. A short visit by a recognised authority on conservation engineering was
therefore arranged.
6

TABLE 1.1

O D A project staff and counterparts during Phase 1
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Project manager
J R D Wall
F A Ramos*
A Vidaurre*
Soils/geomorphology
land capability
JR DWall
U Velasco*
P Nunez*
F A Ramos*

Hydrology
G L Silva
J Rivas*
Economic studies
S L Wiggins
O Garcia*
Horticulture/irrigation
B W Eavis
Biochemical engineering
C T Myerscough
P E A Hughes
D Griffin
R Rubio*
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X
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Present land use
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H Lone*
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' Salvadorean counterpart
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1.2
1.2.1

SUMMARY AND RECOMMENDATIONS
Background: the project area and its development

During the first (evaluation) phase of the POSRA project which lasted just over one
year, a joint Overseas Development Administration/Government of El Salvador team
studied the problems of soil erosion, river erosion, and water contamination in the
River Acelhuate basin. The environmental data obtained during these studies were
used to produce a land capability map of the basin and an additional interpretative
map incorporating management zones and critical management areas. A phased
management plan was prepared.
The Acelhuate catchment covers 733 km , or 3.5% of the country's total area, and lies
in the centre of El Salvador. It consists of dissected plains fringed by isolated volcanic
mountains. The River Acelhuate and its tributaries flow from south to north to join
the River Lempa.
Rainfall averages some 1 800 mm in the basin, and is markedly seasonal with a 6-month
dry season extending from November to May. Two main soil types predominate: pale
erodible volcanic ash soils in the south, and red clays in the north. Little of the original
tropical forest vegetation remains.
The present population of the catchment is just under one million, and includes the
approximately 800 000 inhabitants of San Salvador and its suburbs (AMSS) which
extends over much of the southern third of the area. The population is growing rapidly
and by the year 2000 there are expected to be 2.1 million persons in the basin. This
demographic explosion threatens to aggravate the three problems studied.
The principal land use in the basin is agriculture, most of the land being under coffee
(12 750 ha), pasture (10 780 ha), sugar cane (10 560 ha), and basic grains (9 520 ha).
The first three uses occur mainly on the large estates which occupy most of the
agricultural land, while basic grains are sown mainly by smallholders, many of whom
rent land on annual leases.
Most of the basin's population is employed in the city which contains the largest
industrial concentration in Central America and also has a wide range of service
activities. The lowest urban strata (many smallholders and landless agricultural
labourers) have low and often precarious incomes, commonly live in squalid conditions,
and suffer from poor nutrition and health.
Eight Directorates from four Ministries, plus a further 15 governmental and state-run
institutions are directly concerned with one or other of the three problems. Not
surprisingly, in connection with these problems there exists duplication of effort,
conflict of interest and division of responsibilities amongst the various organisations.
A legal framework exists which could help solve the problems, but some of the
relevant clauses are ill-defined, and they are generally little enforced.
1.2.2

Soil erosion

Soil erosion in rural areas largely results from the combination of intense downpours
of rain and the cultivation of annual row crops (basic grains) on steeply sloping land
with clean preparation and weeding. Estimated annual rates of soil loss range from
20 to 200 t/ha on these lands, depending mainly on land use and slope. Most of this
loss comes from sheet wash and rilling. Gulleying, although more readily seen, is less
of a problem. Large areas under basic grains have already lost all topsoil, while others
are rapidly losing what little remains. Because subsoil depths to bedrocks are generally
considerable, it is not expected that much land will go out of production in the near
future owing to erosion, but the loss of topsoil nevertheless seriously reduces the soil's
natural potential and ability to respond to more intensive cultivation. The eroded
material is rapidly transported to the River Acelhuate mouth where it contributes to
the siltation of the Cerrón Grande dam.
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Although the best solution would be to change from annual-crop farming to permanent
crops, grazing, or forestry on the steeply sloping land, the smallholders who raise their
maize and bean crops need to grow these for their subsistence. The one-year tenancies
common on these lands discourage both conservation and permanent cropping because
the tenants cannot recoup their investments in so short a time.
POSRA has designed a conservation system based on hillside ditches, with associated
contour ridging, live-barrier planting, and mulching practices (Section 3.2). When
correctly implemented and maintained, this would adequately protect slopes of up to
14° (25%) and should reduce erosion considerably on steeper slopes up to 27° (51%).
It can be constructed fairly cheaply by farmers using hand tools with little supervision.
A cost-benefit analysis indicated highly favourable returns to this system on most of the
basic grain lands of the basin, although returns were highest on gently sloping land where
topsoil is still present. As a working basis, an area of 10 000 ha, almost entirely under
annual crops, is estimated to require conservation measures.
A Land Rental Law which gives tenants a 3-year contract already exists, but it is not
widely applied. If it were enforced, it would do much to encourage tenants to adopt
conservation works and practices.
Finally, soil erosion from urban construction sites is severe — an estimated loss of
1 000 t/ha/yr on average — and contributes much of the sediment in the rivers, both
polluting them and causing siltation in the Cerrón Grande dam. Most of this erosion
could be avoided by simple precautionary measures.
1.2.3

River erosion

The steep profiles of the upper reaches of the main streams in the southern part of
the basin, and the erodibility of the soft volcanic ashes in these areas, have contributed
to serious river erosion, mainly by bed-cutting. The spread of the urban area of San
Salvador has led to the concentration of drainage water and higher peaks during floods,
thus exacerbating the problem. As a result the rivers threaten to damage much urban
infrastructure, especially housing, railways, and the llopango airport runway.The main
remedy proposed is to modify the river profiles by installing drop structures in the
river beds to reduce the velocity of stream flow (Section 3.3). In addition, some
sections of the rivers need protection against lateral erosion; this can be achieved by
bank linings, vegetative protection, and river training works. The outline designs
proposed use cheap local materials where possible.
A t present it falls to the Ministerio de Agricultura y Ganaderia (MAG) to control all
river erosion, in both rural and urban areas, while the Dirección General de Urbanismo
y Arquitectura(DUA) is concerned with urban drainage, and the Administración
Nacional de Acueductos y Alcantarillados (ANDA) with urban sewage disposal. The
poor design of most storm water and sewage outlets into the rivers seriously
contributes t o the river erosion. It would be logical if DUA were made responsible
for the state of the river beds in the Metropolitan Area, besides which DUA has
greater technical capacity to control river erosion.
1.2.4

Water contamination

Water contamination in the basin is severe, particularly in the dry season when the
flows in the upper reaches of the streams consist of undiluted sewage. Fish life is
non-existent in most of the rivers. Domestic sewage and industrial effluents which are
discharged untreated into the rivers contribute almost equally to the present
contamination; Wallace Evans & Partners' studies indicate that levels of pollution have
increased since 1973. Present water quality constitutes a health risk to the population
living close to the streams flowing through the city, reduces the possible uses of river
water further downstream, prevents river fishing and threatens the lake fishery of the
Cerrón Grande dam, and is smelly and unsightly in the urban areas.
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In spite of the serious condition of the rivers, the problems are perhaps less severe than
many others affecting the basin; moreover the standard solutions for treatment of
sewage and industrial effluent are costly.
It is therefore suggested that efforts should be directed, in the short term at least, to
identifying a low-cost scheme appropriate to local circumstances, and not initially nor
necessarily with the aim of achieving high international water quality standards.
Particularly favoured is the possible use of dual-purpose drop structures which will not
only stabilise riverbeds (Section 1.2.3) but aerate the water and assist its purification.
Depending on the success in identifying a low-cost scheme it may be necessary in the
long term, as population and pollution rise, to resort to conventional treatment plants
to achieve the desired river quality. The approach to this should be initially to remove
sludge in primary treatment plant(s), treating a proportion of the total sewage or river
flow, later increasing the plant capacity to accommodate the entire flow; only if this
fails to obtain the required river standards should secondary or tertiary mechanical
and chemical processes be considered.
A t present, the legal privisions and institutional responsibilities for water quality are
divided and lack clear definition. The formation of a single, comprehensive water law
and the establishment of a National Water Resources Council, as recommended by
UNDP (1972) and Wallace Evans and Partners (1974) is strongly supported. This would
represent the interested government institutions and would incorporate a technical
agency which would establish water quality standards.
1.2.5

Land use planning

To complement the studies of technical, socioeconomic, and institutional problems and
to indicate where conservation works are most required, maps were prepared showing
land capability and management zones (see Part 4). The capability map (Separate
Map 4.1) indicates that large areas of the volcanic ash landscapes can be used for cereal
crop production, but that farming must incorporate appropriate soil conservation
measures; predominantly steep land should be protected by forestry or permanent
crops, such as the coffee plantations which already occupy many of the steep slopes.
Sugar cane cultivation on the alluvial plains in the north is an environmentally
appropriate use.
The basin can be divided into six Management Zones according to environmental
considerations. Detailed land use guidelines are proposed for each zone. In addition,
within the zones nine Critical Management Areas are designated whose special
characteristics merit separate consideration. These range from the urban area of San
Salvador to an archaeological site and proposed biological reserves.
1.2.6

Recommendations

Details supporting the recommendations will be found in Parts 3, 4 and 5 of the
English text. The relevant sections of those parts are shown in brackets in the text
below. The quoted costs are at 1979 prices.
1.2.6.1

Short-term

The main recommendations for short-term (1980-5) implementation, i.e. within
the next 5 years, can be summarised as follows:
Soil conservation
1.

Start vigorous programme of soil conservation (5.2) by introducing the
following programmes:
i.
ii.
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Recruit six conservation extension agents
Identify carefully in the field the areas in need of conservation

iii.

Provide free technical assistance to interested farmers, including
surveying and supervision

iv.

Provide incentives to cooperating farmers, including World Food
Programme rations, discount vouchers to purchase crop inputs,
and low-interest credit

v.

Establish nurseries to provide planting material.

2.

Take steps to ensure wider compliance with the existing Land Rental Law
(5.2.3.).

3.

Require DUA to insist that urban land developers include conservation
measures in their plans, and to inspect construction sites to ensure compliance
with this aspect of the plans (5.2.4).

Total cost to the Government of implementing Items 1-3 during 5 years = (22.7 millions
approximately (5.2.2).
River stabilisation
4.

Build a series of drop structures, bank-linings and groynes in the upper
reaches of the main streams (5.3.2).

5.

Adopt an urban development plan, formulate an urban drainage policy, and
make DUA solely responsible for river erosion control in the AMSS (5.3.5).

6.

Establish a Metropolitan Drainage Engineering Department, initially as part
of DUA, to attend specifically to the design and construction of main urban
drains and river erosion control structures (5.3.5).

Total cost to the Government of implementing Items 4-6 for 5 years = (210.0 millions
approximately (5.3.2.4).
Water pollution

control

7.

Initiate immediately an evaluation of (a) drop structures for sewage purification by aeration, and (b) any other low-cost sewage treatment process
(5.4.4.2).

8.

Continue the installation of new primary collector sewers and expand the
city sewer network to new and marginal colonies, the major part to be
completed by 1986/7. Allow costs for the first 3 years of the total 10-year
programme costing (5.4.2).

9.

Decide by 1983 on the most appropriate long-term sewage treatment
strategy (5.4.4).

10.

Legislate to establish and empower a National Water Resources Council. This
would include a technical agency which would define water quality standards
for the control of polluting discharges (5.4.7).

The total cost of Items 7-10 to GOES for 3 years = (215 millions approximately, on the
assumption that the sewer programme (Item 8) is as proposed by Wallace, Evans and
Partners (1974). The individual costs of the above items are: 7a, (20.8 millions; 7b,
(20.5 millions; 8, (213.8 millions, being three-tenths of the 10-year cost. See also Figure
5.1.
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Land use planning
11.

Encourage wherever possible, through the efforts of extension workers
(Item 1 above), appropriate land use so that the inherent capability of
different types of land (4.4.2) is reached with least damage to the environment

12.

Make further studies in Critical Management Areas (4.4.3), in particular of
the feasibility of limiting the expansion of San Salvador northwards by
creating a green belt. Encourage discussion between the many sectors
interested in urban planning and development.

13.

Designate officially a number of Critical Management Areas as biological
reserves and one as an archaeological site (4.4.3).

1.2.6.2

Long-term

The main long-term recommendations are:
Soil conservation
1.

Continue with and intensify the soil conservation programme until all
erodible land in the river basin, say 6 400 ha, is suitably protected (5.2.3).

2.

Continue to train conservation extension staff for posting to other catchments (5.2.2.5).

The cost of Items 1 and 2 to GOES in 1979 terms, at 800 ha/yr, is estimated to be
C4.4 millions over 8 years (5.2.3).
River stabilisation
3.

Construct further river erosion control and protection works in severely
eroding middle and lower reaches.

The cost to GOES of Item 3 is estimated to be C6.5 millions at 1979 prices (5.3.3).
Water pollution
4.

control

Under Item 9 above, if a worthwhile low-cost or low-to-moderate-cost
sewage treatment for part of the river flow has been identified in the short
term, invest in the construction of suitable works.

The cost of Item 4 would be between 05 and C50 millions (5.4.5.1).
5.

If a worthwhile low-moderate cost treatment has not been identified,
construct primary and possibly secondary treatment plants for city sewage
as necessary. Treat effluent of certain principal polluting industries downstream of city, and Apopa sewage. None will be effective without the others
in obtaining better overall river quality.

The cost of Item 5 could be as high as C350-390 millions for three primary-plussecondary treatment plants to take the full anticipated sewage load of the city alone
until 2000 AD (5.4.5.2-3). In addition, the cost of treating nine polluting downstream
industrial plants is estimated at C17.5 millions (5.4.6).
6.

Assess and implement the most appropriate methods of controlling the
various types of industrial effluent entering the city sewers and especially
those entering river reaches downstream of those already treated.

The cost of Item 6 could reach from C100 000 t o C200 000 for each industrial plant
in the city and would total C5-10 millions (5.4.6).
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Within an estimated cost of C450 millions it is thought that the Acelhuate River
system could be improved to an internationally acceptable standard (3.4.4.1 and
Figure 5.1).
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Part 2

Part 2
The environmental, human and
institutional framework

2.1

PHYSICAL ENVIRONMENT

2.1.1

Introduction

Important aspects of the physical environment of the basin are described below in
sufficient detail to inform the reader of their salient characteristics and interrelationships, and the limitations which they impose on potential land use.
The scope of the studies, the method of working and the information acquired are
briefly described in each subsection. Only information pertinent to the management
plan is discussed in any detail. Supplementary data may be found in the Appendixes.
2.1.2
2.1.2.1

Geology
General

Most significant for this study are the nature and distribution of rock types and their
structure. Text Map 2.1 shows the main elements of lithology and structure, and is
based on maps by Weber et al. (1978). The following descriptions utilise this information, supplemented by widely scattered observations obtained in the course of soil
survey, hydrological and geomorphological studies.
The river basin can be divided into two major and one minor geological provinces. The
area south of a line between San José Guayabal — Cerro Ojo de Agua is part of a trough
(graben) in a major, roughly east-west striking fault zone which has been and still is
subjected to geanticlinal arching. The trough contains thick deposits of young
Pleistocene and Holocene material of the San Salvador Formation. A series of
Tertiary-age, mainly south-east north-west fault lines demarcate the trough in the north
and south. The area to the north of the trough contains older Pleistocene rocks of the
Cuscatlan Formation. Mio-Pliocene strata of the Balsamo Formation occur in the
extreme south of the basin in the Cordillera del Balsamo which forms the tilted southern
border of the graben. They also protrude in places through the material in the trough.
Brief descriptions of the rocks are given below with their geological history. Their recent
geomorphological history is described in Section 2.1.5.1.
2.1.2.2

Mio-Pliocene, Balsamo Formation

(BG)

The oldest basement rocks, which probably underlie most of this area, are intermediate
to basic volcanics. Occupying small complex areas south of the city are Miocene
epiclastic or reworked material in the form of interbedded soft to hard lahars (pebbly
mudstones cemented by volcanic ash) and pyroclastic scoria and tuffs, and lavas mostly
of basaltic or locally andesitic composition. In general the Miocene beds are well
consolidated, not very permeable and only weakly fractured. They do not form good
aquifers although some springs occur at fracture lines in lavas in the Cordillera del
Ba'lsamo. Pliocene extrusive rocks, as in Cerro San Jacinto and Cerro Nejapa, are
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relatively resistant to weathering with commonly a platy fracture. They appear to be
andesitic in the south and basaltic in the north. These Pliocene rocks are of no value as
aquifers but are extensively used for building stone and hardcore.
2.1.2.3

Plio-Pleistocene, Cuscatlän Formation

(Ci)

In this era structural movement initiated the formation of the trough and considerable
volcanic activity. The earliest explosions yielded extensive deposits of acid to intermediate ash up to 80 m thick which underlie most of the southern basin and extend
north down the Acelhuate valley to the Lempa River. One important source was a
multiple centre at llopango Lake. Later, Pleistocene activity resulted in clusters of
volcanoes, the most notable being Cerro Guazapa and Cerro Tecomatepe. These
eruptions were characterised by extrusive lavas, predominantly basaltic to intermediate.
The younger deposits generally have low permeability and very low water yield. The
older ash beds are very different chemically and mineralogically, and are now partly
lithified in the form of tuff comprising basaltic and andesitic fragments in a pumicitic
fine sandy matrix (known as ignimbrite). Because they are weakly indurated, dense
and massive, gently dipping and only slowly permeable, they commonly form seepage
points or spring lines wherever they outcrop along hillsides. They have been subjected
to severe dissection through river erosion, and few extensive areas remain.
2.1.2.4

Pleistocene and Holocene, San Salvador Formation (Sa, SG)

Renewed extensive volcanism occurred in this period, ranging from the extrusions of
andesitic and basaltic scoria and lavas that form the greater part of the El Boqueron-EI
Picacho composite volcano, to the explosion caldera of llopango. The grade of materials
and chemical composition are diverse. The El Boqueron-EI Picacho complex consists
primarily of this material with subordinate pumices, tuffs, ashes and agglomerates,
mostly andesitic or basaltic and coarse-graded. The strata are highly varied in their
capacity to collect and transmit water but in general they form good and very important aquifers with high transmissibility (specific yields of up to 100 l/sec/m are quoted
by Wallace Evans and Partners). The most recent scoriaceous flows are very permeable
and have excellent recharge properties.
Contrasting materials, highly significant to the hydrological and agronomic aspects of
study, originated from violent volcanic activity, principally in llopango crater. Erupting
periodically through deep lake water the resulting acid, pumicitic ash blanketed the
catchment to the west and north at least as far as Guazapa. The thicknesses are in the
order of 50 m near the crater and grade from coarse sand near the source (llopango) to
very fine sand and coarse silt at greater distances and are essentially dacitic; they have
been redistributed in many valleys by later fluvial erosion and deposition (see Section
2.1.5.2) as Holocene deposits, in the lower Acelhuate valley especially.
This young ash is slowly permeable but highly water retentive, especially where the
grade of ash is fine sand or coarse silt. The ash is also characteristically potassium-rich,
and for all these reasons is undoubtedly a major asset to agriculture.
2.1.2.5

Recent (Qf)

Further volcanic activity has been maintained almost to the present day, the volcano of
El Boquerdn being quiescent. The most recent lava flow in 1917, just outside the study
area, was 7 km long.
The greatest and continuing activity, has been the erosion of earlier materials and their
redeposition as fluvial sediments in the extreme north of the catchment. Here, river
incision has exposed thick (10-15 m) beds of gently dipping Plio-Pleistocene rocks
comprising weakly consolidated tuffs and conglomerates of basaltic and andesitic
pebbles cemented by pumicitic ash.
A 1-3 m deep skin of Holocene unconsolidated sandy pumiceous alluvium covers much
of this material; this deposit is much deeper in buried valleys. Despite the presence of
the compacted tuff beneath the alluvium, seasonal swamps have not formed;
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consequently it is assumed that the tuff is slowly permeable and that the regional
watertable does not stay close to the surface for long periods. Aeolean erosion of ash
from roads, construction sites and agricultural land is evident in the dry season.
Further manifestations of recurrent regional instability are earthquakes and tremors.
Historical records show that the graben (trough) zone in general and the city area in
particular are within the region of most severe activity where shallow-depth (10 km)
earthquakes of severity greater than force 8 on the Mercalli-Seiberg scale can be
expected and frequently have been experienced (Schmidt-Thome, 1975). Between
1576 and 1965, San Salvador has been severely damaged or destroyed at least 11 times
(Weber et al., 1978).
2.1.3
2.1.3.1

Climate
General

Considerable published information exists on the climate of El Salvador from which the
generalised description below has been prepared. The main source of data is the Anuario
Meteorológico, published by the Meteorological Service of DGRNR. A useful statistical
analysis of rainfall has also been published (Hancock etal., 1978). The station network
map of the study area is shown in Appendix B5 where information on the period of
records, equipment and examples of available weather statistics are also given. Summary
data for San Salvador Station are shown in Table 2.1.
2.1.3.2

Climatic

pattern

As with El Salvador as a whole the Acelhuate basin experiences a marked seasonal
pattern related to the annual progression north, then south of the inter-tropical convergence zone (ITCZ), the discontinuous and transient buffer zone between unlike dry
northern and moist tropical air masses.
The ITCZ first affects the area in May, reaching its northernmost influence over the
North American continent in June-July and affecting this region again in SeptemberOctober in its passage south. From May to early October heavy precipitation occurs on
both sides of the Central American isthmus as moist, warm tropical air is drawn in from
the south. This rainy season is interrupted in southern and eastern El Salvador in JulyAugust if drier southern air masses temporarily reach the area; this period is locally
known as the 'canicula', but in the study area is rarely marked. From October to April,
when the IT CZ has passed south, dry relatively cool air is drawn in; at this time
precipitation is sporadic and very low.
2.1.3.3

Rainfall

The mean annual rainfall in the catchment ranges from 1 700 mmto 2 000 mm, the
El Boqueron-EI Picacho volcanoes and Guazapa Mountain having the higher values, with
a standard deviation of about 200 mm. Over 90% of the annual total falls in the period
May-October, with transition periods of about a month between the seasons when
rainfall is much less frequent. During May-October, dry spells exceeding 5 or more days
are rare (Hancock et al., 1978). Daily precipitation also tends to occur in a pattern;
long-term analysis reveals that 80% of annual precipitation falls between 1600 and
0300 hrs.
The rainfall types are varied. That associated with the presence of the ITCZ is of a
frontal nature when rainfall may be general and of a few hours duration.
Orographic rainfall is common and occurs where moist air from the Pacific is cooled by
moving up over high land. It is commonly of short duration and intense, covering only
a few square kilometres and is often associated with thunder; typical rainfalls last from
30 minutes to 2 hours, with maximum intensities of 75-37 mm/hr respectively at about
a once-in-2-year recurrence. Because of their limited areal extent, orographic storms do
not produce heavy floods in the lower catchment, although smaller subcatchments
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experience relatively high runoff rates with consequent high damage, for example to
the existing urban drainage system and to steep cultivated hillsides with easily erodible
soils.
TABLE 2.1

Summary climatic data f o r San Salvador Station O T I C ) , altitude 710 m

A

s

339
492
117

308
471
99

195

284

270

23.9
31.4
19.0
36.1
13.5

23.0
29.9
18.8
34.1
15.5

23.0
30.0
18.3
34.0
15.4

68
15
8.5

75
16
7.3

81
28
6.2

80
23
8.0

8.9
59.8

9.1
78.8

7.6
82.8

6.5
79.2

6.0

6.3

6.2

5.4

138

170

171

166

A

M

J

J

10
80
0

64
511
0

174
380
29

275
617
154

0

0

7

105

22.0
29.7
16.0
34.0
8.3

22.5
31.0
16.1
35.2
9.3

23.7
32.4
17.3
36.8
11.4

24.4
32.6
18.5
38.0
14.3

63
13
9.7

62
15
9.7

64
13
9.6

10.6
71.3

10.7
66.6

5-yr mean, mm/day

5.2

Potential evapotranspiration, m m d

137

Parameter

J

F

3
40
0

4
53
0

0

M

O

N

333
611
114

208
505
78

39
130
0

9
57
0

1 766
2 284
1 227

246

136

6

0

1 611

22.6
29.5
18.6
33.4
15.9

22.5
28.9
18.5
33.2
135

22.3
28.6
17.4
33.5
11.4

31.9
28.8
16.5
34.0
8.7

80
29
8.0

84
28
6.2

79
28
7.0

71
28
8.7

66
20
9.4

7.1
90.0

6.2
115.9

5.8
78.5

7.2
65.9

9.0
72.0

10.4
58.7

5.1

5.8

5.4

4.9

4.8

4.5

4.5

145

153

153

134

137

129

130

D

Year

Rainfall m m
30-yr mean
Absolute max. ( 1 9 2 7 ) *
Absolute m i n . ( 1 9 4 4 ) *
8 0 % exceedence
probability è
o

Temperature
25-yr
25-yr
25-yr
25-yr
25-yr

C

means
max. means
m i n . means
absolute max.
absolute m i n .

23.0
30.2
18.4
34.0
14.0

Relative humidity %
25-yr mean
25-yr absolute m i n .
24-yr mean sunshine
(h/day)

73
13
8.2

Windspeed km/hr
21 -yr mean -/•
21-yr max. -/-

Evaporation Class A tank

1 762

* F r o m San Salvador Obser vatory. -A F r o m San Salvador A i r p o r t , llopango. 4 From Hancock , Hill and Hargreaves, 1978.

The third rainfall type is associated with intense depressions that develop in the
Caribbean Sea. Although the direct effects of such hurricanes are rarely felt in
El Salvador, the associated peripheral weather, locally known as a 'temporal', is
moderately common, when characteristically the weather is dull and cloudy for 2-4 days
and rain may be continuous and vary from light to heavy. The hurricanes occasionally
approach El Salvador closely enough to produce prolonged heavy rain over the whole
catchment; in June 1934 and September 1974 (Fifi) high runoff in saturated soils led
to severe soil erosion and high floods.
2.1.3.4

Temperature

Temperatures are equable throughout the year. In the lower catchment, mean
monthly values are close to 27°C in March to May before/the rains begin, falling to 25°C
over the rest of the year. Higher land around San Salvador has mean monthly temperatures some 2°-3°C lower, and the peak of El Picacho 2 000 m above mean sea level
should be a further 10°C lower.
Diurnal differences are appreciable, especially in the dry season. The mean daily
maximum temperature at San Salvador in December is 28.8°C and the minimum
16.5°C.
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2.1.3.5

Relative

humidity

This parameter varies considerably during the year. Mean relative humidity in the dry
season is about 60% and in the wet season 85%.
2.1.3.6

Evaporation

The mean annual estimate (Penman) for potential evapotranspiration in the catchment
is approximately 1 800 mm (5 mm/day), the average seasonal fluctuation varying from
4.2 to 6.00 mm/day.
2.1.3.7

Cloud co ver, sunshine

Average daily cloud cover varies between extremes of 2.5 tenths in January to 7.5
tenths in September, averaging 5.3 tenths for the year. Sunshine hours reach average
maximum values of 10 hr/day in December-January falling to a mean minimum of just
over 6 hr/day in June.
2.1.3.8

Wind

The prevailing winds are westerly but with a sporadic southerly component induced by
strong sea breezes. In the months October to January northerly winds are dominant. The
mean annual wind velocity ranges from 3 m/s in January to 1.5 m/s in September.
2.1.4
2.1.4.1

Hydrology
General

The following describes the general hydrology of the Acelhuate River catchment and
underlines the importance of some key hydrological parameters as they relate to an
evaluation of the problems of river erosion, sedimentation and aquifer recharge. Details
of fieldwork and data records may be found in Appendix B.5.
2.1.4.2

Descriptive

hydrology

The location and dimension of the Acelhuate basin can be seen in Text Maps 1.1 and
1.2. Its eastern and western watersheds consist of high (1 500-1 900 m) volcanic peaks
and associated foot slopes and are shared with the Quezalapa and Sucio tributaries of
the Lempa River respectively. The southern limit is a hilly to mountainous zone rising
to 1 500 m above mean sea level (a.m.s.l.). Draining northwards the Acelhuate enters
the upper reaches of Lake Suchitlan (Cerrón Grande) on the Rio Lempa at about 200 m
a.m.s.l. The neighbouring caldera of Lake llopango forms an abrupt escarpment edge to
the south-eastern Acelhuate watershed at 500 m a.m.s.l.
The drainage pattern of the catchment is illustrated in Text Map 2.2.
There are three distinct and roughly parallel branches in the upper or southern half of
the area, the Las Cahas, Tomayate (Urbina) and the Acelhuate itself, all of which meet
a few kilometres downstream of Apopa. Slightly upstream of Aguilares the Guazapa
River joins the main system having drained the southern and western flanks of
Guazapa mountain and the western side of Tecomatepe Mountain. The small Los
Limones River meets the main Acelhuate River shortly above its discharge into the
upper reaches of Lake Suchitlan.
The development of the capital city and associated satellites is increasingly affecting the
natural drainage characteristics of the upper catchment, in particular by markedly
increasing peak discharges. Some headwater courses are capable of accommodating the
increased flow without serious damage, but in others which drain new urban developments a considerable number of river training and bed protection works are necessary.
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The hypsometric curve shown in Figure 2 . 1 , Appendix B.5, indicates that the majority
of land lies between the 400 and 800 m contours with comparatively little above
1 000 m. The river bed profiles are characteristically irregular in the upper and middle
courses where structural or erosional knick points occur. These irregularities take the
form of waterfalls over lava flows in the upper reaches, or gorges with rapids incised in
welded tuff in the middle courses.
Standard catchment parameters are summarised in Table 2.2. The drainage density does
not take account of the very many small first-order headwater valleys (Text Map 2.2).
TABLE 2.2

Standard hydrological parameters of the River Acelhuate basin (after Corrales, 1969)

Parameter

Derivation

Length of principal watercourse
Length of main rivers (second order or higher)
Length of perimeter
Area
Drainage density
Compactness factor
F o r m factor
Circularity
Radius of elongation
Relief coefficient

c = diam. of circle of area A

1/A
P/2ÄÜ

LVA
A/Ac
Dc/L
AH/L

Symbol

L
1
P
A
d
Cc
Rf" 1
Re
Re
Rk

Measurement

69.4 km
730 k m
133.7 k m
733 k m 2
1.0 k m / k m 2
1.41
6.6
0.5
1.37
0.022

A H = difference in altitude

A c = area of circle of perimeter P

2.1.4.3

Hydrometry

As part of the country-wide programme of work, the Hydrological Service of DGRNR
is responsible for collecting and processing hydrometric data in the Acelhuate basin
(MAG, Servicio Hid.). During 1967-71 many data were gathered and analysed for the
UNDP ELS 2* project (PNUD, 1972).
The hydrometric network in the catchment is shown in Appendix B.5. The list of
stations, equipment, periods of record, etc. are tabulated in Appendix B.5., Table B.
The limnograph records obtained from the automatic water-level recorders provide a
useful continuous record with few gaps. However, the direct flow measurements at any
of the gauging sites are limited to low flow conditions,because, although each gauging
site is visited by the Hydrological Service staff at least every fortnight, on no occasion
have they been able to measure the peak flood flows, which occur mainly during the
night.
ELS 2 project also suffered from the lack of high flow measurements, but for that
project the stage-discharge curves were constructed either by using theoretical formulae
or by extrapolating from the low-flow relationships. The latter involved extrapolating
the curves for over ten times the observed flow measurements.
On the other hand the frequently measured low flows have yielded accurate stagedischarge relations applicable to low flow conditions in spite of the considerable
seasonal changes in the flow section.

* UNDP project t o study underground water resources in the catchment of the Acelhuate, Sucio and Guluchapa
Rivers
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Using the above procedures the limnographs were converted to flow hydrographs, from
which various flow statistics were obtained and published in ELS 2 by UNDP (PNUD,
1972). Subsequently, the Hydrological Service has also attempted similar exercises for
Desembocadura (1974/5), Paleca (1973/4) and Arenales (1973/4), the results of MAG,
Servicio Hid.).
Mean annual total runoff for the Acelhuate River was calculated for ELS 2 as 325
m.c.m. (or 325 x 10 6 m 3 ), equivalent to 457 mm rainfall. Äs the mean annual
precipitation over the same period was 1 770 mm, the coefficient of runoff for the
catchment is approximately 26%. Additional attempts to separate base flow from total
runoff indicate that only about 15% of the annual rainfall enters the river system as
direct surface runoff, the balance of 11% being the base flow contribution.
2.1.4.4

Floods

The annual floods in general are multi-peaked, of short duration and rise rapidly. The
absence of reliable stage-discharge curves and the short period of records make it difficult to predict accurately the flood frequency relations in the catchment. However, the
best estimate is that the annual peak flood reaches about 500 m 3 /s, compared with the
flood peak of hurricane ' F i f i ' which was estimated t o be about 800 m3/s. Although this
storm was considered to be a rare event with respect to its rainfall, the flood peak was
not so rare. The storm moved upstream which caused the hydrograph t o break into
multi-peaks as different subcatchments were hit, thus keeping each peak relatively low
but with prolonged runoff. The worst flood in living memory occurred during the
hurricane of 1934, but no hydrological data exist for this event.
Downstream of Apopa where the three main tributaries meet, high peak conditions can
be expected due to the coincidence of peaks. However, unless adverse storm events
occur, the channel storage available in the dense drainage network, together with the
several very effective channel constrictions, ensures that the floods are well attenuated.
No serious large-scale direct flooding is experienced in the catchment.
2.1.4.5

Hydrologie balance

The hydrologie balance of the Acelhuate was also prepared for the ELS 2 project based
on the relevant data collected during 1967-71 (See Table 2.3). The details of the
calculations are available in Hsu (1972) and Corrales (1969).
TABLE 2.3

Hydrological balance of the Acelhuate Catchment (ELS 2)

Volume, 1 0 6 m 3

Depth, mm

%

1 386 ± 69

1 945 ± 97

100

Surface runoff ( ± 1 0 % )
Rejected recharge ( ± 10%)
Groundwater flow ( ± 1 0 % )
Groundwater extraction ( ± 1 0 % )

206 ± 21
33 ±
3
1 7 7 ± 12
63 ±
6

288 ± 29
46 ±
5
1 6 4 ± 16
88 ±
9

15
2
8
5

Evapotranspiration and other losses

967 ± 1 1 1

1 359 ± 156

70

Item

Precipitation ( ± 5 % )

2.1.4.6

Groundwater

The most important groundwater aquifer in this catchment covers 70 km 2 in the
metropolitan zone. It lies below the recent ash and tuff beds and consists of Pleistocene
lavas derived from the San Salvador volcano and derived alluvial deposits. Several deep
boreholes (up to 250 m) have been drilled for water abstraction but only few lithographic records of these wells could be found.
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The main aquifer recharge strata have been identified as the Quaternary lavas on the
slopes of San Salvador volcano where infiltration has been estimated to be 40% of
rainfall. This contrasts with an infiltration of the younger ash deposits of only 5%
(Figure 2.1, Corrales, 1969). Attempts to improve recharge by using wells, ponds or
soakaway pits should therefore by concentrated on the slopes of the volcano rather
than on the deeper ash areas to the south-east of the catchment.
In ELS-2, Coralles (1969) reported that during the previous 7 years the watertable had
been dropping at an average rate of 1 m/annum. This was hypothesised on an
admittedly very limited, discontinuous set of well level records as mentioned in the same
report. Furthermore, the decline could be attributed in part (up to 25%) to the belowaverage rainfall during this period.
The ELS 2 water balance analysis for that part of the catchment upstream of Guazapa
guaging station revealed that while 63 m.c.m. of water was being extracted (at 2 m 3 /s),
58 m.cm. drained from the aquifer as base flows and a further 17 m.c.m. appeared as
rejected recharge which would have infiltrated into the aquifer if full-scale groundwater extraction had been developed in the area (Hsu, 1972). Therefore, the observations in ELS 2 clearly revealed that by pumping at a rate of 2 m 3 /s, the groundwater
extract only amounted to about 50% of the total recharge, and that the apparent
decline in watertable level could be attributed to transitory changes in the aquifer
while the new equilibrium state was being reached. This was probably caused by the
increases in pumping rates during the 1960s.
Surprisingly, the water extraction from the groundwater in the metropolitan zone in the
1970s has not been increased from a rate of 2 m3/s in view of the increasing demand
(see below), even though the 30 wells* monitored for ELS 2 during 1967-71 did not in
general show a decline in groundwater levels. No subsequent observations have been
made to study the long-term variation in the groundwater levels. Until such well level
recording can be initiated for important aquifers under San Salvador there is no
justification for the assertion that groundwater levels are declining.
In relation to this, the general policy of ANDA has been to cut back the pumping rate
from the San Salvador aquifer when additional supply sources become available. For
example, over the last 10 years, while 0.2 m3/s have been added to the city water supply
from Guluchapa, near Lake llopango, about the same amount has been subtracted from
that supplied from the San Salvador aquifer. During the same period the urban population has increased greatly, thereby worsening an already existing water supply deficit.
The immediate future policy of ANDA to reduce the deficit is to pump water from
'Zona Norte' area some 30 km north-west of San Salvador (Plate 2.1) and to cut down
further the pumping rates from the Metropolitan Zone. It is suggested that, before this
important policy is fully implemented, water level changes in the metropolitan zone
aquifer be studied to establish a firm and sound policy based on hard data with regard
to the limiting abstraction levels. If such a study were to reveal that an increase in the
present abstraction rate could be tolerated, an enormous financial saving could be
expected to arise from reduced long-distance pumping costs, and also from delaying the
investments on future phases of the water supply scheme.
2.1.4.7

Sedimentation

No adequate data are available for any of the rivers in the Acelhuate catchment from
which an accurate figure for sediment discharge can be obtained directly. Those
related data that exist are given in Appendix B.5 and are summarised in Table 2.5 below.
Using direct measurements of low flow conditions (up t o 60 m3/s) at Desembocadura
Station during 1973-6, an acceptable correlation has been obtained between daily
suspended sediment loads and daily mean flows: these data can only be extrapolated
with reservation to high flow conditions. The only sediment discharge so far calculated
* Includes nine wells in Zapotitan valley in Rio Sucio catchment
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in this way is shown in Appendix B.5, for 1974/5. It is important to note that the
large load of September 20, 1974 was due to a freak flood caused by hurricane ' F i f i ' .
This flood had four peaks, with estimated discharges of 450, 800, 300, 300 m3/s, and
lasted 60 hours. It yielded a mean daily discharge of 325 m3/s which, according to the
calibration formula, discharged 7.33 million tonnes of sediment. Ignoring the discharge
from ' F i f i ' , total sediment discharge for the catchment in 1974/5 would have been
approximately 2.75 million tonnes of sediment but even this figure should only be taken
as a guide, for 1974/5 may not have been a characteristic hydrologie year, and there
are limitations on the methodology used for its derivation.
A second, indirect approach made to obtain sediment yields was to use data pertaining
to Cinco de Noviembre Reservoir. This reservoir receives sediment derived from
7 095 km 2 , including the Acelhuate subbasin (see Text Map 2.3). About 60% of its area
lies on the left bank of Rio Lempa and comprises steep, mountainous slopes on the
Honduras border and receives high rainfall. These slopes are underlain predominantly
by pyroclastic basalts.and contain few areas of the volcanic ash that is dominant in the
remaining 40% of the right-bank subcatchments. During 1954-73 ten depth-sounding
surveys were made of the reservoir from which the average annual sediment-yielding
capacity of the catchment was calculated to be 19.1 t/ha. In calculating this rate of
sediment loss, one million tonnes was subtracted from the annual total sediment yield at
the reservoir to account for the estimated yield from urban areas over the same period
(see Section 3.2.5).
Further analysis of the depth-sounding data revealed that the sediment yield from the
mountainous subcatchment of the Sumpul River on the left bank of the Lempa, which
also drains to Guayabo Reservior, was 18.9 t/ha.
Therefore, from these two sources it appears that the sediment yielding capacities of
ash-free subcatchments on the left bank of Lempa are not significantly different from
those of ash-dominated subcatchments on the right bank.
Sediment sampling is carried out on the Lempa River by the Hydrological Service at
Colima and Paso del Oso, and average sediment discharges for the 1971-4 period are
shown in Table 2.4. The difference between discharges at the two stations is due to
sediments yielded by subcatchments predominated by volcanic ash, including the
Acelhuate River (Text Map 2.3). Sediment discharges were calculated by standard
procedures but for the reasons explained above are applicable strictly to low flows.
TABLE 2.4

Subcatchment characteristics between Colima and Paso del Oso Stations on the River Lempa

Subcatchment

Area, k m

2

Remarks

Metayate*

455

Acid-intermediate extrusives; rugged

Jayuco*

135

Alluvial deposits; rolling

Mojaflores*

60

Basic extrusives; broad volcanic cone

Floodplain

55

Alluvial deposits; rolling

Acelhuate '

733

Matizate'

75

Basic-intermediate extrusives, acid
pyroclastics; high volcanic cones,
dissected ash plains
Alluvial deposits; rolling

Sucio'

825

Basic extrusives, acid pyroclastics;
volcanic hills and ash plains

Suquiapa*

475

Acid pyroclastics; dissected volcanic
footslopes

* Left bank of L 3m pa

T Right bank of Lempa

Additional information can be obtained from the analysis used in the design of the
Cerrdn Grande dam downstream of Colima (Harza, 1972) where the annual sediment
discharge into Lake Suchitla'n was assumed to be 7 m.c.m. (9.1 million tonnes).
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On this basis it was reported (Harza, 1972) that any adverse effect of sedimentation
would not interrupt the planned operations for 100 years and thereafter it would take
another 250 years before the Cerron Grande loses its total potential storage. To enable
designs for the Cerron Grande dam to be made, the 20 years of reservoir sedimentation
data were used from the Cinco de Noviembre dam immediately downstream. However,
since completing the Cerron Grande no comparable data (of bed profiles) have been
prepared to test the design hypothesis.
Table 2.5 is a summary of the catchment data and sediment yields that have been
obtained from published data.
TABLE 2.5

Sediment yield data relevant to estimation of sediment originating from Acelhuate basin

Catchment 6

Area
.
2
km

Annual total yield
million tonnes

Annual yield
t/ha

Upstream of Paso del Oso

1 763*

2.14

12.1

Upstream of Colima

4 575*

5.94+

13.0

Between Colima and
Paso del Oso

2 812

3.8+

13.5

Upstream of Cerron
Grande

5 582*

8.1 +

14.5

981

1.85

18.9

7 095*

13.6+

19.1

Rio Sumpul
Upstream of Cinco de
Noviembre d a m

Data source

Hydrological Service

Harza, 1972

Comision Ejecutiva
del Rio Lempa

* Exclusive of the catchment of Lake Guija assumed t o have nearly 100% trap efficiency
+ Exclusive of estimated sediment yield of one million tonnes f r o m urban erosion during
observation period
6 Refer t o T e x t Map 2.3 f o r locations

Using the information summarised in Table 2.5, the most reliable estimate of the gross
sediment contribution from the Acelhuate catchment is in the order of 20/t/ha/yr,
excluding that derived from urban construction sites.
An attempt was made to assign overall erosion rates in the catchment for different land
uses differentiated by slope classes, albeit somewhat subjectively. In general, in any
given landscape, certain areas are subject to erosion while others accumulate sediment.
The rate and the extent of these processes continually changes in response to the
varying effects of numerous factors, such as rainfall, intensity, duration, frequency,
drop size, etc. Therefore, the overall erosion rates assigned to the land categories
should take all the above factors into account for a valid assessment of the sediment
delivery ratio.
It is emphasised that the overall erosion rates given in Table 2.6 are average rates for
the various landscapes, and that individual parts of the same landscapes suffer greater
or lesser erosion and sedimentation than the average. The characteristics of the
Acelhuate basin watercourses favour high sediment delivery rates, there being
virtually no reaches where sedimentation takes place. Therefore, the total mean
annual sediment yielded by the various land-use categories all arrives eventually at the
river mouth.
Against this should be set the amount of sand extracted from rivers at several locations
in and around San Salvador city. The largest site is in the Las Canas River just upstream
of its confluence with the El Sauce stream where sand is being extracted at a daily rate
of about 750 m 3 . It is estimated that the extraction rate from other sites would be at
least an additional 375 m 3 . Therefore, the total estimated annual sand extraction is
1 125 m7day x 300 days x 1.33 t / m 3 = 438 000 t.
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TABLE 2.6

Estimated sediment yield at the confluence of the Acelhuate and Lempa Rivers, Desembocadura Station

(a) Land use category, ha

Cereals

1 300
6500
1 200
1 060

Sugar
cane

Coffee/
fruit
trees

Water
courses

Pasture/
woodland

Cities

Unpaved
roads

100

1 000
3 000
6 560

550
9 000
5170

6 960
2 0 000
8 900

10 0 6 0

10 560

14 170

26 960

550

8 900

100

(b)
Area
ha

1
6
1
2
18
31
8

400
500
200
610
960
730
900

71 300

(c)
Overall
erosion
rate,
t/ha/yr

200
100
50
30
10
5
1
20
(overall rate)

(d) = (b) x (c)
Sediment
yield*
thousand tonnes

280
650
60
78
190
159
9
1426

million tonnes
Sediment yield from above categories

1.43

Sediment yield from construction sites (2 000 ha)

2.00

Less sand extraction

— 0.44

Net sediment yield at Desembocadura

2.99

The estimated yield of sediment derived from the different forms of land use is calculated by assuming for seven combinations
of soil and slope an overall erosion rate, and estimating the area of each land use type (Text Map 2.6) that is subject to each
erosion rate. The total is the overall sediment yielded by each land use category and the whole catchment, very approximately.
The value of 2 0 t/ha/yr erosion rate is not the average, but the overall rate derived from the total sediment yield and the total
area.

2.1.5
2.1.5.1

Geomorphology
General

From a map showing the main geomorphic regions of the basin (Text Map 2.4), land
planning areas can be identified (see Text Map 4.2 in Part 4) each having different
problems, properties and responses to management. Text Map 2.4 shows the distribution of lands having genetically related gross landforms and a common lithology. The
units are termed land regions and, unlike the comparable physiographic regions which
are geographically unique, they recur elsewhere, wherever the same gross landforms and
lithology occur.
The various subdivisions of a land region are known as land systems and land facets
(Christian and Stewart, 1964); these concepts are indispensable in understanding the
distribution of soils and their relationships and can consequently be used for more
detailed land planning (See Section 2.1.6).
2.1.5.2

Geomorphic

history

From the field and map observations made there is abundant evidence for several
interrupted recent cycles of erosion in the ash landscapes, although few such signs are
evident in the older, more resistant basaltic massifs such as Cerro Nejapa.
The Plio-Pleistocene ash which forms the pale, semi-indurated lower tuffs shown on
Text Map 2.1 appears to have been laid down on an irregular Mio-Pliocene volcanic
landscape now exposed at intervals along the beds of deeply incised rivers, such as the
lower and middle reaches of the Guazapa River. These thick deposits formed a broad
undulating ash plain sloping gently northward, through which protruded the
contemporary or newer late-Pleistocene volcanic centre of Cerro Guazapa and older
Pliocene hills such as Cerro Nejapa and other massifs. Subsequently, in the early
Holocene, a phase of rapid erosion incised deep valleys through the ashy material
which gradually hardened as a result of geologic and pedogenetic actions. Later in the
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Holocene explosive eruptions from the new cones of El Boquerdn and E! Picacho
obscured this ash plain in the west. Probably concurrently, but predominantly in a very
explosive phase of renewed activity, llopango crater yielded enormous amounts of
white pumicitic ash in the southern third of the basin. This completely blanketed the
existing dissected ash landscape to form a virtually level plain draining northwards, but
from which protruded the major mountains of El Boquerón-EI Picacho, Cerro
Tecomatepe and Cerro Nejapa. These mountains, as a result of erosion, now contain
thin ash deposits principally on gentle, little-dissected slopes. With increasing distance
from the crater the thickness of ash diminishes rapidly so that to the north of the Cerro
Ojo de Agua—Cerro Tecomatepe axis the ash is discontinuous and confined to isolated
pockets.
During and following this explosive activity, river erosion re-excavated old valleys in the
upper catchment and carried great amounts of sandy pumiceous sediment northwards to
be deposited as alluvial fills. Subsequent river erosion and incision has left this material
as isolated high bluffs of white sand amongst hills with red clays in the middle courses
of the Guazapa and Chamulapa rivers north-east of Apopa. It seems likely that lakes or
a series of sandy deltas or an alluvial plain formed behind the escarpment at the northern
edge of the graben area, more or less encircling Cerro Nejapa, for the sediments in this
area are stratified uniformly and the low sandy hills among the volcanic cones there are
particularly flat-topped.
Active fluvial erosion of the landscape is continuing as is evidenced by ubiquitous
incised stream beds. The erosion is cyclic in nature, leaving striking terraces in the
erodible ashy landscape. Rivers in some areas are now limited in their erosive capacity
by having reached and exposed hard basaltic or andesitic rock floors, notably the
Guazapa River and certain reaches of the Acelhuate and Tomayate Rivers. Most
susceptible to erosion and exhibiting the most severe signs of it is the upper Las Cahas
river system where the recent white volcanic ash beds are deepest. There is abundant
evidence that the increasing urbanisation in this catchment is modifying natural
drainage patterns and is resulting in higher and more concentrated peak flows which
dramatically rejuvenate the erosive power of certain streams, lowering their base levels
and in turn rejuvenating their dependent tributaries (see Section 2.1.4.5) and Plate 3.6).
2.1.5.3

Land Region 1

This Region comprises all areas of recent and sub-recent alluvium, the principal area of
sub-recent alluvium lying to the north of the confluence of Guazapa and Acelhuate
Rivers. Here, it forms a thin skin overlying older semi-indurated beds of conglomerates
and tuffaceous, pumicitic sandstone; it becomes deeper close to the Rio Lempa. Active
sedimentation is slight as the main river courses are incised by 10-20 m, and floods are
confined to these deep and sinuous slots. This part of Region 1 consists of an extensive
high terrace, with minor areas of lower terraces. It varies from being almost flat in the
west, to gently rolling in the south near Aguilares where underlying tuffaceous sediments
are close to the surface. Its general altitude is 300 m.
Smaller areas of recent alluvium of Region 1 occur on the northern flanks of Cerro
Guazapa as outwash fans. These grade gently northwards, are lightly incised and are
rarely flooded.
Remaining areas of this Region occur as sinuous alluvial strips of recent alluvium
adjacent to some rivers and streams. Terraces occur but are subordinate to f loodplains.
The middle Las Cahas River has a notable and unusually wide braided floodplain from
the suspension bridge at Tonacatepeque as far upstream as the new urbanisation of
Bosque del Rio, llopango: this sector varies from 50-200 m in width.
2.1.5.4

Land Region 2

Extending from the southeastern watershed to Guazapa in the north this Region is the
second largest but probably the most significant in this study. It is essentially a
dissected ash plain whose original level surface can now only be seen around llopango
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and as accordant flat-topped hills elsewhere. Evidence of repeated rejuvenation of
erosion cycles is everywhere, in the form of valley-in-valley landforms, terraces,
knickpoints, etc. The recognition of alluvial terraces and benches in some areas is
complicated by the presence of out-cropping near-horizontal tuff beds which produce
comparable landforms.
The landforms are complex and produce a general impression of steep-sided low hills
dissected by many narrow valleys. Small residual areas are virtually flat or gently
rolling; these may be summit areas, as encircling Cerro Nejapa and near
Tonacatepeque, or may be former flat valleys that, through river capture or erosion
of neighbouring land, have been left as dry stranded alluvium, e.g. scattered areas
south of San José Guayabal.
The remaining hills are dissected to a greater or lesser degree with irregular but
commonly steep slopes of 25-30°. The deepest dissection, giving amplitudes of relief of
up to 150 m, occurs in the middle reaches and close to the courses of Las Cartas and
Acelhuate Rivers. The steepest slopes are those land facets formed by outcropping tuff,
many cliffed examples of which may be seen north of Tonacatepeque, or lower very
steep slopes where rivers are actively downcutting; the latter are commonly terrace
margins.
Because of river capture and rejuvenation of streams, many of the smaller tributary
valleys contain misfit streams i.e. they are small in relation to valley size. Flooding in
these valleys is rare, localised and of brief duration.
In the absence of quantified evidence, it is difficult to assess the effectiveness of the
various forms of erosion in this ash landscape. Field observations show evidence of
splash erosion and sheet erosion in freshly cultivated fields on slopes above about 3°.
Rill erosion is less common in hand-cultivated fields, but is marked where deep
tractor ploughing has been done and where topsoil is absent as on urban development
sites. Gullying by temporary streams is active in many areas, and more permanent
streams and rivers have been and are powerful erosive agents through both vertical
downcutting and by lateral erosion of meander courses. What is not clear is the relative
importance of these sources of erosion, or how fast soil derived from slope wash or
rills finds its way to footslopes into valley heads, and eventually into main courses.
2.1.5.5

Land Region 3

This region comprises basaltic explosive volcanics. The El Boquerdn-EI Picacho
composite cone reaches almost 2 000 m, the highest point in the river basin.
Irregularities in the overall concave slopes from peak to foot are few, and occur
principally in the south-east where erosion by the headwaters of the Tutunichapa
stream has produced steep (25°-30°) footslopes. Elsewhere, footslopes with gradients
of 5° or less are widespread. The circular crater of El Boquerón, enclosed and with an
even rim, is 450 m deep and 1 500 m in diameter.
The radially patterned streams have in general incised their courses by 5-125 m, the
deeper valleys being more common on El Picacho than on El Boquerdn. Flooding is
confined to stream courses. The Cerros de Mariona form outlying areas of Region 3
little more than 100-200 m above the surrounding ash plains. These low cones of less
well defined shape also have essentially radial incised drainage.
2.1.5.6

Land Region 4

This minor Region, found on the watershed west of Aguilares, comprises landforms
associated with lacustrine tuffaceous sediments. Characteristically, the slopes are
irregular, gentle to steep, rocky in places and moderately dissected by valleys.
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2.1.5.7

Land Region 5

Region 5 contains predominantly basaltic extrusive lavas. The range of landförms in this
most extensive Region is wide. The most dominant are the cones of Cerros Guazapa,
Nejapa, Tecomatepe and San Jacinto; associated undulating areas coinciding with old
sedimentary deposits also occur.
Three of the major cones are simple in form and do not contain a crater. They differ
somewhat in gross form in that Cerro Nejapa is steeply concave, Cerro Guazapa
moderately so, while Tecomatepe is only gently concave — presumable reflecting
differing viscosity of the dominant lavas. Their detailed landforms also differ; the
first and second are deeply dissected, with V-shaped valleys of 50-200 m depth being
common, while the third is undissected, containing few valleys of significance. Cerro
San Jacinto is most dissected of all and reaches 1 200 m altitude with steeply concave
slopes.
The minor cones in general have retained crater forms: they occur as a group north of
Nejapa and as scattered centres in the northeast, one of which contains an artificial
lake; another group, with less clear craters occurs west of Aguilares on the watershed.
The last rise by as much as 150 m above adjacent land and show vigorous dissection
by streams. The remainder are less than 100 m high and relatively undissected.
This Region also contains gently to strongly rolling land, the steepest parts of which
are low rocky scarps of 25-50 m, probably formed of lavas. Some areas consist of
linear depressions or almost flat land which, although never flooded, sometimes
become waterlogged. The rolling hills have an amplitude of relief of less than 50 m
and slopes generally of 10°-15°.
Erosion on these clayey basalt landscapes is different from that of the ash landscapes.
Surface splash erosion and sheet wash on freshly cultivated fields releases considerable
clay in suspension to streams, but rill and gully erosion are comparatively unimportant;
stream erosion by vertical downcutting is impeded by the presence of hard rock
outcrops, which results in simple V-valley forms as opposed to the rectangular or
steep-sided valley sections of ash landscapes.
2.1.5.8

Land Region 6

This Region is only found in the extreme south of the basin and has developed over
basaltic pyroclastics and sediments, covered in places by acidic ash. It consists of hills
and ridges dissected to a greater or lesser degree by the headwaters of the Acelhuate
River. A low but more or less continuous faultline escarpment, 100-150 m high,
extends from Santa Tecla to Antiguo Cuscatlén: the western part is relatively little
dissected with gentle footslopes of less than 10°. Towards San Marcos dissection has
been more vigorous which, with associated faulting, has produced amplitudes of relief
of as much as 300 m and concave slopes as steep as 4 0 ° .
2.1.6
2.1.6.1

Soils
General

In the preparation of river catchment management plans a knowledge of soil patterns,
their properties and response to management is essential. The interpretation of the
1:100 000 scale soil map (Separate Map 2.5) is the basis of the land capability map
(Separate Map 4.1) and is important for the design of soil conservation treatments and
control of river erosion.
2.1.6.2

Survey methods

Soil maps covering the country are available at scale 1:300 000 and 1:50 000. The
former (Rico, 1974) is too generalised for catchment planning. The latter series
(MAG, 1962-6) provide useful but limited information: they contain no detailed
profile analyses and the units of mapping give no indication of the complexity or
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uniformity of soils within them. Furthermore, a relatively new system of soil
classification (USDA, 1975) has replaced that used to describe the soils and is now the
preferred system throughout North and Central America.
'For the above reasons it was decided that a new soil map of the basin was necessary.
Within the time available in Phase I and with the staff available, an orthodox detailed
or semi-detailed survey would have been impracticable. The method adopted makes
maximum use of airphoto interpretation to identify repeating natural landscape
patterns or land systems (Christian and Stewart, 1958). These are identified largely
through their topographic expression (see Section 2.1.5) and are known to contain
closely related patterns of soil. This type of survey may be termed a detailed
reconnaissance. The land systems can be considered soil mapping units once it is
established from the field data what are their principal land facets and which soil or
soils are associated with each facet. For the fieldwork, ten sample areas were studied,
one km wide and 5-15 km long; some 750 soil descriptions were made and 19 soil pits
studied, sampled and analysed. The limitations of this method are that the map
accuracy depends to a large degree on the accuracy of interpolation between and
extrapolation from the sample areas and on the amount and quality of information in
them. For this survey additional field checking outside the sample areas reduced
potential inaccuracies.
2.1.6.3

The soil map

In establishing the soil mapping units some simplification of boundaries has been
inevitable in transferring airphoto details at 1:20 000 scale to the final mapping scale
of 1:100 000.
Using laboratory data of 19 key profiles it has been possible to classify these soils with
some confidence according to USDA Soil Taxonomy (1975). By comparing these
classified profiles with other field descriptions it is possible to deduce the principal
soils in each mapping unit. The proportion of soils in each mapping unit as given in the
legend of Separate Map 2.5 is approximate, and based on the estimated proportion of
land facets in the sample strips. Minor inclusions of soils are not noted.
In the following general descriptions the soils are described alphabetically according to
the nomenclature and taxa used in the Soil Taxonomy. Detailed descriptions and
analyses are given in Appendix B.1, as is a table describing fertility ratings.
2.1.6.4

Alfisols: Ustalfs-Haplustalfs, Paleustalfs

Alfisols are widespread in the project area. They have a moderately dark topsoil, an
increase in clay content with depth, a moderate to good nutrient status and retain
water during at least 3 months of the year when soil temperatures are sufficiently high
for plant growth. The Alfisols are represented here by Ustalfs, which have an ustic (or
seasonally dry) soil moisture regime (Appendix B.1). An example is illustrated in
Plate 2.2.
Within the Ustalfs there are in this area Haplustalfs and Paleustalfs whose chief
difference is that the latter have thicker clay-rich subsoils (argillic horizon — see
Appendix B.1) beneath loamy topsoils than the former. Both are moderately leached
and weathered. Profile POSRA 2 in Appendix B.1 is an example of a Haplustalf, and
POSRA 1 is a Paleustalf.
These soils are widely distributed and associated with older-than-Recent parent
materials, ranging in composition from intermediate to basaltic, and in age from
Miocene to sub-Recent. They occur on a variety of landscapes but principally on gently
to moderately sloping landforms where surface erosion is not severe. Haplustalfs are
most common in the rather rocky terrain that characterises, for example, the PlioPleistocene centres of Nejapa and Guazapa (Mapping Units 51-53). They also have
developed over older ashes and tuffs that occur in the south and west, and which are
exposed by deeply incised rivers in the south-eastern ash plain. Paleustalfs are associated
with the areas of old redistributed fluvial materials east of Guazapa (Mapping Units
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56, 57), are deeper and contain few rocks. Recent fine ash falls from llopango caldera
have obscured and buried these soils in the south and east. Where such surface ash is
greater than 50 cm deep it is considered to be the principal soil (see Section 2.1.6.6)
and the underlying buried profiles to be palaeosols. In many road cuttings several
palaeosols of different ages are evident. Topsoils in general are darkened by organic
matter to dark reddish brown and overlie subsoils of reddish to yellow brown, locally
mottled by fragments of weathering rock. Paleustalfs are generally redder than
Haplustalfs.
Alfisols, by definition, contain a marked increase in the content of clay with increasing
depth. Paleustalfs have a relatively thick stone-free clay subsoil compared to Haplustalfs.
Where recent ash falls remain as pale-coloured, coarser-textured surface horizons of silt
loam or fine sandy loam less than 50 cm deep, the profile is qualified as Andothaptic
(buried by ash) instead of the more common Typic; profiles less than 50 cm deep t o
rock are qualified as Lithic. Physically, the clays are moderately structured and
permeable, with a dry-season, measured infiltration rate of 2.0-6.0 cm/hr.
Chemically, ihe Ustalfs are base-rich and weakly ?>cid. The clays are moderately to very
active although weathering of the clay in some profiles is sufficiently strong to qualify
them as Oxic (Appendix B.1). Where topsoil remains, nitrogen levels are moderate,
but in cultivated land nitrogen is deficient throughout the profile; the C/N ratios are
medium to low indicating satisfactory breakdown of organic matter. Subsoil reserves
of phophorus, potassium and locally magnesium appear to be low. Available phosphorus
tends to be very low and available (exchangeable) potassium levels tend t o be high,
especially where surface ash occurs.
2.1.6.5
Entisols: Aquents-Fluvaquents, Tropaquents;
Orthents — Ustorthents; Psamments — Ustipsamments.

Fluvents-Ustifluvents;

Entisols have little or no evidence of soil development except for a thin topsoil and can
occur under any climate. Aquents are wet Entisols continuously saturated with water;
Fluvents are mostly water-deposited sediments of floodplains in which strata are
evident; Orthents are found as a result of erosion where normal soil development is
inhibited, and Psamments occur in uniform sandy parent materials.
Fluvaquents are essentially very poorly drained or continuously wet Aquents of lowlying areas in floodplains. In this area they are thought to be rare and to occur
principally in Mapping Unit 11 fringing braided major river courses in recently deposited
alluvium. Flooding is frequent. They are deep soils, but may contain thick pebble beds;
they are brownish in colour, coarse-textured and structureless. Strata changes are
evident with depth. Little weathering and leaching can take place in view of the
permanently high watertable and the frequency of flood depositions. Soil analyses
have not been made but it is assumed that the nutrient status will be moderate to high
and the acidity very weak.
Tropaquents are similar to Fluvaquents, differing principally in the lack of evident
stratification and in heavier textures. They are uncommon and occur mainly in Mapping
Units 13 and 14 in isolated low-lying parts of terraces over sub-Recent alluvium. They
may also be present in Mapping Unit 55 and some are provisionally identified in the
swampy crater floor of Laguna Colima. They are pale-coloured, deep, loamy to clayey,
and sticky and plastic with no structure, owing to the high watertable.
Leaching and weathering of Aquents are minimal; the nutrient status therefore is
moderately good. Topsoils show little or no sign of organic matter accumulation,
which indicates that the watertable is below the surface for some periods of the year,
with the exception of the rather peaty Tropaquents in artificially flooded Laguna
Colima.
Ustifluvents are the deep, brownish, stratified young floodplain Fluvents where the
watertable is generally low. They have an ustic moisture regime (Appendix B.1). They
occur in Mapping Units 11 and 12, where flooding is regular, to shallow depths; some
may be present in 13 and 14 where floods in the recent past have occurred. The soils
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are structureless, stratified, mainly coarse-textured and may contain pumice or pebble
beds of volcanic rocks. Analysis of one profile shows the soil t o be weakly acid, rich
in bases, of low exchange capacity and with a carbon content that fluctuates with
depth.
Ustipsamments are pale-coloured, deep, uniform sands and silty sands having an ustic
moisture regime (Appendix B.1). They occur in isolated small areas of Mapping Units
21-25 wherever erosion has removed topsoil to reveal virtually unaltered ash deposits,
such as adjacent to actively eroding streams and in some cultivated steeplands. They
are structureless, pumicitic and may contain random gravel-sized pumice or basaltic
fragments; stratification is absent or weak.
In situ these ash materials have a weak cohesion which may be a physical packing
phenomenon, be due to reinforcement by a silicate cement or result from slight welding
on cooling of hot ash falls. This attribute, although imperfectly understood, is very
important as it permits near-vertical road and construction site cuttings up to 15 m
high to remain stable for many years provided they are kept free of surface drainage
water and are not undercut at the base: either of these factors can rapidly destroy a
cutting face. Once moved or disturbed the ash material loses all cohesion, however, as
is shown by the loose piles of sand that may be seen on most building sites in metropolitan San Salvador. The chemical properties of the ash are described in Section
2.1.6.6. The semi-indurated ash beds that characterise the subsoil of large parts of the
ash landscape are believed to be tuff beds of geologic rather than pedologic origin and
are described in Section 2.1.2.
Ustorthents comprise little-developed Orthents over hard rocks, with an ustic soil
moisture regime (Appendix B.1). In the project area they are particularly common in
Mapping Units 22, 5 1 , 54 and 72, 73, 74 and are known to be present in small areas of
many others. In Unit 22 the soils are shallow and lie on outcropping tuff in isolated
hills and mesas, in 51 and 54 the underlying material is basaltic lavas in high volcanic
peaks and low escarpments respectively, and in 72, 73 and 74 they have developed in
bouldery, probably lacustrine sediments and conglomerates in the form of dissected
hills.
Although varied in many respects, the Ustorthents are all stony or rocky, shallow and
well-drained. Textures are mostly stony loams, colours brownish to reddish beneath a
thin dark topsoil, where present. The Lithic sub-group is common and consists of those
with hard material within 50 cm of the surface. Structure is only weakly developed.
Chemical analyses have not been made of these soils.
2.1.6.6

Inceptisols: Aquepts — Tropaquepts; Andepts — Vitrandepts

Inceptisols are soils of humid regions that have altered horizons but which retain some
weatherable minerals. They may have leached and enriched horizons of bases, iron and
aluminium but not an accumulation of clay-sized particles in the subsoil (argillic
horizon. Appendix B.1). Among Inceptisols in the project area, Aquepts have been
noted which are characterised by near-permanent saturation. The Andepts, the most
important soils in the area, have formed in young volcanic ash containing a high
proportion of vitric material.
Aquepts are uncommon and occur in Mapping Units 13 and 14 in isolated lowlying
areas of sub-Recent alluvium of terraces. They are very poorly drained, and beneath
dark topsoils are pale-coloured, weakly mottled soils. The dominant textures are loamy
to clayey, but sandy soils may occur which, if composed principally of pumicitic
fragments, would be classed as Andaquepts.
These soils are not strongly weathered or leached — the watertable is seasonally high
when waterlogging occurs — and analysis of one profile shows that the exchangeable
base levels are high.
The Vitrandepts, probably the most extensive soils in the study area, occur only where
young volcanic ash remains to a depth of at least 50 cm, and characteristically comprise
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sand to silt-sized vitric material derived from acid, siliceous pumice. The soils are
associated principally with Mapping Units 2 1 , 23, 24 and 25 and 31-34, but also form
minor components of other units. These areas form parts of an ash plain and of young
volcanic cones, both types dissected to a greater or lesser degree. The soils are freely
drained and mostly deep, but in many areas, for example around Tonacatepeque, soil
depth is limited by the occurrence of beds of tuff near the surface.
Beneath a commonly thick and dark topsoil (which is generally absent in intensively
cultivated places) soil colours are mostly light grayish brown, locally brownish-mottled.
Field textures are loamy in the topsoil grading with depth to sandy loams. Coarse
particles; basaltic gravel and scoria are common components of Mapping Units 31-34
where soil colours in older ash also have higher chroma (see Plate 2.3).
The Vitrandepts, being very friable when moist and very weakly structured, are easily
eroded. When dry they tend to be hard and compact. Infiltration tests, using doublering inf iltrometers in the dry season over a range of Vitrandepts gave an average
infiltration rate of 0.4-1.4 cm/hr (compared to 2.0-6.0 cm/hr for Ustalf clay soils).
They are noted for being capable of retaining moisture for long into the dry season.
Leaching and weathering of these soils is rapid. They are weakly acid and the exchange
capacity of profiles analysed ranges from low t o moderately high. Base saturation is
high and is dominated by calcium and magnesium; potassium levels are moderate to
high. The organic matter varies considerably, as might be expected; one profile under
old forest (POSRA 8) containing a good humic topsoil gave 0.85% nitrogen and 9.6%
carbon, in contrast to an intensively cultivated profile (POSRA 10) which contained
0.11% nitrogen and 1.2% carbon in the depleted topsoil. Available phosphorus levels
are in general low where little organic matter remains. Reserve phosphorus, magnesium
and potassium are also low.
2.1.6.7

Vertisols: Usterts-Pellusterts,

Chromusterts

Vertisols are clayey soils in which the clay has high bulk density and which dry out
and crack at some time of the year.
Usterts are those Vertisols which occur in seasonally dry areas where the cracks are
open for 90 cumulative days but are closed for 60 consecutive days or more when soil
temperatures are sufficiently high for plant growth.
Pellusterts in the project area are dark cracking clays assoicated with Mapping Units
15, 55 and 58, and 71 and 72 where the parent materials are basaltic and the landscape comprises gently undulating hills. It is common t o find them overlain by thin
layers of volcanic ash. The soils are located in areas of concave slopes, locally in
depressions. POSRA 5 in Appendix B.1 is an example.
These soils are generally deep, grey to dark grey clays mottled locally with brownish
to reddish colours: subsoil basalt boulders are common. They are massive, sticky,
plastic and poorly drained in the wet season when the surface may become waterlogged
but in the dry season shrink to form hard clods separated by narrow but deep cracks.
This is due to the presence of appreciable amounts of montmorillonitic clay. The
Pellusterts are not strongly weathered or leached. They are weakly alkaline principally
due to high values of exchangeable calcium (30 meq %). Other base levels are also
high, however, and it is significant that exchangeable sodium reaches 1.4 meq %,
which factor is partly responsible for the flocculated nature of the clay in the wet
state. The base complex is saturated. Available phosphorus levels are very low and
reserve phosphorus and potassium are low; reserve magnesium is medium.
Chromusterts are tentatively identified in small areas west of Aguilares. They differ
from Pellusterts mainly in their stronger colour. Analyses have not been made of these
soils.

38

PLANCHA 2-2 Un Ustalf expuesto en un corte de carretera en la Unidad
de Mapeo 53, cerca de Guazapa.
PLATE 2-2 An Ustalf in a roadside cutting in Mapping Unit 53, near
Guazapa.

PLANCHA 2-3 Un Vitrandept desarollado en ceniza clara que sobreyace
un estrato de ceniza mas antiguo en un corte de carretera cerca de Aldea
Mercedes, Unidad de Mapeo 31.
PLATE 2-3 A Vitrandept developed in pale ash and overlying an older,
darker ash bed in a road cutting near Aldea Mercedes, Mapping Unit 31.
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PLANCHA 3-9 El no Acelhuate, cerca de la confluencia con el rfo
Guazapa, demostrando la contaminacfon grave.
PLATE 3-9 Acelhuate River close to junction with Guazapa River
showing severe pollution.

PLANCHA 3-10 El tramo superior de Las Cartas revelando
contaminacfon por una fäbrica de tintas.
PLATE 3-10 Upper Las Canas showing pollution from a paint factory.

2.1.7

Vegetation

The information given here has been abstracted from 'Ecological Life Zones in
El Salvador' (PNUD, 1975), a study which maps and describes the country's vegetation
according to the Holdridge system.
Using this system, almost all of the catchment has the climatic requirements of the
cool or warm Subtropical Moist Forest (bh-ST), except for the upper slopes of
San Salvador volcano where there is first a narrow belt of Subtropical Wet Forest
(bmh-ST), and second a small fringe of Lower Montane Wet Forest (bmh-MB) on and
around the volcano summit.
However, most of the natural vegetation in the Acelhuate basin, and indeed in the
country as a whole, has been altered by man such that only 14% of the basin consists
of natural woodland (Separate Map 2.6 and Tables 2.8 and 2.9). Thus the following
comments refer not so much to the existing pattern of vegetation,but to the type of
climax woodland or forest that could reasonably be expected to return either
naturally, or by reforestation on man's initiative using indigenous species.
2.1.7.1

Subtropical Moist Forest (bmh-ST)

The rainfall of this zone is monsoon-like, with a distinct and prolonged dry season
which encourages a xerophitic natural vegetation with typically deciduous leaves.
For this reason coffee, an evergreen plant, is little grown at less than 500 m altitude,
and usually occurs at 700 m and higher. Also, temperatures of 30° C and above in
lower areas inhibit coffee growth.
Because of the sharp division between coffee-growing and non-coffee-growing areas,
this zone has been split into warm and cool sub-divisions, roughly following the 500 m
contour. In the Acelhuate basin this line runs east from Nejapa to Tonacatepeque,
then north to skirt the slopes of Guazapa volcano, and finally turns east towards
Suchitoto.
The precise species composition of the natural vegetation in the warmer area depends
upon soil fertility and soil moisture in the dry season. Where soils are fertile and moist,
for example at the foot of slopes and in small river valleys, vegetation can be exuberant,
even forming gallery forests. Indicator species include ojushte (Brosimum alicastrum)
and volador (Jerminalia oblonga). Gallerv-tyDe forests can be seen adjacent to rivers
such as the Guazapa, especially where population densities are sufficiently low that
they have not been exploited for firewood or building timber.
In less favoured parts, the vegetation degenerates to an association known locally as
'matorral' and characterised on flat or gently sloping, poorly drained Vertisols
(Section 2.1.6.7) by morro (Crescentia alata), an evergreen oak. Such 'matorral' with
'morro' — dominated hollows is relatively common in the basaltic hills north of
Guazapa Mountain and covers approximately 15% of the catchment, together with
rough pasture containing 'matorral' thicket.
In the cooler part of the zone, conditions favour coffee provided there are deep, fertile
soils capable of holding moisture throughout the dry months, such as the Vitrandepts
described in Section 2.1.6.6. Shade trees grown with the coffee include forest species
like Inga spp. and Gliridicia sepium. In the higher part of this zone, conditions would
be suitable for pine woods, including the torch pine Pinus oocarpa. These would
normally be associated with the evergreen oak, Quercus hondurensis. On the least
fertile and shallow soils, as on the Guazapa volcano, the expected natural vegetation
would be 'chaparral', of which the chapparo or dwarf oak (Curate/la americana) is the
typical tree. In the Acelhuate basin the non-coffee species mentioned are found only
in hedgerows and in small, isolated areas where the soils are too thin and slopes too
steep for cultivation.
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2.1.7.2

Wet Forests (bmh-ST; bmh-MB)

The Subtropical Wet Forest Zone (bmh-ST) represents a very small area of the
catchment, a belt around the San Salvador volcano between 1 000 and 1 800 m high.
Natural vegetation would be a mixed evergreen high forest where soils permit, typical
species being: mulo (Drypetes lateriflora) nispero, mellar (Manilleara chicle) and
ojushte (Brosimum sp).
On old lava flows and where soils are thin, less vigorous growth would be expected.
Presently coffee, vegetables, and flowers are grown on these upper volcano slopes.
Much the same applies to the Lower Montane Wet Forest Zone (bmh-MB), which
covers the highest parts of the volcano. Condensation from cloud and mists is even
greater which allows almost year-round vegetative growth, limited only by soil depth
and quality. Characteristic species would be Zinewiewia integerrima, Phoebe sp,
Cornus densiflora. Ilex sp, Roupala complicata and Oreopanax xa/apensis some of
which are found on the eastern rim of El Pichacho. Some parts of this life zone are
used for market gardening.

2.2
2.2.1

HUMAN ENVIRONMENT
Population

The following is abstracted in large part from Appendix A.3.3, to which the reader
should refer for details.
The 1978 population of the Acelhuate basin has been estimated as 972 300. About
784 000 live in urban areas, the vast majority in San Salvador and its suburbs which
occupy a large part of the upper catchment. Of the other towns only Aguilares (8 000),
Nejapa (5 400), Apopa (7 900) and Tonacatepeque (6 100) had more than 5 000
inhabitants in 1978. The rural population numbers about 187 000 although this
figure includes many rural dwellers who work part or full-time in the city.
The catchment is densely populated: overall there are an average of 1 330 persons/km2,
and in the countryside about 270/km2 — a very high figure for rural areas. The rural
average disguises notable intra-basin variations. While rural densities commonly exceed
300 inhabitants/km2 around the city in the upper catchment, in other areas densities
of less than 150/km2 prevail and fall below 100/km2 in the far north and on the flanks
of the Guazapa volcano.
The population of the Acelhuate basin is growing rapidly (Table 2.7). For the
catchment as a whole it increased at a rate of 4.7%/yr in the 1961-71 intercensal
period. Ml PLAN projections use growth rates of about 3.6%/yr for 1980 to 2000, so
that by the year 2000 the basin's population is expected to have doubled from its
present number to more than 2.1 million. By then the population of the San Salvador
Metropolitan Area (AMSS) will have grown to 1.9 million, as a result of rapid urban
growth boosted by migration. This projection does not take into account future intrabasin movements of townspeople, so possibly some of the 1.9 millions will have settled
outside the AMSS, especially in Apopa and Tonacatepeque municipalities. Such
redistribution of the population should not affect the estimated future numbers
within the basin as a whole.
The tremendous increase in population will no doubt be accompanied by a rapid
expansion of the built-up area, mainly to the north and east of the city (see Plate 2.4
in section 2.1.4.7), and in some cases beyond the confines of the AMSS. The urban
area could well double in size which, together with the extra numbers of people,
threatens to (a) greatly augment sewage discharges into the streams of the upper
catchment, thus exacerbating the pollution problem, and (b) accentuate stormwater
runoff peaks in the basin headwaters and so aggravate river erosion.
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T A B L E 2.7

Population growth and forecasts in the Acelhuate basin, 1961-2000.

Locality

1961

1971

1978**

1980

2000

Department of
San Salvador,
Total*

463 200

733 400

n.a.

n.a.

n.a.

Department of
San Salvador,
Urban*

349 400

561 500

n.a.

n.a.

n.a.

n.a.

758 057

972 340

1 0 6 9 167

2 125 9 9 0

414 430

659 000

n.a.

9 3 6 390

1 9 1 2 550

Acelhuate
basint
Metropolitan
San Salvador^
*

F r o m the t h i r d and f o u r t h national Census o f Population, 1961 and 1971 (DGEC, 1965 and 1974A)

t

Estimates f o r 1980 and 2000 use M I P L A N projections

6

The ' A M S S ' , defined officially as the municipalities of San Salvador, Mejicanos, Delgado, llopango,
A y u t u x t e p e q u e , Soyapango, Cuscatacingo, San Marcos, Antiguo Cuscatlan, Nueva San Salvador. 1961 and 1971
data f r o m Census; 1980 and 2000 projections by M I P L A N . Note that M I P L A N use projected increases of
3.6%/yr for the period 1980-2000; the data f r o m the 1961 and 1971 censuses suggest the use of a higher rate'

* * 1978 figure f r o m the Ministry of Health, Malaria Department
n.a. Not available

According t o the 1971 Census, the average family in San Salvador Department
contained 5.3 persons, the rural average family having 5.5 members. As can be
expected from the rapid growth of population, the age structure is strongly biased in
favour of the young, 4 1 % of the population in 1971 being under 15 years of age. Such
an age structure implies a fast growth of demand for jobs, housing, water and other
services in the future, irrespective of any future population growth.
An estimate of the urban population frequently in contact with polluted river waters
is 15 110 families, or 71 030 persons, the number recorded as living in squatter
settlements (tugurios) in 1978 (FSDM, 1978). Most of these settlements are in the
steep valleys of the upper river courses and so very close to the streams.
2.2.2
2.2.2.1

Agriculture
General

Excluding the area occupied by San Salvador city and other towns, roads and areas
of water, 49% of the rural land in the Acelhuate catchment is used for crop production,
2 1 % is pasture and thicket and 14% is forest. The proportion of agricultural land
diminishes yearly as new housing and industrial developments grow on the outskirts of
the city and in the region of Apopa-Aguilares (Table 2.8).
The major crops and associated agricultural activities are discussed below. Annual
crops, which have been identified as the major source of soil loss in the catchment, are
discussed in detail; other crops are described more briefly. Further information on
individual crops may be found in Appendixes B.3 and B.2.
Data for this section have been gathered from field excursions, interviews with farmers
and discussions with extension workers of CENTA, DGRNR and the BFA. A
programme of formal farmer interviews was initiated,but, because the resultant
information was considered unsatisfactory, greater reliance has been placed on
information gained from more casual conversations with farmers or from discussions
with extension workers.
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T A B L E 2.8

The major rural land uses in the Acelhaute catchment (see also Separate Map 2.5 and Section 2.2.3)

Major land use

Area, ha

Cereals (predominantly maize)

10 130

Pasture (improved, natural and matorral)

10 780

Sugar cane

10 560

Coffee (and other orchard crops)

14 250

Thicket (mainly in gullies and on
precipitous slopes)

4 940

Forest (mostly broad-leaved)

10 090

Towns and other urban areas

12 550

2.2.2.2

Principal crops

Coffee There are some 12 750 ha of arabica coffee in the catchment, almost all of
which is grown above 500 m a.m.s.l. The present distribution of coffee also shows a
marked preference for deep volcanic ash Vitrandepts, presumably because of their
ability to hold water well into the dry season. Most of the crop is grown on large
estates, though there are a considerable number of smallholders who sell their coffee
cherries fresh to the large estates for drying and who each produce less than 20 quintals*
(908 kg) equivalent of dried beans.
Coffee is a good conservation crop. It is closely planted, usually with light shade such as
'Pepeto' (Inga spp) and 'Madre de Cacao' (Gliricidia sepium). The prunings from both
the coffee bushes and the shade trees provide a surface mulch and replanting of defective
bushes is effected yearly, so maintaining a continuous protective cover over the land.
National average yields are fairly low, at about 14.5 quintals/manzana* (930 kg/ha) of
dried bean (DGEC, 1974B). However, many planters are reporting yields of 25-30 qq/mz
(1620-1940 kg/ha) and at these higher yields coffee is clearly the most profitable
permanent crop in the catchment at today's prices (C 300.00/qq* dried bean, July, 1979).
Sugar cane This crop is mostly grown on the sandy alluvial land in the northern part
of the catchment, though considerable areas also occur on the similar flat to rolling
land in the Nejapa region. Formerly, much sugar cane was cultivated on the somewhat
steeper land with sandy ash soils in the upper Las Carlas valley but this is being rapidly
replaced by urban developments.
A t present virtually all the sugar cane in the catchment is grown by large factory
estates using mechanical cultivation techniques but harvested by hand. However, it is
said that when sugar prices are high many small farmers will plant cane for sale to the
nearest factory.
Sugar cane, when established, can be a good conservation crop. It is generally planted
across the slope, has a dense cover and produces large amounts of trash (if not burned)
after harvest and so provides a fair degree of protection to the more moderate slopes
on which it is found.
The deep cultivations necessary prior to replanting every fifth or sixth year can result
in quite severe rill erosion. To counteract this at least one large estate in the Nejapa
region is using a system of 'bordas' (contour bunding with drains) which reduces soil
loss on gently sloping land.
Annual crops Maize or maize/bean combinations are by far the most important crops
in this category, being the staple foods of the campesino and city dweller alike. They
are grown principally by the smaller farmers and subsistence farmers. Despite a decree
*
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1 quintal (qq) = 45.4 kg; 1 manzana (mz) = 0.7 ha; 1 colon (C) = USS 0.40

of April 1975 which states that all sugar cane and cotton farms must have a minimum
of 5% of their land under basic grain crops, the large estates do not grow much maize.
As will be seen from the following description, the basic grain cropping system provides
very little protection to the soil at critical times of the year, and is conducive to
severe soil erosion.
The traditional cropping system of the maize/bean farmer is as follows:
A t the onset of the rainy season in late April or early May, the land is cleared of
any vegetation using first the small hand sickle to chop growth at soil level and
then the drag hoe to cultivate the top 10 cm and remove weed roots. The trash is
heaped into piles or rows and burned. On land of less than about 14° (25%) slope,
the field is then ploughed with a wooden ox-plough to a maximum depth of
15-20 cm and often less, the operations being: a first pass to break up the soil, a
second pass at right angles to the first and, when necessary, a third pass with a
heavy wooden beam to break up clods.
Immediately before sowing in mid May-mid June, when the rains are considered
reliable, the ox-plough is again used, this time to produce furrows 40-50 cm
apart. These furrows are almost always across the hill, though not necessarily on
the contour.
Maize is then sown by hand in every other furrow, sowing two and three grains
per hole alternately at 40-50 cm spacings in the row.
On land with slopes greater than about 14° (25%) or on very small holdings with
no access to an ox-plough, the maize is planted in the following manner. After
cleaning the land as described above, or frequently by just burning-off the land,
the maize is sown with the digging stick, in lines about 1 m apart, again sowing
two then three grains per hole alternately, at intervals of about 50 cm in the row.
One or two weedings are subsequently effected, at the same time ridging up the
soil to the growing plant, usually with the drag hoe.
A t maturity, in August or early September, the maize is 'doubled', the stem
being broken and bent over below the ear to allow for in-field drying. The cobs
may be harvested as soon as they are dry, or may be left in the field in the
'doubled' condition for several months, so reducing the need for on-farm storage.
A t the time of 'doubling' the maize, semi-determinate beans are sown, t w o or
three seeds on either side of each maize clump. The beans grow up the dry maize
stalks, obviating the need for poles. The beans ripen in October/November. The
entire plants are cut, carried to a convenient piece of flattened land, and threshed
by hand.
The above system is well adapted to the 6-month wet 6-month dry seasonality pattern,
allowing t w o crops t o be taken in a relatively short wet season, the beans making use of
residual soil moisture and ripening in the reliable sunny conditions of the start of the
dry season.
Traditional 'criollo' varieties of white maize are still commonly sown, but these are
being rapidly replaced by hybrid varieties such as CENTA H3 and H5. Improved
varieties of beans seem to be slower in gaining acceptance, there being many hundreds
of local varieties of mainly black or red beans and farmers prefer those varieties that
they known perform well under their local conditions.
Though the CENTA Extension Service recommends for maize 180-260 kg/ha of
N20:P20:K0 at sowing, a high proportion of farmers apply the compound some 8 days
after they see that their maize has germinated. Many farmers, mostly those that buy no
hybrid seed, still apply too little or no compound fertiliser. Though there is a general
under-utilisation of compound fertiliser, sulphate of ammonia is applied at or in excess
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of the recommended rates as a top dressing some 30-35 days after germination. It is
frequently used instead of compound fertiliser at 8 days after germination, because it
is cheaper and gives a fast visual result. Beans sown after maize in August usually
receive no fertiliser.
Pesticides are not traditionally used on either maize or beans, though losses due to pests
and diseases are thought by some extension officers to be the main reasons for low
yields in the catchment. CENTA are having some success in this field with more
enlightened farmers but much remains to be done. Details óf common pests, diseases
and their recommended treatments are given in Appendix B.3.
Yields of both maize and beans in the Acelhuate catchment would appear to be higher
than the national averages. Reported common yields are 20-25 qq/mz (1296-1620 kg/ha)
of criollo maize and 50-60 qq/mz (3240-3888 kg/ha) of hybrid maize against national
averages for the crop year 1977/8 of 14.1 qq/mz (913 kg/ha) and 31.1 qq/mz
(2105 kg/ha) respectively. Full-scale field trials by CENTA have shown the hybrid H3
t o be capable of yielding 80 qq7mz (5184 kg/ha).
Bean yields are far more variable. Commonly reported yields in the catchment are
10-15 qq/mz (648-972 kg/ha). Yields as high as 24 qq/mz (1555 kg/ha) are claimed
against those as low as 6 qq/mz (389 kg/ha).
Though the traditional maize/beans system described above forms the basis of all the
annual crop cultivations in the catchment it is subject t o many variations, some of
which are given below.
The first maize crop may be replaced by a maize/bean combination, in which case the
maize is sown at wider intervals between the rows, the inter-row being planted with
two or more rows of determinate beans sown at two per hole at 20 cm distance in the
row.
Alternatively, the May-sown crop may be a pure stand of bush beans sown in furrows
30-40 cm apart at about 20 cm distance in the row (CENTA recommends 10 cm in
the row).
The second crop may be another planting of maize instead of the beans, or may be one
of cucumbers or squash growing over the dried maize stalks. It is not uncommon to see
mixed second crops of beans and curcubits. Tomatoes are commonly planted as a
second crop. Prior to transplanting, the maize stubble is removed, the land cultivated
and the crop usually grown without supports.
Sorghum is frequently sown as a second crop in the drier parts of the country, but less
commonly in this catchment. It is grown either as a pure stand or inter-cropped with
maize and chiefly used for animal feed, either as grain or green forage.
The basic grain farms in the catchment are small; average arable holdings comprise less
than 4 ha, though typical holdings are of less than 1 ha (see Section 2.2.4). It is
significant that few of these farmers can be considered full-time farmers, almost all
having outside employment during the dry season such as harvesting coffee, cutting
cane, making bricks and roofing tiles, hauling goods with their ox carts, etc. Such jobs
are also performed on a casual basis throughout the year. Many of the larger smallholders, of 5 ha or more, are also traders of crop products or livestock, or are hauliers
with their own lorries. All these activities, whilst being very necessary to allow these
farmers to make their livings on very small holdings, may make them reluctant to
adopt more complicated and time-consuming cultivation systems in order to raise
production.
Tobacco This cash crop is grown over considerable areas in the south-eastern part of
the catchment. It fits well into the local cropping pattern, usually being transplanted
in August/September following a first crop of maize. Much of the tobacco in the
catchment is of the flue-cured type although Burley types are also grown. The latter is
often grown on very small plots, the former in units of 3 or 4 mz, the minimum size
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required for the efficient use of the curing barn. Producers of flue-cured tobacco,
whilst normally free-holders, commonly rent extra land to produce the minimum crop
required for their barns.
Most of this type of tobacco is grown on contract for a tobacco company which
provides a good extension service and ample credit facilities to their producers. The
company's extension service has been very successful in persuading farmers to grow
tobacco in contour rows. Farmers using this system report beneficial effects on both
yields and quality (see Appendix B.2).
Vegetable and flower crops Despite the proximity of the large city markets, there
are no large-scale commercial vegetable or flower producers in the catchment, and
large quantities of both are imported each year, mainly from Guatemala. In 1977 some
45 460 tonnes of vegetables and some C 750 000 Cl F of flowers were imported.
Some specialist vegetable and flower producers cultivate very steep land on the slopes
of San Salvador volcano. Vegetable growers on the river terraces of the Acelhuate,
Tomayate and Las Cahas Rivers produce dry-season vegetables by 'bucket' irrigation
from the rivers.
All these producers operate very small holdings of 0.5 ha or less and the methods of
cultivation are technologically backward. They have little contact with the CENTA
Extension Service, the horticultural section of which concentrates its efforts on the
larger producers with fertile irrigated lands in the Zapotitan Valley. The quality of the
local produce is in general poor compared to that of the Guatemalan imports.
Vegetable crops such as tomatoes, melons, water-melons, cucumbers and squash are
grown as dry-season crops on residual soil moisture by the basic grain farmers. Their
value to the farmers is depressed as each crop tends to ripen and be marketed at the
same time.
Though a relatively small area of intensive horticulture and floriculture could provide
most of the vegetables and flowers at present being imported, considerable scope for
expansion exists (see Appendix B.3).
Fruit There are few commercial fruit orchards in the catchment. Almost every smallholder has, however, a small piece of land close to his house with one or two each of
quite a large variety of fruit trees, the most common being: mango, avocado, papaya,
banana, plantain, orange, lime and zapote. Citrus crops could yield well on the deep
ash soils of much of the catchment, although at today's prices coffee is more profitable.
Avocado, having gone out of favour as a shade tree for coffee, is steadily increasing in
price: CENTA are now conducting trials on the many available varieties in a programme
to promote its cultivation. Imports of fruit in 1977 amounted to some 56 500 t.
Grazing land Pastures and scrub grazing occupy quite a large proportion of the
Acelhuate catchment. They are largely, but by no means exclusively, found on the
reddish clayey Haplustalfs.
The quality of grazing tends to be poor, and at times it is difficult to distinguish
pasture from thicket. There is an abundance of fodder in the wet season that runs
quickly to seed. Little if any grass is conserved as hay or silage, though silage production
is being promoted by CENTA and the BFA. Consequently, in the dry season, stock
inevitably graze off all the cover, leaving the land susceptible to surface erosion at the
onset of the rains before fresh growth can re-establish a cover. This yearly overgrazing
has a detrimental effect on pasture composition in that it is the more resistant, less
palatable, weedy species that are more likely t o survive the dry season.
One contributory reason for the poor state of the pastures is that many of the livestock
owners in the catchment are not producers, but traders who rent the land on a per head
per day basis simply to hold stock prior to subsequent re-sale and are thus not
interested in pasture improvement. It seems likely also that some large holdings having
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land in excess of their immediate requirements prefer to use fairly large blocks of land
as low-intensity livestock enterprises, involving low labour and management inputs,
rather than renting out the land to small subsistence crop farmers.
Comparing Separate Maps 2.6 (land use), 2.5 (soils) and 4.1 (land capability) it can be
seen that much of these poor pastures lie on land that, because of rockiness or thin
soils, would not be easy to cultivate. It has been reported by extension officers that
much of the land now in pasture is that which has lost most of its fertility through
unwise farming in the past.
2.2.2.3

Livestock

The passage of cattle through the catchment on their way to city market makes it
difficult to estimate the numbers actually produced in the catchment. There are some
dairy herds in the catchment, but most are extensively managed beef herds. A number
of small farmers also keep one or two dual purpose beasts.
There are some 6 500 pigs in the catchment, almost all being kept in ones or twos by
small farmers, and several intensive producers of poultry meat and eggs in the study
area. Most small farmers keep 5-10 birds for domestic consumption.
2.2.2.4

Marketing

Most of the small farmers' production that is not required for subsistence is sold at the
farm gate to lorry-owning traders. Basic grains may be sold to the 'Supply Regulation
Institute' (I RA), whose function is to buy, store and sell basic food products in order
to minimise seasonal and annual price variations to both producer and consumer. The
IRA is planned to control some 20% of the basic grains trade by 1982. It is unfortunate
that many subsistence farmers are unable to wait the necessary few weeks to take
advantage of the I RA's guaranteed prices and accept lower prices from traders who pay
immediately.
2.2.2.5

Concluding remarks on agriculture and soil conservation.

The cropping pattern of the Acelhuate catchment, in particular the basic grain
production system, is not well suited to the physical environment. The facts that basic
grains are cultivated on the steeper slopes and that their cultivation systems leave the
land unprotected from the intense storms at the start of the rainy season are the worst
features.
It is perhaps fortunate that the ox-plough is a fairly inefficient implement of cultivation.
It has been observed, particularly on the ash-derived soils, that deep cultivation using
modern equipment has left the land in a condition even more susceptible to erosion.
Whilst the basic grain cropping systems can be seen to be accelerating the degradation
of natural resources in the catchment they are both well suited to the climate and
exceedingly important to the campesino (small farmer) whose main aim is to produce
enough maize and beans to keep his family for the year. So important is this that means
must be found to allow the continued production of maize and beans on all but the
steepest land, whilst reducing the threat of soil erosion.
2.2.3
2.2.3.1

Land use pattern
General

The present land use in the Acelhuate basin is shown in Separate Map 2.6, and the
areas used for various purposes are presented in general in Table 2.8 and in detail in
Table 2.9.
Land use was determined by the interpretation of the most recent air photographs
(1978) of 1:20 000 scale, in which the smallest area that can be mapped is 4 ha. The
interpretation was supplemented by many field checks. This data, initially mapped at
1:20 000 scale, was reduced and simplified by pantograph to 1:50 000 scale for the
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final preparation of Separate Map 2.6, from which the areas of the mapping units were
calculated for presentation in Table 2.9.
TABLE 2.9

Land use in the Acelhuate basin (areas in hectares)

%

Area
Agriculture
pasture
and:
woodland

Annual crops

Cereals
Tobacco

< B 3-4'
(T)

Total

13

610

1

10 130

14

Semi-permanent
crops — total

Sugar cane

<B2)

10 5 6 0

14

Permanent crops

Coffee

(C,)

12 750

17

Citrus

(c 2 )
(c3>
<c4>
<c6)

400

Coconuts
Banana
Other f r u i t
Total
Natural vegetation

1 mproved

<P1>

Natural

(P

2,3»
<P4>

Total
Woodland
Coniferous
Broad-leaved

(D2)
<D 3 )

Total
Total
Total
Urban

Metropolitan
Non-metrop.

(U)
(U)

Total
Miscellaneous

1

10

<1

10

<1

1 080

2

14 250

21

90

<1

Pasture

Scrub

Other uses

9 520

Water
Roads
Unused

(HC
(H)
(M)

10 6 9 0

14

4 940

7

15 720

21

50
10 0 4 0

<1
13

10 090

14

25 8 1 0

35

60 750

83

9 760
1 890

13
3

11 650

16

550
200
150

<1
<1
<1

900

2

Total

12 550

17

Grand total catchment area

73 300

100

Total

* As used in national land use inventory sour ce: POSRA

2.2.3.2

Agriculture

The Acelhuate catchment is predominantly devoted to agriculture, 70% of the basin
being farmed; the chief sectors are annual crops (including sugar — strictly a semipermanent crop), which are distributed over 28% of the total catchment area,
permanent crops occupying 2 1 % , and pastures and thicket some 2 1 % (Table 2.9).
The annual crops which constitute the main form of agricultural land use are widely
varied, especially those grown on the cereal lands which produce mostly maize,
sorghum and beans, either in succession (maize-sorghum) or as intercrops (maize-beans
and maize-beans-sorghum). In general, maize-sorghum and sorghum alone are grown on
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the very low-yielding areas on the middle and upper slopes of Cerro Guazapa, Nejapa,
and on other scattered rocky terrains.
Within the annual crops group are included the many small plots of rice, vegetables (as
multiple cropping), parcels of cassava, tobacco; also the alluvial plains in the north of
the catchment were extensive sugar cane plantations occur. Sugar is the second most
important crop in the basin and its cultivation is generally carried out using high
technological standards.
Permanent crops provide the second source of agricultural activity in the catchment,
and include the extensive coffee plantations which are distributed especially towards
the south, on San Salvador volcano, Cerro San Jacinto and the hills forming the
southern catchment boundary. Coffee is normally managed on big estates with advanced
agronomic practices and high technology. Other permanent crops are citrus (oranges)
in small orchards, occasionally grown as shade for coffee, coconuts, bananas and mixed
fruit orchards. These last are most abundant around villages and towns, and in the
suburban fringe to the north of Soyapango, Delgado, Mejicanos, llopango and the sector
around San Marcos.
Within the rural area, the 'natural' vegetation is composed of improved and unimproved
pasture and matorral; the last are frequently associated with unimproved pasture in
areas with low potential where they illustrate the common practice of long-term bush
follow. This traditional use of rough pasture forms part of a precarious livelihood using
livestock, quite different from that where the areas of improved pasture support true
cattle-rearing enterprise, generally located on level or almost level lands in the region of
the road between Aguilares and Suchitoto.
Also forming a part of the natural vegetation class are the native woodlands, areas of
woody regrowth and planted forest, whether coniferous or broad-leaved. They form
fairly stable green belts on very steeply sloping land alongside streams and deep valleys
and on mountain summits and volcanos.
2.2.3.3

Other uses

The Acelhuate catchment is also under great pressure by other uses, predominantly by
the urban lands which currently total 93% of the other uses and 16% of the total
catchment area. The urbanised area of San Salvador and its surrounding suburbs,
including Nueva San Salvador (AMSS), is rapidly expanding, especially in the north
and north-eastern sectors. It is emphasised that the 'non-metropolitan urban areas' in
Table 2.9 include the towns and chief villages in the basin and not the industries and
agricultural enterprises which proliferate in the north and whose individual areas are
less than 4 ha.
The areas of water (Table 2.9) have been measured from the major perennial water
courses in the basin.
Although the catchment is crossed by an extensive net of roads and lanes of different
degrees of utility, for the purpose of this study it is principally those paved roads
leading out of and interconnecting the urban areas of San Salvador that have been
measured; others included are the chief earth roads that connect main rural centres.
Lastly, the barren lands of the catchment have been grouped together; these comprise
areas of rocks (outcropping geological material), lavas, sandy riverine deposits and
other areas with no defined use.
2.2.4

Land tenure

The following passages are largely based on the work of Preston, to which reference
should be made for details (Appendix A.2). The 1971 Agricultural Census (DGEC,
1974B) is a rich source of information on land tenure. However, detailed data on the
size of holdings is not included at municipality level, so San Salvador Department
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figures were used to prepare Table 2.10 showing the number of holdings and the area
farmed by classes of size of holdings. As San Salvador Department and the Acelhuate
basin overlap in some 65% of their areas, the information for the Department should
be quite close to that for the basin (Text Map 2.7). Fortunately, the Census Data did
allow the number of holdings and their tenancy to be estimated for the Acelhuate
basin itself, see Table 2.11.
TABLE 2.10

Number of farms and area farmed by size of holding, San Salvador Department, 1970

Farm size ha

Number of farms

Percentage of
farms owned

Area worked ha

0-0.49
0.5-0.99
1.0-1.99
2.0-4.99
5.0-9.99
10.0-19.99
20.0-49.99
50.0-99.99
100.0 +

4812
3476
2553
1898
619
269
162
81
67

42
43
54
71
78
87
88
89
87

1345
2436
3457
5737
4271
3693
4925
5693
19721

13937

52

51270

Total

Source: DGEC, 1974B, Vol II

In 1971 there were about 11 000 holdings in the Acelhuate basin, most of which were
very small with an average size of only 3.9 ha. This average masks notable differences
in holding sizes (Separate Map 2.8). In San Salvador Department, 60% of farms were
less than 1 ha in size and 90% under 5 ha, but only 7% of agricultural land was worked
in farms of 5 ha or less. A t the other extreme, 66% of land was held by 4% of farms
whose size exceeded 10 ha and a mere 67 farms of 100 ha or more contained 38% of
the land. In addition, while the large farms were owned, the smaller units were
frequently rented or in 'colonato' (see below).
In general, the larger holdings were used for coffee, sugar cane, and livestock rearing,
whilst grain production dominated the smallholder lands.
There are three main kinds of tenancy in the Acelhuate basin; ownership, rental, and
'colonato' (see Table 2.11). Overall, owned farms in 1971 made up 49% of holdings in
the Acelhuate basin, but covered no less than 78% of the farm land. Some of these
farms were operated by administrators in the owners's absence.
About 39% of all holdings in the basin in 1971 were wholly or partly rented and 20%
of agricultural land was so held. Rents are usually arranged by verbal agreement
between landowner and tenant for one year. Payment is in cash. Typically, landowners
allocate different plots to their tenants each year, such that tenant farmers rarely
cultivate the same land for more than a year or two in succession.
In the 'colonato' system the 'colono' receives a house and small parcel of land in part
payment for his labour on the estate. The plots so awarded are seldom large enough to
grow food sufficient for family needs. The colono is essentially a tied labourer with
some job security. The colonato system affected just 254 ha and 614 holdings in 1971,
most of these being in Soyapango, Apopa, Nejapa and Aguilares. According t o the
agricultural censuses, the system is declining, farm owners preferring either to let their
land or to employ wage labour on their estates.
Within the basin there are marked differences between different areas. In the south,
which is mainly the suburbs of San Salvador, nearly two-thirds of the farms are held in
ownership covering 86% of the land. However, these holdings are typically very small,
with just a few large coffee estates on the higher lands.
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TABLE 2.11

Different types of tenancy in the Acelhuate basin, by regions, 1970
Regions*

Geographical area

Total
Norte

Central

Sur
No.

Total area, ha
Rural area, ha

68545
42544

-

18291
9938

Number of holdings

10707

100

3771

100

4155

100

2781

100

Owned
Rentedt
In 'colonato'
Other forms

5242
4332
614
519

49
40
6
5

2420
694
356
301

64
18
9
8

1982
1858
158
157

48
45
4
4

840
1780
100
61

30
64
4
2

Area in holdings, ha

42544

100

9938

100

15949

100

16657

100

Owned
Rented
In 'colonato'
Other forms

32995
7553
254
1742

78
18
1
4

8561
714
141
522

86
7
1
5

12714
2755
48
132

81
17

11720
4084
65
788

70
25

*

%

%

%

%

No.

No.

No.

20404
16657

28809
15949

3

5

Sur = Antiguo Cuscatlan, San Salvador, Mejicanos, Soyapango, Delgado, Cuscatancingo, Ayutuxtepeque, llopango,
San Marcos Municipalities. All of these have 50% urban population or more
Central = Tonacatepeque, Apopa, Nejapa, Guayabal, Oratorio Municipalities
Norte = Aguilares, Guazapa, Suchitoto Municipalities

Not all municipalities are included as some have very small parts within the basin. The regions were defined by
nearest-neighbour analysis, using the following criteria: percentage of rural population; rural population density;
percentage of land in coffee, cane and maize-sorghum; average size of holding; and percentage of farms rented
All figures obtained by multiplying the figures for each municipality by the proportion of its area lying within the
basin, and summing for each region
t

Includes all kinds of rented holdings, either part- or wholly rented, plus rent with promise of sale, etc

Source: DGEC, 1974B

In the central region, holdings are almost equally divided between owned and rented
properties. Nevertheless, 8 1 % of the area is owned and only 17% is rented. The average
size of rented plots is less than 1.5 ha while the equivalent figure for owned holdings
is over 6 ha. The number of owned farms is boosted by the existence of owned smallholdings in Guayabal, Oratorio, and Tonacatepeque municipalities.
In the north, the relatively few farms that are owned cover 70% of the area, with an
average size of 13 ha. This includes large sugar cane and cattle-grazing estates. The
inferior land is rented out in small plots of about 2 ha each.
Apart from the decline of the colonato system there have been few changes in land
tenure in the last 20 years. Some land has been sold to peasants, but usually small
plots on marginal land are offered for housing rather than agriculture. Because of
mounting population pressure, land for rent is becoming more difficult to find, so
that tenant-farmer insecurity is exacerbated by the knowledge that the landowner can
choose amongst applicants for rentals.
Despite the small size of plots in the basin, most holdings are in one parcel. In 1971
the Census revealed that only 570 out of 13 937 holdings in San Salvador Department
were divided into three or more parcels.
Two main laws affect land tenure. Firstly, the Land Rental Law (1975, revised 1979)
seeks to regulate tenancy agreement between landowner and farmer. It provides for
contracts to be drawn up on a form available from MAG local offices for rentals of
3 ha or less, or by a notary for larger areas. The owner is responsible for preparing the
contract. Normally, the minimum period of the lease is 3 years. Sub-letting is not
permitted, and the tenant has preferential right to purchase if the owner puts the land
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MAPA 2.7 Unidades politico-administrativas
TEXT MAP 2.7 Administrative areas

LRS 30/ELS/DW/7 Ministerio de Agricultura y Ganaderia

Prepared by Land Resources Development Centre 1980.

up for sale. Unused land has to be offered for rent, otherwise the owner faces a fine
and if unused for 4 years it may be expropriated. Rents must not exceed the legal
maximum and share-cropping is prohibited. Under the new law a tenant may only be
evicted after the 3 year contract if the landlord intends to cultivate the land 'rationally'
himself. Rental contracts may stipulate conservation practices to be .followed by the
tenant, who in turn can request a lower rent if the land area is reduced by extraneous
circumstances. The tenant is also entitled to be reimbursed for any improvements
made. The 1979 revision also seeks to facilitate registration of contracts.
The second law affecting land tenure is that which established the Salvadorean Institute
for Agrarian Transformation f/STA) through decrees in 1975 and 1976. Basically, ISTA
is a land transaction agency. In 1975 it was empowered to buy properties and expropriate estates over a certain size, paying compensation in installments. The 1976 revision
severely limited the power of expropriation to those lands not fulfilling their 'social
functions', and increased the categories of land exempt from expropriation. Having
acquired land ISTA is responsible for sub-dividing it into lots sufficiently large to
maintain a family, allow savings, and to repay the cost of the land. ISTA is also charged
with approving commercial land sub-divisions using the same criterion.
The land rental law appears well designed and conceived to favour the small tenant
farmer without prejudice to the landlord. Nevertheless, landowners are sensitive
towards any change whatsoever in land tenure so that, according to extensionists
and farmers in the Acelhuate basin, the law has had little effect to this date. It is
hoped that the initial landlord suspicion will be replaced by a better understanding.
Under the ISTA law two estates have been acquired and sub-divided in the Acelhuate
basin, including the San José Arrazola estate at Las Flores where POSRA has established
demonstration soil conservation works, and two more may be purchased in the near
future.
Land tenure in the Acelhuate basin can be summarised as follows. A great deal of
land is owned and used by a few farmers, while the majority of farmers have very
small plots. These minifundia are frequently rented under annual leases so that there
is little security of tenure. While renting affects many farmers, relatively little land is
rented. There is hope that tenants may be given much greater security of lease in the
future, but major changes in the basin's tenure are unlikely in the short term.
2.2.5

Social conditions

This section aims to describe briefly social conditions in the Acelhuate basin, mainly
as background information providing a frame of reference for later comments on the
prejudicial effects of erosion and pollution. In addition to the references cited, more
information can be found in Appendix A.3. Reference is made frequently to San
Salvador Department because data is more readily available for this area than for the
Acelhuate basin, which it overlaps in large part.
2.2.5.1

Employment and occupation

The 1971 Population Census (DGEC, 1974A) records 263 000 persons over the age
of 10 in San Salvador Department as being economically active, of whom 28 000 (11%)
were unemployed (see Table 2.12).
In San Salvador Department urban employment predominates, with 24% of the labour
force working in industry and commerce, and a further 64% in the gamut of townbased services, including those in governmenttservice in the capital. Overall, only 12%
of the work force are employed in agriculture, although this last activity is by far the
major employer in the rest of the country.
In the rural areas employment is seasonal. Apart from the employment offered in the
sowing and harvesting of basic grains, which affects the majority of the farming
community, both smallholders and landless labourers migrate each year to assist in
coffee harvesting and sugar cane cutting between November and February. These
harvests, plus that of cotton in the coastal lowlands, also attract some urban dwellers.
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especially the poorest groups who suffer the highest rates of unemployment. Rural
unemployment is most acute in March and April, the 2 months of least activity for the
basic grains or export crops.
TABLE 2.12

Employment and occupation in San Salvador Department, 1971

Item
Economically active
Unemployed '
Employed

Total

%

Urban

Rural

262 873

100

2 1 0 829

52 0 4 4

28 139

11

22 015

6 120

234 734

89

188 8 1 4

45 920

31989

12

Occupation*
Agriculture
forestry, fishing
Mines and quarries

246

Manufacturing industry
Electricity, gas, water

47 846

18

1 591

Construction

14 9 0 2

6

Commerce

4 0 958

16

8 226

3

Transport, warehouses,
communications

10 299

4

Social services

88 346

34

Others

18 470

7

Finance and insurance

* Includes unemployed persons with experience in the occupations listed
Source: DGEC, 1974A

Employment statistics do not differentiate between farmers and landless labourers. In
the 1971 Agricultural Census (DGEC, 1974B), there were some 5 770 semi-permanently
hired people, both men and women, who worked at least 6 months in the year; 5 620
of these were men aged 15 to 64. Landless labourers represent an estimated 10% of the
rural workforce. The dependency ratio, that is the number of economically active
persons over 10 years of age compared t o the total population, was 30% in rural areas
in 1971, so that the population dependent on agricultural wage labour can be estimated
as 19 230, or about 3 500 families. In fact, there were probably more as the Census
would not have counted those labourers unfortunate enough not t o work for more
than 6 months. That landless labourers are an important element of the rural workforce
is confirmed by Census data which show 32 000 persons employed in agriculture, but
less than 11 000 farm units. Clearly a part of the 32 000 do not have access to the land.
2.2.5.2

Income

distribution

No data were readily available on recent earnings, but PREALC (1977) surveyed
income distribution in 1974 in the San Salvador Metropolitan Area (AMSS). They
found a highly unequal distribution, in which the poorest 34% of the population
received 7% of income, whilst the richest 15% took 59%.
2.2.5.3

Education

Although the 1971 Census reported that 44% of the national population of age 7 or
more years were illiterate, in San Salvador Department the equivalent figure was just
20%. In urban San Salvador the figure was even lower at 14%, while in rural areas it
rose to 41%. Thus illiteracy, whilst comparatively rare in the town, is still common in
the countryside, a fact which reflects the better provision of schools in the city.
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2.2.5.4

Health

Reliable and representative data are hard to find at regional level. In general, the health
of the city's marginal population living in slums and shacks is deficient as is that of the
rural population. Whilst there are no important epidemic diseases affecting the area,
with the exception of dengue fever, and mortaility rates are not high, considerable
morbidity occurs from illness of the digestive tract and lungs. These are aggravated by
a shortage of drinking water, insanitary living conditions, poor housing, and inadequate
diets. Malnutrition is reported (PREALC, 1977) as frequent amongst children under
five, which weakens their resistance to disease and impairs their future mental and
physical growth. Nutritional deficiency apparently occurs less amongst the urban
dwellers of San Salvador, but is still highly unsatisfactory. Further details of health in
relation to water pollution are given in Appendix A.3.2.
2.2.5.5

Housing

The 1971 Housing Census (DGEC, 1974C) gives the number of houses in San Salvador
Department as 143 770, most being independent houses, with an average occupancy of
5.2 persons per unit. However, 71 310 have just one room, and a further 18 090 have
only one bedroom: overcrowding is thus chronic. Much of the older housing is of poor
quality. In 1978 in the AMSS there were 67 840 families living in 'mesones' — communal
dwelling houses with shared water and other facilities; another 15 110 were accomodated
in the shacks of the squatter settlements in the city valleys (FSDVM, 1978). Rural
dwellings are rarely more substantial than small cottages of two or three rooms with
earth floors, adobe walls and thatch or earth-tile roofs.
Piped water was served to 115 430 dwellings in 1971 in San Salvador Department, but
this includes 30 510 shared taps. Electricity is supplied to 103 350 houses. Radios were
found in 97 180 homes, and television in 40 990. The latter luxury was mainly confined
to the towns.
2.2.5.6

Organisation

The main social unit is the family, frequently an extended family which shares housing,
work tasks, and income. However, families in rural areas and amongst the poorer urban
strata are sometimes disrupted by the departure of the husband, so that families form
around mothers. Beyond the family, social bonds are weak, although godparentship is a
way of incorporating trusted friends into the extended family circle. There are few
communal organisations for production or for communal welfare, such functions
belonging almost entirely to private enterprise and the State. While there are at least
192 cooperatives in the Acelhuate basin, most of these are for savings and loans and
transport, and are usually found in the city. There are only four agricultural production
cooperatives in the study area.
2.2.6

Industry

The project area contains the country's capital city which includes the largest industrial
concentration in Central America (outside Mexico). This is a major cause of river
pollution, and the reason for including a brief description of manufacturing industry.
Table 2.13 presents some salient data on manufacturing industry in El Salvador and in
San Salvador Department (SSD) for 1961 and 1971. (As described in Section 2.2.5, the
area of the SSD coincides quite well with the Acelhuate basin.) Moreover, the vast
majority of the SSD factories lie in the San Salvador Metropolitan Area (AMSS) which
is part of the catchment.
The country's main industries are foodstuffs, textiles and clothing, which together
employed 63% of workers in manufacturing industry in 1971. A wide range of other
activities includes cabinet-making, printing, paper manufacturing, chemicals and
pharmaceutical production, metal-working, and machinery.
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TABLE 2.13

Industrial establishment, employment, and net output, 1961 and 1971

Item

National

San Salvador
Department
(SSD)

SSD as
%of
national

All industries
No. of industries: 1961
1971
Annual increase, %

18 699
21 2 9 2
+ 1.3

4 431
5 775
+ 2.7

24
27

No. of employed: 1961
1971
Annual increase, %

86 425
89 637
+ 0.4

25 687
4 2 907
+ 5.3

30
48

Net output, C millions: 1961
1971
Annual increase, %

259.4
417.5
+ 4.9

121.6
274.1
+ 8.5

47
66

2 660
54 725
366.1

867
33 115
257.6

33
61
70

No. of industries: 1961
1971
Annual increase, %

163
192
+ 1.7

71
139
+ 6.9

44
72

No. of employees: 1961
1971
Annual increase, %

2 2 337
29 668
+ 2.9

8 751
22 860
+ 10.1

39
77

Net output, C millions: 1961
1971
Annual increase, %

147.4
288.9
+ 7.0

71.2
206.9
+ 11.3

48
72

More than four employees
No. of industries, 1971
No. of employees, 1971
Net output, C millions, 1971
More than 4 9 employees

Source: DGEC, 1966 and 1977

Salvadorean industry is concentrated in the SSD. In 1971 it contained one quarter of
the country's industrial plants, almost half the industrial workforce, and produced
nearly two-thirds of the net output.* The SSD also has the widest range of manufacturing, most of the more specialised factories being found there.
According t o a DUA survey of San Salvador's industry carried out in 1971 (Wallace
Evans & Partners, 1974), 63 plants used 'wet' processes likely t o produce polluting
trade effluents. The worst river polluters were subsequently found t o be soft drinks
factories, coffee processing plants, tanneries, distilleries, soap factories, and sugar mills
(see Section 3.4.3).
Outside the city and the AMSS there are very few industries in the Acelhuate basin,
the remainder being coffee processing factories, sugar mills, a textile plant, a distillery,
and a sugar refinery (see Section 3.4.3). Unfortunately, all use 'wet' processes and
discharge contaminating effluents into the basin's watercourses.
Many of the establishments recorded by the 1971 Census of Manufacturing Industry
were very small, such that while there were 5 775 industrial plants in the SSD in
1971, only 867 employed more than four persons, and just 139 employed more than
49 workers. When only the largest-scale industry is considered, the concentration of
Salvadorean manufacturing in the SSD becomes even more marked. In this case more
than three-quarters of the nation's industrial labour worked in the SSD in 1971.
The 1961-71 intercensal period sawa healthy increase in national industrial production,
with national net output rising by 4.9%/yr on average. However, employment expanded
much less rapidly, so that only 3 200 extra jobs were created in the decade. In the SSD,
on the other hand, industrial growth was much greater, net output increasing by
*
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The difference between the value of outputs sold and the value of inputs purchased. Loosely speaking, it is
synonymous with 'value-added'

8.5%/yr, and industrial employment rose by 5.3%/yr. Indeed, in the rest of the country
net output barely rose at all, and the number of workers employed actually declined.
The trend shows industry becoming ever more concentrated in the capital and its
environs in the Acelhuate basin.
If only factories with more than 49 employees are considered, national industrial
growth between 1961 and 1971 was more impressive, and the dominance of the SSD
was even stronger. Indeed the absolute decline in industrial employment in the rest of
El Salvador was such that over 6 000 jobs were lost in large-scale industry in the rest of
the country between 1961 and 1971. New large factories have been opened along the
city's eastern axis, along the Panamerican highway. The establishment of the San
Bartolo Free Zone near llopango airport, has reinforced this tendency.
In conclusion, San Salvador and its metropolitan area contains much of the country's
industry, especially large-scale industry, and has the widest range of activities. Recent
trends show a dynamic growth of manufacturing in the AMSS, which may be partly to
the detriment of industry in the rest of the country.

2.3
2.3.1

INSTITUTIONAL FRAMEWORK
General

This section briefly describes the various organisations which are interested in and
whose actions most affect environmental quality in the Acelhuate basin. The majority
of these are government agencies (see Table 2.14). They are described below in two
groups, differentiated by their degree of interest: a final section deals with some
involved non-governmental organisations.
2.3.2

Government organisations with overall responsibility for environmental matters

The Five-Year Plan 1978-83 contains 51 strategic programmes. Two are closely linked
to POSRA's interests: Programme 8, 'Conservation and best use of renewable natural
resources'; and Programme 9, 'Integral use of water resources'. Both are controlled by
executive committees made up of high-level representatives of various government
bodies. In both cases the institution responsible for carrying out the programme is the
Ministry of Agriculture and Livestock (MAG).
There also exists another inter-institutional commission charged with controlling the
use and development of resources in the First Soil Protection Zone, established in the
Metropolitan Zone of San Salvador by Decree 22 (see Section 4.2) to protect aquifer
recharge areas.
The Ministry of Planning and Coordination of Economic and Social Development
(MIPLAN) oversees and approves the planning of other Ministries' investment projects
and strategic programmes described in the 1978-83 Five Year Plan. It coordinates
the actions of the projects of different Ministries and checks and approves their annual
budgets. All programmes recommended for POSRA Phase 2 would need MIPLAN
approval (see Part 5).
The Ministry of Finance controls all public administration funds, monitors the cost of
normal (non-project) programmes and of investment projects, approves annual operating
budgets, disburses funds and checks and controls public expenditure.
2.3.3
basin

Government organisations most concerned with the environment in the Acelhuate

Ministry of Agriculture and Livestock (MAG)
millions.
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The Ministry's 1979 budget was C 99.6

T A B L E 2.14

Government Departments interested in environmental quality control and their relationships

Presidencia de la Republica
Ministerio de Planificación y Coordination del Desarrollo Economico y Social ( M I P L A N )
Ministerio de Hacienda
Dirección General del Presupuesto
Ministerio de Agriculture y Ganaderia (MAG)
' D i r e c c i ó n General de Recursos Naturales Renovables ( D G R N R )
"Banco de Fomento Agropecuario (BFA)
*Centro Nacional de Tecnologïa Agropecuaria (CENTA)
Dirección General de Riego y Drenaje
Direccion General de Economia Agropecuaria
Escuela Nacional de Agricultura (ENA)
Instituto Salvadoreno de Transformación Agraria (ISTA)
Ministerio de Economia
' D i r e c c i ó n General de Aeronautica Civil (DGAC)
' C o m i s i ó n Ejecutiva Hidroelectrica del Rio Lempa (CEL)
Direction de Desarrollo y Control Industrial
Ferrocarriles Nacionales de El Salvador ( F E N A D E S A L )
Instituto Salvadoreno de Turismo (ISTU)
Ministerio de Obres Publicas (MOP)
'Subsecretariä de Vivienda de Desarollo Urbano
' D i r e c c i ó n General de Urbanismo y Arquitectura ( D U A )
' A d m i n i s t r a c i ó n Nacional de Acueductos y Alcantarillados ( A N D A )
Direccion de Planificación
Dirección General de Caminos (CAMINOS)
Instituto Geografico Nacional (IGN)
Centro de Investigaciones Geotecnicas
Instituto de Vivienda Urbana ( I V U )
Ministerio de Salud Publica y Asistencia Social
' D i r e c c i ó n General de Salud
Ministerio del Interior
Dirección de Desarrollo de la Comunidad (DIDECO)
Of icina de Pequenas Ob ras de Riego (OPOR)
*

Indicates the principal agencies concerned w i t h environmental action in the Acelhuate basin.

The Directorate of Renewable Natural Resources (DGRNR) is the chief government
agency concerned with the environment, and had a 1979 budget of C 14.5 millions. It
contains five principal services: Soil Conservation and Catchment Management;
Forestry; Fisheries; Meteorology; and Hydrology. Its detailed organisation and staffing
appear in Table 2.15.
Of prime importance to the 'POSRA' project is the Soil Conservation Service with a
budget of C 1.6 millions in 1979. It has well trained personnel, but to execute a more
ambitious programme of conservation, extension and implementation it would need
more agronomists. The Service also lacks qualified engineers to design river control
works and supervise their execution.
Currently, expertise in this field is concentrated in DGRD, A N D A and DUA (see
below).
The DGRNR is also responsible for the control of river water quality as it affects
possible water use, as well as for the satisfactory control of water erosion (see Section
2.3.6). However the Ministry of Public Health and Social Assistance (MSPAS) is
charged with attending to the health risks of water pollution (Section 2.3.3.4). In
general, even public servants are not aware of the division of responsibilities between
the various entities.
The Hydrological Service functions essential ly as a monitoring agency, but needs more well
qualified hydrologists t o cover effectively the investigations essential to provide data for
programmes such as POSRA. Laboratory staffing and equipment also need strengthening
to cope with a desirable increase in the number and range of water quality analyses.
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TABLE 2.15

Organisation and staffing of General Directorate of Renewable Natural Resources (DGRNR)

DIRECTORATE

Director
Deputy Director

SERVICE FOR MANAGEMENT OF
HYDROGRAPHIC CATCHMENTS
AND SOIL CONSERVATION
Graduate agriculturalists (16)
Surveyors
(8)
Agriculturalists (non grad.) (5)
••

HYDROLOGICAL
SERVICE
Graduate civil eng's
Graduate\biochemist
GraduatejChérpjst
GeologistChemist (non,grad.)

METEOROLOGICAL
SERVICE
(2)
(1)
(1)
(1)
(2)

Dr. in ag. science
Graduate agriculturalists
Agriculturalists (non grad.)
Grad. engineer

FISH RESOURCES
SERVICE
(1)
(2)
(3)
(1)

Biologists (non grad.)
Dr. in economics
Agriculturalists (non grad.)
Surveyors

<»3»

INFORMATION SERVICES

JUDICIAL SERVICES

PLANNING

Graduate engineer
(1)
Biologist (non grad.)
(1)
Mathematician,(non grad.) (1)

Dr. in jurisprudence
and social sciences (2)

Economists (non grad.) (3)

AGRICULTURAL ZONING

POTENTIAL SOIL USE PROGRAMME

Graduate agriculturalists
Graduate engineer
Sociologist (non grad.)
Economist (non grad.)

Graduate agriculturalists
(9)
Master in economic sciences (1)
Agric. economist (non grad.) (1)
Economists (non grad.)
(2)
Administrator
(1)

. '.:. '

(3)
(1)
(3)
(1)

FOREST AND WILDLIFE
SERVICE
(7)
(1)
(4)
(2)

Graduate agriculturalists
(11)
Graduate in industrial studies (1)
Dr. in ecology
(1)
Architect
(1)
Agriculturalists (non grad.) (14)
Graduate in Forestry
(1)
Forester (non grad.)
(1)
Biologists (non grad.)
(7)
Botanist (non grad.)
(1)

The Meteorological Service provides invaluable information for agriculturalists and
hydrologists. Unfortunately, two key meteorological stations of 28 and 46 years
standing formerly operated by the Central American Railways Federation (FICA) have
been allowed to lapse since 1976 (see Section 33.10). Scientifically this is regrettable.
The National Centre for Agricultural Technology (CENTA) is well staffed by specialists
in various fields of research, and is equipped to undertake most investigations. CENTA
also runs the country's agricultural extension service. Although it contains dedicated,
trained staff, numbers are insufficient to attend the needs of more than a minority of
Salvadorean farmers. For example, in the Acelhuate basin, where CENTA has been
working for over 15 years, there are nine agents to serve the catchment's estimated
10 700 farmers. The agents only manage to meet about 130 farmers each year so
CENTA reaches only 11% of the area's farmers directly. Thus the existing extensionists
could hardly be expected to implement the sort of vigorous campaign for soil
conservation contemplated in Phase 2 (see Part 5).
The Agricultural Development Bank (BFA) provides credit for farmers, including lowinterest rate loans to enable smallholders to buy fertilisers, hybrid seeds, and pesticides.
It also administers an infrequently used line of credit for soil conservation works,
originally started to encourage soil conservation works in cotton-growing areas in the
coastal lowlands. The Bank's coverage is generally good. There are branches of the BFA
serving Acelhuate farmers in San Salvador, Aguilares, Suchitoto, and Quezaltepeque,
plus a warehouse in San José Guayabal. The BFA is probably the MAG agency most in
contact with smallholders. In the Acelhuate basin, bank officials, extensionists and
farmers indicate that as much as 50% of farmers have received BFA credits at one time
or other.
2.3.3.2

Ministry of Economy

The Directorate of Civil Aviation (DGAC) requires urgent action in controlling erosion
by the Las Carlas River which threatens to damage the main runway at llopango
airport. POSRA has already been involved in reviewing this problem, and has prepared
preliminary designs for erosion control: some (2 150 000 have already been spent on
unsuccessful attempts at erosion control.
The semi-autonomous Hydroelectric Commission for the River Lempa (CEL), operates
a series of dams on the River Lempa and sells their electrical output to distributing
companies. Two of these dams, the Cerrón Grande and the Cinco de Noviembre, are
located downstream of the Acelhuate-Lempa confluence. Thus CEL has a vested
though passive interest in preventing erosion in the Acelhuate basin to reduce the silt
loads being carried into the dams.
2.3.3.3

Ministry of Public Works (MOP)

In this Ministry, the department of the Subsecretary for Housing and Urban Development
has most participation in environmental control and development, as effected through
its specialist agencies.
The Directorate of Urban Affairs and Architecture (DUA), through its various technical
divisions, plans and coordinates urban development and executes the physical works
which comprise the metropolitan infrastructure. Amongst other charges, it is expected
to supervise public and private construction, design basic infrastructure models, regulate
industrial development, and ensure compliance with laws and regulations. Although the
Directorate has about 40 qualified architects and civil engineers on its staff, almost all
the construction entrusted to DUA (especially urban drainage) has been tendered out
to private companies who alone have the necessary expertise to carry out such works.
DUA's role in this case is mainly supervisory. Its 1979 budget was (2 47.2 million.
The semi-autonomous National Administration of Water Supply and Sewerage (AN DA)
is responsible for the provision of drinking water and the disposal of sewage throughout
the country. With some 30-40 senior technical experts, it carries out engineering works
to extend the water supply and sewage system, which it operates and maintains.
62

Despite the considerable problems A N DA faces in providing San Salvador with water,
it has made steady progress since its foundation in 1961. The Administration is not
responsible for water quality in rivers and discharges untreated sewerage directly into
them despite legal restrictions (Section 2.3.6) prohibiting the discharge of harmful
products into rivers. With a 1979 budget of C 39.9 million A N D A cannot contemplate
investing in expensive sewage treatment plants when the demand for water by the
public rises daily, obliging A N D A to give water supply first priority.
2.3.3.4

Ministry of Public Health and Social Assistance (MSPAS)

Amongst the aims of the Ministry is the improvement of the environment, giving
priority to the supply of drinking water in rural areas, the control of disease vectors,
and the sanitary disposal of residues and wastes. By Law (see Section 2.3.6) it is
responsible for water quality in the rivers as far as it affects health. The Ministry
maintains a laboratory in which to monitor water quality, but is handicapped by a
shortage of funds for adequate transport, staff and equipment.
2.3.4

2.3.4.1

Other Government Agencies concerned with the environment in the River
Acelhuate basin
Ministry of Agriculture and Livestock

(MAG)

In addition to the institutions described in Section 2.3.3.1 this Ministry has other
dependencies which can participate greatly in developments at river catchment level.
The Directorate of Drainage and Irrigation (DGRD) is not currently involved in the
Acelhuate catchment, but could be if the potential for irrigation of the northern
alluvial plains were to be realised. The DGRD is concerned mainly with medium-scale
projects, and community irrigation has recently become the province of OPOR, dealt
with below.
The National School of Agriculture (ENA) is a potential important source of qualified
staff for conservation projects, whose training might well include on-site instruction in
conservation by visits to projects like POSRA.
The Salvadorean Institute for Agrarian Transformation (ISTA) is a semi autonomous
body responsible for acquiring agricultural land for redistribution to smallholders,
landless labourers and cooperatives. Although ISTA has provided useful contacts with
small farmers in the Acelhuate basin, it has affected only a small area of the catchment
to date (see Appendix A.2).
2.3.4.2

Ministry of Economy

Apart from those described in more detail in Section 2.3.3.2, this Ministry contains
entities responsible for the regulation and control of industry, including the location of
new industries — the Directorate of Industrial Development and Control; the National
Railways of El Salvador (FENADESAL) whose lines alongside the Las Cahas river are
threatened by river erosion; and the Salvadorean Tourism Institute (ISTU), who wish to
see rivers, dams and the countryside in general kept clean and otherwise attractive to
visitors. All these dependencies of the Ministry of Economy have the capacity to plan,
fund, and/or implement works t o control or improve the environment in the Acelhuate
catchment, as far as it affects their particular interests. In some areas, however, these
may be incompatible, for example industrial development and tourism.
2.3.4.3

Ministry of Public Works

This Ministry, with a budget of C 240 million in 1979, in addition to the dependencies
which directly influence the environment through development, planning and works,
includes others which intervene in different ways.
The General Directorate of Roads (caminos) designs, builds and maintains urban and
rural roads: that this is done with minimum erosion damage is clearly important.
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The National Geographical Institute (IGN) produces all the cartographic material
necessary for the planning and development of environmental projects — cadastral and
topographic maps as well as airphotography — and supplies basic information. It has
the potential for establishing an environmental monitoring programme through a
5-year cycle of national airphoto coverage.
The Centre of Geotechnical Investigations undertakes geological surveys and stratigraphic studies. It is also responsible for seismological monitoring and mechanical
testing of soils required for public works.
The Urban Housing Institute (IVU) develops housing complexes in large areas of semiurban land, from which soil loss by erosion in the building sites is very high. A t present,
it is not responsible for ensuring that erosion or water run-off from such sites is
controlled, or that exits of drains into rivers are protected.
2.3.4.4

Ministry of the Interior

DIDECO, the Community Development Directorate, is responsible for identifying,
designing and supervising the execution of community work projects. It provides
counterpart public support, including tools and materials, t o community contributions,
usually labour. Typically, DIDECO funds road-building and school and health centre
construction projects. In some cases it distributes World Food Programme (WFP-PMA)
rations to participating workers as an additional incentive. Within DIDECO is the
Office of Small Scale Irrigation Works (OPOR), a recently established unit which aims
to promote community irrigation projects. One scheme lies within the Acelhuate basin.
Neither agency has so far made a major impact on the rural environment, although both
have the potential to make useful contributions to conservation and improvement of
the environment.
2.3.5

Interested non-governmental agencies

There are relatively few of these. A number of international and bilateral aid organisations
are currently operating or have plans for environment-influencing projects in the River
Acelhuate basin. Working within the DGRNR is the Peace Corps, which provides
volunteer conservation extensionists to the 'Zona Norte' at the moment; United
Nations Development Programme (UNDP), which is about to begin a soil conservation
project, also for northern El Salvador, and which has just initiated a national water
development project; and a Canadian International Development Agency (CI DA) team
which is studying the country's inland fishery resources. The Interamerican Development
Bank (IDB), in conjunction with the Livestock Directorate (DGG) of MAG has
commenced a programme to develop leucaena as a supplementary stock feed. This
project coincides well with POSRA's conservation efforts (see Section 3.2.2.3).
The Salvadorean Foundation for Development of Low-cost Housing (FSVM) is an
organisation whose work in many ways parallels that of IVU (see Section 2.3.4.3). It
has no responsibility for controlling erosion on its development areas.
Environmental issues concern, and are affected by, the actions of a variety of official
bodies, not to mention the numerous private interests of the million inhabitants of the
Acelhuate basin. With so many participants, it is not surprising that conflicts of interest
can occur between different agencies and groups. Achieving a coordinated and mutually
acceptable programme of environmental control and improvement could be an extremely
difficult task.
2.3.6

Legal aspects

The existing legislation referring to land tenure has been summarised in Section 2.2.4.
The following outlines those aspects of the legal code which affect most directly soil
conservation and water pollution. Further details appear in Appendix A.2.
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2.3.6.1

The Forestry Law

No law exists which relates solely and specifically to soil conservation. Several articles
of the Forestry Law (Decree 268, 1973) refer to erosion and general environmental
management. Article 4 states that the prevention of soil erosion and the protection of
river basins by reforestation are of public benefit. Articles 61-65 establish fines of
C 25-2 000/ha for contraventions of the law. Article 45 states that MAG will decree
soil protection zones to maintain and regulate the hydrological regime and to protect
the land within catchments.
Under Article 45, priority zones have already been established. Decree 22, 1974,
established a Soil Protection Zone around the city of San Salvador with the aim of
preventing erosion and reducing water shortage and 'the orderly development of the
soil, water, trees and wild fauna'. Work relating to conservation must be authorised by
the DGRNR. Land devoted to coffee, sugar cane, and other permanent crops is not
affected. Permission to build on land in this zone has to be given by a committee
which includes the Forestry Service and SOCHS (DGRNR), DUA, MSPAS, and the
Municipal Authorities. Decree 47, 1974, established a Soil Protection Zone in
Chalatenango Department. Upon request land users must appear before the Forestry
Service to learn what conservation works should be undertaken.
In the 1973-8 period 4 542 infractions of the Forestry Law were registered and fines
imposed.
2.3.6.2

The irrigation and drainage la w

The Irrigation and Drainage Law (Decree 153, 1970) is concerned with the rational use
of soil and water in irrigation and drainage, regulates works needed for ensuring the
stability of river courses, and states the need for adequate management and conservation
of soils in the Irrigation and Drainage Districts to be established (Article 1). Article 2
defines water as a national resource, and charges the Ministry of Economy, MOP,
MSPAS, and MAG with determining priorities for its use. MAG should administer the
law and make any necessary inspections. Water use should be authorised by MAG
(Article 10). Article 41 states that the water quality in a hydrological system may not
be changed. Anyone causing water supply to be interrupted may be fined from C 503 000 or jailed for 30 days (Article 78).
Waters and wastes discharged into natural or artificial watercourses should be treated
to a level fixed by MAG and MSPAS (Article 100). MAG should indicate how to prevent
water pollution, prevent water use which reduces soil fertility, and protect aquatic
flora and fauna (Article 101). No regulations governing the treatment and purification
of water before discharge have been published.
In addition to this Law, the following legal statutes relate to water quality, use, and
control. The 1860 Civil Code maintains that surface and ground-water belong to the
State, and the 1970 Irrigation and Drainage Law reaffirms the right of access t o such
waters by Government employees. Sewage disposal is regulated by the 1930 Health
Code. A 1903 Regulation and the 1909 Criminal Code control the poisoning and
pollution of water and drains. Contamination by pesticide is prohibited by a 1950
Decree.
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Part 3

Part 3
Analysis of the main problems,
solutions and costs
3.1

INTRODUCTION

In Part 3 the problems indicated in the terms of reference are examined. It is shown,
through the Phase 1 investigations, that most of the problems are valid, but their
relative importance in terms of damage to the environment differs widely. Some prob*
lems are essentially physical, and technical solutions are available, ranging from costly
and completely effective answers to those that are relatively cheap and of limited effect.
Other problems are socioeconomic and are less readily resolved, even though the
answers seem plain. The suggested implementation of the favoured solutions is
discussed in Part 5.
The analysis is divided conveniently into three sections dealing specifically with the
three main problem areas of soil erosion, river erosion and sedimentation, and river
pollution.

3.2 SOI L EROSION AND EROSION CONTROL MEASURES ON AGRICULTURAL
AND URBAN LAND
The prevention of loss of valuable topsoil has been a major area of study for this project. There are two clear sources of loss, agricultural and urban land, each of which are
analysed in turn below.
3.2.1

The erosion problems on agricultural land

It can be readily observed that the thick deposits of young volcanic ash (Section 2.1.2)
which cover the southern half of the catchment are of a highly erodible nature.
Associated slopes are commonly steep (Section 2.1.5.4) and rainfall intensities high
(Section 2.1.3.3), both factors increasing the potential for erosion. The basaltic clay
soils of San Jacinto, Nejapa and Guazapa mountains, although less inherently erodible,
are generally shallower and occupy even steeper slopes, thus presenting no less a problem. The forms of accelerated erosion with which this section is most concerned are
splash and sheet erosion (unfortunately rarely visible and often discounted), and rill and
gully erosion (Plate 3.1).
Most of the soil lost originates from the numerous small areas put to annual crops, comprising about 14% (10 130 ha) of the total catchment area (Table 2.9 and Section
2.2.3); these areas are regarded as the target areas for conservation. The sugar cane areas
show much less erosion, the cane offering a fair degree of protection to the flatter lands
on which most is cultivated, provided burning of residues is not practised; however, the
deep cultivation which is practised every 5th or 6th year at replanting is conducive to
soil erosion. Coffee, when closely planted, as is the tendency here, is also a good conservation crop.
A further significant problem, commonly discounted, is that of rural road erosion.
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The system of annual cropping (Section 2.2.2), which leaves the land cultivated and
bare at the onset of the rains and clean-weeded through the first half of the rainy
season, offers little protection from soil erosion. This susceptibility to erosion is
aggravated by the generally low levels of organic matter in topsoil where continuous
cultivation is practised and is worst where farmers are cropping in subsoil. The subsoil
in the volcanic ash areas may be 2-10 m deep. This gives the farmer an illusion of
having an inexhaustible supply of easily worked soil, for once the topsoil is lost, crop
production remains stable at a very low level until the shallowness of the eroded subsoil starts to inhibit root growth.
There are indications that the successful extension efforts by CENTA to increase basic
grain yields, using improved varieties, fertilisers, pesticides and better agronomic
practices, has obscured many yield decreases due to topsoil erosion (See Appendix
A4).
The socioeconomic and tenurial conditions of the basic grain farmer in the catchment
described in Sections 2.2.3, 2.2.4 and 2.2.5 discourage the farmer's investment of time
or money in conservation activities.
As stated above, the sector of the catchment suffering worst agricultural soil erosion is
that of annual cultivation comprising mainly subsistence and basic-grain farmers.
Historically these farmers represent the least successful majority who have been
relegated to the steeper, marginal lands, the larger operators having in general acquired
more valuable flatter lands. The following discussion on soil erosion and its prevention
therefore refers mainly to annual cultivation on steep slopes (in excess of 12%, 7°),
although it is recognised that erosion may also have important consequences in other
situations (Section 3.2.2.4). The precise area requiring conservation awaits further field
investigations.
It has not been possible to assess soil erosion quantitatively in the Acelhuate catchment
owing to the complete lack of soil-loss data for these soils and the great variability of
individual field conditions. However, a number of estimates and measurements were
used and are considered to provide a reasonable working basis:
1.

From field inspections by an experienced consultant (Hudson, Appendix B.4)
an estimate was given of 100 t/ha/yr for the average soil loss from the
annually cropped areas of the catchment.

2.

Soil loss measurements in tonnes/hectare/year from Metapan (north-west
El Salvador with similar climatic regime) gave the following results for clay
loams to clays on a 20 m long, 16° (30%) slope plot under traditional cultivation:

1975
137

1976
72

1977
13

The marked reduction in soil loss in 1977 (and possibly that in 1976) is
considered to be due to the use of contour barriers of maize straw — not a
traditional cultivation feature. Extrapolating from the 1975 and 1976 results
for a 60 m long, 15° (27%) slope, which are common features in fields needing protection, gives soil losses of 200 and 100 t/ha/yr respectively.
Unfortunately, these data are not directly applicable to the Acelhuate catchment and the reliability of the information after so few years of recording is
unknown.
3.
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Estimates from field observations and from discussions with local staff
indicate that soil losses from annual cultivations on ash soils on steep slopes
are in the order of 1-2 cm/yr (130-260 t/ha). These admittedly rough observations indicate a soil loss/ha comparable with the above estimates.
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PLANCHA 3.1

PLATE 3.1

Exposed ash subsoils cultivated for maize and beans near Ayutuxtepeque
exhibiting the effects of sheet, rill and gully erosion

PLANCHA 3.2
PLATE 3.2

LRS30/ELS/DW/17

Subsuelos expuestos de ceniza, cultivados para maiz y frijoles cerca
de Ayutuxtepeque, mostrando los efectos de erosion laminar, surcos
natura/es y zanjas hondas

Acéquias de ladera y el cultivo al contorno ä Santa Cruz
(Departamento de Cuscatlän)

Analquito

Hillside ditches and contour cultivation at Santa Cruz Analquito
(Cuscatlän Department)

Prepared by Land Resources Development Centre 1980

4.

Using sedimentation data, an average gross soil loss for the whole basin of
20 t/ha/yr has been obtained (Section 2.1.4). This figure is compatible with
high rates of loss from cultivated land of 80-100 t/ha/yr
The above data have been used in considering and designing the erosion
control measures described below for the Acelhuate catchment.

3.2.2

Possible physical and agronomic conservation methods

3.2.2.1

Physical conservation measures

The ideal conservation system from the technical point of view would be to so reorganise the present land use pattern that cultivation would always be appropriate to the
slope and land conditions, never endangering the soils. This would mean replacing many
of the annual crops on steep land with permanent crops, pasture or forest but to be
realistic, this solution is neither practical nor economically feasible (see Sections 4.2
and 4.3). The peasant farmer will continue to plant his subsistence crops; permanent
crops are not attractive propositions to a farmer with no security of tenure; it is government policy to increase the production of basic grains; and the substitution of
permanent for annual crops could worsen the already bad rural unemployment problem
for much of the crop year.
Compromise solutions must therefore be found that allow for the continued production
of subsistence crops while minimising soil erosion by water. Since subsistence farmers
have so little land it is important that the conservation system should take the minimum
area of land out of cultivation and recognise the scant finances of these farmers. It is
strongly emphasised that the favoured compromise solution is not an endorsement of
steep-slope cultivation, since recommended practice would be to restrict annual crop
cultivation with conservation to slopes of less than 16° (30%) and with very strict conservation measures to not more than 27° (50%). Land above this limit emphatically
should be under the permanent protection of forest or perennial crops.
In considering the possible methods for controlling soil erosion, a pragmatic approach
has been adopted in which ideal, but generally impracticable solutions, are discarded in
favour of those that are less effective but attainable. It is stressed that, while the farmer
should be persuaded to accept the most effective measures that he has the resources for,
the minimum that he should do is to cease burning crop residues and weeds and to
cultivate on the contour: the latter is a fundamental and highly important conservation
practice which if not correctly performed can actually increase erosion.
An analysis is given below of three steepland conservation systems, whose fundamental
aim is to intercept surface runoff water and safely lead the excess to protected watercourses.
The systems utilise to a greater or lesser degree several basic components: contour cultivation, contour barriers, hillside ditches and terraces. While individually these will
undoubtedly reduce soil loss, it is considered that the systems described below are the
most efficient combinations.
Bench terracing This without doubt is the most effective means of preventing accelerated erosion in the arable areas. Bench terraces completely covering a hillside are able to
control erosion satisfactorily on slopes up to about 25° (47%), depending on soil depth.
This method has some serious disadvantages from the practical point of view however:
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1.

The bench terrace is about five times more expensive to construct than the
hillside ditch system described here and it would be difficult to justify these
high costs for the production of low-value subsistence crops

2.

It is difficult to construct, thus requiring a large input of technical supervision

3.

It involves a marked change from existing agricultural practices, and thus
would require a great deal of extension effort to gain farmer acceptance.

For the above reasons, bench terracing is not considered to be a practical policy for
erosion control on maize/bean land in the catchment and is not discussed further,
though it should undoubtedly be used if justified by the economics of a high-value
crop, for example vegetable or flower production.
Hillside ditches combined with live barriers This conservation system is considered to
offer the best compromise between efficiency in controlling erosion, with reasonably
low construction costs and relatively easy farmer acceptance (see Figure 3.1). It is
envisaged that this system will be the basis of most of the works in the catchment, to
be modified where necessary to suit the needs of individual farmers. This type of hillside ditch is a 2 m wide terrace with a 6° (10%) back slope, cut into the hillside at
intervals determined by the slope (Appendix B.2). An example from a demonstration
area at Santa Cruz Analquito is illustrated in Plate 3.2.
The terrace has a 1 in 200 (0.5%) longitudinal gradient to convey runoff water to a
protected main down-drain. This follows closely the design by Sheng (1977) except for
the inclusion of a small canal dug at the base of the cut riser. The purpose of this is to
restrict runoff water to a small part of the terrace, leaving more of it for cultivation,
and to provide a safety factor if the terrace width is less than that specified as is often
the case on shallow soils on steep slopes.
The fill riser should be stabilised with a creeping type of grass while a barrier of tussock
or bunching grass is more efficient in preventing excessive soil being washed down over
the cut riser. If the land between the hillside ditches is to be put to annual crops the
planting of a live barrier is recommended half-way between them.
The favourable features of this system are:
1.

When combined with the appropriate agronomic conservation methods, it can
reduce field erosion to an acceptable level (Section 3.2.2.2)

2.

It allows for the continued cultivation of the staple maize/beans crop

3.

Costs per hectare are moderately low and consist almost entirely of labour
costs (Table 3.1)

4.

The system removes much less land from cultivation than bench terracing.
The live barriers, toe drains and grassed risers have been calculated to occupy
23% of the land on a 25° (47%) slope; the grassed risers of bench terraces on
the same slope would occupy a calculated 36%

5.

The design and survey of such a system is quick and easy

6.

The ditches are simple to construct, not beyond the capabilities of a small
farmer using his own labour and, because of relatively low riser heights,
maintenance is not difficult

7.

As this is a non-continuous treatment, a farmer with limited resources could,
spread the construction over several seasons, constructing as many ditches
per year as his resources allow

8.

The system is flexible and allows for the cultivation of annual or permanent
crops or a combination of the two

9.

The bench part of the hillside ditch is admirably suited for the cultivation of
specialised crops (onions, radishes etc) or for seed-beds for such field crops
as tomatoes, tobacco, cabbages

10.
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The bench provides an easy access route across the hillside. It may be
constructed slightly wider than normal to facilitate transport of fertilisers,
harvested crops, etc by tractor or ox cart

Cultivo en contorno
Contour cultivation

Talud de relleno protegido
con gramas estoloniferas
Fill riser protected with
stoloniferous grasses

Tratamiento sobre una pendiente de 25°(47%)
Example of treatment on 25° (47%) slope

Surcos al contorno
Ridging on contour
Barrera viva (zacate limón, pina o Leucaena)
(lemon grass, pineapple or Leucaena)

25° (47%)

FIGURA 3.1
FIGURE 3.1

LRS 30/ELS/DW/11

Acequia de ladera con barreras vivas
Hillside ditch w i t h live barriers

Prepared by Land Resources Development Centre 1980

11.

The grassed risers and live barriers can provide valuable fodder for livestock.
If livestock are not kept, the grass from the risers can be used for mulch, and
a productive permanent or semi-permanent crop such as a tight double row
of pineapples used for the live barriers.

Rock wall barriers These are recommended on the steep, shallow soils overlying the
basaltic material in the Guazapa and Nejapa mountains where there may be insufficient
soil depth above the rock to excavate hillside ditches. Even where the soil is sufficiently
deep, its clayey, rocky nature would make this an arduous task. The surfeit of rocks
usually found at or near the surface in these areas could be used to construct stone-wall
barriers, at the same time clearing stones from the land. The barriers consist of dry
stone walls built on grades of 1 in 200 (0.5%) across the hillside at the same intervals as
hillside ditches. Each would have a toe drain which conveys runoff water to a main
down drain.
Constructed conservation works such as the hillside ditch or rock wall can only be fully
effective in controlling erosion when combined with appropriate cultivation practices,
the most important of these being contour cultivation of the land between the hillside
ditches. It has been shown that this measure alone can reduce soil loss considerably.
Cultivation should not only be in lines following the contour, but ideally should be in a
ridge and furrow form to present the greatest resistance to water flowing down-hill. The
furrows should be tied at short intervals to prevent large concentrations of water building up in the inevitable low spots.
A less arduous and equally effective system of cultivation — though perhaps requiring
more extension effort t o gain farmer acceptance — would be a herbicide-based
minimum cultivation system as described in Section 3.2.2.2.
3.2.2.2

Agronomic conservation measures

The above treatments are physical measures which help to prevent runoff water from
carrying soil particles downslope. An additional problem is how to prevent splash
erosion, the detachment of soil particles by the impact of raindrops. In this there are
two objectives; first, the soil should be protected from the direct impact of rain, and
second, the organic matter content of the soil should be increased to improve the
cohesivity of the soil particles, and to produce a more stable soil structure.
While an established maize crop offers a fair amount of protection from splash erosion
there is considerable unprotected ground during the first few weeks of growth. Earlyseason cover could be considerably improved by the highly recommended practice of
sowing bush beans in the inter-rows of the maize crop (Appendix B.3). Though not
common this has been observed in the catchment.
Any agronomic measure to increase crop growth, such as fertiliser application, automatically reduces erosion. A healthy vigorous crop provides an earlier and fuller protective canopy. The most vulnerable period is at the start of the crop season at the onset
of the heavy rains. It is not possible to plant the first crop any earlier to present an
established cover in this period, neither is it easy to maintain a protective cover over
the dry season.
The benefit of mulch in protecting the soil at this critical time cannot be overemphasised but it is difficult to obtain sufficient vegetative material for an effective
mulch at the end of the dry season. The use of appropriate grass species as live barriers
could greatly reduce the shortage. Furthermore, material at present burned off the land
before first cultivation could be incorporated in a mulch and the practice of burning
should therefore be discouraged. Even so, there will probably be insufficient material
to cover the ground; in this case mulching should be confined to contour strips between
alternate rows.
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A mulch, if sufficiently deep, suppresses weed growth, thus reducing the necessity for
inter-row cultivation but shallow applications may encourage weeds. In certain instances
mulching could increase the numbers of slugs and other crop pests and countermeasures would be needed.
During the growing season normal cultivations incorporate the mulch material with the
soil. This and the return of all crop residues to the soil will improve the soil structure,
making detatchment of soil particles more difficult. The increase in organic matter will
increase soil fertility by supplying plant nutrients and by adsorbing mineral nutrients
thereby reducing the amount of fertiliser lost by leaching. A more fertile soil means
more vigorous crop growth and permits a higher planting density and thus produces not
only higher yields but greater protective cover and increased amount of crop residues
for future incorporation into the soil.
The present practice of buming-off the land and then planting directly with the digging
stick reduces the soil organic matter content, but has the advantage that most of the
soil is not disturbed. The use of paraquat or diquat instead of fire to kill the vegetation,
would maintain this advantage without destroying organic matter which would remain
as a protective trash on the surface. (Care must be taken in the use and storage of these
chemicals.)
Leucaena leucocephala, a woody legume of the Mimosaceae, will be a most useful
species in building up soil fertility through mulching and incorporating organic matter.
It has the advantage of rapid growth producing large quantities of foliage, and a deep,
almost vertical, rooting system that offers minimum competition to crop plants. A row
of closely spaced leucaena cut back frequently and whose foliage is applied to the land
makes a very valuable live barrier. In Hawaii the equivalent of a year's harvest/hectare is
estimated to exceed 550 kg nitrogen, 220 kg phosphorus and 550 kg potassium in
fertiliser value (Brewbaker, personal communication) using 'Hawaiian Giant' varieties,
one of which, K28, is native to El Salvador (Appendix B.2).
3.2.2.3

Effectiveness of proposed systems

The two favoured conservation systems (for rocky land and for deep soils) are expected
to have an approximately equal effect in reducing soil erosion.
Hudson (Appendix B.4) estimated that the hillside ditch system is capable of reducing
soil loss to about half its present value in the Acelhuate catchment. This has been
substantiated by local application of the 'universal soil loss equation' (Appendix B.2).
A soil loss of this order is still unacceptably high but can be reduced to acceptable levels
if the above system is combined with mulching, contour cultivation with tie ridging,
and vigorous maintenance.
The use of contoured tie-ridging can be expected to reduce by half the soil loss from
the land between the hillside ditches. Of the soil washed down by each storm, as much
as 80% may be retained as sediment in the hillside ditches, thus a further reduction of
20% may be applied assuming that this soil is regularly returned to the cultivated area.
Thus, with an assumed original soil loss of 100 t/ha/yr the soil loss becomes progressively
less with treatment:
100

x50%

x50%

x20%

loss reduction using
hillside ditch
conservation

loss reduction using
contour tie-ridges
conservation

loss reduction when
all trapped soil is
returned

= 5 t/ha/yr

Contour ridging will not be as effective as shown above on slopes much steeper than
15° (27%), where they are difficult to construct well and much less stable. Furthermore,
the calculation describes an ideal case, with the farmer planting all his crops in wellmaintained, mulched contour furrows and diligently returning all silt collected by the
hillside ditches to the field. These ideal conditions are unlikely to occur on the average
subsistence farm.
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However, it can be seen that the hillside ditches alone can reduce soil loss by 50% and
with some help from the extension service as envisaged, an overall reduction of soil loss
of 75% would not seem an over-optimistic target for the peasant farmers.
3.2.2.4

Conservation systems for special cases

It is recognised that the hillside ditch or rock wall systems described above will not be
appropriate for all land in the catchment.
These systems depend on being able to safely discharge excess runoff into a natural
waterway. Some cultivable land, however, lies immediately above very deeply incised
rivers or deep, vertically-sided gul leys (30 m or more deep). The costs of constructing a
structure to drop the collected runoff safely to the watercourse would be prohibitive.
The ideal solution would be to put such land to forest, permanent tree crops or pasture.
If this is not possible and the land is to remain in annual cultivation, the best solution is
to reduce concentrations of water and velocity of runoff by using contoured live barriers
of a thickly bunching grass species, and dead barriers, and mulches of organic matter in
conjunction with tied contour ridges.
Although bench terracing has been ruled out on grounds of cost and complexity for
widescale application in the catchment, this system remains the most effective measure
for controlling soil erosion, and for encouraging a build-up of soil fertility.
Any farmer with the resources and the will t o construct a system of bench terraces
should certainly be given all the necessary technical assistance to do so, though it should
be pointed out that it is unlikely to be an economic proposition for a maize/beans crop
system. Bench terracing will be most suitable for the production of high value crops
such as vegetables and flowers. Yields of these crops can be raised considerably by using
bench terraces, which facilitate intensive management practices, especially where dryseason irrigation is a possibility. Bench terracing could also benefit rainfed rice, retaining
rain water and increasing wet-season yields; residual moisture could be utilised for a
vegetable crop following the rice. If irrigation water is available at reasonable cost,
terracing makes it possible to grow an extra 120-day rice crop from March to May before
the normal wet-season crop.
On the moderately sloping land (less than 7° (12%) slope) of the coastal zone a system
of 'bordas' (contour bunding with main drains) is widely used in cotton plantations.
This system is well suited to the gentler slopes of San Salvador volcano and to the rolling
flattish land on the old alluvial plain in the northern part of the Acelhuate catchment.
Much of this land is farmed as large estates, with sugar cane as the dominant crop, and
coincides to a large degree with Units 13, 21 and 31 on the soil map (Separate Map 2.5).
Field observations indicate that in the southern part of Unit 13 soil depths are
commonly less than 1 metre over coarse gravel or a compact semi-indurated ash subsoil
('tuff'). Thus, though this area is relatively flat and moderately well protected from
erosion by sugar cane, the shallowness of the soils justifies such measures to conserve
this highly productive area.
3.2.2.5

Disposal of runoff

water

The ash-derived soils in the catchment are most susceptible to rill and gully erosion. The
former is common but less permanently damaging than gul leys which involve large and
permanent losses of soil and present serious obstacles to the movement of vehicles and
implements.
The main cause of gullying on agricultural land is the incorrect disposal of runoff water.
For this reason a vital part of any conservation system is the protection of main drains
and natural waterways (see Section 3.3 for methods of natural waterway protection).
Protected artificial drains and waterways can be expensive to construct, particularly
when drop structures are involved. In the recommended design of the protected waterway every attempt has been made to avoid the need for purchasing expensive materials
such as bricks and cement. In fact, this design uses only vegetative materials freely
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available on almost all holdings. This type of drain may involve more man-days of
labour in its maintenance than one protected by masonry, but the small farmer can
more readily find labour than a large capital sum (Appendix B.2.3).
3.2.2.6

Farmer attitudes to conservation

Conservation works and especially conservation farming systems will only work if the
farmer and/or landowner really wants to protect his land. A conservation system
installed on the land of a farmer who is indifferent to its success would be unlikely to
function and would be a poor advertisement to his neighbours.
Thus, before starting any protection works, it is vital that the farmer recognises the
erosion losses on his land, realises that it causes immediate and long-term losses to
himself and the community, and accepts that preventing erosion is a worthwhile aim.
Soil erosion should be considered not just as a waste of one individual's resources, but
as robbery of his country's future well-being.
In order t o 'sell' the idea of soil conservation to farmers and convince them of its
benefits, a vigorous extension campaign should be mounted. This should include direct
farmer contact by extension workers and maximum use of the media (newspapers,
radio) to spread the message as widely as possible.
It is not uncommon to see small farmers constructing bunds or digging ditches in an
attempt to protect their land from erosion by excess runoff, thus demonstrating some
awareness of the problem. Unfortunately these works are seldom effective and sometimes worsen the situation. Imperfect understanding of erosion control techniques also
extends to the large landowner.
To understand how particular conservation measures work, and thus be able to
implement them intelligently, the farmer should be given at least a basic understanding
of the process of soil erosion and its principal causes. Transmitting this information to
a large number of small farmers will not be easy. It is important that, in addition to the
extension workers proposed in Part 5, cooperation is sought from other organisations,
both private and governmental, that have field workers in contact with farmers. The
more people making farmers aware of soil erosion, its consequences, and where to apply
for technical assistance, the better.
3.2.3
3.2.3.1

A comparison of the costs of conservation schemes
Cost of establishing main systems

A summary of the approximate costs of the main conservation systems is presented in
Table 3.1. Detailed costs are given in Appendix A.4.
Labour has been assumed to have the same output in terms of volume of earth moved
per man day. In practice the more complicated nature of bench terrace construction is
likely to result in less earth moved per man day than in the relatively simple-to-construct
hillside ditches. The table shows that, compared with bench terracing, hillside ditching
is less expensive in labour and requires no bought-in materials. Note also the high labour
costs of a rock wall system; this system should only be used when shallow rocky soils do
not permit a cheaper protection system.
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TABLE 3.1

Relative labour requirements and gross costs of establishing soil conservation systems

Labour, man days/ha
Conservation
system

Approx
slope

Costs, <2/ha

Construction

Main
drains

Total

Labour*

Surveying
and
supervision

20
30
40

48
74
100

36
40
43

84
114
143

420
570
715

80
80
80

-

105
105
105

605
755
900

11
17
22

20
30
40

203
218
243

50
61
67

253
279
310

I 265

80

—

105

1 450

II 3 9 5
1 550

80

105

1 580

80

105

1 735

Bench terracing
with masonryprotected main
drains

11
17
22

20
30
40

188
206
213

50
60
70

238
266
283

1 190
1 330
1 415

237
237
237

390
390
390

2917
3 607
4 242

Live barriers**

11
22

20
40

17
20

-

40
43

200
215

23
23

ö

%

Hillside ditches
with vegetatively
protected main
drains

11
17
22

Rock wall barriers
with drains

*
-i
4
'" * *

Materials
for main
drains 4-

1 100
1 650
2 200

-

Other
Costs®

-

Total
costs

200
215

Labour costed at ©5 per man day
Including only purchased materials, bricks, cement etc
Including extension costs, soil treatment for terraces, natural waterway protection, etc
Alone or in combination with hillside ditches

Source: POSRA team, see Appendix B.2.

3.2.3.2*

Cost-benefit analysis o f soil conserva tion sys terns

In Section 3.2.2 it is shown that a soil conservation system using hillside ditches combined with live barriers has several practical advantages over others and is the preferred
system to be introduced in a soil conservation programme for the Acelhuate catchment
for the target area of about 10 000 ha used for annual crops.
In a parallel study, presented in full in Appendix A4, an attempt is made to analyse the
costs and benefits of various erosion control measures, including hillside ditches and live
barriers, as opposed to agricultural improvements such as increased fertiliser application.
The results are summarised here as the economic and social justification for a soil conservation programme in the catchment management plan.
Over the 30 year period considered in the study, it was assumed that there would be no
changes in intensity or technology of cultivation, nor in cropping patterns. Although
somewhat unrealistic, these assumptions allow soil conservation to be analysed in
isolation. Only areas under annual row crops (maize, beans and sorghum) and of 4°
(7%) slope or more were considered, as they suffer the worst overall rates of rural
erosion. Other land — under semi-permanent or permanent crops, such as sugar cane and
coffee, or gently sloping — is either free from serious erosion or can be protected by
simple conservation practices such as contour cultivation or bunding.
The analytical method used relates the costs per hectare of conservation systems
(hillside ditches combined with live barriers, rock walls and bench terraces (see Section
3.2.2)), to the benefits of conservation and the disbenefits of continued erosion in terms
of reduced on-site yields and a contribution to the siltation of the Cerrón Grande
reservoir.

* In Spanish version. Section 5.2.1
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To estimate the various effects of erosion and conservation on different lands in the
basin, a number of technical models were designed, incorporating the two most important factors — slope of the land, and the presence or absence of topsoil. Three main
analyses were made: national cash flow, farmer's cash flow, and social benefit, using
shadow prices for prices of crops, electricity, labour plus a traded-goods premium. These
were subjected to sensitivity analyses to assess the effects of different assumptions and
parameter values.
Agricultural, or on-site benefits/disbenefits, were defined as follows:
1.

The prevention of falling yields which would otherwise result from the loss
of topsoil

2.

An initial rise in yields consequent on implementing the works owing to less
fertiliser being washed out, the use of mulch, increased soil moisture,
improved soil structure, etc

3.

A slow gradual increase in yields as new topsoil develops on protected lands

4.

A further loss of yield as subsoil depth diminishes to the point where root
development is restricted

These were combined in six models representing different slope and soil conditions in
the catchment, and the distinguishing characteristics of each appear in Table 3.1.1. The
effects of these different processes over the 30-year period were estimated in terms of
changes in percentage yields. In the calculation made, yields were regarded as gross
value per hectare, as it was considered that production costs would be little affected by
erosion, given the assumptions made.
Sedimentation, or off-site benefits/disbenefits, were calculated as follows:
1.

Estimating the average annual loss of electricity production consequent on
the complete siltation of the Cerrón Grande dam. It includes not only production from this dam but also that of two downriver dams — Cinco de
Noviembre and San Lorenzo (presently under construction) — which rely on
Cerrón Grande's regulating capacity for their dry-season output

2.

Assuming a linear relation between this production loss and the proportion
silted of the Cerrón Grande dam

3.

Estimating the percentage filling of Cerrón Grande by silt from a hectare of
eroding land under annual crops and, by the steps described above, converting
to lost electricity production. This amount increases cumulatively every year

4.

Calculating the benefit of conservation works as the value of electricity (early
1979 tariffs) which would be lost in the absence of the works.

The costs of conservation are mainly the labour costs of hand-construction of works, but
the costs also include an extension programme to interest farmers in conservation and
encourage their participation, surveying, qualified supervision of construction, and the
farmer's costs in maintaining the works over the 30 years. They were estimated for five
different slopes in accordance with the average slopes of the different models. Shadow
costs were derived by adjusting the cost of labour. In addition to the hillside ditch/live
barrier system recommended, alternative systems of stone walls and bench terraces were
also costed for use in sensitivity tests.
The two classes of benefits were computed by estimating a number of key parameters
and discounting the value of these benefits through time at rates of 5, 10 and 15%, a
range which includes the most commonly accepted values of discount used in project
evaluation. The rate of 10% was regarded as a conservative upper estimate of the social
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opportunity cost of capital in El Salvador. Since some of the technical parameters are
subject to wide margins of error, the analysis was tested for sensitivity t o the chosen
values by substituting less favourable values.*
The exercise shows that, in addition to the practical advantages of the hillside ditch/live
barrier system described in Section 3.2.2, this system has clear economic advantages.
The principal results of the exercise, but not including those of the sensitivity tests,
appear in Table 3.1.1.
TABLE 3.1.1 **

Slope/topsoil models used in cost-benefit analysis, with principal results for soil conservation on
agricultural land over a 30-year period, using the recommended hillside ditch/live barrier system

Model
Item
ai
Topsoil present?
Slope range: %

aii

ß

7

5

CO

Yes
7-16
4-9
4 465

Yes
16-25
9-14
400

Yes
25-38
14-21
210

No
16-25
9-14
1 205

No
25-51
14-27
1 785

No
51-76
27-37
120

National cash flow
N P V , C/ha
B/C-fIRRÓ

925
2.0
>23%

1 530
2.4
>23%

1 775
2.4
3*24%

380
1.4
15%

-5
1.0
10%

90
1.0
11%

Farmer's cash flow
NPV*, C/ha
B/C
IRR

1 075
2.4
>26%

1 635
2.8
>25%

1 810
2.7
>25%

485
1.5
20%

-25
1.0
10%

-160
0.9
9%

Social
NPV, C/ha
B/C
IRR

1 145
2.8
>25%

1 765
3.5
> 6%

2 060
3.6
>27%

675
1.9
22%

430
1.5
16%

730
1.6
14%

o

Estimated area under
annual row crops, ha

* NPV = net present value at 10% discount rate
/- B/C = benefit-cost ratio at 10% discount rate
<b IRR = internal rate of return
Source: POSRA (see Appendix A4 for details)

The most important findings can be summarised as follows:
1.

Soil conservation using the hillside ditches and live barrier system is shown to
be a worthwhile investment in most areas of the catchment, even on slopes so
steep that this system cannot diminish the present soil erosion to an
acceptable level.

2.

A good rate of return could not be provided on these slopes by bench terraces.
The social I RR to bench terraces on the first three models barely exceeds 5%,
and is lower in the case of the other models. However, terraces, unlike some
other works, provide suitable conditions for subsequent, highly valuable,
agricultural improvements, such as irrigation and intensive horticultural techniques, whose benefit, if taken into account, might well justify building
terraces in those cases where these additional measures were contemplated.
Only the gentler slopes could be profitably protected by more costly stone
walls.

* Data from new conservation demonstration plots and conservation work in general, and more reliable data on the
main technical parameters used, would enable this analysis to be strengthened.
" T a b l e 5.1 in the Spanish text.
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3.

There is a big difference in benefits between the gentler slopes (7-38%) with
topsoil and those where crops are grown on subsoil, the former giving very
high returns to conservation. The difference is due to the lower costs of
protecting gentle slopes, and to the high value of preserving topsoil where it
still exists.

4.

In general, there is no great disparity between rates of return in cash flow or
in social terms, because price distortions are minor and because most benefits
occur on the farm. However, the profitability of protecting steeper slopes
denuded of topsoil is notably less for the farmer than for society as a whole

5.

The benefit of avoiding dam siltation is small, except perhaps on the very
steepest slopes of over 50% where soil erosion does generate large volumes of
sediment. With this exception, which applies to relatively small areas, major
expenditure on soil conservation cannot be justified by the prevention of dam
sedimentation.

6.

Pay-back periods on farmer investment in conservation are 5 years or less
where topsoil exists, and 15 years or more for the protection of steep slopes

7.

Conservation of lands covered by the first three slope/topsoil models is still
worthwhile at 10% rate of discount when key parameters are varied. However,
the NPV of the last three models proved highly sensitive to the parameter
values adopted.

In conclusion, the analysis shows the clear public and private desirability of soil
conservation works on most land in the basin, using a hillside ditch/live barrier system
of protection, especially on gentler slopes still covered by topsoil. On economic grounds
alone, these lands should receive priority attention, but given the social returns to the
conservation of all cropped land in the area, the Government should consider widespread
investment in conservation in the Acelhuate basin. Public action is vital because the
seriousness of the problem is not yet apparent to most farmers, although many are
conscious of the problem.
Thus, using strict economic criteria, it would be most efficient to give first priority to
the gently sloping lands which are owned by large farmers, leaving the smallholder lands
for later treatment. However, because the smallholders have so little land and entirely
depend on its quality, they would suffer badly if erosion were allowed to degrade their
soil, leaving it even less responsive to new seeds, fertiliser and more intensive cultivation.
Moreover, the standard of living of small farmers is already low, so that any fall in it
would entail hardship.
For the rural poor, therefore, soil conservation is important, although, as they usually
rent land on annual leases, they have little interest in making long-term improvements.
A substantial improvement of their lot awaits special measures designed to meet their
needs.
Finally, although these comments are applicable to the Acelhuate basin, it is probable
that they apply to many other areas of annually cropped land in El Salvador. The need
for a national effort to conserve farmland is, therefore, strongly indicated.
3.2.4

Erosion and rural roads

Rural roads and farm tracks are a common source of serious erosion. Most are
unpaved and commonly on steep gradients, and erosion from the road area itself is often
considerable.
The cost to the community of this type of erosion is probably greater per unit of soil
loss than for many other types of erosion. Not only are there costs of repairing the
road and the disbenefits of sedimentation, but costs that arise out of poor access, such
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as expensive vehicle maintenance, delays in marketing agricultural produce, increased
costs of agricultural inputs, and other social inconveniences to which it is difficult to
put a price.
The most effective method of avoiding potential problems when building new roads is
to choose as trouble-free a route as possible. The route should avoid the steepest
gradients and wherever possible be positioned so that it intercepts the least amount of
water draining from the surrounding land, i.e. on or close to a crest line. It is essential
to divert the water off the road surface at close intervals by mitre drains and transverse
culverts, or continuously by a cambered surface, so that large concentrations of water
cannot build up.
The safe disposal of this water is vital. Only too often the water ceases to be a concern
of the road builder once it has been taken off the road. Commonly ditch water led
haphazardly into fields causes great damage and may provoke gully formation on
surrounding agricultural land. Disposal of road water requires a system of protected
drains as far as the point where the runoff can be safely discharged into a natural waterway. The cost of this should be borne by those responsible for the construction and
maintenance of the road, not by the unfortunate farmer whose land is affected.
Farm tracks should be planned as part of the overall farm conservation system. In this
way, field and road protection and drainage may be combined, greatly reducing costs.
A key factor in preventing road erosion is effective and timely maintenance. A wheel
rut that conveys water along the middle of a road, preventing it from reaching the drain,
or a blocked culvert are both simple to rectify. Neglecting to do so, however, can easily
cause extensive, expensive-to-repair damage, or even necessitate the re-siting of the road.
A frequently observed but misguided practice is that of stripping the vegetative cover
from roadside drains during cleaning out operations, which can easily lead to excessive
channel erosion. This risk may be reduced by controlled trimming of the vegetation,
rather than by its removal. On the gradients where vegetation alone fails to control
erosive velocities, stepped drains of the type described in Appendix B.2 should be
constructed.
3.2.5

Erosion problems on urban land

Very large amounts of sediment enter the river system from the urban areas, virtually all
originating from construction sites in and around San Salvador.
An examination of air photographs of November-December 1978, revealed 195 construction sites between Apopa and the Balsamo Hills, covering a total area of just over
2 000 ha. The near-future expansion of San Salvador city within this same area means
that the area under construction at any given time in the future is unlikely to be less
than this and, if anything, will increase towards the end of the century as the population
doubles (Section 2.2.1).
Due to scarcity of land in and around the city and its consequent high value, cut-and-fill
operations are adopted by the developers to convert steep slopes to utilisable land
(Plate 3.3). When preparing the areas of land still left near steep-sided valleys, the new
slopes created from the fill material are even steeper than those that existed before.
Furthermore, these new slopes, initially at least, are absolutely free of vegetation and
consist entirely of loose soft ash.
A few of these sites were examined by Hudson (Appendix B.4), who estimated an
average erosion rate from them of 1 000 t/ha. Thus, the present estimated sediment
yield derived from urban erosion amounts to about 2 million t * .

* The lower average of 1 million t was used for the earlier period, 1953-72, in Section 2.1.4.7, Table 2.5. .
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£
PLANCHA 3.3
PLATE 3.3

Actividades de gran escala de corte y terraplen para viviendas urbanas,
San Marcos
Large-scale cut and fill operations for urban housing, San Marcos

.^-,

PLANCHA 3.4
PLATE 3.4

LRS 30/ELS/DW/18

ßarreras de tierra para detener el movimiento superficial de aguas
en iotes para viviendas nuevas, San Marcos
Bunds used to detain run-off on new housing plots, San Marcos

Prepared by Land Resources Development Centre 1980

A major consequence of this soil loss is the siltation of reservoirs. The current estimated
urban erosion rate of 2 million t/yr is more than 20% of the assumed total annual
siltation designed for in the Cerrón Grande reservoir. That reservoir has been designed
to accommodate such sediment yields over a long life (Harza, 1972), and urban erosion
is likely to lessen once the projected metropolitan population saturation is reached, so
the economic consequences of reservoir siltation are not believed to be significant. Nonetheless, simple precautionary measures could substantially reduce the present rate of
urban erosion.
The measures suggested are:
1.

The cut-and-fill operations should be undertaken immediately after the rainy
season. This will enable easy cutting and more effective compaction of the fill
material while the soils contain residual moisture, at the same time reducing
the risk of erosion by water

2.

A suitable vegetative cover (e.g. grass) should be established on the new fill
slopes. If the length of slopes is excessive additional slope protection works
need to be considered, such as terracing and draining excessive runoff

3.

The land drainage system should be installed before the following rainy season.
Part of the area development may necessitate the incorporation of drainage
waters from adjacent land. The consequences of ignoring this can be costly
and all site developments should include a comprehensive drainage scheme

4.

A peripheral low earth bund should be constructed on the upper edge of the
fill areas. This has t o be modified in detail if terraced development is
anticipated (Plate 3.4)

5.

The toes of the new fill slopes should be protected with low retaining walls.

The implication of the above suggestions is that development should be planned so that
land preparation and drainage is completed between October and May and that during
the rainy season a minimum of earth-moving activities are necessary.
It is suggested that, at least for construction sites over 5 ha, the above measures be
made compulsory. The administration of such a programme needs to be incorporated
into the existing planning permission exercise for which DUA is responsible. New laws
may also be necessary t o deal with the offenders.

3.3
3.3.1

RIVER EROSION PROBLEMS AND SOLUTIONS
General

This section describes for each of the several types of river reach, the hydrological
characteristics of the bed, banks and currents, particularly as they relate to erosion
potential. Suggestions and recommendations are made for protection works and rough
cost estimates are given. The problems of urban drainage are analysed and suggestions
made to improve the operations of the Hydrological and Meteorological Services.
Erosion in the water courses takes place in the form of bed and bank erosion; gullying
is viewed here as a special case of bed erosion. Unfortunately, no universally applicable
theory on river erosion has yet been demonstrated, although contributory factors can
be identified.
Bed erosion commences when flow velocity exceeds the capacity of the bed material to
resist erosion (threshold velocity). Although tuff beds in the Acelhuate and Tomayate
tributaries may resist velocities as high as 2.0 m/s, the volcanic ash in the Las Ca?ias
river system is unlikely to have a threshold velocity greater than 0.5 m/s. Further
increases in velocity will also cause bed load movement.
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In addition to the longitudinal or primary velocities, secondary currents in many places
have deleterious effects on near-vertical banks. Small cavities formed at the bank toes
by such secondary currents are gradually enlarged by vortices*. This continues until the
overhanging section of the bank shears off. Tuff beds are prone to cavitation at a slower
rate.
The following sections describe the major river courses and their existing characteristics
in relation t o erosion.
3.3.2

Upper Tomayate and Acelhuate rivers

The Tomayate and Acelhuate tributaries are fed by the Arenal Tutunichapa and Arenal
de Mejicanos, and the Rio Matalapa and Arenal de Monserrat respectively. These watercourses receive headwater runoff from the high steep slopes of San Salvador Volcano
and run through the city of San Salvador. Arenal Tutunichapa and Arenal de Monserrat
were studied during Phase 1 (Text Map 3.1).
Although the natural gradient of these two tributaries exceeds 2% in their lower reaches,
the series of some 20 drop structures built in them has reduced bed erosion to acceptable
levels (Text Map 3.1). Many of these structures are incorporated into road bridges and
hence provide stable foundations for bridges. Furthermore, they act as aeration weirs for
the urban sewage.
The design criteria of the drop structures could not be determined, in spite of extensive
searches, but the majority consist simply of a masonry drop wall 2-5 m high and up to
10 m wide; wing walls, abutment walls and stilling basins have not been incorporated
into their design. The deep foundations of several, together with the check made by the
next-downstream structure, seem t o have controlled the extension of scour pools further
downstream; some of these, though more than 25 years old, show little damage. Many
others show damage caused by flanking flows due to lack of abutment walls.
In the upper reaches of these watercourses, outcropping lava beds form natural drops,
some exceeding 10 m height. Although these falls are durable, minor and relatively
inexpensive improvements, such as raising the drop face, downstream bank protection
and river training using groynes, would considerably increase their effectiveness. In some
reaches volcanic boulders in the bed offer high resistance to erosive velocities.
The banks are generally stable, many being lined with masonry walls built to a high
standard, especially in the vicinity of public highways and buildings, privately-owned
factories and prosperous residential colonies. In noticeable contrast are the reaches
inhabited by squatter colonies, where flimsy shacks crowd the steep banks down to
flood level. The absence of bank protection causes a threat to the tenements and their
occupants each rainy season.
In the Rio Tutunichapa, DUA has undertaken a canalisation programme to reclaim
valuable urban land near the Central Government Area. Canalisation is achieved using
concrete conduits. Such works control river erosion, although at very high cost.
In general, therefore, these two upper watercourses are protected from bed and bank
erosion. Those reaches which do not have controls should be given priority treatment,
being in the fully developed urban zone where the consequences of damage would be
serious and costly. Such additional works required are depicted in Text Map 3.1 and
include stream bed control only in the squatter colony areas.

* Formed at small expansions due to flow separation
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3.3.3

Middle Tomayate and Acelhuate rivers

These streams flow northwards from the city outskirts in deeply incised channels
following two parallel fault lines as far as their confluence near Apopa (Text Map 3.1).
They have already incised below the most recent unconsolidated volcanic ash deposits
and are now entrenched in tightly meandering courses in more durable beds of tuff.
These tributaries in general have beds less than 20 m in width, slopes up to about 2%,
and discharge annual flood flows of over 150 m^/s. The beds are some 50 m below the
surrounding land and contain some volcanic boulders. These reaches offer ideal site
conditions for small dams which would head-up water for generating hydro-electric
power. One site at Milingo is being exploited while two others used for the same
purpose in the past have now been abandoned (see below).
The Manning roughness coefficient is expected to rise to over 0.04 under flood conditions, so the threshold velocities are likely to be exceeded during annual flood peaks,
but only for short durations. Large cavities in the tuff exceeding 1 m in depth are fairly
common in these courses. However, the tuff tends to have a high internal friction and in
spite of the caving, vertical shear failures are uncommon.
Although these reaches are relatively close to the city of San Salvador, no developments
have taken place yet on or near their banks. The steep banks, commonly exceeding 60°,
are predominantly vegetated, with only small patches used for annual crops. Owing to
their steepness and difficulty of access, it is unlikely that these banks will be attractive
to other than squatters, so it seems probable that the small-scale bank protection works
necessary in this area will have t o be undertaken by the Government when and where
the problem arises.
It has been proposed for certain areas that these watercourses could be contained in
tunnels by extensive earthmoving; the steep banks could be converted to flat terraces if
the very high cost of such operations could be recovered by the future demands for
urban land in the vicinity of the capital city. Most of this land is privately owned at the
moment.
A t present, these two tributaries are considered to be relatively stable and immediate
large-scale work is not recommended, with the possible exceptions of the following:
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1.

In the Tomayate River several unsuccessful attempts have been made by
private landowners to build drop walls (Text Map 3.1), the most recent of
which was built in 1978 for C45 000. If they had been properly designed and
constructed, even at 50% greater cost, there would have been considerably
greater probability of their survival. It is recommended that some should be
rebuilt to protect housing, roads or factories.

2.

In the Acelhuate River just downstream of Rio Tapachula, is an abandoned
dam wall, some 10 m high, originally built to head-up water to produce
hydro-electricity. Even in its present state of disrepair the dam impedes flood
flows and is maintaining a relatively flat upstream bed slope of 0.7% for
1 500 m. A satisfactory 10 m drop structure capable of maintaining upstream
bed control for some 3 km and provide beneficial aeration would cost about
C200 000. As the backing up of water behind this structure is likely to affect
adversely the discharge capacity at the Agua Caliente bridge, associated
potential flood problems should be studied at the same time.

3.

A smaller, 7 m high dam some 500 m downstream is no longer used for hydroelectricity generation and is in poor condition. By partly or wholly restoring
it, favourable tailwater conditions would be created for the 10 m dam, thus
enabling lower design standards to be employed for the stilling basin of the
latter, as well as providing further aeration of the polluted water. However,
this expenditure is not considered justifiable solely to protect this short 500 m
reach which in general is in good condition.

3.3.4

Lower Acelhuate River to the confluence with Guazapa River

A few kilometres downstream of Apopa, the principal upstream tributaries meet to join
the Acelhuate River. Here the river has dropped to the 350 m contour and is some 50 m
wide with a gradient of 0.5%. Although flowing through some areas of tuff and
epiclastics the bed in general is formed of river alluvium composed of a high percentage
of igneous rock which offers great resistance to erosion. The tuff in this area also tends
to contain a high proportion of angular volcanic material well cemented together.
Annual floods are anticipated to reach, or even exceed, 300 m^/s but erosion is minimal
except, perhaps, during rare peak flood conditions. This reach offers considerable
channel storage by accommodating over 2.5 m depth of water, thereby attenuating
f loods created by short but intense storms.
The banks are much less steep than those upstream and most are well vegetated. The
river meanders, however, and in spite of the good vegetation cover a little erosion takes
place on the convex curves. The railway line from San Salvador to Aguilares runs quite
close to the river and is affected by minor, controllable erosion at a few locations.
Although FENADESAL can undertake the relatively small amount of repair work
created by the river erosion in this area under their routine maintenance programme,
one important aspect of this work should be stressed: a large number of small
tributaries enter the main river courses in this reach over which FENADESAL has to
provide railway crossings. These crossing structures are in general adequately built
except that the masonry works have commonly created substantial drops on the downstream side with little, if any, compensatory stream protection. The distance between
these crossings and the main river is usually a matter of a few metres only and it is,
therefore, recommended that the banks of these short sections be lined with masonry
and that the confluence point be protected by short groynes. The modest cost
(approximately (22 000 at each site) of such work could realistically be set against the
recurrent maintenance costs.
Additional improvements suggested for this reach require little expenditure: the banks,
also of the numerous tributaries, should be protected throughout by suitably hardy
vegetation, such as leucaena or bamboo. This programme logically should be implemented by the riparian landowners and motivated by an extension programme, with the
incentive of being offered free advice and subsidised planting material by the
Government (MAG).
3.3.5

Lower Acelhuate below Confluence with Guazapa River

In the vicinity of the confluence with the Guazapa River the Acelhuate flows through
very narrow (10-15 m wide) gorges, incised by as much as 15 m into very durable tuff.
The banks are vertical and essentially bare of vegetation but still appear to be stable.
The bed material of these gorges comprises sandy silts and gravels which are expected to
move under peak flood conditions. However, as these are replaced by new sediment
arriving after the floods, the reach can be regarded as stable (in regime).
The maximum annual flood is expected to reach about 450 m 3 /s which would raise
the water level about 15 m. The bed slopes at about 0.5%.
Although river erosion in this sector is not critical, it is thought that some improvements could be made. The hydraulics in this reach should be very carefully studied
before any works are proposed.
The reach offers good sites for drop structures but, with the anticipated high flood
levels, these structures would entail drops exceeding 10 m to avoid submergence.
Furthermore, the afflux at these structures will rise above the bank and result in direct
flooding.
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In the lowest reaches the Acelhuate flows through a stable section deeply incised in
Quaternary alluvium with a bed gradient of 0.4%. The backwaters of the Cerrón
Grande reduce flow velocities in much of this reach during floods. The banks are nearvertical, sparsely vegetated, but stable. No immediate erosion prevention measures are
necessary.
3.3.6

Guazapa River

This river fortunately flows mainly over rocky basaltic bed materials and in general is
quite stable. The bed slopes are uniform and mostly less than 1%.
Some reaches are flanked by bluffs of weakly consolidated ash (Section 2.1.2.4) where
bank collapse at some outer meander bends has formed vertical cliffs. Most such areas
are partly protected under scrub vegetation but elsewhere cultivated land is being
threatened, especially in the upper reaches. A t these sites, bank protection is recommended using masonry walls with gabion mattresses and bamboo vegetation. A t critical
places, groynes could also be considered.
3.3.7

Las Cartas River

The upper tributaries of Las Cartas as far downstream as 3 km below the airport are in
deep gullies cut into weakly consolidated ash (Plates 3.5 and 3.6). Although they carry
relatively small flood discharges at present (probably no more than 50 m 3 /s), their
steep bed gradients, which often exceed 2.0%, and sharp meanders combine to induce
continual bed erosion and undercutting of the near-vertical banks. These watercourses
are highly vulnerable to increases in peak discharges and the drastic effects of increases
caused by the development of housing estates such as Santa Lucia have been clearly
demonstrated near the llopango airport runway. Similar developments continue in the
upper Las Canas and can be expected to considerably increase the peak runoffs in the
very near future. Therefore, it is very strongly recommended that the bed gradients of
the upper Las Canas in general be controlled by drop structures and the banks be protected from undercutting as a matter of priority — before such urban developments are
undertaken.
Downstream of a point about 3 km from the airport runway are 6-7 km which have a
reduced bed gradient of under 1.5%. The next 2 km reach has a reduced bed slope of
about 1% and terminates just upstream of the confluence with the Rio El Sauce. This
latter is one where sand is deposited but also extracted for urban construction. The
width of the river is over 100 m and the annual peak flood is estimated to be about
75 m 3 /s. This reach is on the whole stable, except where braided channels develop near
the vertical banks which could lead to undercutting. It is recommended that river
training bé undertaken here using groynes to reduce the width of the bed and to
develop a flood plain. The life and cost of such works will be enhanced if an additional
bed control (drop) structure is built at the only narrow section just downstream of the
confluence of the Chantecuan River. The design of these works should provide protection for any anticipated sewage treatment plant in this reach (Section 3.4.3).
The following 5 or so kilometres of the river are straight with the exception of the constriction and meanders near the Tonacatepeque bridge. The bed comprises silty sand
with slopes at 0.9% while the width varies between 25-75 m. No signs of net bed erosion
have been noted although bed load movement certainly takes place during flood conditions, causing braiding in the channel. The river runs through a flood plain varying in
width up to 300 m where intensive horticulture is practised, together with maize cultivation on the somewhat higher terraces. Some reaches of the left bank are formed of
semi-indurated tuff but elsewhere they are formed of softer volcanic ash and it is these
eroding sections of the left bank which are most threatening to the FENADESAL
railway line. It might be argued that river training and protection of the left bank are
the principal erosion control measures required at the present time, but this may be less
necessary if the route is changed, as is understood to be the case. If urban housing
development takes place on flat terraces on the right bank, river training, bank and flood
protection would be a pre-requisite.
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PLANCHA 3.5

PLATE 3.5

Muros de mampostena socavados, utilisados en un esfuerzo para
controlar la erosión acelerada en toba por el rio Las Canas al limite
norteno de la pista principal del aeropuerto de Ilopango
Undermined masonry walls used in an attempt to control accelerating
erosion by Las Cartas River in tuff, northern end of Ilopango airport
main runway
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PLANCHA 3.6

PLATE 3.6

LRS30/ELS/DW/19

El tramo superior del rio Las Canas, mostrando una salida no protegida
de una tuberia de aguas negras(l), riberas verticales inestables
formadas de ceniza volcénica(2) y la pérdida asociada de tierra agrfcola{3)
Upper Las Canas River showing unprotected sewage outfall (1),unstable
vertical banks in volcanic ash (2) and associated loss of agricultural land (3)

Prepared by Land Resources Development Centre 1980

PLANCHA 3.7

PLATE 3.7

PLANCHA 3.8
PLATE 3.8

LRS 30/ELS/DW/20

Una caida artificial con cascadas a El Angel utilisada
principalmente
para desviar el flu jo para el ingenio de azucar, apropiada para el
control de erosion fluvial y la aeracion del agua
Drop structure with cascades at El Angel used principally to divert
water for the use of the sugar factory; suitable also for river erosion
control and purification of water

Salidas de tuberias de aguas negras y aguas lluvias, mal disehadas y
causando erosion en los tramos superiores del rio Urbina
Poorly designed storm water and sewage outfalls causing erosion in
upper Urbina River

Prepared by Land Resources Development Centre 1980

About 4 km upstream of the road crossing with the northern highway near Apopa, the
Las Canas begins t o meander in tuff-ash formations and locally in harder basaltic material.
The bed width is greatly reduced, 10-25 m, but the bed slope remains at 0.75%. In spite
of the relatively high velocities compared with those upstream, the tuff outcrops and the
bouldery bed gravel seem to resist erosion. The sinuosity of the river is very high and,
while the tuff banks are moderately resistant t o erosion at the meanders, the looser ash
banks are highly vulnerable. Apart from small losses of agricultural land, the greatest
threat from the river is to the railway line (this section of the line will probably not be
abandoned but will be connected t o the Quezaltepeque line). A t present the maintenance department of FENADESAL is able to cope with the day-to-day problems
caused by the river. However, it is thought that the long-term and more satisfactory
solution would be to train this section of the river. In this respect a joint programme
could be initiated and developed between FENADESAL and MAG. By-and-large the
work necessary would be t o build bank protection walls and groynes t o improve bank
vegetation and possibly to stabilise the bed.
In the last 300 m of its course the Las Canas flows through a 10 m wide gorge cut into
hard tuff before it discharges into the Acelhuate River. The site offers good conditions
for constructing a cascade-type drop structure or a small dam for generating hydroelectric power. A 10 m-high cascade would additionally be able to aerate considerably
the polluted water of the Las Canas, before it enters the Acelhuate. Such a structure
will greatly reduce the erosive power of the last 3 km or more of the Las Canas and will
help t o protect the foundation of the railway bridge at the gorge by bed stabilisation.
Nevertheless the proposed structure could cause flooding of the bridge (unlikely) some
25 m above bed level and of the agricultural land and the railway line in the nearby upper
reaches; each of these effects should be carefully investigated.
3.3.8

Proposed works

Text Map 3.1 indicates the works necessary t o reduce erosion in those reaches of the
rivers studied during the project. The reaches identified by numbers on the map are
those identified in Appendix Table B.5.2.1 (reproduced here as Table 3.1.1). The types
of structure recommended are shown in Appendix B.5 and a similar one independently
built at El Angel is illustrated in Plate 3.7. The approximate costs of such works are also
scheduled in Appendix B.5. These costs are only indicative and applicable t o the reaches
studied during the project.
The proposed works are assigned three categories of priority depending on their relative
importance and urgency as judged by potential damage that might be caused in the
absence of these protective measures. The highest priority has been assigned t o the works
in the upper Las Canas valley (near the airport) and t o those reaches passing through
squatter colonies.
The approximate costs of the proposed works in the priority categories is shown in
Table 3.2. It is stressed that the innumerable lower order rivers (predominantly headwater streams) in need of erosion protective measures have not been considered in
preparing this cost schedule; most such courses could be adequately protected by vegetative means.
TABLE 3.2

Summary of costs of proposed works, in priority categories A, B, C, C thousands

A
Short-term
(0-5 yr)

Item

c
Long-term

Total

Drop structures *
Bank linings *
Groynes *
Vegetative protection *

4 690.5
4 951.0
283.0
44.0

435.0
1 050.0
830.2
15.2

2 625.0
1 220.0
384.6
0.4

7 750.5
7 221.0
1 497.8
59.6

Total

9 968.5

2 330.4

4 230.0

16 528.9

Source: POSRA
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B
Medium-term

'Including related works itemised in Table 3.1.1
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Obras propuestas para los tramos de rios

TEXT MAP 3.1
LRS 30/ELS/DW/8

estudiados.

Proposed works for the surveyed river reaches.
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Este mapa no debe utilisarse para mas de planificación preliminar
This map should not be used for more than preliminary planning

Prepared by Land Resources Development Centre 1980

TABLE 3 . 1 . 1

Cost of proposed works (reproduced from Appendix B.5)

Cost, a
Reach (upstream of named site)

Description of work
Priority A

Priority B

Priority C

ACELHUÄTE
1. 4 9 Av. Sur

1 drop structure
2 repaired drop structures
Masonry lining
Vegetation

75 000
6000
174 000
800

2. 1 3 A v . Sur

3 drop structures
1 repair
Masonry lining
Vegetation

295 0 0 0
4500
244 000
2 300

3. Colon ia Granjero

3 drop structures
Groynes
Masonry lining
Vegetation

220 000
15 0 0 0
284 000
800

4 . Old Pan American
Highway

3 drop structures
1 repaired drop structure
Groynes
Bank raising
Masonry lining
Vegetation

240
20
20
25
304
3

5.

2 repaired drop structures
Groynes
Bank reclamation
Masonry lining
Vegetation

200000

4 drop structures
Groynes
Masonry lining
Vegetation

200 000
15 0 0 0
4 0 000
4 700

200 0 0 0
33 700
160 000
400

1 drop structure
Groynes
Masonry lining
Vegetation

125 000
17000
200 000
5000

4 0 0 000
4000

3 drop structures
2 repaired drop structures
Groynes
Masonry lining
Vegetation

125 000
2 0 000
4000
160 000
1 200

1 drop structure
1 repair to drop structure
1 aeration cascade
Groynes
Masonry lining
Vegetation

60 000
10 0 0 0

2 drop structures
1 repaired drop structure
2 aeration cascades
Groynes
Masonry lining
Vegetation

100000
30 000

2 drop structures
1 repaired drop structure
Groynes
Masonry lining
Vegetation

100000
50 000
15000
40 000
800

Milingodam

6. Rib Arenales

7.

Acelhuate-Tomayate
confluence

24 000
400

000
000
300
000
000
100

153 500
120000
3 800

100000
13 6 0 0
300 000
80000

3 0 000
220 0 0 0

600 000

TOM AY ATE
8. 5 Noviembre bridge

9. Confluence with
Arenal de Mejicanos

10.

Ox-bow

1 1 . Confluence with
Rib Acelhuate

130 0 0 0 *

75 000
2000
90 000
800

4 0 000

40 000

100000
160 000

2000
80 000

4 0 000

600
100000
18000
20 000
2000

140 000

LASCANAS
12. Confluence below
airport runway

17 drop structures
Groynes
Masonry lining

13. Quebrada El Caracol

3 drop structures
2 aeration cascades
Groynes
Masonry lining

375 0 0 0
50 0 0 0
17000
400 000

14. Rib Chantecuan

6 drop structures
Groynes
Vegetation

280 000

6 drop structures
Groynes
Vegetation

3 1 5 000

16. Troncal del Norte
bridge

10 drop structu res
Groynes
Masonry lining
Vegetation

125 0 0 0
64 000
4 0 0 000
10000

17. Confluence with
Rio Acelhuate

2 drop structures
1 aeration cascade
Groynes
Masonry lining

500 0 0 0
10600
90 000

15. Tonacatepeque bridge
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1 275 0 0 0
101 2 0 0
2 400 000

5000

500 000
125000
5000
500 000
250 000

9 000
1 125 000
250 0 0 0

200 000
17000
100 000

3.3.9

Urban drainage

In the absence of a specific policy urban drainage in the upper Acelhuate catchment is
taking place on a very ad hoc basis. DUA in the Ministry of Public Works (MOP) has
ultimate responsibility for urban drainage, and a legal framework (see Section 2.3.6)
exists to control individual urban development sites in that the developer is required to
obtain planning permission from DUA prior to construction. Again, in the absence of an
official urban development plan, a firm zoning policy, predetermined drainage standards
with regard to quantity, quality and the manner of discharge etc., planning permission
as regards drainage unfortunately is little more than a formality. Even Government
organisations have not complied with various of the laws, a factor which no doubt
causes considerable difficulties in enforcing the statutes within the planning permission
exercise.
In nearly all new developments and in all the older established parts of the urban zone
the land is drained to the nearest watercourse without any concern being given to the
existing carrying capacities of these watercourses nor to the safe discharge of flood
waters in them. Some drainage cross-connections between the sub-basins have been
made, a common enough urban drainage practice. However, before such cross connections are made, the receiving water-course must be modified from its natural form to
accommodate the incoming additional flow.
An example of this is the proposed additional discharge to the upper Las Canas system
from the Santa Lucia area. Any discharge exceeding 20 m 3 /s is likely to attain scouring
velocities in this reach near the llopango airport runway, but the new Santa Lucia drainage scheme, which will increase the existing flow by an additional 80 m 3 /s, claimed by
DUA to be designed for a once in 20 yr event (20-year return), would severely worsen
this already eroding reach. No work has been included in that scheme to ensure the safe
passage of flood waters in this river. Apparently the responsibility of DUA ends once the
drainage waters enter the rivers, which are under the jurisdiction of MAG (Section 2.3.6).
This illustrates the increasingly urgent need for initiating a coordinated policy between
DUA and MAG as regards urban drainage (Section 3.5).
Private direct drainage connections to the river system are numerous, some being of
large discharge capacities. In general, these do not greatly increase the river discharge,
although severe bed erosion and damage to the river banks takes place at their outfalls
(Plate 3.8) because there are no or inadequate means of dissipating the energy of the
falling water. There are several cases of sewer outfalls 25 m or more above the river bed
causing deep scour pools which undermine the outfall structure. These are often left so
that sewer pipes protrude from near-vertical banks of unconsolidated volcanic ash
discharging directly into the river beds many metres below, as though specifically
designed to cause erosion (Plate 3.6). This initiates and aggravates bed scour through
localised bed deepening and rapid formation and commonly results in river bank collapse
and threatened urban infrastructure. It is probable that much of the accelerated river
erosion so evident in the city today has largely resulted as a direct consequence of these
and other inadequately designed and constructed sewage and storm water discharges. A
general design for a suitable structure is shown in Appendix B.5.
It is stressed that once a satisfactory energy-dissipating structure is designed, its survival
will largely depend on controlling erosion around its foundation in the river bed. With
the exception of Las Canas, other major urban watercourses running through San
Salvador have been brought under some degree of control. The Las Canas system,
together with a large number of other minor watercourses, offer minimal resistance to
river erosion caused by ever-increasing and concentrated discharges derived from highintensity storms channelled through the urban drainage network; therefore, this system
deserves special attention, logically by DUA in the urban zone and MAG outside.
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3.3.10

Hydrometeorological considerations

The following aspects of hydrometeorology are considered to be vital for making
rational and reliable assessments of the catchment's hydrological resources. Many of the
assessments in this project and other similar projects are limited in their utility by lack
of sufficient data, which could be obtained by modest outlays.
In planning the improvement of data collection the following considerations will be
important:
1.

Flow and sediment records in the Hydrological Service seriously suffer from
the lack of data during high flow conditions. The main problem is that these
events invariably occur outside office hours. The solution would appear to be
an administrative adjustment, allowing work to be done in unsocial hours.
Once a reasonable amount of high flow and sediment data are available all
the past records pertaining to high flow conditions should be modified
according to the new observed calibration characteristics.

2.

During searches for data in this project, valuable 20-year continuous hydrological records were discovered of (a) reservoir sedimentation at 5 Noviembre
Dam — CEL, and (b) daily maximum afflux at Milingo Dam — CAESS.
It is suggested that the Hydrological Service be made the control agency
responsible for such records and that it should coordinate more with other
agencies to obtain, analyse and compare such data.

3.

When stations are moved there should be an overlapping observation period
for the new and the old sites of at least a complete year.
As shown in Appendix B.5 the river gauging station at Desembocadura
(Puente Mocho) was transferred to San Diego after completion of the Cerrón
Grande scheme. Unfortunately no attempt was made to operate both stations
for an overlapping period in anticipation of this transfer, thus causing severe
difficulties in correlating accurately the long record at Puente Mocho with
that of the more recent station at San Diego.
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4.

Three gauging sites in the upper catchment are badly positioned and it is
recommended that they be resited (Appendix B.5).

5.

Discontinuities in the limnograph records were due to the siltation of stilling
wells. This phenomenon could be greatly reduced by abandoning the lead
tubes and instead having a few small perforations in the base of the well; in
certain cases the stilling well should be relocated in a stable pool of water at
the river bank.

6.

No programme exists to monitor the groundwater levels in the catchment.
The great importance of this, especially in the AMSS, is highlighted in
Section 2.1.4. It is recommended that the Hydrological Service immediately
prepare a joint programme with ANDA for monitoring well levels in the
catchment.

7.

The Meteorological Service abandoned the rain gauges maintained by the
railway companies at Apopa and San Salvador after their nationalisation in
1975. It is believed to be scientifically shortsighted to allow stations with
long-term records of 48 and 62 years respectively to be discontinued and,
therefore, it is recommended that these stations be reinstated immediately.

3.4
3.4.1

WATER CONTAMINATION PROBLEMS, SOLUTIONS AND COSTS
General

Included in the principal aims of this study are the provision of an up-to-date assessment
of the degree of pollution that exists in the Acelhuate River network, the proposal of
costed solutions for treatment, and the demonstration of how these may be integrated
into a general catchment management plan. The last point is dealt with in Part 5, while
the assessment and solutions are described here.
A comparable but more specific study, on the water supply and sewerage in the San
Salvador Metropolitan Area, was submitted to the Government of El Salvador (GOES)
in 1974 (Wallace Evans and Partners, 1974) much of whose information is pertinent to
this project. Their recommendations relating to sewage treatment using conventional
methods were not taken up by GOES because of the low priority given to river pollution
in relation to water supply and their relatively high costs.
For the present project it was considered that low-cost pollution control schemes,
although resulting in lower standards of river quality than those proposed in 1974,
would be more acceptable to GOES. Moreover, in view of the growth of population and
industry that had occurred since 1973 it was felt necessary to re-examine the present
levels of pollution of the river system. Consequently, the same consultants were commissioned and instructed to use where possible the 1974 material as a base against which
changes in river quality over the intervening 6 years could be checked. Their report for
the POSRA study, given in full as Appendix C.1 and the remainder of Section 3.4, is
essentially an analysis and interpretation of the data, the recommendations being modified by consideration of socioeconomic and other factors.
In making their later (1979) report, Wallace Evans and Partners unfortunately were
unable to study in sufficient depth low-cost treatments, such as using aeration induced
by drop structures. It is mainly by examining how this form of treatment can be incorporated into the various strategies for pollution control that the current recommendations of Wallace Evans & Partners have been modified and described in Part 5.
Two further modifications are to examine (a) the possibility of diverting and treating
only a proportion of river flow to achieve somewhat lower quality standards but at
lower cost, and (b) the potential for building larger drop structures (small dams) which
could, at the same time, control river bed erosion, provide aeration and produce hydroelectric power. The energy produced would help reduce that required by A N DA to
pump 6 ITI3/S of water from the Lempa River to the city (see footnote to last paragraph
in Section 3.4.3.1).
3.4.2

1974 and 1979 study results compared

The main parameters by which water contamination was assessed in both studies were
biochemical oxygen demand (BOD), dissolved oxygen (DO) and suspended solids. BOD
is a measure of the polluting capacity of effluent; it records the weight of oxygen consumed by micro-organisms in a sample when allowed to incubate. DO levels in a sample
indicate its capacity to support oxygen-requiring aquatic organisms, whether harmful or
beneficial. A high BOD reduces DO levels; without certain amounts of DO, aquatic flora
and fauna cannot survive, which further reduces the water's ability to cleanse itself.
Settleable solids (measured in 1979 but not in 1973) and suspended solids indicate the
amount of solid, mostly inorganic, matter in the rivers which causes siltation and
produces turbidity and which in turn inhibits aquatic life. Some tests were made to
identify the level of pathogenic bacteria. Tests for other forms of pollution, such as
toxicity resulting from agricultural (pesticide) and industrial wastes were not carried
out, partly because in the absence of any identified potential source these were thought
unlikely to be serious. A number of fish from the Cerrón Grande lake were analysed for
toxic metal contamination, and the results did not show unduly high concentrations of
mercury, zinc or lead.
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In Table 3.3 indications are given of the significance of certain levels of pollution by
describing the associated water quality.
TABLE 3.3

Pollution parameters and the significance of certain levels of BOD and DO, mg/l

Parameter

Biological
oxygen
demand
(BOD)

Unpolluted clean river

0-3

Approximate level required for
most fish life

>9.0
5.0

12

Polluted river
Raw domestic sewage

Dissolved
oxygen
(DO)*

<4.54

200-600

Average San Salvador sewage, 1973

253

1979 av. dry-season levels at:
San Diego, River Acelhuate
Guazapa, River Acelhuate
UNDP 4 , River Acelhuate
UNDP 5, River Tomayate

74
44
120
140

0.0
0.0
0.2
0.0

0

*

A t 20 C: DO is lower at higher temperature and samples from the Acelhuate
o
were commonly as warm as 3 0 C

-i

An unpolluted river should be at least 50% saturated with DO, that is at least
4.5 mg/l

Source:

Wallace Evans & Partners, Appendix C.1

The 1973 study (Wallace Evans and Partners, 1974), which also examined the state of
all major Salvadorean rivers, concluded that the Acelhuate system was the worst in the
country and, as predicted increasing sewage flows would aggravate the future situation,
should have top priority in any subsequent national programme for pollution control.
Conditions in the upper portion of the river were obnoxious, with foul smells from
septic sewage and trade wastes within the city. The major pollutants were domestic
sewage and industrial effluents. During the dry season, base flows in the rivers
Tomayate and Acelhuate were low, such that their flows downstream of the city were
initially undiluted sewage. Fortunately the upper reaches of the Acelhuate system have
steep gradients, encouraging oxygenation and quite rapid natural purification. Downstream of the city, wet-industry discharges continued to heavily pollute the river, but
it had become relatively clean at its junction with the River Lempa.
The 1979 fieldwork was confined t o the last months of the dry season when sewage
flows are least diluted by surface runoff and groundwater contributions. During the
wettest 3 months of the year BOD concentrations can be expected to be reduced by as
much as five times on average. A full description of the parameters measured, the
reliability of the tests, the siting of sampling stations, and results obtained can be found
in Appendix C.1.
Table 3.4 summarises the water quality results for river stations in 1973 and 1979.
Figure 3.3 shows DO at various points on the river system in 1979, and Figures 3.2 and
3.4 show BOD levels and loads* for 1973 and 1979 at the river stations.

* BOD load is obtained by multiplying the recorded BOD level by the average daily flow in the dry season, and is
expressed in tonnes/day (t/day)
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TABLE 3.4

Summary of dry-season water quality results river stations, 1973 and 1979

3
Flow, m /s
1973

1979

Settled
solids, mg/l
1973
1979

Agua Caliente

0.94

1.13

n.d,

6.3

69

299

n.d.

Paleca

1.14

1.13

n.d.

5.9

205

273

n.d.

Milingo

1.22

1.13

n.d.

1.3

89

43

UNDP 4

1.12

1.26

n.d.

5.5

39

Riverstation

Suspended
solids, mg/l
1973
1979

Dissolved
solids, mg/l
1973
1979

Chlorides, mg/l

D O * , mg/l

1973

1979

1973

1027

68

108

0

0

157

397

797

65

108

n.d.

0

155

431

n.d.

714

58

108

n.d.

3.0

128

78
100**

231

n.d.

908

54

103

0.2

50

119
166

1.1

1979

B O D ^ , mg/l
1973

1979

Confluence

1.81

2.15

n.d.

5.7

77

166

n.d.

820

55

85

n.d.

0.1

42

Guazapa

2.51

2.86

n.d.

5.3

147

196

n.d.

664

44

75

n.d.

0

32

24*•

Ace 4

2.89

3.14

n.d.

8.0

29

179

n.d.

603

41

74

1.2

0

12

46**

617

59

4.70

n.d.

n.d.

28

n.d.

385

28

1.25

0

Tomayate

0.5

0.77

n.d.

5.0

245

353

n.d.

908

75

88

1.0

2.5

88

369

UNDP 5

0.69

0.89

n.d.

4.5

20

215

n.d.

802

53

86

0.8

0

86

156

San Diego

*
-A
é
**
n.d.

n.d.

8

70**

1973 figures either minimum or spot reading, 1979 figures at maximum flow
Figures subsequently adjusted — see Appendix C.1
Repetition of 1979 BOD analysis at Milingo
Distillery not working at time of sampling
No data

Source: Wallace Evans & Partners, 1974 and Appendix C.1

With particular respect to the BOD levels shown in Figure 3.2, and in Figures 3.4 and
3.5 which are based on those of Figure 3.2, information has been acquired subsequent
to the Wallace Evans and Partners fieldwork which shows that at Milingo dam periodic
flushing operations radically alter BOD and suspended solids levels in the two river
reaches, Paleca to Milingo and Milingo to UNDP 4. The results quoted for 1973 and
1979 refer to samples obtained on non-comparable days in relation to the flushing cycle.
Wallace Evans and Partners assumed a BOD value at Milingo (150 mg/l in Figure 3.2) in
1979 higher than that measured (Table 3.4), thereby underestimating the purifying
capacity of the dam. Similarly, the BOD values quoted at UNDP 4 for 1973 and 1979
are strictly non-comparable since the 1979 value (120 mg/l) relates t o a day immediately
after a flushing operation when suspended and resuspended solid material is high
between Milingo and UNDP 4. This is clearly shown by the irregular data of suspended
solids in Table 3.4.
As these figures and tables indicate, the Acelhuate system is grossly polluted and since
1973 the situation has deteriorated. A t that time BOD levels showed a highly polluted
river in all stretches upstream of the Acelhuate-Guazapa confluence (Ace 4 River
Station), but by 1979 even the lowest reaches of the Acelhuate were badly contaminated. Indeed, in the upper reaches of the Rivers Tomayate and Acelhuate, where they
flow through populated urban areas, the water quality in the dry season is extremely
bad (see colour Plates 3.9 and 3.10 in Section 2.1.6.4). It should be recalled, however,
that when the future water supply rate planned by AN DA exceeds that of pollution,
the consequence will be a decrease in BOD concentration levels, even though BOD loads
will have increased. This factor will be felt especially in the upper river courses within
the city. DO figures confirm the worsening deoxygenisation of the water; in 1979 many
river stations were recording DO levels of only 1 ppm of oxygen or less. Most fish could
not survive anywhere in the system except in the Guazapa and Los Limones and perhaps
in some parts of the Las Canas.
In general, river temperatures exceed ambient temperatures, which encourages faster
decomposition of organic matter, thereby increasing BOD levels.
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Prepared by Land Resources Development Centre 1980

Simple river pollution models have been prepared to compare the BOD concentrations
and loads at river stations in 1973 and 1979 (see Figures 3.2 and 3.4). Despite the large
increases in BOD loads emptied into the upper reaches of the rivers Acelhuate and
Tomayate (about 3.5 times more than that of 1973), at the Guazapa River Station the
equivalent increase was only twice. This shows that the river system's natural purifying
capacity is increasing with the extra BOD loads, given that other relevant factors
remained constant. However, below Guazapa, BOD loads in 1979 increase downstream,
by 44% to the Ace 4 station and by a further 80% to San Diego (Figure 3.4). In the
lowest reach, between Ace 4 and San Diego, the increase may be explained by waters
backing up from the Cerrón Grande reservoir which encourage sludge deposition and
create a high BOD load as organic constituents decompose*: the reasons for the rising
BOD loads between Guazapa and Ace 4 are not clear, but may be the result of unidentified additional polluting discharges entering this reach.
Based on the BOD concentration levels and loads shown in Figures 3.2 and 3.4, BOD
load-reduction models were prepared for 1973 and 1979 in Figure 3.5, as an attempt to
compare changes in the self-purifying capacity of the several river reaches of the
Acelhuate system. The percentage BOD change of a reach was calculated using the
measured data at either end of it, and data from any other identified pollution source
draining to the reach. The total input load of a reach, however, could have been underestimated by not having detected some pollution sources; this may explain, for example,
the increases in BOD loads in Reach 1 (Figure 3.4).
Furthermore, the percentage reduction figures do not take into account the fact that
some pollution loads enter a reach close to its downstream end and these, therefore,
have not been subjected t o the purifying potential of the entire reach. This will give an
underestimate of the self purifying capacity of the reaches as calculated by the above
procedure.
To summarise, from the limited evidence available it appears, at least on the upper
reaches, that with increases in BOD inputs the greater is the rate of self purification of
the rivers: such increased rates are not evident in the lower reaches where it is presumed
that other factors or conditions have greater influence.
3.4.3
3.4.3.1

The problems
The setting: importance of domestic sewage

Using the preceding descriptions of the past and present state of the river system, the
origins and causes of water pollution can now be analysed. Domestic sewage and industrial wastes are the two main sources of contamination. Of lesser importance to water
quality, but of great significance to general health problems, are rubbish of all kinds
dumped in the 'barrancas' around the city.
In the dry season there is so little natural flow in the headwaters of the rivers Tomayate,
Acelhuate and Las Cartas that most of the flow can be considered untreated sewage. In
addition to numerous small discharges, one major sewage collector discharges into the
Acelhuate, two into the Tomayate, and another into the Las Canas (Figure 3,
Appendix C.1). Although the sewage contains some industrial effluent from wet
industries in San Salvador the greater proportion by volume is domestic. The present
metropolitan population of about 784 000 is expected to reach 1.9 millions in the year
2 000 (see Section 2.2.1), in addition to which Apopa will expand into a large town of
250 000 people (Source: DUA). Wallace Evans & Partners estimate that, as a result of
population growth and increased domestic and industrial water use, sewage flows which

* It may in fact be better that such decomposition occurs in the already polluted Acelhuate rather than in the lake
itself, which is a valuable fishery (see Section 3.4.3.3)
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barely exceeded 1 m J /s in 1970 but which probably reached a level of 1.5 m J /s in 1979,
will reach almost 8 m^/s by the year 2000*. Thus, BOD loads will increase considerably
(more than double) in the next two decades, although due to the diluting effect of the
additional water supply, BOD levels (concentration) may fall.
3.4.3.2

Industrial

effluents

These originate mainly from some 60 or so (1973 figure) wet-process factories in San
Salvador. In 1973 their total daily average discharge into the sewer system was 0.3 m^/s,
25% of the total volume of sewage, but with a BOD load of some 30t roughly equal to
the estimated domestic BOD load. Over two-thirds of the BOD contamination originates
from just three establishments; La Favorita soap works (12t), the Central distillery (7t)
and the La Tropical soft drink bottling plant (2.6t).
A number of other wet-process industries discharge untreated wastes directly into the
rivers. Four of these at Agua Caliente in the city have a daily BOD load averaging some
3t. Further downstream there are another nine polluting works, marked on Figure 4,
Appendix C.1, which consist of: two coffee processing factories, four sugar mills, a sugar
refinery, a textile mill, and a distillery. Their total BOD load reaches 17t/day, over 9t of
which comes from the effluents of the Destilerfa Salvadorena near Apopa.
Like domestic sewage, industrial effluent discharge will inevitably increase in the future
with new industrial development and may well exceed the rate of population growth.
3.4.3.3

Problems associated with water

pollution

Health risks Such risks are greatest for the large number of people who live in close
proximity to the watercourses, particularly in the city (see Appendix A.3). The poorest
urban dwellers live in shacks in the many 'barrancas' which cut through the city, often
within a few metres of the polluted water. Although they do not drink this water there
is frequent casual contact with it in daily living, especially by the children. In the Las
Cartas and Acelhuate river beds, sand-extractors work in the rivers, and reportedly suffer
from skin eruptions. Further downstream the rural population comes into closer and
more regular contact with the somewhat less noxious, but still contaminated rivers.
Another health risk is the use of the Las Cartas, Acelhuate and Tomayate water for
irrigating commercial vegetable plots in the dry season. Pathogens from the sewage
effluent survive about 7 days, but may live up to 40 days.
Water-borne diseases such as gastroenteritis, typhoid, diarrhoea and dysentry are major
sources of illness in the basin, especially amongst young children. It is hard to define the
exact influence of polluted waters, but undoubtedly they aggravate an already unsatisfactory situation.
Loss of water resources Pollution drastically reduces the possible uses of river water,
effectively restricting their function to sewers. Among the lost uses are: drinking,
domestic use, watering stock, irrigation, industrial usage, and recreation and fishing (see
below). In the Acelhuate basin these disbenefits principally affect the rural population
downstream of San Salvador. It is considered that re-use for drinking purposes, although
technically feasible, would be prohibitively expensive.

* By 1990 A N D A plans to begin a pumping scheme which will eventually yield 6 m J /s from the Lempa River to
provide potable water to the city (known as the Ri'o Lempa Phase). This would involve a total head lift in the order
of 500 m, thus requiring roughly 75% of the maximum output of Cerrón Grande (the maximum continuous dryweather flow is about 140 m 3 /s with a head of 50 m), assuming the efficiency of turbines and pumps to be 75% each.
It is understood that such large anticipated demands by A N D A have not been allowed for in the future programme
of CEL. Therefore this calls for the consideration of recreating part of the energy consumed by the pumping operations by means of small dams built in the Acelhuate River system as mentioned in Section 3.3.3. The unique advantages of this river system would be its guaranteed minimum dry-weather flow, derived from the urban water supply,
and the steepness of the river bed.
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Effect on fisheries The main concern is how badly polluted water affects the Cerrbn
Grande reservoir fish industry, which in 1978 produced a catch worth C2 million,
employing 200 or more families (DGRNR, 1978 and non-published data). Effluents
not only contain organisms which absorb the oxygen needed by aquatic fauna, but also
provide nutrients which encourage the growth of water hyacinth, a prolific water weed
already choking some parts of the lake. Against these negative aspects, it appears from
an analysis of several fish from the upper reaches of Cerrbn Grande that heavy metal
concentrations are not abnormal, an indication that metal toxicity has yet to threaten
the fish shoals.
It is clear, however, that with the exception of the Los Limones and Guazapa Rivers,
the present state of the Acelhuate system prevents either river fishing or the use of river
water in fish tanks or ponds.
Aesthetics In their upper reaches the polluted rivers are foul-smelling and unsightly.
Their potential as recreation areas is considerable and in a large and growing city this
represents a sad loss of public amenity. Several cities (for example San Antonio, Texas)
have shown by imaginative landscaping that these are valuable public assets.
3.4.4

Possible solutions and alleviatory measures

These are discussed under the two headings of sewage disposal and industrial waste
treatment.
3.4.4.1

Sewage disposal

Basically there are four kinds of measure that can be employed to mitigate the problem
of sewage disposal in the Acelhuate basin:
1.

By the use of low-cost methods, such as building weirs and drop structures in
the rivers, to promote water aeration

2.

Canalising and covering rivers

3.

Conveying sewage in gravity trunk sewers to discharge points outside the city

4.

Treating the wastes to attain various states of purity and/or treating a proportion only of the river flow to subsequently dilute the river sewage

The building of drop structures has already been proposed in Section 3.3.8 as a means of
controlling river bed erosion. The same structures can also increase the aeration of riverborne sewage, so reducing BOD levels (Plate 3.7). The proposed drop structure design,
modified to increase aeration (Appendix B.5), therefore has a dual purpose.
The degree to which such structures or any other 'unconventional' method would contribute towards sewage purification under local conditions is not known and is a field of
research that would repay investigation. Because at least 20 artificial and natural drop
structures already exist in the city rivers and because it is planned to construct others to
stabilise river beds, it is clear that the first priority in considering any solutions for the
problems of San Salvador sewage should be a study of their effect on reducing BOD
levels. If they are shown to be sufficiently effective they can be incorporated fully or
partly into any other, more sophisticated, sewage scheme as an 'initial treatment phase',
thus reducing costs of downstream treatment plants.
The other three measures (2, 3 and 4 above) have been combined into five packages or
options to facilitate comparison (described in detail in Appendix C.1, paragraphs 6.10
to 6.42), although it is stressed that they could be modified by adding or subtracting
components if required. The principle suggested sites for these works can be seen on
Text Map 3.2; the predicted effectiveness of the treatments in terms of water quality at
selected points on the river system are shown in Figure 3.6, and the cost of the various
options in Table 3.5 in Section 3.4.5.
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Notes accompanying Figure 3.6
OPTION 1
1.
2.

F l o w and BOD load inputs i n t o river, 1979, f r o m Figure 5, Appendix C.1
Data at and above Can 1 , Tomayate and Agua Caliente taken as city sewage, remainder as downstream
sewage
Discrepancies in flows between Figure 5 and Table 6.1 of Appendix C.1 regarded as due to base f l o w
differences at Can 1 , Tomayate and Agua Caliente
BOD loads put into system subjected to in-river reduction factors strictly as per Figure 8, Appendix C . 1 ,
except —40% adopted for Reach I I , not — 2 1 % , due t o subsequent revision by Wallace Evans and Partners
BOD at Can 0 and Can —1 derived by back calculations f r o m Can 1
River flows in different reaches obtained using principle of c o n t i n u i t y , adjusted where necessary t o allow for
losses/gains as shown in Figure 5, Appendix C.1
Downstream BOD load inputs assumed received on average 50% BOD reduction of reach into which they
enter, on assumption BOD reduction potential of given reach section is directly proportional to total reach
length
1989 and 1999 predictions for city sewage f l o w obtained f r o m Table 6 . 1 , Appendix C.1
BOD loads f r o m city and downstream and future downstream flows derived f r o m 1979 data and principles
explained in paragraph 8.08, Appendix C . 1 , except in case of Apopa new t o w n discharges assumed t o be
0.4 m 3 / s , 7.5 t / d a y ; and 0.8 m 3 / s , 15.0 t/day for 1989 and 1999 respectively

3.
4.
5.
6.
7.

8.
9.

OPTION 2
1.

Principles and procedure used t o obtain future BOD levels as for Option 1 , except incoming city BOD load
increased by arbitrary 10% because sewage routed through interceptor sewers and thus deprived of in-river
. reduction of BOD provided by existing natural and artificial drop structures and steep gradient. This factor
subject t o revision

OPTIONS 3 A , 3 B
1.
2.
3.

Principles and procedure used t o obtain future BOD levels as for O p t i o n 1
Full and primary treatment at plants assumed t o reduce incoming BOD levels by 95% and 50% respectively
Proprosed site Milingo plant close t o and downstream of Milingo Station, therefore in-river reduction
between them assumed nil, but f r o m plant to UNDP 4 full potential reduction of Reach I I I assumed of 4 0 %
(Diagram 8, Appendix C D

4.

On Tomayate River full potential BOD reduction of 52% for Reach II subdivided in ratio 1:2 for Sub-reaches
Tomayate — Calle Real treatment plant — UNDP 5 according t o distances between, that is 17% and 35%
respectively
Site for Las Canas plant assumed upstream and close t o Can 0
Flow distribution between three main rivers assumed same as Option 1 . Capacity at Calle Real and Milingo
2 m 3 / s each. In 1999, excess anticipated f l o w of 0.3 m 3 / s and 1.1 m 3 / s respectively will bypass plants
untreated. A t Las Canas plant anticipated 1999 f l o w of 0.9 m / s less than plant capacity of 1 m 3 / s

5.
6.

OPTION 4
1.
2.

3.
4.

Principles and procedures used to obtain future BOD levels as for Option 1
Flow distribution between Calle Real and Milingo plants assumed as f o r natural distribution as in Options 1
and 3 until m a x i m u m plant capacity reached. Thus in 1989 Milingo maximum capacity of 1.5 m 3 / s utilised
and surplus 1.63 m 3 / s of Tomayate and Acelhuate component city sewage diverted to Calle Real
By 1999 capacity of both plants exceeded, 2.9 m 3 / s at Calle Real, 1.5 m 3 / s at Milingo and balance of city
sewage of 0.7 m 3 / s must bypass Milingo plant in Acelhuate River
BOD level of f l o w entering plants at Milingo and Calle Real assumed to be same as at Agua Caliente in
Option 1 . Thus BOD reduction in t r u n k and interceptor sewers considered equal t o potential in-river reduct i o n above Agua Caliente and BOD level of f l o w entering Las Canas plant assumed same as at Can —1 under
Option 1

OPTION 5A
1.
2.

Principles and procedure used to obtain future BOD levels as for O p t i o n 1
BOD levels entering Las Canas plant through Acelhuate, Tomayate and Las Canas interceptor sewers assumed
as for Option 2 (i.e. 110% of O p t i o n 1), reduced by 95% by full treatment

OPTION 5B
1.
2.

Principles and procedure used to obtain future BOD levels as f o r O p t i o n 1
Assumptions as for Option 4 , except all city sewage collected f r o m Acelhuate and Tomayate river catchments
sewered t o single treatment plant at Apopa, where BOD reduced by 95% by primary and secondary treatment

OPTION 5C
1.
2.

107

Principles and procedure used to obtain future BOD levels as for O p t i o n 1
Flow distribution between the plants at Milingo, Apopa and Calle Real for 1989/1999 are 1.8/2.0, 0.0/1.4,
1.33/2.0 m 3 / s respectively

In Figure 3.6 future BOD levels are shown for key locations in the river system, comparing the effects of the sewage treatment options proposed in Appendix C.l with the
BOD reduction that can be achieved naturally in the rivers (Option 1). The predictions
were calculated using the general principles described in Appendix C.1 with additional
assumptions as described in the notes to Figure 3.6.
Option 1 ANDA continues to install collector and relief sewers, as at present, to serve
newly developed areas and to relieve existing collectors as they become over-loaded
with increasing flows. Work still required to complete this option is the construction of
about 50 km of major sewers; it has been assumed that this can be achieved before
1990. Under this option, because raw sewage would continue to be discharged into the
rivers at many points within the city, it would be unrealistic to expect any voluntary
treatment of present industrial discharges.
A logical extension to Option 1 would be to make better use of the aeration capability
of drop structures that already exist, and cooperate with other agencies to make
optimal use of those planned for river bed stabilisation (Section 3.3.8). This aeration is
believed to reduce BOD levels appreciably, and it would be at no cost to this programme
as the expenditure for the structures has been incorporated into the programme for river
erosion control.
The cost of these already-programmed works would be an estimated C46.5 million
(details of costs given in Section 3.4.5). However, if the cost of drop structures is also
included in this option, the overall cost would be increased by approximately 10%.
Option 2 A main interceptor sewer would be constructed to receive discharges from
the major collector sewers of the city. The sewage would be discharged into a deep cutting on the Tomayate River on the outskirts of town, a high proportion subsequently
being piped in a tunnel to the Acelhuate River where it would fall some 40 m into the
river, both aerating the sewage and making possible the installation of a small hydroelectric plant. Additional reasons for diverting part of the sewage into the Acelhuate
are that Milingo dam and power plant* downstream require water to function, the
tunnel outlet and the dam enable significant reductions in BOD to be obtained and it is
desirable to retain some dry-weather flow to dilute the discharges from downstream
industries.
An additional interceptor sewer would be built along the Las Cartas valley to receive
the sewage from developments in the east of the metropolitan area, discharging this
downstream of any proposed housing areas.
A modification to Option 2, which would avoid the relatively high cost of tunnel construction at the expense of possibly providing extra power generated and aeration from
the tunnel outfall into the Acelhuate, would be to pipe part of the main interceptor
sewer flow by surface sewer to a suitable upstream part of the Acelhuate, for example
near Agua Caliente.
This option would not change the overall sewage load entering the rivers but most of
the pollution in the city reaches would be avoided with corresponding benefits to
amenity and public health. A disadvantage would be that the natural high purifying
capacity of the rivers upstream of the discharge points would not be utilised and the
river water quality downstream of the discharge points would be worse although this
could be rectified by using drop structures. A relevant point in this respect is that
before the year 2000 it can be expected that the proposed discharge points will be well
within the city limits due to urban expansion, thus implying the need for extension of
the interceptor sewer in the long term. An additional disadvantage is that this option
does not permit sludge removal.
The cost of the basic Option 2 would be about (275 millions (see Section 3.4.5).

* CAESS, the operating company, considers that the economic benefits of the power derived from this dam are at
present barely favourable. However, see footnote to last paragraph. Section 3.4.3.1.
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Option 3 This consists of three treatment plants, constructed alongside the Tomayate
River at Calle Real, the Acelhuate at Milingo and in the upper Las Canas. Also included
would be the canalisation (in large-diameter tunnels) of parts of the Acelhuate and
Urbina Rivers in the lower sections of the city.
Such canalisation, while serving to isolate the sewage from adjacent riverside population,
would not improve the sewage quality in those sectors and would function exactly as
the main interceptor sewer of Option 2 unless stepped concrete inverts (cascades) are
incorporated — the whole being very expensive. The reason for including canalisation in
this Option is that possible allied benefits are anticipated, such as the provision of high
value land in the town centre for buildings, roads and other services, and river erosion
control. Indeed this component is not a necessary or integral part of Option 3 and
equally could be considered an additional component of Options 2-5.
In this Option river flow would be diverted by weirs into treatment plants up to a
maximum dry-weather flow of 2 m^/s from the Acelhuate and Tomayate Rivers and of
1 nri3/s from the Las Canas River. This is sufficient for the anticipated flows in the
Acelhuate until 1990 and in the Tomayate until 1995, after which new sites would be
needed for treatment because of lack of space at Calle Real and Milingo. It is felt,
however, that with flow regulation this difficulty could be overcome and the two sites
could be used until at least year 2000, as with Option 4. In the case of the Las Canas
site, however, a treatment plant of 1 m^/s capacity should be adequate for anticipated
flows until 2000 AD.
Two sub-options are possible. Sub-option 3A would allow for full treatment using the
activated sludge process; 3B would differ only in being a part-treatment process. Full
treatment refers to primary and secondary treatment as described in Appendix C.1,
paragraph 1.42, and part treatment to primary treatment only.
A modification to this scheme would be to incorporate dual-purpose drop structures
upstream of the treatment plants in order to improve the quality of incoming river
water. An additional variation could be to divert a proportion of the dry-weather river
flow for full or part treatment at the three plants, subsequently returning the treated
flow to the river and thereby reducing the river pollution to the desired level (Section
5.4.2). This later variation could be applied equally well to Options 4 and 5.
The basic cost of scheme 3A, with full treatment, would be C257.0 millions; that of
3B, with part treatment, would be (2142.0 millions. If the above modifications were to
be incorporated, very significant cost reductions should be possible; in the optimal case
part or full treatment might be proved unnecessary.
Option 4 Trunk sewers would be built to treatment plants at Calle Real, Milingo, and
Las Cafias valley, where part-treatment plants would be installed. The main trunk would
go to Calle Real with a short spur to Milingo, and about double the flow would go to the
former as to the latter because, with more space available; at Calle Real, the plant could
be larger.
A great advantage of this Option is that sewage in the trunk sewers would be entirely
isolated from riverside population as far downstream as the treatment plants. With this
scheme it is proposed to remove at least 40% of BOD and 60% of suspended solids of
the incoming load at the plants for the benefit of the downstream reaches. It should be
noted, however, that without this scheme natural purification upstream would achieve
the same order of BOD reduction (Table 3.5 and Figure 3.4).
The estimated cost of Option 4 is C 192.0 millions.
Option 5 This refers to full-treatment plants, of which there are three sub-options, A,
B and C. 5A consists of a large trunk sewer running east across the River Acelhuate to a
site in the Las CaTias valley where a large full-treatment plant would be located. In
addition, aeration weirs downstream of the plant should be built because of the small
dilution available in the river in the dry season. 5B envisages most of the sewage being
carried by a trunk sewer to a full-treatment works at Apopa, which would also cover the
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future needs of the Apopa new town. A second smaller plant would still be needed in
the Las Canas valley to deal with sewage from the river's outfall sewer. 5C is similar to
Option 4, but with full-treatment sewage works at the three sites of Calle Real, Milingo
and Las Cartas valley. However, when their capacity is exceeded in the 1990s it would
be necessary to extend the trunk sewer down the Tomayate to Apopa.
Fairly conservative assumptions about the space required by different capacity sewage
plants have been made, such that if sewage disposal technology continues to improve,
it may yet prove possible to house larger capacity plants on the Calle Real and Milingo
sites.
It is reiterated that savings in cost can be anticipated if the use of dual-purpose drop
structures and proportion-of-flow treatment are made use of, as described in Option 3
above.
The cost of the different sub-options are about C345.5 millions for 5A, (2388.5 millions
for 5B, and 0427.0 millions for 5C.
While some of the above schemes would satisfactorily reduce sewage pollution from San
Salvador, there are likely to be additional greatly increased needs for sewage treatment
from new housing and industry to the north of the city, especially around Apopa. A t
the moment it appears that public or private housing developers are expected to provide
treatment works for each individual development. This may postpone the cost of trunk
sewers and central treatment plants under Options 5B and 5C, transferring initial costs
from the public purse t o housebuyers; in the long term, however, larger municipal
plants are more economical to operate and maintain, and for costing purposes and longterm BOD predictions possible treatment by private housing developers has been
ignored. It would seem desirable to reserve a site for a sewage treatment works at Apopa,
and to design a master plan for the town's sewage control, but at present even the site to
the north-east of Apopa recommended in 1974 for a metropolitan sewage plant as in
Option 5C is unreserved and building is fast encroaching on it.
A plant at Apopa could also deal with some industrial wastes (see below). A number of
other small towns will probably double in size by the year 2000 — Nejapa, Guazapa,
Tonacatepeque and Aguilares. These are already partly sewered and full treatment works
are envisaged at each sewer outfall to the rivers in the long term.
A crude estimate of the costs of sewage plants for Apopa and other small towns is £ 6 0
millions.
3.4.4.2

Industrial waste disposal

The above measures for treatment of San Salvador's wastes would affect not only
domestic sewage but also the industrial effluents from city-based industries discharged
into the municipal sewers. This is probably the most economical way to deal with such
wastes, although some pre-treatment would be needed to protect the sewers from
damage or blockage and to prevent interference with any subsequent sewage treatment
provided. In addition, pre-treatment would be necessary for certain chemicals, noxious
to fish or cattle for example, which would pass through a treatment plant unaffected,
although no such chemicals were identified in the present investigations. Where and
when sewer flows were approaching design limits, regulation of discharge would be
required.
Pre-treatment could be inexpensive, using screening and possibly cooling, pH adjustment,
settlement, and flow regulation. Some of the major polluting factories would probably
consider further treatment t o reduce BOD loads, and as much as 10t/day might be so
removed given the inordinate contribution to loads made by the three biggest pollution
sources (Section 3.4.3.2).
A number of industries, notably small tanneries, are located along the river at points
convenient for waste disposal but inconvenient for sewer provision. If part-treatment
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would not reduce contamination to acceptable standards and if full treatment were not
possible for technical or economic reasons, then such factories might need to be
relocated.
A prerequisite to controlling industrial water is new legislation or the enforcement of
existing laws (Section 2.3.4) to require city industries to discharge into sewers and not
into the watercourses, and wherever necessary to pre-treat wastes. Legislation would be
accompanied by the establishment of standards and effluent monitoring to ensure compliance with the regulations.
Present costs of pre-treatment for city-based wet industries are estimated at (2 5-10
millions (see also Section 3.4.5). These will probably double at least by the end of the
century.
Nine other significant wet industries located downstream of San Salvador discharge
effluent into the Acelhuate River system. Only in Option 5B would there be the possibility that the Sugar Refinery, the Distillery and the INSINCA textiles plant discharge
into a trunk sewer for treatment at the suggested Apopa sewage farm. Wastes from the
coffee processing factories and sugar mills would probably be best treated separately
from any communal sewage plant since discharges are seasonal and for relatively short
periods. In general, the available dilutions for industrial discharge to convenient watercourses (Table 3.6) are adequate for all wastes after normal standards of treatment.
Only in the case of the Distillery should there be problems in pollution control. This
said, discharging pre-treated wastes from the Sugar Refinery, Distillery, and INSINCA
textile factory to communal sewage plants needs to be considered carefully. The available dilutions will increase in the future, although diversions of flow as envisaged in
Options 5A and 5B would reduce the dilutions available for the Sugar Refinery,
INSINCA and El Angel sugar mill and increase that available for the Distillery.
Suggested treatments and effluent disposal schemes for the individual wet industries
appear in Appendix C.1. Present full costs are presented in Section 3.4.5 and total
approximately C17.5 millions for downstream industries (Table 3.6). These are likely
to at least double by the year 2000.
As in the case of city industries, some measures of legislation or other forms of intervention will probably be necessary to encourage the implementation of pollution
controls. The phasing of downstream industrial pollution control, its financing and
accompanying legislation are problematical and considered in more detail in Part 5 of
this report. It should be stressed that without some form of treatment of city sewage
it will be difficult to reduce industrial pollution.
To conclude this section, mention should be made of rubbish disposal. A t present the
'barrancas' are used for indiscriminate disposal of domestic and industrial refuse and
garbage in spite of increased efforts by municipal authorities to make regular collections. Any pollution control programme will need to consider improved methods of
refuse disposal and ways of controlling such unauthorised tipping.
3.4.5

Cost of pollution reduction

For disposal of sewage from San Salvador, 1973 costings were used, these being multiplied by factors representing price changes for the various elements of costs to obtain a
1979 estimate. The costs of canalisation were obtained using information from DUA
who in 1978 commissioned 250 m of river canalisation in the centre of the city. The
estimate for Options 1 t o 5 appear in Table 3.5, broken down into their component
works.
Savings in costs can be anticipated with the incorporation of proportion-of-river flow
treatment and/or dual-purpose drop structures into modified Options 2—5C while
attaining the same BOD target levels. Alternatively, further reductions in the BOD
target level can be expected by investing the same sums (Table 3.5).
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T A B L E 3.5

Costs of the sewage treatment options identified in Appendix C . 1 , (2 millions

Sewage treatment option number

Items included in options

3
1

A

Collector sewers
Interceptor sewer
Las Canas outfall sewer
Acelhuate-Tomayate link tunnel

46.5

5
4*

2

46.5
7.0
2.0
19.5

46.5

46.5

Trunk sewers to Cal I e Real and Milingo
Trunk sewer to Las Canas
Trunk sewers to Apopa
Treatment
Treatment
Treatment
Treatment

plants
plants
plants
plants

at
at
at
at

A

B*

46.5
7.0
2.0

46.5
7.0
2.0

B

46.5
7.0
2.0

41.0

C

46.5
7.0
2.0

41.0
70.0
113.0

Milingo
Las Canas
Cal I e Real
Apopa

88.0
42.5
80.0

40.0
19.0
36.5

28.5
19.0
48.0

220.0

57.0

181.5

59.0
38.5
117.0
59.0

38.5

Local cost component
Foreign cost component

46.5
Nil

66.0
9.0

187.0
70.0

110.0
32.0

146.0
46.0

249.0
96.5

278.0
110.5

248.0
179.0

Total cost

46.5

75.0

257.0

142.0

192.0

345.5

388.5

427.0

Additional miscellaneous costs which may be added to the above options (G millions)
Canalisation as described in Section 3.4.4.1 under Option 3
"Addition of secondary treatment plants to Options 3(B) and 4
Aeration drop structures, total cost
Individual sewage scheme for Apopa
Individual sewage scheme for each minor town, cost per town

100 (20 million/km)
135
10
50
10

Notes:
The above options are designed to achieve different objectives and therefore their costs are not strictly comparable with
each other
The costs are approximate and are based on 1979 prices
The design and costing of treatment plants assumes an incoming BOD level in the range 250-350 mg/l
Costs of some items differ from Appendix C.1 due to subsequent revisions

For the sewage loads from Apopa, a municipal plant would cost in the order of
£25 millions, to which another C25 millions can be added for 20 km of municipal
collector sewers, pumping stations, river crossings, etc. Small full-treatment plants for
the remaining towns of the Acelhuate River basin together would cost an estimated
C10 millions.
The costs of pre-treatment of industrial effluents are hard to estimate because each
plant requires special consideration. Experience indicates that such costs would
normally include:
1.

Reorganisation of existing sewers to separate out domestic flows and to bring
all industrial flows to one outfall into public sewers

2.

Installation of screens and disposal of screenings

3.

Additional measures, such as balancing tanks for even discharge rates, pH
control, cooling etc, depending on the effluent and on the capacity and
construction of the receptor sewers.

Flow measurement would usually only be needed for major factories, or where effluent
flow could not be related to water consumption.
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Pre-treatment works would probably be required for most of the 50 wet industries
identified in 1973, at a cost of from 05100 000 to (2200 000 each. Thus the estimated
total cost of pre-treatment of city industrial wastes would reach C5-10 millions. The
number of industries can be expected to double by the turn of the century, but for
planning programme purposes an average of C15 millions has been assumed.
For the downstream industries, costs of waste treatments are listed in Table 3.6. These
are rather speculative, but should indicate the order of magnitude involved for each
plant. Note that the total C17.5 millions refers only to present industries.
TABLE 3.6

Costs of treatment of wastes from downstream industry, C millions*

Water dilution at
present available
in dry season

Factory

Estimated 1979
cost of treatment
plant

San Jerónimo coffee processing )
factory, Nejapa
)
Macance coffee processing
factory, Nejapa

'
'

El Castano sugar mill, Nejapa

)

San Esteban sugar mill, Nejapa
El Angel sugar mill, Apopa
San Francisco sugar mill, Aguilares

34:1

3.2

35:1

1.5

6:1

1.5

357:1

0.5

. 113:1

0.8

Distillery (Destilerfa Salvadorena),
Apopa

66:1

7.5

INSINCA textile mill, Apopa

40:1

2.5

Sugar refinery, Apopa road

Total

17.5

* Based on 1979 flows which are expected to increase several fold in the
next 20 years
Source:

Wallace Evans & Partners (Appendix C D

If these plants expand their capacity or if new factories are erected, as is highly likely in
the next 20 years, these costs will increase proportionally. A conservative estimate of
industrial expansion by the year 2000 would be a doubling of present capacity. Given
that water availability in the city will increase severalfold in the future, there will be a
strong incentive for the establishment of new wet-process industries (unless high
premiums are put on the use of excessive amounts of water) as part of a general policy
of decentralisation away from San Salvador. If so, existing factories may well practice
more water re-use and introduce other water-economising measures in the future.
Table 3.7 has been prepared from Tables 3.5 and 3.6 to show the range in costs of the
various schemes for sewage control which are designed to achieve different objectives.
There is a great difference between the extremes, reflecting the multiple options available in the future. It should be noted though that one extreme could perhaps be at no
extra cost to that programmed by AN DA, as conceivably nothing might be done to
improve matters; the other extreme of C642 millions could be increased substantially
if, for example, items such as canalisation are taken up on a larger scale.
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TABLE 3.7

Range of estimated pollution control costs, <t millions

Item

Low

High

Additional investment in sewage control,
San Salvador*

46.5

427

100

Canalisation of rivers in city
Pre-treatment of industrial wastes in city

20

Treatment for downstream industries

35

Apopa sewage

50

Other towns' sewage

10

Totals
*

46.5

642

Does not allow for possible savings on trunk sewerage and excludes
costs of drop structures
Low estimate ignores canalisation; high estimate refers to 5 km

Finally, operating and maintenance costs must be considered. For full-treatment plants
these could be substantial; for example, for an activated sludge plant the breakdown
would be approximately as shown in Table 3.8.

TABLE 3.8

Approximate annual operating and maintenance
costs for activated sludge plant, C'OOOs

Item

Cost

Maintenance, at 0.25% capital costs
Personnel
Administration
Electricity: 8 0 0 0 0 kwh/day

550
1 140
210
2 160

Total

4 060

Source:

Wallace Evans & Partners, 1974,
Vol I I I , updated to 1979 prices

This expenditure of £4 millions a year could be offset either in part by installing small
electricity generators at the treatment plant out-falls, or fully by distilling methane gas
during the treatment process which could defray the entire running costs of the plant.
The latter would involve increased capital costs.
3.5
3.5.1

INSTITUTIONAL AND LEGAL REQUIREMENTS
Introduction

In Section 2.3 the institutional and legal framework was described. This section discusses
some limitations of the present framework and reviews possible improvements.
3.5.2

Limitations of the present framework

3.5.2.1 Soil conserva tion
The ultimate responsibility for soil conservation lies solely and unambiguously with the
DGRNR of MAG. The Forestry Law provides a basis for legal action in support of soil
conservation programmes although in itself it lacks the necessary regulations, the establishment of which require additional decrees. The Law has already been used in 1974 to
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declare two Soil Protection Zones around San Salvador (Text Map 1.2) and in
Chalatenango Department. In neither case have specific regulations governing soil conservation been used for positive action, with the exception of some reforestation (see
Section 2.3.6).
Soil conservation is not particularly amenable to legislation; the passage of laws decreeing specific uses of land, prohibiting other uses, or demanding that farmers employ a
certain technique of cultivation are unlikely to have much positive effect unless
accompanied by other measures. These include education and persuasion through extension, technical assistance, and incentives directed at land users to achieve conservationist objectives. Laws should not attempt to replace such measures.
Nevertheless, to achieve a blanket coverage, soil conservation needs to be supported
legally so that the competent authority may deal with specific, exceptional cases. These
include the need to restrain or punish the small minority of land users who cannot be
otherwise persuaded to meet conservationist norms.
A final institutional obstacle to soil conservation is insecurity of land tenancy (see
Section 2.2.4). Most rented land is under annual crops, and frequently has moderate to
severe slopes, such that it needs protection. However, under the present system of renting land on one-year leases, with frequent rotation of tenants on an owner's land, the
small tenant farmer has no incentive to make any long-term improvements to the land
as he would not reap the benefits. Although only a small proportion of agricultural land
is rented, a much larger proportion of small farmers are tenants so that such land has
considerable social importance.
3.5.2.2

River erosion and water

contamination

It is convenient to discuss together the limitations of laws and short-comings of institutions for these two aspects of study, given that they are governed by the same institutions and laws.
Laws to protect water quality exist, and the institutional responsibilities for water
pollution and river erosion are to a large degree well defined. The main problems are
that the relevant legal clauses are dispersed through a number of laws and in most cases
the regulations necessary to allow the law to be enforced have not been drafted. Moreover, responsibilities are similarly dispersed amongst various government agencies and,
to complicate matters, these frequently do not include those organisations which most
affect water. As an example of the above, both MAG and MSPAS are required to maintain good (undefined) quality water, but A N D A is the (official) organisation which
most affects such quality in the project area by discharging untreated sewage to the
rivers. Also, while MAG is responsible for stabilising river beds, DUA is engaged in river
canalisation in the city and in supervising the drainage of new urban developments
which have a great potential for aggravating river erosion. In addition, both MAG and
MSPAS have insufficient funds voted and staff of the required technical capacity to
carry out their duties in the study area, where these problems have assumed major
significance. Traditionally, MAG has concentrated its river control and soil conservation efforts on the rural areas and left these problems in urban areas to the attention of
other bodies like DUA.
Consequently, little is being done either to monitor or to correct the present situation
of deteriorating water quality and accelerating river erosion in the Acelhuate basin. In
the latter case, some piecemeal, uncoordinated efforts have been undertaken by both
the private and public sectors — but not, curiously, including MAG — with varied
success. There is, therefore, an urgent need to redefine and redistribute responsibilities
to ensure coordination of actions, and to empower responsible bodies with the
necessary legal regulations.
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3.5.3

Possible improvements

A case can be made for drafting and legislating a single, comprehensive conservation law
which would cover all aspects of the environment; air, water, and land. This would
define institutional responsibilities and establish suitable coordinating mechanisms, but
such a wide-ranging law would be cumbersome and could well take many years to establish. For this reason, other improvements are reviewed here as they relate to the three
main problems.
3.5.3.1

Soil conservation

The organisational responsibility for soil conservation is clear and does not require
redefinition. Three legal measures, however, might help the diffusion of soil conservation practices in the basin:
1.

The Acelhuate catchment could be declared a Soil Protection Zone under the
Forestry Law. This would empower the DGRNR to enforce compliance with
any particular soil-conserving regulation described in the Decree establishing
the Zone. Thus, a series of regulations could be decreed, designed to f i t the
particular requirements of the catchment.
This would result in the incorporation of the existing Soil Protection Area
into the larger, basin-wide area. If successful, this policy might be extended
area-by-area to eventually cover the country.

2.

A separate law or regulation could be introduced making it mandatory to
cultivate on the contour and/or adopt minimum tillage techniques. Infractions
would be punished by a fine levied upon the owner of the land. Note that
such a measure could constitute one regulation governing the management of
the Soil Protection Zone described in (1) above. The advantage of a separate
law is that it could be applied nationally, whereas Protection Zone regulations
would only affect that specific area.

3.

Insecurity of tenure on rented land could be substantially remedied by wider
and more general enforcement of the existing Land Rental Law and its 1979
revisions (see Section 2.3.6). Under the Law, rentals must be drawn up on a
3-year contract, and even when this period is completed, the landlord can
only displace the tenant if he himself intends to farm the land or if the tenant
has failed to comply with the terms of the contract. Moreover, the tenant is
entitled to compensation upon leaving for any improvements to the land he
has made. On his part the landlord can stipulate that the tenant makes
conservation works on the land (with a corresponding reduction in rent or
other compensation) and that he otherwise farms along sound conservation
lines.

3.5.3.2

River erosion

A prerequisite to the following improvements would be the formal adoption of an
urban development plan which would permit a comprehensive urban drainage policy t o
be drawn up.
To rationalise the present highly unsatisfactory situation regarding urban drainage and
erosion, a redistribution of institutional responsibilities is urgently required. A logical
division would be to make DUA responsible for stabilising river courses within the
Metropolitan Area of San Salvador (AMSS), but leaving MAG in charge of river beds in
the remainder of the country. This would allow DUA, with its greater experience and
capacity for design and implementation of urban works, to attend to the upper reaches
of the basin's rivers which present some of the most serious problems of river erosion in
the country. It would also make DUA responsible for the effects of its own urban
drainage plans on the rivers into which the drains discharge. These responsibilities could
later be absorbed by A N RA (see below) once it had become established.
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Alternatively, a new Metropolitan Drainage Engineering Department could be formed,
and made responsible for the behaviour of the main rivers of the AMSS. The Department
would specify a model of the hydrology of the main streams, model the effects of
future urban drainage patterns as foreseen by the urban plan adopted, and proceed to
design and construct the necessary protection works. The Department would also
review development planning applications with regard to their drainage proposals, which
might result in it requesting modifications to the plans. This body could be part of DUA,
especially in the short-term, although in the long-term it might be attached to A N RA
(see below). In this latter case it would be controlled by a council on which DUA would
be represented.
3.5.3.3

Water contamination

As has been recommended in the past by UNDP (PNUD, 1972) and Wallace Evans &
Partners (1974), the present legal framework could be much improved by the drafting
of a single, overall water law. This would cover water use, water conservation, and water
quality. The law would also establish a National Water Resources Council (CONRA), a
body to decide policy and coordinate the actions of interested bodies which would be
represented on the Council, including MAG, MSPAS, A N D A , DUA, Ministry of
Economy, CEL, MIPLAN, etc. CONRA would be responsible for controlling the use of
water resources, for conserving and better distributing them, for reducing pollution, and
for otherwise controlling water quality.
In addition to its executive level, CONRA would have an operational level, formed by a
National Water Resources Agency (ANRA). Through the Agency, CONRA could study
water resources, plan their use, establish norms for water quality, monitor water supplies
and their quality, and have the legal capacity to act against persistent infringers of regulations governing the everyday application of the law.
A t the time of writing, the UNDP project 'Master plan for the development and use of
water resources' (ELS/78/005) has just started. It aims to establish the nucleus of a
water resources agency, initially under the aegis of MAG, to study national water
resources, and to draft a water law accompanied by regulations which would set up
CONRA. This is in accordance with Strategic Programme 9 in the National Five-Year
Plan which includes among its objectives the promotion of rational water use through a
proper and adequate administration of this resource.
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Part 4

Part 4
Land use planning

4.1

INTRODUCTION

The rational use of the resources of any area depends mainly on determining an appropriate use for the land, taking into account both the inherent properties of the land and
its potential for production. Rational land use is fundamental to the formulation of
management plans, such as those outlined in Part 5.
The environmental factors described in Part 2 form the data base which is interpreted
to determine appropriate land use in the Acelhuate catchment.
In Section 3.2.2 a number of important conservation measures are identified for implementation in Phase 2 within a soil conservation programme. These same measures are
incorporated into the recommendations for proper land use in the various land
capability classes described below.
Using the land capability map and additional data, such as future development plans, a
map showing management zones has been prepared (Text Map 4.2), which is the subject
of Section 4.4.

4.2
4.2.1

LAND CAPABILITY
General

The main consideration here is an objective description of the capability of different
types of land to economically support sustained production from agriculture and
forestry. Land capability (Separate Map 4.1) is based on an interpretation of the soil
map (Separate Map 2.5), itself an expression of many environmental controls and interrelationships. It should be recalled, however, that the soil mapping units do not, and
could not at the scale used, show areas of single soils. The mapping units invariably
contain contrasting inclusions or are complexes of contrasting soils in the proportions
estimated in the soil map legend, and the interpretations of land capability must take
account of this variability. Because such soil mixtures occur, the land capability
mapping units are in effect associations of land classes, which can be separated later by
more detailed surveying.
Many systems classifying land capability exist, ail having advantages but most having
drawbacks when used outside the areas for which they were principally designed
(Bartelli, 1978). In El Salvador two systems are currently in use. That used by the programme for determining potential land use in DGRNR is based on the North American,
eight-class system (Klingebiel and Montgomery, 1966) while the soil survey and soil
conservation specialists in SOCHCS/DGRNR favour a system described by
Tablas Dubón (1973) which is based on a quantified analysis of six principal and four
supporting parameters to describe the potential for nine defined uses of land
(Appendix B1).
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An international land suitability classification developed by FAO (1976) is based on
experiences gained in many countries. It attempts to incorporate advantages of other
systems and by careful definition of land utilisation types and land qualities it avoids
some of their disadvantages (Vink, 1975). It results in a series of maps, each showing
the areas suitable for one given land utilisation type, rather than showing suitabilities
for various uses on one map. However, while a major merit of using that system would
be its international recognition, it is considered more important here to support a used
and favoured local system, which could be adapted if necessary later. Consequently,
separate Map 4.1 is based on the Tablas Dubón classification which emphasises crop
production and which would lend itself more readily to being reclassed on the FAO
system than would the American system. For comparison, the classes (described below)
are also given the nearest equivalent American system in parentheses.
4.2.2 The capability classes : description and recommended land use
The classes considered inSeparate Map 4.1 are agro-forestry classes. These are very
significant from the point of view of catchment planning but it is recognised that other
uses are equally important; for example, engineering and construction purposes,
irrigability, recreation, conservation, and resettlement potential. For these and many
other purposes it would not be difficult using either the land capability map or, to go
back one stage further, the soil map to recompile or reinterpret the classes or units in
terms of individual proposed uses.
The land capability classes are set on a scale in which limitations to production and
management become progressively more severe, i.e. those categories with most potential correspond to land which, owing to its excellent characteristics of topography,
climate and soil, offers most scope for different types of use, and, in contrast, those
lands where most severe limitations occur correspond to categories with iow potential.
The capability classes arranged in descending order of potential fall into three broad
groups: 1. Cultivable land (Classes TCa, b, c, d, e), 2. Land suitable for permanent crops
or pasture (Classes TCP, TP), and 3. Land suitable for forestry or requiring protection
(Classes TF, TPr).
Each capability class is obtained by an analysis of the following six key factors: slope,
effective soil depth, texture, erodibility, rockiness and drainage — all interpreted from
the base soil map. The areas of the classes as depicted on Separate Map 4.1 are given in
Table 4.1. It is emphasised that the various TC classes, while specifically indicated as
suitable for the most demanding or sensitive of the forms of production described, crop
production, are equally suitable for pasture or forestry purposes. However, the converse
is not true, so that while TP class land could be used for forestry production, it is not
suitable for crop cultivation.
T A B L E 4.1

Areas of land capability classes in the Acelhuate basin (excluding urban land)
Group 1

Group 2

Group 3

Cultivable land

Permanent
crops or pasture

Forestry or
protection

TCb

TCc

TCd

TCe

TCP

TP

TF

TPr

8 680

6 040

9410

5 340

13 6 4 0

6 080

13 040

280

Percentage of
agricultural land

14

10

15

8

22

10

21

< 1

Percentage of
Acelhuate basin

12

9

13

7

19

8

18

< 1

Area, ha

In some mapping units, owing to the gradual spatial variation of the environmental
characteristics which determine the most appropriate use of the land (land facets - see
Section 2.1.5) each mapping unit, although mapped as one class, may contain minor
areas or land capability subclasses giving perceptible differences in the uses to which the
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land may be put. These subclass differences are described in Appendix B 1 : each subclass
is specified by a code indicating its position on a numerical scale for each of the six key
factors listed above.
Group 1

Cultivable land (TC)

This group of lands, where environmental conditions are favourable for the development of a wide range of vegetation species, is suitable for clean cultivation. Each class,
however, has some specific limitation. Four of the five possible classes are represented
in the catchment.
Class TCb (USDA Class II) These lands are lightly eroded with gentle slopes, which
may occasionally be flooded. They are located where soils have good characteristics for
continued crop production, where machinery can be used and where almost all forms of
agro-forestry can be contemplated. They are associated in particular with gently sloping
land forming alluvial fans, fluvial terraces and volcanic footslopes (planezes).
Two subclasses can be distinguished: one on alluvial terraces in narrow valleys, mainly
in the south-east; the other, equally fertile, occupying the plain at the Acelhuate-Lempa
confluence and associated with land of lower potential (TCc).
The recommended optimal use of this land is by crop rotation, multiple cropping and
intercropping, the incorporation of industrial organic wastes (mainly from coffee and
sugar-processing plants) and especially by making use throughout of the potential for
irrigation.
Class TCc (USDA Class III) In this class the edaphic and other environmental
conditions are favourably associated, so that periodic or continual cultivation of the
soil is possible if medium-level conservation and management practices are introduced,
such as broad-based terraces on large farms, contour cultivation, strip cultivation or
contour barriers. They are suitable for a wide range of annuals, semi-perennial and
perennial species, including pasture and woodland. Mechanised cultivation is possible.
The lands form areas of gentle slopes that are, nevertheless, highly susceptible to erosion; the soils are moderately deep and locally characterised by the presence of stones
and rocks; occasional flooding may be experienced.
Four subclasses are present in the catchment, differing in capability because of slope
range, depth of soil and degree of erosion. Amongst these subclasses the soils differ
very little and the recommended management essentially reflects differences in the
topography, the facet positions and their extent.
In general, intensive annual crop cultivation is recommended using multiple and intercropping, crop rotation and mulching. To reduce erosion risk, all those conservation
practices necessary on the individual forms of slope should be introduced: these would
range for example, from broad-based terraces on gentle slopes to hillside ditches on
steeper land.
Class TCd (USDA Class IV) The land in this class has a high erosion risk due to steep
slopes (up to 17° 30%). They may occasionally be flooded and some places are
moderately rocky, but all may be used for annual crops using intensive conservation
and management practices, for semi-perennial crops, orchards, pasture and forestry.
The location of TCd lands is in dissected or irregular topography, where the use of
small machinery for cultivation is possible in small areas with relatively gentle slopes.
Four subclasses occur which differ mainly in their local topography. Those located on
the slopes of San Salvador volcano and on the dissected hills in the centre of the catchment have high erosion risk and must, therefore, be treated with intensive conservation
measures for proper use:
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In general, these areas are recommended for intensive annual crop cultivation if highlevel management and conservation measures are practised (mentioned above under
Classes TCb and TCc).
Class TCe (USDA Class VI) These cultivable lands include those with the steepest
slopes (up t o 27° 50%) with a high risk of erosion; they are commonly very eroded. The
soils are shallow, stoney and have low water retention or are susceptible to waterlogging
where they occupy flat land.
To enable them to be used for annual, semi-permanent or permanent crops they should
be given intensive soil conservation and corrective treatment to reduce erosion risk and
to improve drainage, with special emphasis on minimum tillage where slopes exceed 20°
(35%). A combination of agronomic measures and physical work is necessary for
continuous crop production while conserving the soil.
Five subclasses occur in this category, each having perceptibly different management
and conservation requirements for their optimal use. Most land comprising those subclasses which have soil problems occur in the cereal-producing north of the catchment
where the use of minimal tillage on slopes exceeding 20°((35%) is necessary t o diminish
the adverse effects of erosion by rainfall.
In the south of the catchment, on the volcanic ash soils, the lands of this class used for
annual crops should receive very careful soil conservation treatment; this should combine agronomic and physical practices, such as hillside ditches with barriers, bench
terracing in certain cases, mulching etc. The diversification of land use in these areas is
desirable.
Group 2

Land suitable for permanent crops (TCP) or pasture (TP)

Class TCP Land suitable for permanent crops (USDA Class VI) Because of the
particular combination of limitations of these lands, they are considered most suitable
for the production of permanent crops, whether herbaceous plants, shrubs or trees.
The main limitations are steep slopes (up to 35°, 70%), the consequent high erosion
risk, and stoniness or shallow soil depth, which singly or in combination cause the land
to be inappropriate for other uses.
TCP areas are found especially in strongly dissected landscapes with irregular topography, where areas of cultivable land also occur.
Three subclasses are identified in the catchment. One comprises the irregular dissected
ash landscapes of low hills, such as those comprising the demonstration area at Las
Flores which occur as linear belts following the courses of the main rivers. Other subclassses occupy very steep land; to these may be added other areas appropriate for
forestry where the irregularity of slopes and their small size prevent their delineation at
the mapping scale used.
It is considered that Class TCP lands should be utilised for fruit trees or other
permanent cash crops. Thus land use can be directed towards the conservation of soil
whose deterioration is a continual risk in these ashy areas.
Class TP Land suitable for pasture (USDA Classes V and VII) These comprise all
those areas in which the environmental limitations of topography and soil are inappropriate for periodic or continual tillage, either for annuals or semi-perennials. They are,
however, suitable for pasture for intensive or extensive cattle rearing, and for timber
production where soil drainage and depth permit.
Four subclasses occur, each with different use characteristics, especially with respect to
the management which can be practised and the animal-carrying capacity.
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Class TP lands are distributed in small areas in the north-central part of the catchment
where they are suitable for extensive pasture use. The remaining areas of this class are
considered suitable for hay or silage or intensive grazing for cattle.
Group 3

Land suitable for forestry (TF) and land requiring protection

(TPr)

This group includes all those lands having soil and topography characteristics which are
so limiting that they are not suitable for any form of cropping without incurring soil
deterioration.
According to the degree of their main limitations, these areas may be grouped into two
well-defined classes: those suitable for timber production, and those requiring protection.
Class TF Lands suitable for productive forestry (USDA Class VII) These constitute
all those areas which allow the rapid growth of woody tree species even on very steep
slopes up to 45° (100%). They are found largely on the high volcanic peaks (San
Salvador volcano and the Cerros de Nejapa, Guazapa and Tecomatepe), where the topography or the rockiness of the ground precludes the economic cultivation of other crops.
Four subclasses are identified, each having different environmental limitation characteristics.
Class TPr Lands requiring protection (USDA Class VIII) These lands differ from
those of the previous group in that their extreme limitations prevent any agro-forestry
production; they are better suited t o the growth and preservation of the natural vegetation and the protection of wildlife.
They include cliffed areas and small cones and craters where the underlying rock is
exposed, areas of outcropping tuff, badly eroded land, small swamps and the watercourses which are abundant in the catchment.
No use is recommended for them except for planting forest species, and (where the land
permits) to encourage the growth of vegetation thereby preventing the further deterioration of ecosystems.

4.3

RECOMMENDED LAND USE: DISCUSSION

The classes and subclasses of land described above should, ideally, be used for the agroforestry purposes to which they are most suited, thus obtaining a stable ecology in the
catchment. However, over much of the area it is impossible to achieve this aim because
agro-economic activities already established differ substantially from the basic concepts
of resource use which are needed to obtain a rational use of the resources of the area.
Therefore, because those areas with established permanent crop cultivation (such as
coffee and fruit orchards) cannot realistically be changed and in general do not
adversely affect the land, attention must be focused on improving areas now under
annual crops, semi-permanent crops or pasture, and on areas already being eroded. In
conjunction with this, an intensive promotion campaign combined with technical
assistance will help to achieve a more efficient use of the soil and help prevent the loss
of fertile topsoil. Programmes for implementing these improvements are described in
Section 5.2.

4.4
4.4.1

MANAGEMENT ZONES
General

Text Map 4.2 shows management zones (after Betancourt and Dulin, 1978) which takes
into account the environmental and socioeconomic data of Parts 2 and 3, the land
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capability classification, the short-term plans for the expansion of San Salvador and the
need for foodcrop production, which has been given Government priority.
Management zones (ZMs) are here defined as homogenous zones in which the environmental conditions are similar and in which the pattern of socioeconomic activities are
comparable, so presenting a set of related problems. Logically, the zones resemble the
land regions (Text Map 2.4), modified to some degree by man's agricultural activities
and the presence of urban agglomerations. It is stressed that in this report there is
insufficient space to detail the whole range of properties of each zone, nor have the
detailed management plans been considered for each zone which properly would be the
subject of more intensive studies. However, by reference to the preceding section and to
Separate Map 4.1 (Land capability) it is possible to delimit more precisely areas suitable
for specific forms of agricultural development and, by careful interpretation, urban
development.
In identifying the six management zones (Table 4.2 and Text Map 4.2) it becomes
evident that the watershed boundary of this project area is unsatisfactory in some ways.
For example, it is logical to consider the whole of San Salvador volcano* as one management zone, similarly Guazapa and Tecomatepe Mountains, and the western fringe of
Lake llopango which is in many ways similar t o ZM2. However, such areas can be
considered as shared between adjacent hydrographic catchments and in this sense,
while environmental characteristics may be the same, their present use and management
objectives may differ considerably.
Within the management zones a number of critical management areas (ACMs) are
proposed whose properties or present condition are such that they merit special attention; for example, badly degraded land, the city of San Salvador, areas of new urban
growth, archaeological sites, and biological reserves. Depending on its characteristics,
an ACM may have different problems from those of the management zone in which it
lies, in which case separate study and management are indicated, or it may be a more
severe example of the zonal problem in which case more intensive study and more careful management would be appropriate.
For each of the ZMs and ACMs brief descriptions are given of their present
recommended use. The word 'present' is stressed as it should be recognised that management planning is a continuous process of evaluation which takes into account the
present state of the zone, its future needs and technical innovations. Today's
recommended use may be substantially different from that in 20 years, especially considering the projected doubling of the population in this catchment to 2.1 million in
that period.

'Designated as Critical Area No. 1 by GOES according to Decree 22, in Official Diary 29, 1974.
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Zona de manejo
Management zone
Area critica de manejo
Critical management area
Area urbana actual
Present urban area
Cinturón verde sugerido y limite futuro de la
expanción hacia el norte de San Salvador urbano
Suggested green belt and future limit of
expansion of San Salvador to north

14'00

ESCALA SCALE 1 : 200,000
4

6

8

13-50

13*50

13*40

13" 40

MAPA 4.2 Zonas de manejo y areas criticas de manejo de la cuenca del Rio Acelhuate
TEXT M A P 4.2 Management zones and critical management areas of the Acelhuate
River catchment
LRS 30/ELS/DW/10 Ministerio de Agncultura y Ganadena

Prepared by Land Resources Development Centre 1980.

TABLE 4.2

The management zones of the Acelhuate basin, their chief problems, and suggested order of priority

Chief management problems

Management Zone/Critical
Management Area

Suggested
order of
priority

Management Zone
ZM1

Lower Acelhuate Basin

Few

6

ZM2

Southern Dissected Ash Plains

Soil, river and urban erosion

1

ZM3

The Nejapa — Tunas Hills

Soil erosion

5

ZM4

The Guazapa — Tecomatepe
Mountains

Soil erosion

4

ZM5

The Balsamo — Jacinto Hills

Soil erosion

3

ZM6

San Salvador volcano

Soil and river erosion,
water recharge

2

Critical Management Area

4.4.2

ACM1

San Salvador volcano

Soil erosion, water recharge

3

ACM2

Las Canas Upper Catchment

River erosion, sewage
treatment

2

ACM3

San Salvador

River and urban erosion,
sewage treatment

1

ACM4

Apopa: urban area

T o w n planning, sewage
treatment

4

ACM5

Cihuatan: archaeological site

Few

8

ACM6

San Jacinto: recreational area

Few

9

ACM7

El Picacho: proposed bio-logical
reserve

Encroachment by crop
cultivation

7

ACM8

El Boquerón: proposed geo-biological
reserve

Encroachment by crop
cultivation

6

ACM9

Colima: proposed biological
reserve

Enroachment by crop
cultivation

6

The management zones (ZMs): description and recommended land use

ZMI Lower Acelhuate Basin
This lowland zone corresponds essentially to Land Region 1, being the area of young
fertile sandy alluvium overlying older semi-indurated tuff and forming a level to gently
rolling plain. It is mainly devoted to sugar-cane production in large (>50 ha) units
which, though in general well managed, should receive more erosion control in the form
of widely spaced contour bunds in view of the shallow nature of the soil in many places.
The potential for intensive irrgated production of crops is greatest in Zone 1 because of
favourable topography and soils and the presence of the Acelhuate, Guazapa and
Los Limones permanent rivers. Byjhe end of the century the dry-season flow of water
in the Acelhuate should reach 8 m 3 as the expanding city of San Salvador brings in
water from other catchments further afield. This water is currently underutilised for
certain purposes (irrigation and fisheries) although Acelhuate River water quality by the
time it reaches this area is unfit for almost any use. The quality is worsened by the addition of untreated sugar mill waste at San Diego and San Francisco. Groundwater irrigation merits study.
No fundamental land use changes are recommended in Zone 1 but the Government's
attention is drawn to the area's considerable long-term potential for even greater agricultural production, possibly augmented by irrigation.
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ZM2 Southern Dissected Ash Plain
More problems occur in this zone than any other, principally because of the characteristrics of the material in which the plain has formed. Zone 2 corresponds closely to
Land Region 2 and is a young dissected volcanic ash plain; the northern areas contain
shallow ash over outcropping tuff in many shallow but steep-sided valleys, while to the
south the ash becomes increasingly thick and the valleys shallower and less common.
Current land use ranges from low-intensity cattle grazing in the north to a central belt
of medium-scale sugar-cane production mixed with smallholder subsistence farming;
in the south, this is supplemented by localised cash-crop production of tobacco,
tomatoes and fruit for sale in the city.
In the south a large proportion of Zone 2 is occupied by the San Salvador urban area
which presents many problems connected with water quality and river erosion and is
designated a critical management area in its own right. Other critical management areas
are also designated in this zone, including that of Apopa new town and the Las Canas
upper subcatchment (see below).
Agricultural problems stem from a lack of understanding on the part of the farmer of
the high erodibility of volcanic ash, a land tenure system which militates against conservation, and population pressure which inexorably requires that less land produces more
and that increasing areas or erodible steeplands are farmed more intensively for foodcrops.
Given that land tenure is unlikely to be changed overnight and that more food must be
obtained from less land, it is impracticable to advocate an ideal conservation-based land
policy in this zone, which would imply changing land use.
It is therefore accepted that outside the urban limits (see Separate Map 4.1) the greater
part of Zone 2 will be used for increasingly intensive crop production on land which in
many places is unsuitable. To protect this zone from the worst affects of accelerated
erosion, it is recommended that land with slopes exceeding about 27° (50%) should be
left under natural woodland regrowth, planted forest or permanent orchard crops —
land which in many areas flanks watercourses which anyway require such vegetative
bank Drotection — and that an intensive conservation campaign be mounted to
persuade, and convince all farmers of the benefits t o be gained from the soil
conservation measures described in Section 322.
The importance of the Land Rental Law, currently being modified to give greater
security of tenure, cannot be overemphasised as an excellent incentive to the small-scale
tenant to regard the land as something more than a sponge, to be squeezed and
discarded when he is obliged to move elsewhere after two or more years' use.
A programme for soil erosion control in agricultural lands is proposed in Part 5.
The other problem common in this zone is vigorous river erosion which, by cutting into
the weakly structured ash materials, causes loss of agricultural land and endangers many
types of urban property. The problem, while present or incipient in a large proportion
of the rural areas in this zone, is most evident in the upper Las Canas subcatchment;
principally for this reason it is designated a critical management area. The methods of
river erosion control for the Las Canas valley are entirely relevant for the remainder of
the zone.
Main-river water quality is very poor on account of the large inputs of untreated human
and industrial effluent. Outside the San Salvador critical management area the greatest
such inputs are from sugar mill wastes from El Angel and Salvadorean Sugar Refinery,
the Salvadorean Distillery at Apopa and INSINCA textile plant
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ZM3 The Nejapa-Tunas Hills
This zone incorporates parts of Land Regions 2 and 5. It is not as uniform as the
preceding zones as it comprises both small alluvial sandy ash plains, and rolling hills and
volcanic cones derived from andesite and basalt with reddish clayey soils. Land use is
varied. The ash plain and nearby hills are under large-scale sugar-cane production, the
rolling hills contain much unimproved pasture, 'matorral' and scattered subsistence
smallholdings, and the volcanic peak of Nejapa is partly under coffee, maize-bean production and citrus.
With the general exception of the land under subsistence crops, this zone appears to be
farmed in a way that does not induce excessive environmental damage. There appears to
be scope for intensifying production from some areas under poor pasture but large areas
coincide with rocky land or seasonally poorly drained lowlying areas with Vertisols and
could not be used more intensively.
The recommended use of this zone, therefore, is first to protect by woodland or
permanent crops the many small areas of very steep land exceeding 27° (50%), such as
that adjacent to watercourses or occupying steep escarpments. Cerro Nejapa is cultivated for annual crops on its rocky lower and middle slopes, which range from 20° to
33° (36% - 65%), but the land is unsuitable for this purpose and there is considerable
evidence of surface soil wash and incipient gullying. Certain parcels are now being put
to henequen and if this were supplemented by live or dead contour barriers it would be
an appropriate use. If that type of treatment cannot be applied, such slopes should be
allowed to revert to natural forest or be reforested, for example with leucaena. The soil
is already so shallow in places that the land is of very low productive value.
Less steep lands presently under sugar cane should be protected by contour bunds and,
if subsistence crops are grown, by hillside ditches, as recommended in Section 3.2.2. The
extensive rocky grazing lands of Cerros Espino, Redondo and Tunuas south-west of
Aguilares show clear signs of surface wash, presumably through overgrazing. The worst
effects of this could be reduced by rotational grazing and improving pasture quality.
River erosion problems are not severe in this zone. The quality of the Acelhuate water is
worsened by untreated discharges of sugar and coffee mill wastes at San Esteban and
Nejapa.
ZM4 Guazapa-Tecomatepe Mountains
Comparable in some ways with Management Zone 3 and close in concept to Land
Region 5, this zone is fairly uniform in its range of problems and usage. It consists of
Guazapa and Tecomatepe basaltic mountains and associated foothills in the north. The
soils are mostly reddish brown, locally dark grey clays, rocky and shallow. Slopes are
steep in the mountains but are moderate to gentle in many parts of the northern foothills. The land is used for extensive grazing on large holdings, for small-scale subsistence
crop production and, where soil depth and quality permits, for extensive sugar cane production, especially in a belt adjacent to the Aguilares-Suchitoto road.
The worst effects or erosion are evident in Guazapa Mountain where very steep land is
farmed year after year for maize, beans and sorghum — to the summit in places.
Although gullying is not common, surface sheetwash is ubiquitous and many slopes are
becoming useless for cropping due to the shallowness and rockiness of the soil.
The recommended practices in this zone are to exclude all annual crop cultivation from
slopes exceeding about 27° (50%) and to reforest, plant with tree crops or allow natural
regeneration to take place. This will indeed be difficult as a large number of smallholders or tenant farmers are cultivating land in excess of this limit. The aim, therefore,
should be to prevent all gross abuses of the land while encouraging a more intensive use,
through careful conservation practices, of the less steep land. Extension work in this
zone will be extremely important.
River erosion and water pollution are not important in this zone.
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ZM5 The Balsamo-Jacinto Hills
This rather complex zone occupies the southern limits of the catchment and corresponds partly with Land Regions 2, 3 and 7. It contains a variety of soil parent materials
ranging from acidic ash to basaltic and andesitic lavas, scoria and epiclastics. Significant
areas outside the city are becoming dormitory suburbs of the city but in the extreme
south-east, subsistence farming on small parcels occurs and there are vestiges left
throughout once-large coffee estates.
It seems inevitable that in the medium term much of this zone will become an extension
of the city and that farming will be of minor importance. This trend is reflected in the
southern boundary of critical management area 3 which overlaps ZM5. A t present, the
standard of farming and development is very low with scant attention being paid t o
conservation principles. This is resulting in massive erosion of new urban development
sites and less spectacular, but in the long term equally devastating, erosion of the steep
slopes under maize and beans.
It is recommended for this zone and in ACM3 that the urban planning authorities
(DUA) more carefully control the activities of developers and that wherever possible
the steep slopes of San Jacinto mountain and Planes de Renderos be put to permanent
cover of coffee or orchard crops or natural vegetation. San Jacinto is presently part of
the first Soil Protection Zone (see Text Map 1.2, and Table 4.2 above).
Stream quality is adversely affected by inputs of untreated sewage.
ZM6 San Salvador Volcano
This area is entirely taken up by ACM1 (see below).
4.4.3

The critical management areas (ACMs)

ACM1 San Salvador Volcano; a vital water recharge area
This area forms part of the San Salvador Volcano; which was designated Critical Area
No. 1 in 1974 by the Government of El Salvador (Official Diary 29, under Decree 22)
because of its recognised significance in the water supply to San Salvador. The purpose
of the Decree is to enable the Government to control spreading urban development on
the mountain and to encourage reforestation where current land use is inappropriate, so
protecting the water recharge of the aquifer. The unifying characteristics of this area are
those which characterise Land Region 3; its young volcanic history, its cone-like form
and sequence of distinctive ash soils ranging from those on the steep upper scoriaceous
slopes to deep white sands on gentler lower slopes. The northern lower slopes are used
extensively for large-scale sugar cane production; the southern slopes and areas
extending almost to the summit of El Boquerón and to the middle and upper northern
slope of El Picacho are entirely used for large-scale coffee estates. The remaining steep
eastern slopes from the outskirts of the city to the upper slopes are utilised for mixed
rough pasture, small subsistence farms and intensive but small-scale horticultural production.
By and large the cane- and coffee-producing areas are well managed and generate no
undue threat to the environment. However, the eastern slopes contrast strongly with
this in being farmed by short-term tenants in small parcels with, in general, scant
attempts at conservation. There is considerable population pressure from the city and
the presence of large markets undoubtedly encourages the use of steep land (more than
40° (84%) in places) which elsewhere might be left under 'matorral'. There is ample
evidence of soil erosion, even on some lands which have received attempts at consevation in the past.
Few parcels on these deeply incised eastern slopes can be used safely for annual crops,
even with rigorous and expensive-to-construct bench terracing. Therefore, the present
DGRNR policy of reforestation of the whole area is strongly endorsed. Furthermore,
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the Cerros de Mariona, an eastern salient of hills, form an admirable physical barrier to
northern extension of the city and should be forested in such a way that they could
become a city park.
ACM2 Las Canas Upper Catchment; a hydrological problem area
Upstream of the suspension bridge across the Las Canas River near Tonacatepeque, the
state of the main river and several tributaries gives cause for concern. The problems
centre around accelerated river erosion, believed to result at least in part from increasing
urbanisation and diversions of natural drainage. The erosion is shown by rapid bed
deepening, bank collapse and headward erosion or gullying by small streams on the
unresistant and erodible volcanic ash that blankets the area. These features also occur
in other localities within the Acelhuate catchment but it is because they are prevalent
and have the potential for such damage in this subcatchment, unless rapidly arrested,
that the whole upper Las Canas basin is designated a critical management area.
It is significant that a neighbouring basin, draining to Lake llopango, was designated by
the government as Critical Area No. 2 in 1974 (Official Diary No. 29, Decree 22) —
from the point of view of its need for conservation treatment and river control the
problems are parallel to those of this area. The common boundary of these two areas —
both areas are in effect critical management areas — should be adjusted to incorporate
both as one critical management area. It should be noted too that the southern boundary overlaps that of ACM3.
The technical solutions to the principal problems of river bed stabilisation and river
training are described in Section 3.2 and a programme for their implementation in this
critical management area is proposed in Part 5. It is anticipated that this area will function as a demonstration area in the treatment of hydrological problems.
It is suggested (Section 3.5.3) that executive responsibility for implementation works
be divided between DU A and DGRNR, the former being responsible for city river bed
stabilisation and protection and the latter for the rural areas.
ACM3 San Salvador: an expanding, populous

city

The presence of the city and suburbs in this catchment is one of the underlying reasons
for this project. The extent of the city in 1979 substantially exceeds that of 1969 as
can be seen from old maps and airphotographs. The de facto urban limit is shown on
Separate Map 2.6 and Text Map 4.2, based on December 1978 airphotography, and
extends well beyond the Metropolitan Area of San Salvador (AMSS)*. The de facto
limit is used here as the core area of ACM3 with the actual limits extended to incorporate known and likely future development areas. It is stressed here that to accept
these limits is not necessarily to condone the developments taking place within them:
while some are environmentally sound, others are misguided in concept, badly planned
and located in ill-suited areas. The boundary overlaps those of ZMs 1, 2, 5, ACM1 and
also ACM2 whose chief problem is that of hydrological management.
The problems in the city are numerous, complex, interrelated and mostly beyond the
scope of this report. Some aspects have been studied earlier in a major planning document known as Metropan 80 (MlPLAN 1978a) which resulted in a zoning of the city
and surrounding areas according to recommended use. Other specific aspects have also
been studied, such as water supply and sewage (Wallace Evans & Partners, 1974) and
geological aspects (Wieseman, 1975). In this project we examine only water contamination, urban erosion and river erosion.
Where the future limits of San Salvador are concerned it is recommended that careful
attention be paid to geological evidence which shows that certain areas in and around
the city are susceptible to strong earthquakes. Logically, these should be avoided, by
invoking building regulations if necessary. Other, natural limits, which even now are

*See Section 2.2.1 for a list of Municipalities included in the AMSS
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being transgressed by the ingenuity of developers, are the slopes of San Salvador
Volcano in ACM1 (ZM6), the Cerros de Mariona, the steep slopes of Cerro San Jacinto
and the Cerros de Bälsamo in the south, and Lake llopango escarpment in the southeast (ACM2). To the north-east there will be a natural tendency to spread as far as
Tonacatepeque and San Martin. The desirability of this is debatable, and it is here
suggested that the establishment of a green belt be considered to limit city growth in
this direction beyond a line joining the Cerro Las Delicias to Cerro Las Marionas and
thence following the limit of ACM3 (Text Map 4.2). This belt, if approved in principle,
should be mapped more precisely, making use of Separate Map 4.1 and further field
studies.
The management of ACM3 is properly the joint function of individual sectoral interests
(water supply, transport, power, industry, etc.) who are directly or indirectly respon^
sible to the government central planning body, but whose overall planning should be
initiated and coordinated by DUA.
ACM4 Apopa: a developing new town
Little is known of the plans for the future growth of Apopa new town, beyond its
target population of 250 000 and that no single coordinated sewage treatment scheme
for the several housing and industrial areas is foreseen in the near future. In this respect,
one recommendation of this report is to reserve the only sufficiently large piece of land
(Map 3.3 in Appendix C.1) for such use in the future, instead of its development for
housing.
The principle of focusing development of a new urban overspill area in and near Apopa
recognises the fact that the Acelhuate and Las Carfas Rivers in that area are already
polluted and that developments of this nature should be kept away from clean rivers,
such as the Guazapa and Los Limones.
ACM5 Cihuatan: a significant archaeological site
This site, under exploration by ISTU, represents the finest remaining example of preconquest urban development in El Salvador, and where a former population has been
estimated at 10 000 (Browning, 1971). It occupies some 3 ha and is of very limited
agricultural use and can be readily protected. The Institute for Tourism (ISTU) is taking
steps to discover and preserve the prehistory of the site.
ACM6 San Jacinto: a recreational area
Serviced by an impressive cable car and providing panoramic views of the city, Lake
llopango and San Salvador volcano, this recreational area is an imaginative example of
what can be provided for the city population on the doorstep. The Park is privately run.
ACM 7 El Pieach o: a proposed biological reserve
El Pichacho lies within ZM6 and is the highest peak in the catchment (1910 m). It is
steep sided and merits special attention because of an important, little-known relic of
Lower Montane Wet forest near the summit (Section 2.1.7). Subsistence crop cultivation is encroaching from the south and there is considerable erosion in such areas. This
area should be preserved in the national interest as a biological reserve, administered by
DGRNR (Appendix B6).
A CM8 El Boquerón: a proposed geological-biological reserve
Few areas in El Salvador have such combined assets of physical beauty and potential for
forest regeneration as the crater of El Boquerón on the outskirts of the city of
San Salvador.
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El Boquerón is an excellent example of a deep (quiescent) volcanic crater (450 m deep)
containing an inner cone. It is accessible by road and would require little to develop as a
tourist attraction administered by DGRNR. It is currently being exploited by flower
growers on the almost precipitous inner slopes, a practice which should be strongly discouraged. On the outer slopes similar cultivations on less steep land require the
introduction of conservation practices. On the northern margin is old woodland. A path
around the circumference could be built easily. Flora and fauna in an around the crater
are diverse and migratory birds favour the area particularly.
It is suggested that the boundary of the Reserve be at least 100 m below the outer edge
of the rim in order to protect this particularly vulnerable zone from degradation. :
Furthermore, the northern boundary should be extended to incorporate the small but
rich piece of woodland, with the future possibility of extension t o the 1917 lava flow
of Jabalf which is of great hydrogeological significance.
ACM9 Coli ma proposed biological reserve: a relic area of woodland and a volcanic
lagoon
This catchment has been stripped of most of its natural woodland (Section 2.1.7), and
it is known that GOES, in expressing its concern that the country should be so denuded,
wishes to encourage revegetation wherever possible.
This area of approximately 600 ha in the extreme north of the Acelhuate catchment
lends itself particularly well to these aims (see Appendix B.6). It is currently part old
woodland, part 'matorral', part unimproved pasture and contains scattered cropland; it
also contains the artificial swampy lake of Colima, frequented by birdlife, inside an old
low crater; to the north there is a low, wooded escarpment which borders the highwater limit of Lake Suchitlan. The soils of the area are rocky and of low productivity.
It is recommended that the area be designated a biological reserve so that the natural
vegetation can regenerate. It is also recommended that the northern boundary should
extend into Lake Suchitlan so that secure breeding areas can be maintained for wildfowl. The reserve should be administered by DGRNR.
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Part 5

Part 5
Proposed work programmes in the
management plan and recommendations
for their implementation
5.1

INTRODUCTION

In Part 4 an analysis of environmental factors enabled decisions and recommendations
to be made on the most appropriate land use and the areas where.effort should be concentrated, especially in the field of soil conservation.
Part 5 is concerned with recommending and detailing short-term (1980-5) work programmes in connection with soil conservation, river stablisation and pollution
control.
Some longer term actions are also proposed.
In arriving at the recommendations the possible solutions discussed in Part 3 are
considered, together with economic and social factors. Similarly, the proposed legislative and associated measures are drawn from the initial discussion of improvements in
Part 3.

5.2
5.2.1

SOIL CONSERVATION
Choice of soil conservation works

In Sections 3.2.1 and 3.2.2 it was decided on technical and economic grounds that the
preferred system of conservation works would be a combination of hillside ditches and
live barriers.
5.2.2

Recommended short-term actions

Even though soil conservation can be shown to be a worthwhile investment for the
private farmer, little effective conservation has been achieved so far on farmland in the
Acelhuate basin. The immediate task recommended to the Government is to persuade
and give incentives to private farmers to protect their lands using the recommended
system, and to provide technical advice and assistance with this work. The approximate
costs to the Government of implementing these tasks is given in Table 5.1/5.2.
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TABLE 5.1/5.2*

Estimate of public cost of the soil conservation programme in the Acelhuate basin, using the
preferred hillside ditch/live barrier system, over the first 5 years, C

Number
(1)

Annual
salary/person
(2)

Annual
total
(1)x(2)

5-year
total

Supervisor of extension
programme

1

22 7 4 0

22 740

113 700

Extension agents

6

14 130

84 780

423 200

Surveyor

3

12 600

37 8 0 0

189 000

Surveyor's assistants

6

4 730

28 380

141 9 0 0

Soil conservation
engineers

3

19 8 0 0

59 400

297 0 0 0

Nurseries supervisor

1

14 130

14 130

70 650

Gardeners

18

2 750

4 9 500

247 500

Watchmen

6

2 500

15 000

75 000

8 400

4 2 000

320 130

1 6 0 0 650

10 000

50 000

2 400

12 000

Extension programme

10 000

50 000

Inputs for nurseries

22 8 0 0

114 000

32 800

164 000

Cost component

Personnel

Casual labour

1 2 0 0 man days
@ C 7/day

Total
Transport
Petrol, oil, maintenance
Rent (12 mz (8.4 ha) of
nurseries)
Materials

Total
Incentives (average subsidy
C 200/ha)
Year 1 (400 ha)

8 0 000

Years 2-5 (800 ha/yr)

160 000

Total/average

144 000 +

720 000

Capital cost (5 yrs)
Surveying equipment

2 0 000

Vehicles

8 0 000

Sheds and nursery tools

13 000

Total

22 000-A

Total cost

531 9 3 0

113 000
2 659 6 5 0

•Table 5.2 in the Spanish version (Table 5.1 appears as Table 3.1.1 in this report)
•A Average annual cost

5.2.2.1

A conservation extension

programme

It is recommended that a vigorous publicity campaign be mounted, using all possible
forms of communications media, in particular the press, posters and radio broadcasts,
to make farmers more aware of the soil erosion problem, its consequences and where t o
apply for technical assistance. Throughout the campaign the importance of contour
cultivation or minimum cultivation systems should be strongly emphasised. The
campaign should last for a minimum ot t w o years and may at a later stage be backed by
appropriate legislation (Section 5.2.3) should this prove necessary. This campaign
would be associated with free technical assistance in the construction of conservation
works (see Section 5.2.2.2).
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Discussions with the Extension Department of CENTA have indicated their willingness
to take an active part in such a campaign and it is logical that their experience and
expertise in this field be used to the maximum.
With an estimated ratio of one CENTA extension agent to 1 000 farmers in the
Acelhuate catchment, these agents have more than enough work with their normal
duties, so it is recommended that six soil conservation extension agents be recruited to
work alongside the existing CENTA agents in the catchment, one at each of the local
CENTA offices. These conservation extension agents, recruited at the diploma
(agrónomo) level, would be given a short initial training course run jointly by CENTA
and DGRNR which should include:
1.
2.
3.
4.

Training and extension methods
Soil conservation theory
Field surveying and levelling
Basic grain production

As part of the short-term effort the agents must not only identify those lands in their
working area that require conservation but also those farmers of all classes who are
most receptive to it. Their function would be to make farmers aware of soil erosion and
the damage it causes, to provide advice on forms of control and to put interested
farmers in touch with the POSRA soil conservation project. They would be required to
assist the soil conservation engineer in the design and supervision of conservation works,
thus gaining experience, and t o monitor and feedback farmers' experiences of erosion
and conservation.
Working with the CENTA agents they would benefit greatly from the good will that
CENTA has built up with the farmers in the area. The groups of more progressive
farmers now working with CENTA would make an ideal first target for the soil conservation programme, because they are mainly small scale basic grain farmers, who have
been receptive to other improvements. Other receptive farmers would be those using
credit facilities of the BFA, and those who already have cooperated actively with
tobacco company extensionists in soil conservation.
In addition to these agents, a supervisor would be recruited (agricultural graduate with
experience in soil conservation) whose function would be to direct their efforts, provide
technical back-up and coordinate activities with other elements of the soil conservation
effort. Motorcycles for the extension agents and a four-wheel drive vehicle for the
supervisor would be necessary to enable them to contact the maximum number of
farmers.
The extension worker should endeavour to persuade the farmer to adopt a complete
conservation system — that is, physical conservation works, live barriers, contour or
minimum cultivations and various agronomic measures. If the farmer is unwilling or
unable to invest the time or money required, the extension worker may then suggest
conservation on a simpler level, such as live or trash barriers on the contour, using
these as guides for contour cultivation. The farmer should be persuaded, at the very
minimum, to cease the present practice of burning, and t o use contour or minimum
cultivations. It should also be explained to the farmer that these simpler treatments are
interim measures capable of reducing soil erosion but not of controlling it adequately.
The extension worker should, therefore, endeavour to motivate the farmer to complete
the system in stages as his resources allow. Appropriate design, such as the spacing of
live barriers, should permit its easy conversion into the recommended soil conservation
system.
5.2.2.2

Technical assistance

A second element of the Phase 2 Soil Conservation Programme would be the provision
of technical advice and qualified supervision of conservation works. This would consist
of the following:
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1.

Visits by the soil conservation engineer (agricultural graduate specialising in
soil conservation), to advise on and subsequently design a conservation
system for each holding. Larger farms would have previously undergone a
basic soil survey to aid in the selection of the most appropriate cropping and
conservation system: all this information to be compiled in the form of a
simple farm plan, (a copy of which should be left with the farmer
(Appendix B.2).

2.

DGRNR surveying teams to mark out the positions of the designed systems.

3.

Subsequent visits by the conservation engineer and conservation extension
agents to advise the farmer on construction techniques and any necessary
modifications, and to check the quality of the completed works.

All such technical assistance would be provided free to interest farmers. The POSRA
personnel includes at present three soil conservation engineers and three well-equipped
survey teams designated for this programme.
5.2.2.3

Incentives

In addition to extension and technical assistance, it is recommended that incentives be
provided, especially to small farmers with properties on steep slopes where the cost of
conservation may be considerable. Three measures are envisaged, the last two of which
are subject t o discussion and approval.
1.

World Food Programme (WFP) rations These would be made available to
any farmer with less than two manzanas of land (1.4 ha) and would be given
according to tasks completed by the farmer for each day worked on the
conservation system (other than planting live barriers) as approved by the
conservation engineer.

2.

Crop input discount vouchers On completion of hillside ditches, stone walls
or terraces to the satisfaction of the engineer, any participating farmers
would be eligible to receive one voucher for every 100 linear metres of work
completed. The vouchers would have a value of C25 each*, and could be
used to redeem up to half the cost of crop production inputs — fertilisers,
pesticides, seeds — to be obtained at Agricultural Development Bank (BFA)
warehouses. Alternatively, the farmer could use them to repay up to half of
any BFA loan he might have obtained, provided the loans were for such
inputs. Vouchers made payable to the beneficiary farmer would be issued by
the DGRNR, signed and stamped by the soil conservation engineer, countersigned by the farmer on surrender to the BFA, and could be redeemed by the
Bank from the DGRNR. Any such scheme would require the cooperation of
the BFA which would need to order small extra amounts of inputs to meet
the demand from voucher beneficiaries.

3.

Subsidised credit for conservation of annually cropped land A new B F A
line of low-interest credit should be established for any farmer wishing to
conserve land under annual crops by hillside ditching, stone walls or terraces.
Loans would be charged at a lower rate than the BFA credit line for inputs
for basic grain production, 6%, and be repayable over a 3-year period. Such
credit would only cover expenses such as hire of non-family labour, use of
machinery, and purchase of materials. It would not cover the farmer's labour
nor that of his family. This programme should appeal to the larger annualcrop farmer, or to those farmers who are prepared to hire gangs of men to
conserve their land in one short period rather than complete the work over a
number of years.

•This amounts to an average of 20% of the real costs of constructing 100 m of hillside ditch (Appendix A.4).
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This credit line could be established as a pilot programme within the Acelhuate basin
only. If, after a number of years, it proved popular it could be extended to cover the
rest of the country.
5.2.2.4

Nurseries

Another important measure that should be initiated immediately is the establishment
of nurseries to propagate and distribute vegetative material that farmers will need in the
conservation effort. These materials should include grass species for live barriers,
bamboo for water course protection, fast-growing forest species and fruit-tree seedlings
to protect land that is too steep for annual crop conservation techniques.
These nurseries could be small and simple; six plots of 2 mz (1.4 ha) each, strategically
sited to serve the greatest number of farmers in the catchment, should be sufficient.
Whereas planting materials such as grasses might be distributed free of charge, it is felt
that farmers should pay (albeit at a reduced price) for items such as fruit or forest tree
seedlings which cost more to propagate.
5.2.2.5

Training of soil conservation agents

Soil conservation should continue to be an important aspect of government agricultural
policy for all of the Republic of El Salvador. Future soil conservation programmes to
protect the many other areas suffering severe erosion will require quite a large number
of qualified and experienced staff.
It is envisaged that the soil conservation programme described above, once established,
could provide in-service training opportunities for personnel destined for other areas of
the country. Newly recruited graduate (ingeniero) or diploma (agrónomo) staff could
work alongside the project team, gaining experience, and ultimately extending the
benefits of the Acelhuate experience to the rest of the country.
5.2.2.6

Concluding com men ts

It is estimated that such a programme might be successful in motivating sufficient
farmers to conserve 400 ha the first year, and thereafter some 800 ha a year. The
personnel described should be able to meet such a demand but if the need arose, recruitment of extra staff should present few problems. Table 5.1/5.2 above sets out the costs
of such a programme, but excludes that of the credit programme, and of WFP rations.
The cost of the programme over five years is low, less than C2.7 millions. In that time
some 3 600 ha would have been protected, not including private initiatives inspired by
the programme.
On the difficult questoin of social and economic priorities broached in Section 5.2.1,
the approach recommended is to offer technical assistance and incentives to all farmers
who are interest in cooperating, but to focus the extension effort on the small farmers
— who comprise the target population for CENTA. The larger farmers would be
expected to have greater access to sources of information on conservation.
5.2.3

Legislation and associated measures

It is important in the longer term that the soil conservation programme should order
its activities to f i t the overall land development patterns of the catchment, with the
overall aim of suitably protecting all erodible land in the basin. Reference to the
management zones (Section 4.4) provides a useful guide for such planning. For example,
areas of land in Management Zone 2 are probably amongst those in most urgent need of
protection. This zone also will probably contain most new urban developments. The
probable land use in the long term must thus be examined to avoid unnecessarily expensive soil conservation schemes where cheaper short-term measures would be more
appropriate.
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The land capability map (Separate Map 4.1) and Section 4.2 indicate which classes of
crops, given the appropriate conservation measures, are most suitable for particular
tracts of land within the catchment. Whilst it is not a practicable proposition to change
the present land use pattern to one that approaches the ideal, the soil conservation
extension programme should make every effort to encourage the cultivation of crops
that are most suitable for each land capability class and to discourage farmers from
growing crops that are inappropriate to their land.
On the assumption that some 6 400 ha remain that require conservation in the long
term, and at pro rata costs (Table 5.1/5.2), an additional C 4.4 million at 1979 prices
would be necessary over 8 years.
Despite the advantages of either declaring the basin a Soil Protection Zone or passing
new laws making the use of conservation techniques mandatory, it is not considered
necessary to take such steps at the moment. The worst aspect of present agriculture as
regards soil conservation is not the methods of cultivation used — indeed, cross-slope
ploughing is the norm on sloping lands — but the fact that annual crops are grown on
excessively steep slopes. A regulation prohibiting cultivation of annual crops on steep
land would be relevant, but the difficulties of legally defining just what is too steep for
each of the many cropping systems available, using any one of a variety of conservation
methods, would be immense and lead to confusion. Attempts to prohibit annual
cropping on land steeper than an arbitrarily fixed norm would be out of touch with the
socioeconomic reality of farming in the Acelhuate catchment. Therefore, no new legislation is recommended, although it would be convenient to review this judgement in the
light of future experience in, say, 3 year's time.
To reduce insecurity of tenancy amongst smallholders renting land, it is strongly
recommended that the Government take steps to ensure a wider compliance with the
Land Rental Law. This would give tenants much greater interest in maintaining and
improving the quality of the land they farm while in no way harming landlord interests.
5.2.4

Soil erosion from construction sites

Two-thirds or more of the total sediment yielded by the Acelhuate basin comes from
urban construction sites in Key Management Areas 2 and 3 (see Sections 2.1.4.7 and
4.4.3). It is estimated that losses from these sites average 1 000 t/ha a year, and that
there are currently 2 000 ha of construction sites in the San Salvador Metropolitan Area
(AMSS) and around Apopa. Calculations made in the cost-benefit study of rural soil
conservation suggest the present value of protecting these construction sites from erosion and so reducing siltation of the Cerrón Grande Dam to be in the order of C312 000
(see Appendix A.5). Urban soil loss can be drastically reduced by some uncomplicated,
inexpensive measures and precautions described in Section 3.2.5, so for the benefit of
society as a whole the Government should take steps to reduce this erosion.
To ensure that developers use such measures, it is recommended that the plan of
proposed works which developers submit to DUA for approval should include details of
effective erosion-control measures. During construction, DUA should carry out a series
of site inspections to ensure that conservation works are implemented.
5.2.5

Summary of principal recommendations
1.

A vigorous programme of soil conservation should be initiated, comprising:
The recruitment of conservation extension agents to be attached to
existing CENTA offices.
Technical assistance to be offered free to interested farmers, including
surveying and supervision during construction of works.
The implementation of a system of incentives to reward cooperating
farmers — World Food Programme rations, discount vouchers to
purchase crop inputs, and low-interest credit.
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The establishment of nurseries to ensure a supply of planting material
for conservation.

5.3
5.3.1

2.

The Acelhuate programme should be used for the practical training of
conservation workers for other parts of the country.

3.

The conservation agents should tailor their advice on cropping systems and
land use to the land capability recommendations made in Section 4.2, and
determine the extent of land requiring conservation.

4.

No new legislation is recommended at present, but the Land Rental Law
should be strictly enforced.

5.

DUA should insist that urban land developers include conservation measures
in their plans, and should inspect construction sites to ensure that these
measures are implemented.

RIVER STABILISATION
Review of problems and solutions

River erosion in the Acelhuate basin is most severe in the upper reaches of the main
streams where river profiles are steep, flow velocities high, and the rivers are able to
incise rapidly into the soft volcanic ash. The most-affected reaches are located in
Critical Management Areas 2 and 3 (see Section 4.4.3), such that erosion threatens all
manner of urban infrastructure, especially housing — both newly-built estates and the
huts of the barranca squatter settlements — railways, and, particularly, the llopango
Airport runway. In general, the cost of control works is amply justified in these cases,
given the high value of urban development. The engineering problem usually consists of
designing works which give protection with an acceptably low risk of failure at minimum cost.
Thedanger of severe erosive damage in the lower part of the catchment is slight, and
affects only relatively low-value agricultural land. It is estimated that at present less
than 20 ha a year are lost to river erosion occurring over many kilometres of river; the
value of saving this land would not compensate for the high costs of control structures
over such long stretches of river.
Thus, the following comments refer almost exclusively to the problem of erosion in the
upper part of the catchment. In this area, most of the erosion consists of down-cutting
into the river bed; bank erosion is of secondary importance. Of the various ways of
combating this, the most effective is the reduction of the natural erosive power of the
streams by reducing the velocity of flow. Essentially this involves changing the river profile from a smooth but steeply sloping curve to a series of steps, the flatter sections of
which have a much gentler gradient than the curve of the original profile. The vertical
segment of the steps can be formed by drop structures. A t these points the energy of
the descending stream is dissipated in a controlled manner so as to cause minimum erosion. The structures also aerate the water and help the streams to purify themselves,
thus reducing pollution.
Although of lesser importance, lateral erosion in the upper reaches of the streams
threatens some high-value urban land, particularly on river bends. The favoured solutions to this problem are bank lining using masonry or gabions, vegetative protection of
slopes to reduce slumping, and river training to divert erosive currents away from
threatened banks.
5.3.2

Recommended short-term actions

Within the next five years, it is recommended that the works listed in Table 5.3 marked
as priority ' A ' be implemented. Text Map 3.1 shows the reaches which are undergoing
serious erosion and where works should be located.
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T A B L E 5.3

Works required for river erosion control

Watercourse

No. of d r o p structures
New
Repairs

Priority

A
B
C

9
2

River Las Canas

A
B
C

27

Arenal de Montserrat

A
B

4

3

2 590

2

1

800
1 150

3
3
2

3

650
700
1 100

71

10

36 105

River Acelhuate

2

Bank lining
metres

1

4 265
3 400
4 500
16 450
500

19

c
Arenal Tutunichapa

A
B

c
River Urbina/Tomayate

TOTAL

A
B
C

-

These are the works necessary to control, firstly, the main streams where they flow
through the most densely populated areas, and, secondly, stretches of the rapidly
eroding upper Las Canas River which need protection, both to ensure the survival of
those structures intended to safeguard the airport runway and to reduce the threat to
low-cost housing being built or expected to be built soon close to the river.
There are three principal types of works: drop structures, bank linings and vegetation
protection, and groynes.
5.3.2.1

Drop structures

These control the velocity of the stream, and consist of the drop itself, a stilling basin
in which the energy of the water's fall is dissipated, and wing walls to prevent flanking
flows from by-passing and eventually destroying the structure. The design is based on a
United States Bureau of Reclamation standard straight-drop spillway, but modified to
increase aeration. Details are in Appendix B.5.
The drop wall should be constructed of masonry, the cheapest local material. Gabions
are ruled out because of fears that chemicals in the polluted water will corrode the wire
baskets, but use of low-cost wire mesh, coated with protective PVC material can be
considered as an alternative. Concrete would be prohibitively expensive.
The stilling basins should ideally be constructed of concrete, but as stated above, would
be very expensive. Instead, normal gabions are recommended as a cheaper, though less
durable, alternative. They should be given a coating of asphalt to afford the wire some
protection, albeit incomplete and temporary, from the corrosive river waters. To
prevent soil loss under the foundations of the basin, either a gabion mattress or a
length of woven, plastic mesh should be attached to the downstream end of the basin,
covering its entire width and extending down-river. The former type of mattress would
probably work better where the bed material is tuff as in much of the upper Tomayate
and Acelhuate Rivers, and the latter would be better suited for looser materials such as
predominate in the Las Canas River.
Wing walls should be made of masonry and be given a concrete screed in the foundations at the foot of the wall for extra protection.
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In addition to building new drop structures, the existing ones, which consist of the drop
wall only, should be improved and repaired where necessary. Wing walls and a stilling
basin should be added. The wing walls are important because flanking flows have
already damaged some of the existing drop structures. The natural scour pools which
have developed in the absence of stilling basins have generally functioned adequately,
although in some cases their development has contributed to the collapse of the structure.
5.3.2.2

Bank linings and vegetation

These consist of walls lining the river banks where lateral erosion is severe. Such walls
could be made of masonry or gabions, although the latter may be affected by wire
corrosion. Where the river bed is also being eroded, which is the usual case, the foundations of the wall should be protected by a gabion mattress or a woven plastic mesh sited
below the expected bed scour level, i.e. about 0.5 m below the bed, and extending out
from the base of the wall into the stream. This should prevent the river from undercutting the wall. Behind the wall, dense vegetation should be planted to bind the soils
of the valley side together and reduce the chance of slumping. Bamboo would be ideal,
as would 'isote' and a number of other local plants. However, it may not be possible to
do so in all cases because the land is needed for urban use.
In some cases, and especially in the lower reaches of the streams, adequate bank protection can be provided by vegetation alone.
5.3.2.3

Groynes

On some meanders, the most convenient and economical way of protecting the outer
bank is by river-training groynes built from the eroding bank out into the stream. These
serve to divert the flow towards the opposite bank which, unless composed of erosionresistant material or subsequently protected, will in turn suffer erosion.
Groynes would be constructed of masonry or with the cheapest effective material, and
protected by a plastic woven mesh or gabion mattress attached to its base and lying all
around the groyne. This should prevent under-cutting of the groyne and its subsequent
collapse.
5.3.2.4

Costs

The approximate costs of protecting a number of river reaches is outlined in Table 5.4,
according to degree of priority.
T A B L E 5.4

Estimated cost of works* required for river erosion control, C thousands

Priority

Watercourse
A

B

c

River Acelhuate

1 938.8

1 075.4

1 368.0

River Las Canas

6 426.7

630.0

2 442.0

Arenal de Montserrat

801.6

Arenal Tutunichapa

310.2

230.0

River Urbina/Tomayate

491.2

395.0

420.0

9 968.5

2 330.4

4 230.0

Total costs

'Includes the costs of drop structures, bank linings, groynes and
vegetation cover. See Table 3.2.

143

5.3.3

Longer-term measures

Table 5.3 includes structures marked as priorities B and C. Category B works would
control badly-eroding stretches of the river, but in areas not close to present urban
developments and damaging only agricultural land. Category C includes control works
for stretches of river subject to moderate erosion and remote from roads and buildings.
In the longer term it is recommended that funds be made available to construct the
B-priority works first and then the C-priority works. These have not been recommended
for earlier implementation because the need for control is not yet urgent, and the
possible damage from erosion in these stretches of river is unlikely to be serious in the
near future. The cost, as shown in Table 5.4 is C6.5 millions.
5.3.4

Legislation and associated measures

In view of the present institutional and legal deficiencies affecting urban hydrology
(see Section 3.5), it is strongly recommended that an urban development plan be
adopted as soon as possible, on the basis of which an urban drainage policy could be
formulated, and that a Metropolitan Drainage Engineering Department be established
to attend specifically to the design and construction of main urban drains and river
erosion control structures. In the immediate future, such a Department would best be
constituted as a part of DUA. It is also strongly recommended for the immediate future
that DUA be made formally responsible for river bed stabilisation within the AMSS,
leaving MAG to attend to fluvial erosion problems in the rest of the country.
Beyond the immediate future, but within the next five years, the Government's current
plans to draft a water law and establish a National Water Resources Council (CONRA)
with a corresponding operational body, AN RA, are fully supported. Once this is done,
it is recommended that the Drainage Department mentioned above becomes part of
AN RA. As DUA would be a member of CONRA, the Department would still remain
answerable to DUA and linked to that organisation.
5.3.5

Summary of principal recommendations
1.

Short-term — build a series of drop structures, bank linings and groynes in the
upper reaches of the main streams.

2.

Long-term — construct other control and protection works in the middle and
lower river reaches, based on the potential damage to riparian users.

3.

Adopt an urban development plan, on the basis of which an urban drainage
policy should be formulated.

4.

Make DUA solely responsible for river bed stabilisation within the AMSS (but
see Section 5.4.3 for alternative proposition).

5.

Establish a Metropolitan Drainage Engineering Department to attend specifically to the design and construction of main urban drains and river erosion
control structures. In the immediate future this would be part'of DUA.

5.4 REDUCTION OF WATER POLLUTION
5.4.1

Review of problems and solutions

Four main problems in connection with water contamination were identified in
Section 3.4.3: health risks, the inability to use water resources for diverse uses, the
adverse impact on fisheries, and a vanishing aesthetic value.
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An aspect of water use which is not a problem but which can best be mentioned here is
the potential for hydro-electric production. It was suggested in Section 3.4.1 that .
small dams could be constructed in the middle and upper river courses t o take advantage of their constant dry-weather flows to produce power: this would be used to offset
part of the great energy demand required to pump water in the future from the Lempa
River t o the city.
5.4.1.1

Health risks

The poor health of the population living close to the city's watercourses can be attributed in large part to the following: unhygienic living conditions, which include the
proximity and contact made with the rivers by appreciable numbers of these communities; a lack of rubbish disposal facilities and latrines; the lack of good drinking water;
and inadequate nutrition, especially of pregnant women, babies, and children, which
weakens their natural defences against disease.
Although cleaner rivers may improve the living conditions, it does nothing to affect the
remaining hazards. Moreover, the cost of attacking those hazards directly, for example
by providing latrines, more drinking water and establishing family health centres and
nutritional programmes, could well be less than that of improving the quality of rivers.
Nevertheless, because of the substantial numbers of people living by the streams of the
upper basin (estimated at 71 000 — Section 2.2.1) there is considerable value in taking
any steps towards improving their health, even though the measures may represent a
far-from-complete solution.
5.4.1.2

Restricted water use

The increasing inability to use river water for various purposes mainly affects the rural
population who are more likely than townspeople t o use the river for clothes washing,
bathing, and watering their stock. However, the number of country dwellers who so use
the rivers is small, and many of them could use wells and springs with no great
difficulty. There is some evidence t o show that vegetable farmers avoid where possible
the use of polluted water for irrigation; nevertheless, badly contaminated water is used
on vegetable plots, at Calle Real for example. The failure to take fuller advantage of the
opportunities of irrigating with river water appears t o be due more t o other factors,
such as lack of access to riverbanks, difficulties of terrain and, for sugar cane grown on
the flatter lands close to the rivers in the north of the basin, a lack of perceived benefit.
It is hard to calculate how serious is the loss of use of river waters for industry, but to
judge by the vigorous industrial expansion in the catchment since 1961 (see
Section 2.2.6) the state of river water does not seem to have much affected industrial
development. However, large water-using factories are unlikely to be located in the
basin in the future, and some of the present industries pay high rates for drinking water
instead of using cheap stream water.
5.4.1.3

Effect on fisheries

The Cerrón Grande fishery is probably little affected by the polluted state of the River
Acelhuate because, being so large, the dilution factor is high. Possible benefits have
even been claimed in that the nutrients in the diluted sewage may encourage aquatic
life. Toxic industrial wastes could seriously affect the lake fishery, but to date there is
no evidence of dangerous levels of such wastes reaching the lake. Water pollution does,
however, prevent both river fishing in the catchment and the use of stream water for
fish-farming, although the value of these would be relatively small compared to that of
a lake fishery industry.
5.4.1.4

Aesthetic value

It is even more difficult to attribute a value to the lowering of aesthetic value as a result
of water pollution. An estimate of this value might be obtained by considering the use
of watercourses and banks for recreation, either by the local population or by tourists.
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El Salvador contains many beauty spots, including a number within easy reach of
San Salvador — the beach, Los Chorros, Lake llopango, El Boquerón volcano, etc.
Given the number and range of other recreational facilities, the marginal value of
additional attractions must be considered low. The worst aesthetic problem is the
nuisance of having unsightly and foul-smelling streams flowing through the city.
5.4.2

Options for improving river water quality

There are many possible courses of action that could be taken t o improve river water
quality, ranging from simple to complex, relatively cheap to costly and whose effect
would range from limited to great. The final choice of strategy depends principally on
Government long-term policy, on available funds and resources and on the state of
knowledge of water treatment processes applicable in local circumstances.
These and other related considerations are discussed in Sections 5.4.3 — 5.4.5 in particular with respect to treating city sewage. By means of a flow diagram (Figure 5.1) the
possible courses of action are explained, their projected timing outlined and approximate costs given in the short and long term. In Section 5.4.6 methods of dealing with
industrial effluent are examined and in Section 5.4.7 legislation and associated measures
are suggested.
In Appendix C.1 the options for conventional sewage treatment (through a sludgeremoval (primary) process and an accelerated bio-chemical (secondary) process are
analysed. These must be carefully considered in forming a sewage treatment policy, but
first a relatively simple investigation programme is recommended to establish whether
cheaper unconventional treatment processes can produce the desired effect by taking
advantage of favourable environmental conditions in the catchment. These conditions
are: rough, steep river gradients that favour aeration; incised reaches that are isolated
from habitation; sandy reaches in the Las Canas valley that both promote aeration and
permit natural filtration; clearly defined wet and dry seasons; and year-round high
water temperatures which aid bacterial activities.
Before considering the advantages and disadvantages of the various options for
improving water quality, the reader is reminded of the economic, social, political and
technical restraints that affect the issue.
1.

By any established standards water quality in the Acelhuate River system is
grossly polluted. This is acknowledged by the Government but little has been
done to alter the situation, except t o improve the living conditions of city
dwellers by constructing a collector sewer network system (this established
and budgeted programme will continue for at least another 8 years or until
all parts of the growing city are satisfactorily sewered at a 1979 cost of
approximately C46.5 millions — details of this work are set out in Table 18.1
and Figure 18.1 in the report by Wallace Evans and Partners (1974).

2.

There are no officially approved standards for river water quality (biochemical oxygen demand (BOD), dissolved oxygen (DO), suspended solids,
or for any specific industrial effluent) either within the city at the confluence
of the Acelhuate with the Lempa River, or at any other location. In the
absence of standards it is impossible to design an appropriate sewage treatment scheme.

3.

Three ministries, MAG, MOP and MSPAS, have a direct interest in water
quality. Their stated joint objectives can be summarised thus:
i.

ii.
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To ensure that the existing rivers remain adequate for the conveyance
of city wastes
To reduce health hazards and improve the general health of the
community

4.

iii.

To enable water re-use and multiple use to be practised in the future

iv.

To restore the amenity of the river to the community, and the maintenance of the amenity and resources of the Cerrón Grande reservoir.

No general public outcry has been expressed at the state of river water. This
may be taken as a passive acceptance or tolerance of bad conditions by the
public in general who are unaware of the dangers, the fact that the rivers are
largely hidden from general public view in deeply incised courses and that it
is mainly the lowest social stratum of the public living in squatter settlements
by the rivers who are most affected. Outside the city relatively few people
are affected.

The impetus for pollution control and prevention, therefore, derives not from the
public, whose chief priorities are the day-to-day problems of food, water and work, but
from Government endeavouring to achieve economic and social progress to improve
environmental conditions. In this context, the financing of pollution abatement and
control has to compete with demands for water supplies, more and better health facilities, higher basic food production and a host of other essentials.
The principal stimulation for improved water quality will probably derive from the
increasing need for more water for industry and domestic consumption. Projected
ANDA plans, quite correctly, are to continue to first exploit the unpolluted groundwater and springs to the north of San Salvador, but it will also be necessary t o pump
up to 6 m^/s from the Lempa River t o supply the city, a lift of 500 m which would
require 75% of the energy generated by Cerrón Grande. With this order of increase in
water demand it may be beneficial to re-use part of the Acelhuate River flow, purified
to a level acceptable for certain industrial users.
The following factors are therefore believed to be of greatest importance in considering
strategies for pollution abatement.

5.4.3

1.

Since specific pollution treatment schemes cannot be designed in the absence
of official water quality standards, the general objectives stated above have to
serve as the only policy guidelines

2.

In the short-term, treatment of waste water to high standards is not justifiable, would be financially unacceptable, and is therefore not recommended

3.

In the long-term, treatment of waste water to a level acceptable for industry
at least may be justifiable; also to comply with a growing public demand for
improved environmental conditions

4.

It is more important to formulate schemes that protect the health of a
relatively high number of unprivileged city population who have contact with
bad quality river water than to protect the small rural population living alongside the lower reaches of the rivers where the quality of the water is better

5.

San Salvador is situated on the headwaters of the Acelhuate catchment. This
fact has great significance in that there is a drop of some 250 m below the
general level of the city in which natural river water purification has been
shown to be considerable.
Strategies for improving water quality in urban reaches

Figure 5.1* shows the range of strategies available, the key decision points, the relative
timing of the programmes, their content and approximate cost. A critical assumption is
that by 1983 the Government will decide on a comprehensive sewage treatment policy
to achieve defined standards of quality for specified uses. In the text below bracketed
numbers refer to the elements in Figure 5 . 1 : thus (1) refers to the first element,
'Construct collector sewers'. A well defined short-term and simple research and design
* Foldout on p. 151
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( R & D ) programme is envisaged in the period 1980-3, in which major sewage treatment policy is settled, followed by a three-phased long-term programme of continuing
investigations, design and implementation of the favoured strategy.
5.4.4

Short-term programme: investigation/preliminary planning, 1980-3

5.4.4.1

Purpose o f the programme

The aim of this programme is to study the effectiveness of low-cost treatments and to
decide whether a moderate or high-cost comprehensive city sewage treatment scheme is
necessary. The programme can be divided into four parts. The first and second (2, 4),
are essentially to build trial drop structures and examine the aeration effect of existing
and new drop structures (see also Section 5.3.2.1). The third is to examine other lowcost processes (5). The fourth part is the preparation of preliminary designs and costs
(3) so that the major policy decision regarding the treatment of city sewage can be
made.
The chief product of this phase will be a preliminary but comprehensive technical
report which will enable the decision-makers (politicians, financiers) to select the most
appropriate strategy. It will set out all the possible sewage treatment schemes, describe
what they will achieve, indicate their disadvantages, and provide approximate costs. It
should explain the probable direct and indirect effects on the squatter colonies ,
currently most exposed to bad river conditions, the effects on industries using river
water, and the implications for CAESS', MSPAS, MOP, MAG, CEL, etc. It should also
outline plans for implementation of the schemes, emphasising the dependency or otherwise on foreign exchange and expertise, capital and recurrent costs, cost recovery
methods, etc. Finally, this report should also highlight the current serious effects on
river pollution caused by downstream industries and the methods by which this
problem can be controlled.
The decision makers will also take into account not only the findings of the report but
also factors such as the ability and willingness of downstream industries to treat their
effluent, any expressed needs to re-use river water, the need to protect the health of
citizens by diverting city sewage along interceptor sewers to locations outside the city,
and the availability of funds.
If proposed reforms are instituted, it is envisaged that the research and design team
producing this report will be established in A N DA under the existing institutional
framework or under the umbrella organisation of CON RA (Section 5.4.7). Some of the
existing A N DA staff capable of this work are already involved in the planning and
design of the collector sewer system (1).
5.4.4.2

Development and testing of drop structures

Drop structures (2, 4) are necessary for the river erosion control programme
(Section 5.3). These can be designed as small power-generating falls (Section 3.3.3) or
to maximise water aeration by incorporating cascades (Section 3.3.7 and .
Appendix B.5) thus producing multi-purpose structures.
Research into the aeration effect of existing and purpose-built structures should be
done on site, possibly using scale models, by the Hydrological Service in conjunction
with the University of San Salvador. The study should aim to:
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1.

Assess the maximum extent to which the city river reaches can be improved
by incorporating cascades into drop structures

2.

Predict any worsening effect on downstream-river quality if interceptor
sewers in the city are used to divert city sewage outside the city

3.

If a series of drop structures is built in urban areas, attempt to forecast river
water quality at the entry to possible primary treatment plants
(Section 5.4.5) and in the middle and lower river reaches

4.

If the aeration efficiency of the drop structures can achieve target river
quality standards*, design a scheme comprising the optimum number of drop
structures, each adapted to individual site conditions. This should take into
full account the planned needs for river-control works (MOP/MAG), new .
road/railway river crossings (MOP, FENADESAL) and other constructions
liable t o affect bed and bank conditions, such as sewers, stormwater outfalls,
etc.

5.

Determine whether a repetition of this study is necessary in the middle river
reaches downstream of the city to enable a decision to be made on the need
for expensive sewage treatment plants (see Option 4, Section 3.4.4.1) or
whether the interceptor sewer construction programme can be curtailed or
eliminated (see Option 3)

6.

Contribute t o a better understanding of the aeration mechanism cascades, on
which little work has been done in the past but whose potential importance
and influence on the design of sewer and treatment plant outfalls is great.

The cost of this investigation programme (2, 4) which is relatively simple, is in the order
of C800 000 spread over three years.
In parallel with the research programme described above, it is important to continue
monitoring river quality, and a review should be made of alternative sewage treatment
processes (5) likely to be applicable to local conditions, both environmental and socioeconomic. The latter is significant and may be the most decisive factor in the failure to
date to accept long-proposed conventional sewage treatment schemes.
For this reason it is strongly recommended, subject to the findings of the preceding
investigations, that the sewage treatment strategy should first adopt a low-cost, appropriate technology approach (that is appropriate to local socioeconomic conditions) to
improve river water quality. This improvement should not necessarily be to high standards immediately; the short-term standards of quality should be realistic rather than
idealistic. To this end all low-cost or moderate cost treatment methods should be
studied (see Section 3.4.1). These would include:
1.

Drum screens at primary collector outfalls to filter out sludge, and the construction of aeration cascades to take advantage of the hydraulic head

2.

Surface aerators in impounding reservoirs, run by the hydropower of the dam,
e.g. at Milingo

3.

Sludge ponds either on available flat land near the city, if available, or in the
wide river bed of the middle Las Cartas. Stored sludge would then be disposed
either (a) away from the city, using the railways for transport, or (b) into the
river during wet-season floods

4.

Distribution and value to agriculture of sludge on farmed land

5.

Diversion of a large proportion of the city sewage to the Las Canas River to
take full advantage of the river's inherent high purifying capacity.

The cost of this programme (5) will vary according to the range of research done but
should be in the order of C500 000.

* l f the government is unable to define these, an arbitrary set of standards used elsewhere may have to be adopted
(e.g. from UK or Venezuela)
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5.4.4.3

The selection of an appropriate

strategy

The technical report produced in AN DA by the end of 1983 would be the basis of the
choice of a sewage treatment policy. It would be used by and stimulate discussion
between: involved Government institutions such as MOP, MAG, MSP AS; prospective
finance sources such as bilateral and multilateral aid agencies; the public; social and
technical researchers; industries; and politicians.
It is assumed that by 1983 the Government will be able to decide on a comprehensive
strategy. Even if this is considered to be impossible or impracticable at present, there
are still good reasons for initiating the short-term research programme, because:
1.

If a low-cost and fairly effective treatment method is identified, there is a
strong possibility of this being implemented as a cost-effective compromise
solution.

2.

Drop structures in the city and middle river reaches are planned for river erosion control. That these may be designed also for water aeration among other
purposes at low extra cost is an important practical and financial consideration.

3.

The results of the research programmes (4, 5) will be relevant whenever the
major decision on policy is made.

5.4.5

Long-term programme, 1983-94

Three phases (Figure 5.1) are contemplated in the long-term programme:
Phase 1
Phase 2
Phase 3

5.4.5.1
1.

Low-cost 'non-conventional' or low-to-moderate-cost 'appropriate
technology' treatments
Conventional primary treatment
Conventional secondary treatment. As shown in Figure 5.1, the
following question can be put at the end of the short-term programme,
'Is a comprehensive sewage treatment policy contemplated?' If the
answer is 'No', a low-cost non-conventional treatment should be
considered first. If the answer is 'Yes' the choice will be between
appropriate technology treatments and the much more costly conventional treatments.

Phase 1

Low-cost or low-to-moderate

Low-cost non-conventional

cost treatments

treatments

Every effort should be made to modify the existing drop structures of the straight-drop
wall type to maximise aeration (6). If new drop structures are to be built as erosionprevention measures (at the airport for example) they should incorporate baffles and
cascades to meet requirements arising from the investigation programme (4).
If city sewage is prohibited from entering urban reaches, interceptor sewers (under
Option 2, Section 3.4.4.1, and Appendix C.1) are necessary (7). The availability of
funds will affect timing and may be limited by the commitment to the collector sewer
programme (1). In practice the two programmes could be amalgamated after 1983 with
advantages for design and construction. The interceptor sewer component is estimated
to cost C7 million.
2.

Low-to-moderate-cost

appropriate technology

treatments

If, however, as a result of the short-term investigations, a low-to-moderate-cost appropriate technology scheme is considered acceptable, this scheme should be implemented
as soon as possible (8). The funds required are relatively small and might be accommodated within the Government's internal budget, depending on national cash flow and
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commitments to other developments. If external finance is required, time should be
allowed for the preparation of feasibility reports, funding agency appraisal, discussions
etc., which could take 18-24 months.
The cost of this scheme largely depends on the processes that are recommended from
earlier investigations (5), but G50 millions is estimated. Depending on the expenditure
involved, the work could be confined to Phase 1 or be spread into Phase 2.
5.4.5.2

Phase 2

Con ven tional primary trea tmen t

If conventional treatment is the only means by which the desired river water quality
can be achieved, the best combination of plant, process, capacity and location must be
selected (9) in the light of the information obtained from the preceding monitoring
and evaluation programme (5).
For this selection, careful consideration should be given t o the pollution capacity of the
industries in middle river reaches downstream of the city, since, for example, it does not
not seem necessary to treat sewage in the Las Canas valley (Options 3a, 3b and 5b, Text
Map 3.2) when natural purification appears to be very good compared with that
achieved in the middle reaches by artificial primary treatment (Figure 3.6). It seems
even less necessary when it is realised that the Destileria Salvadorefio puts very high
polluting loads into the lower Las Canas, which negates any benefits that natural aeration or artificial lowering of BOD levels might give.
A t this stage it would be prudent for the Government to allocate funds for the reservation of extra land for possible secondary treatment near the primary treatment plants,
in anticipation of an increasing shortage of land. There is likely to be a need for
external funds, so 18-24 months should be allowed for a feasibility study, Government/
funding agency discussions, agreement and approval.
As a preliminary step, the proposals submitted by Wallace Evans and Partners (1979,
Annexe C) should be carefully evaluated and the costs updated. The details of the
options may be reviewed and revised from time to time in the light of changing local
circumstances.
Three complementary activities are apparent if a conventional treatment process is
accepted.
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1.

Depending on the option, sewers may need to be constructed (10), comparable to interceptor sewers at (7), plus main or trunk sewers and sewer tunnels
in places to carry sewage to the treatment plants. The cost of these sewers
varies from nil (no interceptor sewers) for Options 3a and 1 (Text Map 3.2)
to C120 million for Option 5b and 5c. It is emphasised that these costs can
be reduced by careful selection — for example, Options 3 a and 2 would only
cost about C7 million (as for (7)). Because of the limited benefits accruing to
a relatively small number of people living close to the rivers, the high cost,
and belief that drop structure aeration is expected to be fairly efficient, it is
suggested that this programme should have low priority or be postponed to
Phase 3 of the long-term programme (Figure 5.1). The sewer construction
programme could well be under-taken by ANDA, supplemented occasionally
by consultants and contractors, at a considerable saving in foreign exchange.

2.

The construction of primary treatment plants (11) will follow, as
recommended in (9). As many as four plants may be considered necessary,
together treating up to 6 m^/s of sewage until the end of the century when
this capacity will be exceeded. Financial and practical advantages are
apparent in employing the same contractor to construct ail the plants, if this
were done within a short time-span of 2-3 years, as indicated within Phase 2
in Figure 5.1. Major disadvantages of this approach would be the high cost
(as much as C140 millions) over a short period, and the needless initial tying
of capital to spare plant capacity. Consequently it might be preferable to
build one plant at a time.

3. •

Information is required to assess the need for secondary treatment. So,
irrespective of the outcome of the study at (4), it is necessary to determine
the aeration effect of drop structures where river water has a lower dissolved
oxygen deficit than that of the city reaches, as this affects aeration efficiency.
It is proposed, therefore, that a drop structure for this purpose (12) should
be built just below the outfall from the first treatment plant that is constructed. Consideration could be given to replacing this item, costing about
C1.5 millions, by (a) conducting experiments at laboratory scale using
primary treatment plant effluents and/or (b) by a mathematical model. If the
results show that the aeration efficiency of a drop structure in the middle
reaches is comparable to that which can be achieved by conventional
secondary processes, great savings can be made, both in capital costs (as much
as 90%) and in the virtual absence of running costs for drop structures
compared to the very high costs in conventional plant; routine maintenance
costs are similar for each.

The design team established under (3) follows plans made at (13) and (14). It supervises
Phase 2 construction and prepares for Phase 3, while coordinating (15) research into the
efficiency of drop structures and the need for secondary treatment: the cost of these
activities is about £1 million. When final designs and contract documents are drawn up
for Phase 2 some consultant input will be necessary. The inputs and work loads at (14),
(15) and (16) will depend on the strategy chosen in mid-1983.
5.4.5.3

Phase 3

Conventional secondary

treatment

The principal continuing activities of the design team at this time are the preparation of
designs and contract documents (16) and the supervision of the construction of the
chosen scheme for secondary treatment where this is necessary. This will cost between
C0.5 and 1.5 million over 2-3 years, depending on the scheme selected.
If a series of drop structures downstream of primary treatment plants is considered
adequate, this work (17) could commence by about 1991 and be completed at a cost of
some C7.0 million spread over 3 years. This activity must be fully coordinated with
MAG in order that full use can be made of the river erosion control programme.
If secondary treatment plants (18) are necessary to achieve the desired river quality,
the maximum estimated cost should not exceed C125 million at 1979 prices
(Appendix C.1), and its implementation is clearly subject to national cash flow
priorities.
Overall administration and project coordination (19) may be achieved by a SubDirectorate in AN DA/CON RA (see also Sections 5.4.4.1 and 5.4.6) headed by a technically qualified person such as the head of the planning-design-research team,
supported by suitable administrative and technical staff.
5.4.6

Industrial effluent control

It is logical to deal with the worst offender first. The DestilerTa Salvadoreha downstream at Apopa is the largest industrial pollution source in the catchmerit, discharging
a pollution load equivalent to that from 180 000 people (Table 1.2, Appendix C.1); it
is planned to increase the output of the distillery in the future. Special and urgent consideration is therefore justified. It is recommended, in view of the very low quality of
the effluent, that immediate consideration be given to incentives before compulsory
devices are introduced (Section 5.4.7). These might be low-interest loans, subsidies,
grants, or an interest-free loan to be repaid once the legislation for compulsory pollution treatment becomes effective. The last proposal would have the merit of compensating the Destilena Salvadoreria for the early investment in a pre-treatment plant,
compared to other firms who would be exempted from the law until it became
operative.
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The approximate cost of a conventional pre-treatment plant for the effluent at Apopa
would be in the order of (27.5 million (Table 3.6).
As different areas of the city eventually benefit from part-treatment of sewage, those
factories discharging effluent to the relevant part of the public sewage system should be
required to treat their effluent to an established standard. The standards would have
been established and accompanied by appropriate prior legislation and public assistance,
(see Section 5.4.7). Such measures would be most readily introduced as a mixture of
compulsion and incentive, the former by setting a deadline for compliance with standards established by law and the latter by Government subsidies. Non-compliance with
the law would be penalised by charges according to the volume and quality of effluent
discharged t o the sewers, which in turn would require the establishment of a monitoring
agency (discussed further in Section 5.4.7). Repeated violations of the law might be
punished by Court Orders closing the offending premises. The work for pre-treatment
of city industrial effluent should commence in 1985, assuming that legislation has been
achieved and that A N DA is progressing with its long-term city sewage strategy. The
investments should be made over a five-year period if possible.
Similar penalties would apply to the treatment of wastes from downstream industries,
which would be required to treat their effluent to a standard at least equal to that of
part-treated sewage discharge upstream.
Having controlled in the short-term the pollution problem caused by the Destilena
Salvadorena at Apopa, the next group of industries identified as producers of considerable BOD loads, which should receive treatment, are the downstream sugar plants at
Nejapa, San Esteban and El Angel and the coffee plants at Nejapa. Together they discharge BOD loads equivalent to that derived from a population of about 80 000. It is
recommended that these pollution sources be controled before 1990, at an estimated
cost of C6.2 million. The remaining pollution sources should be controlled by the year
2000.
The total cost of downstream effluent control (Table 3.6) is estimated at CT 7.5 million
for present industry. The cost of pre-treatment of present city industrial effluent (see
Section 3.4.5) is estimated at C5-10 million. Much higher costs can be expected in the
future (see Table 3.7).
Sewage from new housing estates around Apopa would be most economically treated in
a central municipal sewage plant, but AN DA anticipates that housing developments of
4 000 units or more should include a sewage plant in their designs. Although this may
be less than perfect, it has the possible advantage of shifting the financial burden of
treatment away from the State and on to house buyers. It also ensures that extra pollution from new housing will be minimal. If these proposals do not materialise it will be
necessary to construct one central treatment plant for Apopa, but the opportunity to
do so is fast diminishing as the only suitable large area is rapidly being used up for
housing. If this large site is unavailable, it is recommended that steps be taken to select
and reserve alternative sites now.
5.4.7

Legislation and associated measures

It is recommended that a wide-ranging water law covering the use and quality of water
be drafted and submitted to the legislature. This would also establish a National Council
of Water Resources (CON RA), and empower the Council with the necessary authority
to carry out its functions (see Section 3.5.3.3).
It is recommended that CON RA also takes action to reduce rubbish tipping into the
'barrancas'.
CON RA would be accompanied by an operational body, AN RA, which would be
established at the same time. AN RA should include laboratories to carry out the
necessary tests to monitor water quality. Initially, this laboratory might be established
by enlarging the facilities and staff of the Hydrological Service of DGRNR.
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The above recommendations coincide well with current Government plans and actions.
An additional recommendation is that the CON RA agency should be able to provide
technical assistance to industries which sooner or later have to meet the standards of
effluent discharge which CON RA will determine.
It will be necessary, once regulations governing industrial wastes are decreed, for the
industries affected to be given a certain time period, say five years at the most, in
which to comply with the norms or face legal penalties. During this time CON RA could
help them in examining ways and means of reducing pollution. Assuming that many
industralists may be reluctant to invest in treatment plants and that the benefits of
reduced water contamination accrue to society at large and not to the factories, the
Government may wish to subsidise such investments. The subsidy could be made by
capital grant or by tax exemption and relief.
A 30-60% subsidy should be a strong incentive to industry, and its cost to the public
between 1980 and 2Ó00 would be C8-16 million — a relatively small sum equivalent to
5-10% of the recommended expenditure on sewage treatment.
Finally, CON RA could establish a sewage treatment tariff to be charged to water users as
part of their water rates, but such a rate would be unlikely to yield more than the
operating costs of treatment plants plus, possibly, a sum equal to the budget of CON RA.
5.4.8

Summary of principal recommendations for water pollution control*
1.

Investigate now the different methods of treating city sewage and continue
the collector sewer construction programme*.

2.

Pass legislation establishing and empowering a National Water Resources
Council (CON RA) to control water use and quality. Create a technical agency
(AN RA) within the Council. Establish water contamination standards to be
applied to industrial discharges.

3.

In Phase 1 of the long-term* programme (1983-7) proceed with relatively
low-cost unconventional or appropriate technology treatment works for city
sewage, provided that short-term investigations justify this approach.

4.

If short-term investigations do not justify (3), construct conventional primary
treatment plants for city sewage under Phase 2 of the long-term programme
(1987-90).

5.

If the desired water quality standards are not met by (4), construct secondary
treatment plants under Phase 3 (1990-4).

6.

Establish deadlines for industry in different parts of the basin early in the
long-term programme to comply with new regulations of effluent discharge.
Provide technical assistance to such factories. Disburse subsidies for capital
investments in industrial pollution control.

7.

Establish in Phase 2 of the long-term programme the additional water use
charge to cover or defray the costs of operating sewage farms and CON RA.

•Figure 5.1 and Text Map 3.2.
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