Abstract

San Cristobal de las Casas, Chiapas, Mexico,hg\arg cultural and economic
center with a strong tourism industry. Due to pagioh growth from political unrest
and economic promise in the past 14 years, thecipatiwater supply system has
been unable to meet the water supply needs of neanuesidents. The sewer
system, limited to the city center, conveys untdavaste directly to the rivers. This
project built upon the recommendations and backgtaaesearch of a 2005-2006
group project.

Eight practical solutions, or Best Management Reast(BMPs), were researched to
address issues of water quality and water suppgidh manuals for these BMPs
were created in both Spanish and English. Workiitg partners in Mexico, group
members helped to implement two pilot projectsheasehold rainwater harvesting
system and a community ecological clothes-washiaigos that provides clean
washwater and treats effluent through a construetsthnd. Project members
developed an educational campaign to complemeri i@ designs and bridge the
educational disconnect between environmental antihthealth. The project also
monitored waterways to establish baseline watelityu@nditions in the watershed,
and assessed the effects of BMP implementationwatarshed model. Finally, a
reforestation prioritization map was created talguocal organizations actions.
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Executive Summary

Background
San Cristobal de las Casas is a historic city extat Chiapas (the southernmost state

of Mexico) which serves as the economic and cultusl for the surrounding region
(Bencala et al. 2006). Originally founded in 152&; city rests within a high-
elevation mountain basin. The state of Chiapasfis b hotspot for ecosystem
biodiversity and home to a high concentration digenous populations (WWF
2007; INEGI 2005). It is also one of the pooreatest in Mexico, and maintains the
highest childhood mortality rates (INSP 2000).

An increasing number of indigenous people fromrthral highlands of Chiapas have
concentrated along the periphery of San Crist@zatjally due to social unrest in the
surrounding region. This trend has exerted a straithe city’s limited utility
infrastructure, leaving many of the peripheral camities without access to
sufficient electricity, water supply, and sanitatié-or example, the community of
Cinco de Marzo currently receives water throughlipugpigots that turn on
periodically, sometimes late at night. Residentsg@adays without a water supply
from this source.

Rivers in the watershed serve as conduits for rastewater, leading to a high
presence of illness-causing pathogens. The lagkatér supply, sanitation, and
environmental protection has not yet been fullyradsed by the federal and local
governments despite local concerns. Significanraw@ment in management of
water resources within San Cristobal’'s watershetkeded to improve public health,
and address environmental concerns.

Objectives
The initial objectives of this project were to:

* Implement pilot projects that address water resesiigssues while utilizing
practical and appropriate management techniques

» Strengthen the long-term regional water quality guantity monitoring
program initiated in 2006, with a particular empkas increasing the
accuracy of pathogen monitoring

» Create an educational program to inform communigyers on the effects
of poor sanitation and contaminated drinking watez,benefits of watershed
protection, and the functionality of recommendedagement practices

* Update and calibrate the WARMF watershed computatahto predict
impacts on water quality that would occur if prajgcommendations were
widely implemented



In addition to these project components, group nemtook on the following tasks:

* Write design manuals specific to Chiapas, but ataetto other regions, for
each recommended Best Management Practice (BMP)

* Produce case studies for those BMPs implementsdggested for
implementation in a particular location by this je, with a detailed outline
of the objectives, functions, construction stepsl materials costs

» Perform a multi-criteria GIS analysis to prioritigies within the watershed
that should be targeted by a reforestation campaign

Best Management Practice (BMP) Implementation

BMPs represent a technology or practice approptiatee environmental, cultural
and economic situation for the area in which it \wé applied. Management
strategies for San Cristobal were researched axtdnswith some implemented as
pilot projects. For those BMPs without suffici@mmmunity interest or financial
support, a set of eight “design manuals” specdi€hiapas were created by merging
literature research, evaluation of the San Cridtalea, and partner collaboration.
These manuals allow interested parties to learntadoparticular BMP technology
and how to design a project to meet their needpdigntial future implementation.

Two pilot projects based on designs from this rep@re implemented as case
studies, and three others have been proposedristraction in San Cristobal. These
working examples of BMP technology will help toanfn interested parties as to
their effectiveness, and will assist in their progation. Design manuals and case
studies have additionally been posted on the plytdiccessible project website in
English and Spanish to promote the spread of tBb&e technologies to other
regions.

Education Campaign

One critical component in the implementation o§ttommunity-based resource
management project was the creation of a supplemeatucational program for the
residents of Cinco de Marzo. Working with SYJAGSan Cristébal-based NGO, the
project team developed education materials thataiomange local behavior through
increased watershed health awareness and the geeit of responsible individual
practices.

Water Quality and Quantity Monitoring

Monitoring is an important step toward understagdiow water resources in San
Cristébal’s watershed are best managed. A montlolyitoring program of surface
and spring water locations was undertaken by tieetsity El Colegio de la Frontera
Sur (ECOSUR) in May 2006. This project focused efiming the program and
increasing the capacity of ECOSUR’s laboratory.edemonths of water quality data
including nutrient values and bacteria levels adetee analyzed for spatial and
temporal trends. Nearly all monitoring sites ex@skdS and Mexican maximum
quality standards for coliform levels, indicatingetpresence of pathogens that can
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cause gastrointestinal illness. Contamination ketehded to be higher within the
urban area, most likely due to the direct dischafgaw wastewater into rivers.

Modeling of the San Cristobal de las Casas Watdrshe

Computer simulation models can serve to help utaedscurrent watershed
processes and predict the watershed’s responséute thanges. As a decision-
making tool for environmental managers, this progstimated the benefits that
widespread BMP implementation might have on wageource dynamics in San
Cristébal. The project began with a partially-buailbdel from the first San Cristébal
group project, and then increased its utility birating with water quality and
guantity data collected during 2006. It was foumat implementing composting
latrines on a widespread scale would significamtigrove the fecal coliform load in
the watershed. The model will be transferred tdngeas in Chiapas for continual
refinement and to analyze future proposed projects.

Reforestation

Increased demand for building materials and fueddy@ombined with the expansion
of agriculture in the outlying areas of the citgshresulted in deforestation on the
moderate slopes of the basin. To cope with thefsetsf local activist Alejandro Ruiz
Guzman heads a reforestation campaign, which igastgd by a coalition including
the municipal water supply agency, SAPAM. Sr. Guzmeguested that project
members conduct an analysis to prioritize land iwithe watershed for reforestation
efforts and present strategies for involving thealgopulation.

The multi-criteria prioritization model focused areas of high erosion potential,
incorporating four equally weighted input layersstadnce to streams, slope, soil
erodibility, and precipitation. GIS results and gmam strategies based a literature
review and interviews with organizations dedicatedeforestation in developing
world were delivered to Sr. Guzman.

Recommendations

Specific BMP technologies for addressing watersibk concerns including both
human and environmental health have been researmégigned, and recommended
for application in Chiapas, Mexico. Those BMPs tiate been implemented during
this project, along with the appropriate accompagylesign manual, should serve as
prototypes for other nearby communities who wishdostruct similar projects.

Effectiveness of the constructed projects shoultebeed over time, using standards
such as water quality or user satisfaction appabgto the particular BMP. Extension
of the technologies and reproduction of BMP maletia other areas and
organizations through both formal and informal aboetworking is suggested. The
lessons learned from this project and outlinedhis teport regarding communication,
technical adjustments, scale, and partnershipdéiheuapplied toward future
construction efforts.
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The education campaign was designed to addresg utrreness of environmental
and watershed health, as well as personal heattlsamtation issues. This project
encourages the reproduction of educational maseiaaind in this report. The
materials are also available to the public on tlugeet website. This project
recommends that a survey with questions regardiadjik between water quality
and human health be administered both prior tauieeof educational materials, and
within six months to one year after their implenatian.

The Water Quality and Quantity Monitoring Programd@QM) administered by
ECOSUR should be expanded to include all recomneenamitoring locations and
laboratory tests, especially field measurementobimetric flow rate. Capacity
building should be made a priority to increasergsources available to the
laboratory. This project recommends that ECOSURis@ldditional users of their
laboratory who might require precise water quadggessments in order to augment
monetary income and share resources across ppadoers, such that accurate and
reliable water testing is available to any of theups. Additionally, temporal
flexibility should be incorporated into the monitay dates, so that the data will
capture a true reflection of actual conditions tigioout the year.

The watershed model (WARMF) should be utilized @mkenmanagement decisions.
It can model the benefits of introducing BMP tediogy or other structures, such as
water or wastewater treatment plants, within Sast@val. The quantitative results
provided by the model, along with performance stias, can be used in a cost-
benefit analysis to determine the validity and @d#tctiveness of implementing
various projects. As an example, in some casest@agmplementation of BMPs
might eliminate the need for more costly waterttresnt or remediation techniques.

In terms of the reforestation campaign, tree phanshould focus on the areas
identified as “high priority” in this project’s mtiHcriteria model, if all other social
and economic factors are held constant, includaogssibility to land. The San
Cristébal campaign can also collaborate with thebdSed NGO Trees for the Future
to solicit further financial and technical expegtis
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1.0 Introduction

1.1 Problem Statement

San Cristobal de las Casas is a historic city irafds, the southernmost state of
Mexico. Founded on March 31, 1528 (Bencala, Hding,Nogeire, Segan, and
Stevens 2006), the city rests in the valley flobba snountain basin, and serves as a
cultural and economic center for the region. Desttie region’s abundant annual
rainfall, the access to clean water and sanita@wices lags behind the national
average (Bencala et al. 2006)). Contributing tohthelships of the populace, the state
of Chiapas, along with the neighboring states ofd@a and Guerrero (World Bank),
consistently ranks among the poorest states in ddexi

In San Cristébal, the human health and environnh@ntélems associated with
poverty and an inadequate services infrastructave been exacerbated by a rapid
increase in population. In the past 15 years, spclitical upheaval and religious
conflict in the surrounding region resulted in afiux of immigrants to San
Cristébal, the region’s urban center. The poputatjmwth drove the construction of
new neighborhoods surrounding the historic cityteera building boom that
continues today.

As the city expands, the water distribution andliim&ed sewer infrastructure have
been unable to keep pace. As a result, most afdlghborhoods outside of the
historic city center have limited access to watentthe municipal system. The
sewer conveyance system in San Cristébal is atstelil to the historic city center.
However, the task of the existing sewer systenuiglyg conveyance, not treatment.
Untreated sewage is directed to the rivers of thterghed (Bencala et al. 2006).
Though pit toilets and limited use of septic sysemith leach fields do exist, much
of the city’s sewage is transported untreated éarither system. Beyond the city’s
outskirts, there is no conveyance system.

One issue associated with the lack of sanitati@hthe lack of a regular and
consistent water source is the risk to health fsmrh a common task as laundry. The
women of some communities, including the grouprmea community, Colonia
Cinco de Marzo, wash their laundry using contaneidatater as they stand in the
stream. The risk associated with direct and persisixposure to contaminated water
is just one example of the challenges this pr@géus to address.

San Cristobal’s water resources are threatenedg unplanned growth, changing
land use, and a lack of services. These factorgibate to the environmental

degradation of the watershed, and threaten th¢thefathe people who live within it.
This project builds upon research completed by@u@iProject thesis completed in
2006 (Bencala et al. 2006) at the Donald Bren Slobibnvironmental Science and
Management at University of California, Santa Baali@ren School). This previous



work sought to address key concerns such as aagfeoof data in order to assemble a
framework for a sustainable watershed managemantfpt the city and watershed

of San Cristobal. This project, described belovg ollaboration between research
and community based organizations in both Sand@radtand at the Bren School. It
aims to address some of the concerns and recomtimmslaf the previous Group
Project thesis, as well as to develop further revendations to aid the watershed in
a sustainable manner.

1.2 Background of Study Area

The Mexican state of Chiapas is home to one ohitleest concentrations of
indigenous populations in the Americas. Accordimghie 2000 census, 25% percent
of the population in Chiapas speaks an indigenalsat as their primary language,
compared to the national average of 5% (Instituacidhal de Estadistica Geografia e
Informética 2005). Chiapas is one of the pooregestin Mexico and mortality rates
in children younger than 5 are the highest of datesn Mexico (Instituto Nacional

de Salud Publico 2000). The national average pgatacancome in Chiapas, based on
gross domestic product (GDP), was US$1,466 in 20@bhas declined by an annual
average of 6.5 per cent over the last decade htdmpeast decline in Mexico (Consejo
Nacional de Poblacion 2000).

Over the last decade, a large number of indigepeogle from the highlands of
Chiapas have concentrated along the peripheryeafithan center, San Cristébal, and
now exert a strain on the city’s tenuous infragurce It is estimated that more than
40,000 of the current 132,000 inhabitants of tiyewere displaced from their rural
communities and are currently residing along thippery in neighborhoods that are
collectively referred to as “the belt of misery”dBcala et al. 2006). Although many
of these people were displaced by civil unresty thid most likely remain in the
urban environment of San Cristobal due to the highebability of employment and
likelihood of a more stable income. Watershed measithe basin occupies 20,056
hectares and is topographically concave. The ¢i§am Cristobal is situated in the
south central portion of the basin. The urbanizea accupies the lowest lying
portions of the watershed, with elevations randrmog 2,180 to 2,200 meters. At the
present time, the city occupies about 3,600 hestarabout 18% of the entire
watershed.

The combination of diminished spring water suppéied population growth has
caused extreme inadequacies in the potable watehsto the city of San Cristobal.
Currently, the city's water supply is so overtak®t the operators are forced to
alternate flow to different neighborhoods throughibke course of the day. In the
poorest neighborhoods, the public spigot is leftexopen at all times, with
households’ buckets stacked nearby. When the Wwatgns to flow from the spigot,
community members rush to the site to fill theickets before the water is shut off
again. It is not uncommon that the water is turoediuring the late night and early



morning. This infrequency of delivery is true of myacommunities with household
water connections, as well. When the water doégesitris not generally potable, and
the population relies heavily on bottled servicetfeir drinking water supply.

Currently, wastewater in the city and outlying aresanot treated. The primary rivers,
the Rio Amarillo and Rio Fogotico, are heavily @minated with raw sewage and
sediments (SAPAM 2003). Downstream of the waterstiexse waters are used to
irrigate agriculture — mainly vegetables, fruitsgdaerries that are sold in San
Cristébal and other parts of Mexico. In the lownlyiareas of the basin, groundwater
is found less than 50 cm below the soil. The pratyimof this water to the surface has
caused widespread contamination from pathogenspquoiher contaminants.
Population growth also increases the concentratigncathogenic organisms. It is
common knowledge in the city that drinking thisreated water will make you sick,
and it is not considered potable by the residents.

The knowledge of these water quantity and quadisyiés is widespread throughout
the region and has thus drawn the interest of aédewelopment projects to both the
city of San Cristébal and Chiapas in general. Ss\ggvernment-sponsored
programs, non-governmental organizations (NGOg),paivate donors have
contributed resources towards the creation of bathronmental and human health
related improvement and education projects. Cuyethiere are an estimated 93
NGOs (Macias Guadeloupe 11 December 2006) workittgmthe city of San
Cristébal alone, many of which focus on environmaamd water sanitation issues.
This report does not purport to be the first attetopesearch watershed issues in San
Cristébal, though it does offer new insight intot@rahed-based management
techniques with specific recommendations for pcattiechnologies and solutions.

1.3 Project Description and Approach

Previous analysis of the hydrology, water use,@ttbns for improving water
guality in the San Cristobal de las Casas waterkdtbetb a number of specific
recommendations to improve access to, and seafrityjean water. This project
seeks to adopt some of these recommendations amglkement them in the field at
the local level. The project’s ultimate goal isetthance sustainable utilization of
water resources while improving access to safenfatéocal communities. It also
aims to build local capacity in order to enablega@arm implementation of a
sustainable plan for managing the watershed. Tipéeimented practices will be
evaluated under a water monitoring program develdpethe San Cristébal
watershed, which will track both chemical and misodogical parameters.
Furthermore, an educational campaign will incresasareness of the link between
water and health, and the benefits of protectintpiva@sources. This project is also
meant to serve as a model to be adopted by othemcmities.



The principal objective of this project was to dgsand implement sustainable
programs for the San Cristobal de las Casas watgrsfhe main goals were to:

» Construct general design manuals for each of tt@menended Best Management
Practices (BMPs) for adaptation across a rangewdf@mental conditions and
regions

* Produce San CristObal-based case studies witHetbtd@sign manuals outlining
the objectives, functions, construction steps, matkerials costs necessary for
building selected BMPs

* Implement a pilot project that utilizes BMPs fortetacapture and treatment

» Strengthen a long-term water quality and quantippnitoring program, with a
particular emphasis on increasing the accuracyatifqggen monitoring

» Create a program to educate community memberseoaftects of poor sanitation
and contaminated drinking water, and the benefitgatershed protection, with
materials in both English and Spanish

* Update and calibrate the WARMF watershed computatahto better predict
impacts on water quality of widespread BMP impletagan, and to identify
priority watersheds for BMP implementation

» Update the watershed map with layers indicatingdbation of implemented
BMPs, potential locations for future BMP implementationgynitoring
locations for water quality and water quantity deddlection, and other
community locations and demographics

* Perform a multi-criteria GIS analysis to prioritilforestation sites within the
watershed that will promote protection of the watigpply, and develop strategies
for a successful reforestation program

» Create and maintain a website that provides eas3sado design manuals and
education materials in English and Spanish for camty leaders

This phase of the project expressly aims to mowen fthe planning stage to on-the-
ground implementation. The project seeks to detemihat works, when it works,
how well it works, costs, limitations or barriem implementation, and solutions to
those limitations. In addition, a more complete ftaing program ensures a more
robust assessment of the beneficial effects ointipdementation of these projects,
while a comprehensive educational campaign ensun@srstanding about the
human-environmental health link. The project webpitovides accessibility to all of
the education materials and BMP design manuals;iwdnie freely available for use
by community leaders to assist in decision-makgugge the design and construction
process of BMPs, and educate community membéasitaining relationships with
old partners and forging new ones with local comitreshelps to create a sense of
ownership of the projects and builds local capattigt will increase the probability
of success and sustainability of the projects enldimg run.

Unfortunately, San Cristébal’s plight is not unig@eistainable watershed
management is a major issue for many communitasicplarly in areas



experiencing rapid population growth. Because afleguate infrastructure,
management, and sanitation, over one billion pesepiearly 20% of the world’s
population — lack access to clean drinking wateMEE3CO 2006). The United
Nations set a millennium development goal to cat ttumber in half by 2015.
Hopefully, the research and lessons resulting filemproject will contribute to
progress in this realm, and may serve as an examplier similar communities.

1.3.1 Sustainable Development and Appropriate Teloigy

This project’s title is “Design and ImplementatiohSustainabléVater Resources
Programs in San Cristébal de las Casas, Mexicamu@members would like to
define the term sustainable in terms of this ptojespecially since the word can be
used in many different applications.

Group members agreed that the Brundtland Repoviges the best definition of
sustainable development as it relates to this prdyg defining it as development that
"meets the needs of the present without comprogigia ability of future
generations to meet their own needs”(Bruntland 1987his 2005 World Summit
Outcome Document, the United Nations General Asseméntified three
components of sustainable development — economea@nent, social
development and environmental protection — whigkdbgnized as “interdependent
and mutually reinforcing pillars” (United Natione@eral Assembly 2005). This
document further states that “[eradicating povertitanging unsustainable patterns
of production and consumption, and protecting aadaging the natural resource
base of economic and social development are ovengyobjectives of, and essential
requirements for, sustainable development.”

When making decisions about which BMPs to seledt@momote in San Cristobal,
project members always evaluated the technologgrins of both satisfying present
needs and future sustainability. However, rathantocusing only on sustainable
development, this project also attempted to idemtifd promote “appropriate”
technology, defined as a technology or practiceithappropriate to the
environmental, cultural and economic situationtfa area in which it will be

applied. Among other aspects, an appropriate tdogpan a small community such
as San Cristébal de las Casas should require f@seurces, address a felt need, and
have a positive impact on the environment. Se@i@rfurther describes the criteria
used to evaluate researched BMP technologies fooppateness.

1.4 Summary of the first San Cristébal de las C&asip Project Objectives

The group of students who worked on the 2006 ptpjécFramework for
Developing a Sustainable Watershed Managementf@®&an Cristobal de Las
Casas, Chiapas, Mexico,” set out to achieve thr@e wbjectives:



» Analyze the water balance of the city (includingnelte, precipitation and
groundwater flow)

» Consider water treatment and recycling options

* Formulate a water management plan to provide SetdBal with a framework
for evaluating their water use, as well as seras@ framework for analyzing
water resources for similar communities

When the project was completed in the spring of62@@e previous group presented
six deliverables from their research:

* Watershed map and model analysis detailing wagart# groundwater recharge
estimates, run-off patterns, water balance estsnated at risk areas

» Options for improving water quality and implemenmdatrequirements

» Options for water management and implementationiremqents

 Recommended Best Management Practices (BMPS)

* Municipal wastewater treatment plan

1.5 Partnerships and Collaboration

The first group project collaborated with sevenmalups in San Cristébal which have
overlapping interests in the fields of sustainablgan growth, and human and
watershed health. Building on past relationshipg wartner organizations, this
project continued work with two of the previous gpés partner organizations: El
Colegio de la Frontera Sur (ECOSUR) and Skoltateliy Jlumaltic, A.C. (SYJAC).
An additional partnership was established withltiwal indigenous community of
Cinco de Marzo, where two of the recommended BME$aing implemented.

1.5.1 ECOSUR, Chiapas

ECOSUR (EI Colegio de la Frontera Sur) is a puplatiartered research institution
providing research and post-graduate educatiorséxtprimarily on the sustainable
development of Mexico's southern-most states. Tiigddsity specializes in three
areas of study: Biodiversity Conservation, Soci€wylture and Health, and Systems
of Alternative Production. ECOSUR maintains fiargpuses, including one campus
in San Cristébal. Jesus Carmona served as a waitilgr due to his Senior Researcher
position at ECOSUR and his role as Vice PresideSHRP. He provided the group
with local water resource information and with dateSAPAM’s operations.
Additionally, he aided the project by connecting tiroup to additional researchers at
ECOSUR. For example, Antonino Garcia Garcia’s dattothesis provided the first
San Cristobal group project members with informata the history of water
resource management in San Cristébal. Essentjad wiathe watershed detailing
elevation, land use, and land cover along with mathgr useful layers of GIS data
were provided by another ECOSUR department, thetzabrio de Analisis de
Informacion Geogréfica y Estadistica (LAIGE). JWorales, a graduate researcher



at ECOSUR, assisted in setting up a monitoring iammgaround the San Cristobal
watershed that has helped to quantify levels afienitand bacteria loads in the local
rivers. More information on ECOSUR can be foundtgt://www.ecosur.mx and
information on LAIGE can be found at http://2002825/.

As a continuing partner, work with ECOSUR has dyeatpanded. Juan Morales
implemented the water quality monitoring programigeed by the first San

Cristébal group project members, which enabledphagect group to gain a more
accurate understanding of the watershed’s hedfita ECOSUR campus serves as the
site of one of this project’s rainwater harvestiygtem designs, which is expected to
provide roughly one third of the needed water e/odampus. Continuing actively in
the project, Jesus Carmona shared environmentahgdno materials with the group
and provided input about the specifications andepeaces of the rainwater
harvesting design. Emmanuel Valencia of the Lalooi@de Analisis de Informacion
Geografica y Estadistica (LAIGE) generously prodidis with additional

information sets necessary to analyze potentiasairethe watershed for
reforestation, to inform the watershed model andesign the rainwater harvest
system.

1.5.2 SAPAM Advisory Board

SAPAM (Servicio de Agua Potable y Alcantarillado Meipal) or Municipal Potable
and Waste Water Utility, is responsible for “impleming potable and waste water
services, and conducting studies and improvementfié operation, administration
and conservation of the water supply in the muuidip of San Cristobal.” The
Advisory Board is a citizen-staffed, citizen-eletteoard in charge of administrating
the actions of SAPAM and ensuring public partidipaiand consensus with the
activities of the organism. SAPAM collaborated wiitie first San Cristébal group by
supplying them with data about pumping sites wiaissisted the group to estimate
water use in San Cristobal. With this and otheadiie first San Cristébal group
project recommended designs for a municipal wadeviigeatment plant to SAPAM.
As this portion of the project was completed byfilet San CristGbal group project,
this group did not work with SAPAM.

1.5.3 SYJAC

Skolta'el Yu'un Jlumaltic, A.C. is a nonprofit ongzation based in Mexico, whose
objective is to support community empowerment anprove quality of life in the
indigenous communities around San Cristébal. SYd#glilarly participates in the
execution of sustainable works projects in indigencommunities, including potable
water supply and sanitation improvements. Thectbreof SYJAC, Sabas Cruz
Garcia, and the education coordinator, Hilda GugmaMacias Samano, were
integral in providing information on the socio-ecamc context of San Cristébal.
SYJAC helped set up informal interviews in some gamities surrounding the city,
enabled meetings with doctors serving the localroomty, and provided



information about the current social and politicianate in San Cristébal. Another
member of SYJAC, Jesus Miguel Pefiate Martinez Bé¥attinez Peate Martinez,
assisted the project by collecting water qualitygkes.

Work between this project and SYJAC occurred in ynaapacities. Director Sabas
Cruz Garcia continued to aid in connecting us \Witpful contacts and strategizing
ways to most efficiently affect the health of thatershed and its residents. A retired
teacher, Hilda Guadalupe Macias Samano providgegirmembers with her
valuable input on the educational materials thattaraccompany recommended
BMPs. She also served as a primary contact witltéhemunity of Cinco de Marzo.
Likewise, Jesus Miguel Pefiate Martinez Pefate NeztPeate Martinez worked
with the community to guide construction of the coumity EcoLavadero. SYJAC
also connected us with the community of Cinco deadawhere project members
and partners implemented pilot projects withindbenmunity.

1.5.4 Colonia Cinco de Marzo

A community of 450 primarily indigenous familieschlted on the outskirts of San
Cristébal, Colonia Cinco de Marzo was initiallytted twelve years ago. Though
long-standing, residents of the community livegdély on private or publicly owned
land, and therefore have no formal property rigAtsan irregular community,
residents face a severe water shortage since melymittent water is supplied by
SAPAM, and water from the local creek is grosslgtaminated. Residents expressed
interest when SYJAC proposed that the communitykwogether to construct an
EcolLavadero, or clothes-washing station, which ged the women a clean place
and clean water to wash their clothes. A groupQofadnilies expressed interest in
constructing the EcoLavadero and a group of 25lfasassisted in the physical
construction. The group is comprised primarily amen, and meets when necessary
to take action on community issues.

1.5.5 Alianza Civica Chiapas

Alianza Civica is a local nonprofit organizatioratiseeks advancement in all sectors
of the population, increased civic participatiorctmtribute to the just
democratization of society and conditions of pe&danza Civica Chiapas has
branches in several municipalities of the stat€lwbpas and is part of the Alianza
Civica Nacional. In February, Alianza Civica helébaum of Energy and Water that
enabled idea-sharing between communities and ddratinas of alternative
solutions. Through the forum, Director Theresa dgp€orres enabled the
distribution of educational materials to over S@@rdees.

Project partners have made it possible to carrytoestimplementation project while
the UCSB researchers studied at the Universityti@rground contacts are vital to
maintaining an impetus for work on the pilot prageand enable continual



communication. Project members are grateful fomtla@y hours of volunteer work
each partner has provided.

1.6 Data Contribution of the First Group Project

The report of the previous group project suppliedvith a wealth of information
upon which this report builds. The section belovefty describes the data presented.
More detailed information can be found in the araireport, which can be found at
http://fiesta.bren.ucsb.edu/~chiapas/documents.htm.

The first report presents a physical charactepradif the watershed, outlines major
physical features, defines the sub-watershedspanddes information about habitat,
flora and fauna, climate, and land use. It als@uess the sudden and dramatic land
use change caused by major population growth expesd around San Cristobal
since 1994. The report points out that this tramsifrom forested land to agricultural
and urban land have led to new ecological problientise region, such as increased
erosion and stormwater runoff. In addition to thi®rmation, the group members
utilized basin hydrology data sets and meteorobldglata obtained from their
partners to analyze the watershed.

With collaboration from the partner organizatioti® previous San Cristébal group
also put together a socio-political characterizaaod an assessment of water
resource use in San Cristobal. The characterizaimuades a description of local
political movements in the region, estimates ot pasrent, and future population
growth, and discussion of some of the reasonsuicn sudden population growth.
The assessment of the basin’s water resources/AiRAN’'s supply capabilities
includes estimates of the number of residents deame not served in the region. It is
followed by a discussion of socio-economic and theafifects of this heavily-
burdened system, and the results of a cost-baredliysis of much-needed
infrastructural improvements.

In addition to presenting the background informatithe previous report also
provided various recommendations. It was from mafrtjrese recommendations that
the idea for a second project was formed. The ptsvgroup designed a water
guality monitoring program which has been carriatily one of this project’s
partner organizations, ECOSUR. This information wii&zed during this year’s
project to calibrate the hydrological model of thatershed. The previous group also
defined and recommended various BMPs that coulnuidethroughout the watershed
to lower the level of water pollution. This projegbup evaluated and elected the
most appropriate BMPs for the region. One addilipiece of information that was
not utilized by this year’s project members is @ramendation for a wastewater
treatment plant to treat the surface and sewagersvat San Cristébal.



1.6.1 SAPAM Wastewater Treatment Recommendations

Wastewater from the municipality of San Cristolsaturrently discharged directly to
surface water without treatment. During the presigtoup project, the utility
provider for the city, SAPAM, requested an analysiglentify the best treatment
method and location for a wastewater treatmenttpémthey intended to invest in
installing a comprehensive system (Bencala etQfl62 This would include an
expanded sewer system to convey combined wastewadestorm water flows into
surface streams, but then treat this water at gpim downstream. UCSB students
analyzed the available data, and recommended ttcbeaologies: advanced
integrated treatment lagoons, a multi-pass intéemitfiltration system, or a modular
wastewater treatment plant. The group strongly ssiggl that wastewater be directed
to the treatment facility rather than the surfaegerin order to improve
environmental quality. Separating wastewater stestom storm water flow, and
moving the facility 6 kilometers closer to the citgm the intended location, were
also recommended to reduce costs of treatment.

Though results of this analysis were supplied t @nsidered by SAPAM, there is
no indication that the recommendations supplietd@%B were used for the final
construction plan. Rather, from the most recentroomcations, the decision is
expected to be influenced strongly by local pdditi@ctors. Thus, this project has
shifted focus away from municipal wastewater consgand has not embarked on
any further analysis. Instead, it has operated uthdeassumption that wastewater
discharge to ambient waters will continue for samme into the future, and that
treatment will most likely occur only after the wateaves the city. Thus, the
recommended best management practices for dealihguwastewater revolve around
onsite treatment systems that proactively preveuhdrge of polluted waters.

1.7 Preliminary BMP Recommendations

The first San Cristobal Group Project’s Framewankd Sustainable Watershed
Management Plan included an analysis of potengat Blanagement Practices
(BMPs) and recommendations for the most applicBM&s for the San Cristdbal de
las Casas area. The criteria for analysis of tB&4Es were: the effectiveness in
improving the water quality, implementation cogtisysical requirements, and the
potential local barriers to implementation. Thatfian Cristobal group first looked
at whether the particular BMP and its associatedrntelogy would address the water
quality or quantity concerns of the stakeholddrg.did address one or more
stakeholder concerns, then the feasibility of thdFBvas assessed by looking at the
remaining analysis criteria. After an analysisaie 13 BMPs, six were judged to
meet the necessary criteria and were considersthfeanough to be recommended
for implementation:

» Rainwater Capture and Collection System
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» Composting Latrines

* Retention Basins

e Contour Water Retention Trenches
» Buffer Zones and Bioswales

* Education Campaign

1.7.1 Rainwater Capture and Collection System

Rainwater harvesting can be used to address tlidepnof a lack of clean water for
domestic use. Rainwater harvesting systems capureuring a storm event and
channel it to a storage tank where it then cancbessed as needed. Generally, the
volume of water these systems are able to cokewbi enough for uses beyond
drinking, cooking, and washing dishes and clotsgstems placed on larger
buildings or a system that combines the catchmeatsaof multiple buildings can
capture water in volumes large enough for irrigapoirposes or even manufacturing
processes. For the purpose of this project in S&tdbal and the Chiapas area,
however, the main focus of rainwater harvestingesys is to supplement a scarce
domestic supply of water.

1.7.2 Composting Latrines

Composting Latrines do not directly address thdlerm of water quality, though
when used appropriately they can greatly reducéréimsmission of pathogens from
human waste into waterways. Composting latrindatieduman fecal waste, store it,
and allow it to decompose so that when the comipasturned to the environment, it
is an organic fertilizer that can benefit localiagitural by increasing productivity. In
Chiapas, composting latrines help to offset therdétick of centralized sanitation and
active treatment of human waste.

1.7.3 Retention Basins

Retention basins are designed to mitigate the wsflfcstormwater runoff. As runoff
waters flow overland they pick up soil, solubleids| and pathogens, and eventually
discharge them into a river, lake, or similar wdtedy. Retention basins capture
some of the stormwater runoff and store it foriaftgperiod. During the water’s

period of storage physical and biological processgsove the quality of the water

so that when it exits the retention basin it dogtscontribute as much pollution to the
down-field environment. This BMP is particularly@igable to Chiapas where the
terrain is quite mountainous, deforestation haseg much open soil, and sanitation
services are frequently non-existent.

1.7.4 Contour Water Retention Trenches

Contour trenches are a very simple yet effectivg @faslowing down stormwater
runoff and allowing sediment loads to settle oug.sformwater flows down a hillside
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it collects soil, sediments and debris. Contoundhes reduce the erosion caused by
runoff by blocking and diverting the path of thetera Slowing the runoff waters
allows much of the sediment load to deposit orlahd. With the expansion of
agriculture onto the hillsides of the San Cristdoala, this BMP is an effective and
relatively simple way to reduce erosion and sedint@ading of streams.

1.7.5 Buffer Zones and Bioswales

Buffer zones and bioswales function very similddyetention basins, but with a bit
more emphasis on biological filtration. While reien basins hold water for a period
of time in order to allow sediments to settle dibswales are more active in the
biological breakdown of pollutants in stormwatetor&éwater runoff flows into and
out of a bioswale in a relatively short amountiofe. The technology relies on the
length of the channel and the type of plants armtidbia present to absorb or Kill
many of the pollutants. It is a BMP that is effeetin areas with regular and steady
flows of stormwater such as Chiapas, with its smdhths of almost daily rain.

1.7.6 Education Campaign

None of these BMPs can be successful without anatitunal component or a
general water quality education program. Whiledbecepts behind of many of
these BMPs are not new to the people of Chiapash&BMPs to be effective they
must hold to certain design criteria and receivapr maintenance. Furthermore,
people are much more likely to use and maintaitesys over which they take
ownership and for which they understand both thglity as well as their ability to
address the specific concerns and problems wiktdim particular communities.

1.8 Current BMP Implementation

1.8.1 Selection and Stakeholder Input

The first step in the BMP implementation process se&lecting which BMPs to focus
on. This project expanded on the evaluation cdatased by the first San Cristobal
project and examined additional qualities of eabiPBbefore making the selections.
The following criteria were used for BMP evaluatiecological effectiveness, ease
of construction, ease of replication, ease of nesance, cost-effectiveness, ability to
meet a felt need, ability to provide a health iny@ment, and cultural acceptability.
BMPs in addition to those described above were dilstussed by the group and
considered for implementation in San Cristobal.

After evaluation according to the above critering tesearchers agreed to focus on the
BMPs recommended in the previous San Cristébakptoiisted above. It was
determined that the first San Cristébal project baaducted a comprehensive
assessment of the San Cristobal area and prodeligole suggestions regarding
which projects and technologies were feasible fplément. However, it became
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obvious that the last criterion, cultural accepighiwas impossible to assess without
traveling to San Cristébal and talking to the inkeafits about their preferences. To
this end, researchers completed short design mnmaundltwo-page documents
describing each of the originally researched BM#xsépt the Education Campaign)
to present to the partner organizations and commyomembers in San Cristobal.
Group members traveled to San Cristobal to presaterials and information about
selected BMPs to partners at SYJAC and ECOSUR.Mgevere left in San
Cristébal so that SYJAC could propose construatibthese BMPs to the community
group in Cinco de Marzo. A copy of each of the gesnanuals can be found in
Appendix A.

Once each of the stakeholders, including the CdectMarzo community group, had
provided input on each BMP, the list of BMPs betogsidered for implementation
was updated. The group decided to further resaamlof the practices
recommended by the first San Cristdbal projech@hith three other BMPs that
were deemed appropriate for San Cristobal accotditige criteria. The final list of
BMPs that this project chose to conduct extensegearch on includes:

* Residential Rainwater Capture and Collection Systethe community of
Cinco de Marzo

» Rainwater Harvesting system for ECOSUR campus

* Education Campaign

» EcolLavadero, an ecological clothes-washing statioarporating rainwater
harvesting and a greywater treatment system

* Greywater Treatment Constructed Wetlands

» Blackwater Treatment Constructed Wetlands

For each of these new BMPs, except the Educatiomp@gyn, researchers formulated
site-specific designs and produced extensive desmmuals which can be found in
Appendix A. The group treated the Education Campagyits own program, and
developed the program to complement the implemientaf BMPs and teach multi-
aged groups about ecological health and sanitatione information on the
campaign can be found in the following section.

1.8.2 Implementation

During the winter of 2006-2007, with the collabdoatof the partners in Mexico, the
group initiated two pilot implementation projecisied on the initially recommended
BMPs. Both projects fulfill the needs of the comntyiand provide a clean source of
water. In a collaborative decision-making proc&6JAC and the community of
Cinco de Marzo elected to construct an EcoLavadenah would benefit the entire
community. Designed by project members and supgsotteserve the needs of the
community, this integrated system is the firsttefkind. The EcoLavadero consists of
a community clothes-washing station that incorgEgatinwater harvesting and
storage, as well as biological filtration of theapg water by way of a greywater
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treatment constructed wetland. The EcoLavaderoimdites the need to wash clothes
in the contaminated stream and avoids further coimi@ion of the environment by
soapy water, in addition to providing a comfortablace to wash and dry clothes.
The second project is a domestic rainwater hamvgstystem designed to provide a
reliable water supply to the household during eiey season. Both of these projects
were carried out in the community of Cinco de Mamzith an emphasis on reducing
the exposure of the local residents to water coimamnts.

1.8.3 Future Projects

As mentioned above, this project developed designuals and site-specific case
studies, in some cases, for the remaining BMP w@oigres that were originally
recommended, but not implemented. Though thesgresanuals will be provided
to the stakeholders and community, the timelinthefprojects’ lifespan — from
approval through implementation to completion 4sfakyond the completion date of
this group project. One project has already be@noved and will be implemented
after the publishing of this report: a rainwaterMesting and water potabilization
system in collaboration with ECOSUR. Designed \lith goal of improving water
quality for the university and reducing its depemzieon municipal water provided
by SAPAM, the project is expected to be construatetie spring and summer of
2007.

1.9 Education

Based on recommendations from the previous gradyxaional materials linking
water quality and human health were developed tosiee in the primary school
classrooms of Cinco de Marzo as well as in commyughters in the greater San
Cristobal area. Working primarily with SYJAC, theaim goal of the materials is to
address the gap in knowledge between local watecsauality and common
illnesses and skin problems. Issues that promalestie and feasible practices such
as simple hygiene and sanitation measures thaietaken to reduce the risk of
waterborne diseases are emphasized. Educationiamtegarding the implemented
BMPs are also included in order to ensure commuavitgtreness and involvement.

The education campaign is targeted to several noése each with different concerns
and levels of education, from elementary schootageldren to community leaders.
Though the message is the same — explaining theetogwotect water resources —

the content and level of detail of the materials been tailored for each audience.
Given the fact that community members speak selamngliages and dialects, as well
as the high level of illiteracy found in some of ttommunities, the information is
primarily visual, with the use of simple languad@grams and illustrations in order

to ensure widespread understanding across commsiiluring this project, several
lesson plans, classroom activities, posters, vigasl, and brochures were prepared in
Spanish which were then reviewed with local edusatioring the site visits in
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September and December 2006. Interviews to atisesdfectiveness of the
educational campaign will be conducted in collaborawith SYJAC within six
months of the initial campaign implementation date.

1.10 Recommended Monitoring Plan

The previous group project strongly recommendetidhveater quality and quantity
monitoring program be implemented to provide régatata for management and
planning in the watershed (Bencala et al. 2006i#ahal baseline data was
gathered by UCSB students, including flow, nitrogerammonia or nitrate,
phosphate, and pathogens at sites ranging frorstiipei’ conditions to a high
anthropogenic impact. These helped to establistnpeters for watershed modeling.
Data from this preliminary monitoring, the initAIARMF model parameters, and
contacts with researchers at ECOSUR were passtdtba second Chiapas group
project.

The proposed monitoring plan for ECOSUR includegfi6rity-ranked surface
water monitoring points, based on expected claasddoads of pollutants, as well as
all of the municipal drinking water supply wellshdy recommended that physical,
chemical and biological parameters be tested aggested that these points be
monitored by ECOSUR at least once a month. A samggdrotocol, some water
testing equipment and training were provided topheners at ECOSUR from
December 2005 to March 2006. Newly purchased nad¢arncluded a Hach DR850
Portable Colorimeter capable of detecting up talifi@rent water constituents and
several Hach reagent kits. In return, any gathdegd was requested to be shared
amongst fellow researchers. ECOSUR began monitamiiggy 2006, and has
provided the results to UCSB students electronjcall

1.11 Watershed Modeling

In order to develop a framework for a sustainatdéenshed management plan it is
necessary to understand how the watershed fundtiomsthe perspective of water
transport and contamination. To this end, the §reup used a watershed model to
develop a basic understanding of the study areatershed processes. The model
chosen, Watershed Analysis Risk Management FrankeWd@ARMF), uses inputs of
land use, meteorological data, soil depth, andwstdxse water conductivity to model
flow and pollutant loading (Systech 2007). Using tiool, and despite the paucity of
available primary data, the researchers developeglgable, though uncalibrated,
baseline scenario of the watershed function.

After establishing this baseline scenario, the grosed the model to estimate the

effects on water flow and water quality that wékult from the area’s rapid
population growth. Two different population estiestvere used, as well as the
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estimated effect of upstream sewage treatmentfifidie&san Cristobal group project
members also performed a sensitivity analysis terdene which model inputs have
the most influence on the model output.

The first San Cristobal project provided this pobjeith an invaluable head start on
modeling the San Cristobal watershed. To improvanitpe model, this project
calibrated the baseline scenario using the watalitguand stream flow data that the
second group project members and ECOSUR partnéestea starting in May 2006.
Once calibrated, the model was used to identifysthece loads from various
locations as they affected the watershed'’s rivEns. areas were then prioritized as
potential BMP implementation sites, and then aredyander various scenarios to
simulate potential pollutant load. The first graammalysis indicates that the benefits of
wastewater treatment on the outskirts of the sardg is negated by the pollutant
concentration of the city center waste stream,thatithese concentrated sewages
should be treated with a traditional wastewateattnent facility. Due to this project’s
focus on alternative treatment technologies anddthecity of space to implement
these technologies in the city center, this anglgsncentrated on locations outside of
the city centerThe subsequent recommendations reflect the besasodor BMP
placement locations, and include per unit readtiomm BMP implementation and
aggregate estimated implementation costs.

1.12 Continued Water Quality and Quantity Monitgriplan

During this project span, the water quality andrgitya monitoring carried out by
ECOSUR has been supported in various ways by stsidetJCSB. Some additional
monitoring was performed by students themselveth) BCOSUR'’s assistance,
during trips to Chiapas. Flow monitoring is usdtul establishing the water volume
per time in different areas, while concentratiohgasious water quality parameters
then determine the mass flux per time. The montidyitoring data provided by
ECOSUR was compiled and analyzed to determine $rand problem areas, which
are detailed in a later section of this report. Gdt&tions of current monitoring sites
were recorded, and the water parameter data odt&iom these points was used to
calibrate the WARMF model. Funding was obtainedulgh UCSB to provide
partners at ECOSUR with a new flow monitoring deyi@sting reagents for use with
the Hach colorimeter, and a new state-of-the-artdsel enumeration system. It has
been communicated that disposable supplies foettegices will need to be
purchased by ECOSUR after the end of this project.

The results of the water quality monitoring data particularly helpful in
determining the prime locations for BMPs, and wérgiected impact these will have
on water quality. The WARMF model can then be usegroject future water quality
scenarios ranging from no change in BMP implemeoriab a higher rate of BMP
use. By encouraging widespread BMP projects, afluéglevatershed scale impact
on water quality is anticipated. Additional monitay data was used to support the
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development of BMPs. For example, water samplas fiee roof runoff at ECOSUR
were examined to support the development of a fittea rainwater harvesting
system, while samples of wash water from Cinco @ezd allowed the design of an
appropriately sized wetland for grey water filtoatifrom the EcoLavadero.

1.13 Outcomes of the First San Cristobal Groupdetoj

The outcome of the research conducted by the pis\gooup was a management
plan that included the identification of the keplplems regarding water quality in
the watershed, as well as a series of tools armhmeendations that could be used to
improve the water quality of San Cristdbal.

The primary areas of concern identified by the mes group were:

* Limited access to water

* Diminishing water supply

» Limited sanitation and wastewater services
* Poor surface water quality

* Municipality fines

* Human health and environmental impacts
* Population growth

In order to address these problems in a mannenibatd have a beneficial impact at
the greater watershed-scale, the group devisechageaent plan that included four
parts:

* Water Quality Monitoring Program: to provide reli@aiphysical, chemical and
biological data for improved management and plasnmrthe watershed

* Best Management Practices: recommendations ofxhmaast applicable
solutions for the San Cristobal de las Casas-aRRainwater Capture System,
Composting Latrines, Retention Basins, Water Reiernfrenches, Buffers, and
Bioswales

» Education: to create materials that address themglapowledge between local
water source quality and human health

* Watershed Modeling: to estimate the effects on mitder and water quality that
will result from the area’s rapid population growth

1.14 Summary
The research and recommendation outcomes of gtegfioup project were extensive

and comprehensive. They provided a great dealfofrimation and practicable
solutions for their partner organizations in Mexaowell as a series of innovative
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tools and management plan approaches that cowdgdied to other regions
exhibiting similar conditions.

The deliverables from the first report provide awaluable base from which this
project was able to adapt ideas and direct furdssarch into the area of
implementation. With a solid understanding of tretershed dynamics and
management needs of San Cristdbal, this projectbi@sto assess the
recommendations presented by the first group mdesf how they affected the
objectives of this project. Since the implementafiacus of this project was a move
away from the goals of the first project, somehaf tecommendations were adopted
in collaboration with both old and new partnersjlevbther recommendations
remained solely in the hands of the previous gep@artners as they were deemed to
fall outside the scope of this project.

The following chapters address the componentsigfptioject in greater detail. First,
the report addresses in detail the best managematices investigated and
implemented by this project. The chapter will exaenthe justification for the
selection of each BMP and the methods used toatalbga on these potential
projects. The chapter then outlines the structadefanction of each BMP and
explains it with a narrative, a diagram, and aglesnanual, before addressing the
detailed project implementation process.

Educational support is integral to ensure thaefif@ts of this project are successful.
The education materials, themselves a BMP, aimakenthe link between human
health and water quality, as well as clarifying pugpose and benefits of the various
BMPs investigated by the project. The educatiorptdradiscusses the development
process of the education materials, identifiehefdpecific needs the program
addresses, and lays out the strategy for overcothasg challenges.

Chapters 4, 5, and 6 focus on the tools and metbiosisentific analysis that the
project employed to gain an understanding of threects and potential future
watershed conditions. Chapter 4 discusses the atality and Quantity

Monitoring Program that is currently being carread in partnership with ECOSUR.
The data from this program helps to clarify the enstanding of how the practices in
the watershed specifically impact its waters, andsed to inform and calibrate the
watershed model. Chapter 5 explains the methodsinseodeling the watershed,
the scenarios modeled, and the results of the mbaellly, Chapter 6 addresses the
analysis efforts to analyze future priorities fefarestation opportunities.

The final four chapters of this report look to fheure of the San Cristobal watershed.
These chapters first address the lessons learndeelgroup during this project since
the researchers confronted a number of challeingéswviere initially unforeseen or
underestimated. Based on these lessons as wak asdults and deliverables of the
report, the project members developed a numberaaimmendations. Looking
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forward, the report discusses future actions thihiegin to address these
recommendations.

2.0 Best Management Practice (BMP) Implementation

A significant portion of this project focused oretlevelopment of Best Management
Practices (BMPs) aimed at addressing the presthateblave been placed on San
Cristobal’s water resources (Figure 1). Given tlethiled BMP designs alone are not
enough to tackle water resource issues, the dasidiconstruction of these projects
was supplemented by an education campaign, asawellantitative watershed
analyses intended to better develop water resonacegement strategies. Without a
scientifically sound water quality and quantity ntoring program to assess the
condition of water resources, a modeling programstamate the effects of large
scale BMP implementation, an educational prograpréonote understanding of
watershed issues and local buy-in of implementgtiapects, the BMP designs alone
would be ineffective.

Figure 1. Clockwise from top left: Amarillo River leaving tiveatershed through El Tunel (tunnel);

Matthew Elke discussing the domestic rainwater éstimg system with residents of Cinco de Marzo

during a rainwater harvesting system demonstrat&n free-standing latrine in San Cristobal;
children bathing and women washing dirty clothegvar.
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2.1 Approach and Justification

BMPs apply recognized management concepts in tist appropriate way for a
particular set of local problems and concerns. BiiR®mpass physical structures
such as composting toilets or retention basingl faanagement conversions such as
reforestation, and behavior modification resousigsh as education materials for
classroom use. A BMP implementation regime aimddrag-term sustained water
resource improvement must take a technologicallgprehensive approach by
combining various adaptable BMPs, as opposed yongebn one BMP in the belief
that it is adaptable to all conditions regardlefssite specificity. With the lack of
water supply infrastructure in San Cristébal, BMBjgcts must be both creative and
flexible if they are to succeed.

Members of this project quickly realized that consting a rainwater harvesting
system, composting latrine, or any other manageteehtology would be more
successful with a complementary educational compioth@t enhances local
understanding of the function and benefits of tiPB and therefore increase the
probability of acceptance and maintenance of tbgpt. In order for this water
resources management project to work, local stddelomust be educated not just
about the BMP technology, but also about basidathom and resource efficiency
issues.

Beyond the promotion of BMP education, subsequentitaring helps to determine
whether or not the BMPs are performing as expeeted computational modeling of
the sites serves to anticipate what effect thelyhawe if implemented on a large-
scale basis in the watershed. This robust evalugtiotocol, coupled with a
comprehensive educational program is designedhieee an effective and
sustainable BMP implementation process.

This project researched many different varietieBMPs to help address the issues
associated with water pollution and water resoaxaelability specific to San
Cristébal. The initial focus of the BMP researchsvoased on the management
options recommended by the first San Cristébalgutdpr cost-effective watershed
improvement. The six initial BMPs studied were:

* Rainwater Harvesting Systems

e Composting Latrines

* Retention Basins

» Buffer Zones and Bioswales

» Contour Water Retention Trenches
* Education Campaign

It became clear as the project progressed, ankashwlders expressed specific
interests, that the initial six BMPs would not fudddress the concerns of all the
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actors involved. Therefore, in addition to theialiset of BMPs, two additional BMP
technologies were researched and evaluated.

» Greywater Treatment Constructed Wetland
» Blackwater Treatment Constructed Wetland

In one case, multiple BMP technologies were combioeprovide a unique solution
to the specific needs of stakeholders. Furthernsaegral BMPs were tailored to
address the meteorological, environmental, andaboonstraints of Chiapas. The
following BMPs were proposed as pilot project dasitp address the water resource
problems facing San Cristdbal:

* Residential rainwater harvesting and storage systahe community of
Cinco de Marzo

» [EcolLavadero: an ecological clothes-washing statioarporating both
rainwater harvesting (RWH) and a greywater treatraenstructed wetland
system

* Rainwater harvesting and storage system for Ciechlarzo school buildings

* Community blackwater treatment constructed wetiandinco de Marzo

* Rainwater capture and storage system for the ECO&ldipus

None of these BMP designs has the ability to inddpatly solve water resource
issues. Rather, a strategic combination of a ran@MP technologies can help
reduce the pressures on water resources at thesivatiescale. The constraints of this
project — temporally, spatially, and financiallyimited the scope of BMP
implementation. The project aimed to implementtgiimjects, evaluate their
effectiveness, and model their effects if appliedraa larger area.

2.2 Approach to Research and Implementation Dawisio

A main project goal was to implemesustainablepilot projects. Researchers
determined that a sustainable project is effectiuveable, and appropriate.
Recognizing that an implemented project will noveeo improve watershed and
human health if it is not properly used, malfunesipor is abandoned, researchers
considered these elements in all stages of the B&ldttion process.

BMPs selected for research, except in the caieedEcoLavadero (because it is an
original design), are recommended by water managehe United States and
around the world. A large body of literature pragddata on design considerations
and results of implemented BMP projects. Projeanivers recommended only
BMPs that are likely to succeed in San Cristobahufnber of criteria were chosen to
evaluate each BMP in terms of appropriateness,wémie listed in Figure 2 and
described below.
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Figure 2. Schematic of initial steps in the BMP selectionqess

This project approached the research and decisadanm process about pilot project
implementation in both a methodical and scientifi@nner (Figure 2). The initial step
sought to determine which BMPs were applicable atemwmanagement technologies
within the framework of problems and interests ueitp San Cristobal. BMP
recommendations from the previous project wereuatatl, determined appropriate,
and further researched. An extensive literatureerewf each of the BMPs followed.

The project team performed a comprehensive examimaf the scientific function

of each BMP technology to guarantee proper undweistg. Research was not,
therefore, limited to case studies and methodgpli@ation, but also included an
understanding of the general chemistry, biology pimysics related to the BMP and
its implementation. Furthermore, in an effort tolude future possibilities of BMP
application beyond the geography of this projezsearch was not limited to
applications within Mexico or the developing worldformation was gathered from
studies in various locations in order to assess BM#ities such as the breakdown
rates of human waste, the efficiency of water tpansby different materials, and the
appropriate water retention time needed for comanti removal through constructed
wetlands.

Once a firm understanding of the theory and daténdethese BMP technologies was
established, project members observed real wopticapions of these BMPs. Santa
Barbara, the city and county in which UCSB is leckis the site of several projects
that have been implemented using the BMPs that mesesarched in this project. The
project team visited several bioswales designexhtch and treat stormwater runoff
from residential neighborhoods. In addition, theugr visited a local residence that
incorporates a domestic rainwater harvesting sysasmwvell as a local working farm
that utilizes a fully functional composting latrinEhe purpose of these field
observations was to augment the literature-basamateétical and scientific knowledge
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with the practical knowledge (including the inhdreaquirements and restrictions)
observed in the application of the technologies.

Project members then turned to literature on susbdée development strategies to
assess the BMPs “appropriateness” to the San Galk#iea and plan the
implementation process. According to Ronald Buticlre are a number of criteria
that must be considered when planning and implemgatproject in a developing
country. Experience shows that practices thatKétnthin a poor community in a
developing area have a number of characteristicenmmon. For instance, the
practice or project must meet a felt need in tharoanity, fit local cultural patterns,
address those factors that most limit communitythebe simple to understand, be
safe for the area’s ecology, and require mininraricial resources that can be easily
obtained (Bunch 1982).

Professional experiences of group members workitlg t@ammunities in Africa and
Latin America also contributed to establishingeid for the evaluation process; as a
result of seeing one too many projects abandonedalaommunity members

inability to perform maintenance, it was determitieat low maintenance should be a
requirement for all recommended BMPs. Project memalkso strengthened Bunch’s
criterion of being safe for the area’s ecology, assgerted that the recommended
BMPs must contribute positively to the environmestthis project focuses on
solutions for environmental problems. These ciat@rere used to determine which
BMPs would be initially recommended to partnerS¥JAC and ECOSUR.

In order to ensure that the technologies were gpj@i@ to the residents of the city of
San Cristobal, local conditions, personal attitidesterial availability. This project
used survey data obtained from ECOSUR to assessajelemographics, extent of
water infrastructure, water use intensity, and watelity concerns (Alianza Civica,
COCIDEP, and ECOSUR 2006b). This information wagpgemented by an initial
visit to the San Cristébal area by one of the mtajeam members, wherein the
concerns and requests of clients and stakeholdenes elarified.

The initial research process culminated in the petidn of short two-page
informational sheets, along with longer design nas@Appendix A). The purpose
of these manuals was to explain to project partaedsstakeholders the advantages
and limitations of each BMP option. Each design naimcluded information about
the BMP’s purpose, function, siting and size reguients, maintenance procedures,
and cost estimates. It was communicated to thektd#ters that the researched and
recommended BMPs were only options, and that prajgalementation was
ultimately not the decision of the UCSB group, father that of the stakeholders.
Furthermore, these manuals were designed to allbar partner organizations to
disseminate BMP information to any interested parin a simple yet comprehensive
package.
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Figure 3. Schematic of decision-making process with partners

As the project progressed, some of the BMPs wdeetsel on the part of
stakeholders for implementation in San Cristobayfe 3). Additional research on
these BMPs led to the creation of specific pilaijpct designs for the greywater and
blackwater wetlands, the EcoLavadero, and the @@mharvesting system at
ECOSUR. Ultimately, the group created design manioaleight BMPs and
proposed five specific designs to stakeholdergilot project implementation, one of
which is completed, one of which should be compléteApril 2007, and a third that
is planned for construction during the summer di2(Figure 4). All of the design
manuals and pilot project proposals were translatidSpanish and distributed to
project partners to support immediate and futungl@mentation plans.
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Project and YES}: PR _._I:E_E_ﬂ__a
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Figure 4. Schematic of BMP implementation decision-makingcess

2.3 BMP Descriptions

2.3.1 Rainwater Capture and Collection Systems

Background
Rainwater capture and storage is a historicallyudwnted method for providing a

regular supply of freshwater for domestic use (Fedh). Rainwater harvesting
systems have been found in India dating back t® BIOE, while cisterns have been
discovered in the Negev Desert of Israel datinghf@000 BCE. In Venice, Italy,
rooftop catchment systems were the main sourcemiestic water from the'®
century up until the ¥6century, a span of 1,300 years (GouldandNisseerst
1999). Rainwater has been traditionally valuedt®purity and softness,
characteristics credited to a neutral pH due tathsence of salts and minerals
commonly found in ground and surface water sources.
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Figure 5. A domestic rainwater harvesting system construictéde community of Cinco de Marzo.

Purpose

With increasing global population, the pressurepglaced on water resources is
growing. The problems associated with these pressane often amplified in the
developing world due to a lack of both water suppfyastructure and a
comprehensive plan to manage regional water ressuft the end of the
millennium only 60% of the rural residents in dex@hg countries had access to any
type of improved water resources (GouldandNissdefBen 1999). Throughout
many parts of Latin America, where rainfall is pelant and water abundant, access
to water resources can be severely limited duembaenination, a lack of storage
facilities, and inadequate delivery systems (UNBB7). In San Cristébal, this
shortage of water storage facilities, inadequapplsusystems, and severe
contamination all serve to inhibit reliable accesslean fresh water.

From a survey of city residents performed in 2@ of respondents were not
satisfied with their water service, over 60% exgeced regular service interruption,
and 6% received water only once per week (Alianzac&, COCIDEP, and
ECOSUR 2006a). While the respondents to this sualldyad connections to the city
municipal water provider, SAPAM, the survey did actount for the thousands of
people in the city and its periphery who are notised by SAPAM’s water
infrastructure. In the face of the water supplyiations in San Cristobal, the use of
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harvested rainwater can provide numerous advan{dgesas Water Development
Board 2005):

* The water is free; the only cost is for collectistgrage, and use

» The point of use of the water is close to the spuetiminating the need for
costly infrastructure

» Rainwater provides a source of useable water whdace or groundwater
sources are of unacceptable quality

» Rainwater harvesting reduces the quantity of staatarwunoff that would
lead to erosion

While rainwater capture and collection do have mapglications, there are several
limitations as well. Much of the success of a ratev harvesting systems is
determined by the duration and frequency of the iraa given region. Rainwater
harvesting may not be an effective option in digaaror those prone to drought. Even
in wet climates, prolonged dry periods will haveesative effect on the ability of the
system to supply sufficient water. If not propemgintained, systems can quickly
become contaminated and create a health hazattieFuore, the storage tank or
cistern portion of the system can pose a safetsirdan small children (UNEP 1997).

Even with these limitations, however, rainwatedextion and capture has substantial
benefits. It is flexible enough to be applied iwide range of conditions — rainwater
harvesting can be adapted to most climatic ancbgam! conditions, as well as
nearly all socioeconomic situations. The inher&xibility of rainwater capture and
storage systems is one of its greatest attributes.

General Description
Independent of the design or specific applicataony, rainwater harvesting system has
three basic components:

* A water catchment surface
* A water conveyance system
* A water storage unit

The water catchment surface is usually the roaf bbuse, school, or other building.
However, the catchment surface can alternativelg bienple lean-to or elevated
metal sheet. The only requirements are that thehosnt surface be impermeable
and clean so that water will not become contamthateee it hits the surface. Many
types of materials can be used for the catchmefasiincluding galvanized metal,
corrugated plastic, pesticide-free wood, ceramiclay tile, and concrete. Even
painted surfaces are acceptable so long as theipaieither lead-based nor toxic so
that it will not leach into the water (GouldandNiasPeterson 1999).

The conveyance system usually consists of colledigters to catch the water
running off the roof, and piping to transport tigtter to the storage tank. Similar to
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the catchment surface, several materials can liefas¢he conveyance system.
Galvanized metal is often used for gutters, whigstics such as PVC and HDPE are
common materials for piping (GouldandNissen-Peted®99). Wood can also be
used for gutters and is often the material of ahdac gutter supports.

Normally, the biggest expense and most critical phany RWH system is the
storage vessel. For small domestic projects, aprieiated plastic (usually HDPE)
tank or a constructed Ferro-cement tank are thé comsmon options. For larger
buildings, or systems that incorporate water gatthérom a number of catchment
surfaces, an underground Ferrocement or concr&grieiis a more logical option. By
Nno means are storage containers limited to whaessribed here and in fact any
durable material that does not leach contaminarise used to store harvested
rainwater. It is important, however, to take int@aunt both the setting and the
proposed use of the captured water when determthintype of storage container to
be incorporated.

Costs

Rainwater capture and collection systems, espgaaibll-scale domestic ones, can
be relatively inexpensive compared to other wat@ps/ sources, often the
individuals and communities who would receive thastrbenefit from this
technology lack the resources necessary to implesuah systems. Although much
interest was expressed for rainwater harvestintgsys initial reservations
concerning the cost of materials prevented immediateptance and subsequent
implementation. Research of costs conducted byptioigct revealed that in San
Cristébal the materials for a single family domestystem cost between $200 and
$300 (In section 2.0 of this report all costs ar&JB Dollars unless otherwise stated).
A larger, more complex system designed to captatemfrom the roofs of several
buildings for storage in an underground cisternsap to $10,000. A complete
breakdown of the costs for a single family domesystem can be found at the end of
the Rainwater Harvesting and Storage design mdocatled in Appendix A.1. A
complete breakdown of costs for two multiple builgicommunity systems, one for
ECOSUR and the other for Cinco de Marzo, can badan Appendix B.

Applicability to Target Area

Rainwater harvesting is not a new practice forgbeple of San Cristébal. In fact,
systems of various designs can be seen througheuity and the outlying areas.
Nevertheless, it is clear from the types of systemsse that there is a lack of
understanding and/or available resources to cartsggstems that efficiently capture
rainwater and store it in a way that does not ptencontamination. A properly
designed and well-maintained system is able toucaptp to 90% of rainwater that
that falls on the catchment surface and storeatmmanner that almost completely
limits the probability of water contamination(GoatdiNissen-Peterson 1999).
Design oversights and lack of proper maintenanoce/elrer, can quickly result in a
system that is inefficient, increases erosion press and promotes contamination of
stored water. The lack of access to water resolnrgeslarge portion of the
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population in the San Cristébal region increasesatipeal of rainwater harvesting as
a useful and effective means of improving localessibility of high-quality water.
Properly designed systems coupled with local undedsng of system functions and
benefits will help to guarantee a relatively cleaater supply for local communities.

2.3.2 Composting Latrines

Background
Human waste collection and composting is a prattiaehas been used by numerous

cultures for thousands of years. Chinese farmdisated and stored human waste for
use as a fertilizer on their fields. This “nightl§cr humanure, when handled
properly and given enough time to degrade redueedanger of diarrheal diseases
which are common in the handling of human fecesifiy Human Manure
("Nightsoil") in the Tai Lake Region of China" 20031 Yemen, dehydration and
urine separation is still commonly used to treahbho waste. The hot and dry climate
ensures that urine and feces quickly dry out fonhass collection and disposal.
Today in Vietham and many regions in Mexico andt@émMmerica, composting
toilets can be an effective means of human wasteagement when used properly
(WinbladandSimpson-Hébert 2004).

L - .
c e il s i

Fure 6. Clockwise from u.pper left; An untreated flowldckwater ffam in the colonia of Cinco de
Marzo; a standard double-chambered compostingnéafterbert); an in house sawdust toilet

-
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Purpose
Inadequate sanitation and polluted water are twibethief environmental problems

facing developing nations. It is estimated that 48f%he world’s population is
without adequate sanitation (UNDESA 2004), andwheld Health Organization
(WHO) estimates that more than 80% of all diseaseselated to inadequate
sanitation and polluted water (Jenkins 2005). Netavb million people die each year
from diarrhea and dehydration-related illness, WidBo of those victims being
children under the age of five. Studies conductethb WHO have shown that
improved water supply reduces diarrheal diseasg 2y %, while improved
sanitation can reduce incidents of these diseasap o 32% (NWP 2006). Isolating
human waste so that it decomposes or dehydrasesaffective method of improving
sanitation (Figure 6). It can also produce a usetdstilizer that has economic
benefits. Many areas that would benefit from contipgdatrine projects also have
high numbers of small scale or subsistence farmehe fertilizer that can be
obtained from composting latrines could increas® giields, reduce chemical
fertilizer inputs, or be sold to other farmers.

Many of the residents of San Cristobal completatklany sanitation services.
Human waste is either left to collect in pit todelr is simply allowed to run off the
land into neighboring streams or wetlands withawt #@rm of treatment.
Consequently, the surface waters and, in some diigegroundwater in the city is
highly polluted. Composting latrines provide areeffve means for isolating human
waste so that it does not come in contact withes@rfand groundwater resources. If
used and maintained properly, composting toiletssavery effective human waste
management option.

General Description

Solid human waste is loaded with pathogens whenrngahe body. Over 60% of the
dry mass of feces can be attributed to bacteridD@dgall 2005). Not all of these
bacteria are directly harmful to humans, but thee sufficient amount to cause raw
human feces to be a major source of pathogen-dethiseases. Composting latrines
work by isolating and containing human feces, whikates an environment where
harmless bacteria and fungi accelerate the diefdiarmful pathogenic bacteria
found in the human digestive track. This pathogénéakdown can also be caused by
the dehydration of feces, as it is in Yemen. Thenid climate in San Cristébal
and much of the rest of Chiapas, however, rulegslehydrating toilets as a viable
management option.

The two main factors leading to pathogen destranaiccomposting latrines are
temperature and time. This composting process eatbelerated by increasing the
temperature of the active pile to promote the ghoaftbeneficial thermophilic
bacteria. It takes one month in the proper conudiitiat a consistent temperature of
43°C (109.4F) to fully destroy the pathogens in human fecéwss Process is
accelerated to one week a@§114.8F) and to only one hour with a consistent
temperature of 6 (143.6F) (Jenkins 2005). It is unlikely that a humantuite will
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ever reach these high temperatures and, in faoaytnever reach consistent
temperatures above that of the human bodG 398.6F). Due to the difficulty
associated with reaching such elevated temperatasesell as the difficulty related
with maintaining the elevated temperature, it isggally recognized that a humanure
pile should be allowed to cure for approximatelg gear in order to ensure complete
pathogen destruction (Jenkins 2005).

While composting latrines are not a complicatedh@togy in terms of construction,
they do require operation and maintenance beydineyfup a chamber with feces
and then letting it cure and compost for a yean®t A number of important steps
must be followed to ensure that the latrine fundiproperly and does not turn into a
pit toilet (Jenkins 2005):

* An aerobic environment must be maintained in themast pile at all times to
facilitate beneficial bacterial growth.

* The compost pile needs to be kept sufficiently msisthat the beneficial
aerobic bacteria do not dehydrate and die.

» A carbon rich topping material such as hay, stsawdust, ash, leaves, or
even weeds is needed to balance the low C:N (cadboitrogen) ratio in
feces.

* The added topping material should occasionallgpifexclusively, be a
coarse material (hay, straw, weeds) to keep asgues open within the pile.

* Once the composting chamber is filled, the pileuthde allowed to cure for
approximately one year.

* At a minimum two collection chambers are needede-where feces are
actively being deposited and the other where compagiring.

An aerobic environment is necessary because anaeatditions stifle the
recruitment of aerophilic bacteria, resulting ifoal smelling compost pile due to the
production of hydrogen sulfide £8), acetic acid (§4.0,), and butyric acid
(CH4Hg0O,). Sufficient moisture can usually be provided lbye and/or rain (if the
compost pile is outside and exposed), and woukdyaequire water additions. The
C:N ratio in feces is generally around 8:1. To poterthe composting process, help
eliminate odors, and get the ratio closer to tiealdevel of 30:1, a carbon-rich
covering material needs to be added after eacbfube toilet (Jenkins 2005).

Though they represent an adaptable, simple, aedtafé way to improve sanitation,
composting latrines do have limitations. They regunore space than a simple pit
toilet due to the addition of topping materialsisTéan be a problem in urban areas
where space is limited. They also require regulamnbtenance and attention to ensure
that that they don’t begin to foul and stink. Tb@n happen rapidly if the latrine is
neglected, and once fouling has begun it can iiewifto fix. Some communities
also have difficulty understanding the processamhposting or simply have social
taboos about handling and recycling human wastg.pkoject that attempts to
implement composting latrines must address the f@ezbmplementary education.
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This information not only needs to cover the fuoiél steps of the latrine, but also
sanitation basics and common misunderstandings.

Costs

Composting latrines are very economical and cadywe valuable results without
much resource input. The inherent flexibility ohgoosting latrine design leads to a
wide variability in costs. A simple indoor sawdtitet costs between $20 and $25 in
materials and can be made by anyone with accesbiammer, saw, and nails. The
price is even less if the toilet is made from usederials. The composting bins or
chambers can be built for around $100, but wouldragost even less if old pallets or
wooden boards are salvaged. Covering material egrutchased for a marginal cost
or they can be scavenged for as well. A past prajes different area of Chiapas
constructed nine freestanding composting latringis &n average material cost of
around $210 per toilet (BeaudoinandCuéllar 2005puad $200 is also the cost
estimate this project determined for a freestanduntpouse style composting latrine.
When one considers the lost wages due to carelothildren, the money spent on
medicines needed to combat diseases caused byp&thalgens, or even the money
that can be generated from decomposed fertilienposting latrines are a very cost
effective BMP option.

Applicability to Target Area

Composting latrines are a very appropriate BMPan Sristébal and especially the
more rural villages of the watershed. They addiiessack of sanitation infrastructure
and the resultant pathogenic exposure. They apesatgple enough in design that no
special training or skills are required to constthem, and they are flexible in both
material design and application. Composting latricgn be built as an indoor toilet
coupled with external composting bins, or as acetitained freestanding outhouse.
There is abundant access to various covering raietue to the climate and lush
vegetation. When operated correctly, compostingnkes are one of the most cost-
effective BMP options for treatment of human waskéey even produce a
commodity with value — fertilizer — a product tlwaiuld potentially recoup the initial
capital costs of implementation. The main reashesbomposting latrine BMP did
not experience widespread acceptance in San Calsi@s due more to existent
cultural mores and inadequate knowledge of then@olgy than to the effectiveness
of the BMP.

2.3.3 Retention Basins

Background
In the second half of the @entury and into the first decade of thé\ 2dhanges in

land use have continued to progress at a fastvatee urban land is becoming
covered with impervious surfaces and the increasach of development is leading
to more widespread erosion and runoff pressurescélture and livestock grazing
on sloped hillsides is increasing the loading &fagen, phosphorus, pesticides,
herbicides, and sediments. This loading is exatedday the fact that these areas
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were historically covered by forests which retaiteual soil and nutrients. Such land
use changes can lead to thinner and more fragiewibh less water infiltration
capacity. This creates a positive feedback sitnatibich exacerbates the erosion and
the pollution loading problem (Bencala et al. 2008)ese factors have increased the
levels of stormwater runoff and the sediment antupon loads carried by the
stormwater. Retention basins are a BMP designetitigate the negative effects of
these large quantities of water and associatedtpwil loads (Figure 7).

Purpose
San Cristobal currently has no municipal infradinge in place to treat the large

volumes of stormwater runoff that flows from theumtain or urban landscape and is
discharged directly into the urban river systenori®@tvater often causes both

flooding in the streets and deposition of sedimeniss is not only a concern because
of high pollutant levels in the water, but also dnese the force of these large volumes
of water can be a hazard to urban residents. Retelpasins help to mitigate and
reduce these effects by capturing stormwater runet&ining it for a period of time,
and then slowly treating it through natural biotjimeans (Clar, Michael L,

Barfield, and O'Connor 2004a). The basins slow ffusad allow the water to

infiltrate into the ground or drain gradually irttee surface water. Retention basins
have the potential to remove 65-70% of the suspradids delivered to them, 45-
50% of the total phosphorus, 30-35% of total niemmg25-70% of metals, and up to
65% of bacterial loads (US Environmental Protecégency, U. E. 2002).

General Description
There are two types of retention basins:

* Wet retention basins, or retention ponds, mairdastanding supply of water
year round.
* Dry retention basins only contain water during pési of rain.

While there are some differences that should bsidered when choosing the type of
basin (discussed below), both types of retentiainsafunction largely in the same
way. The basin can be dug out of the ground omalma@kment can be built in a low
lying area that naturally channels the flow of riindhe length:width ratio of the
basin should be no less than 2:1, with a levelnotto ensure correct directional
flow, maximum treatment time, and subsurface wiat@tration (Clar, Michael L.,
Barfield, and O’Connor 2004b). Oblong structurethvimlets at opposite ends are
best, as this configuration promotes directiomalf{ StahreandUrbonas 1990).
Figure 7 is an example of a properly designed efention basin, with two photos
depicting wet ponds in the environment.
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Figure 7. At Right: Diagram of a sample “wet retention bagiwhd (StahreandUrbonas 1990); at left
two real world examples of retention basins sintitathe diagram on the right

The optimal removal of nutrients occurs with a néiten time of 2-3 weeks for pools
with 1-2 meters of depth before the water is disgéd or infiltrates into soil. Too
short a retention time will lead to insufficienbbhemical processing, while too long
a retention time will cause stratification withimetpool, therefore leading to
incomplete treatment (Clar, Michael L. et al. 2004the retention time of water in
the basin can be calculated by [Equation 1].

[Equation 1] T=VB/(n*VR)

T = retention time

VB = the volume of the basin

n = the number of runoff events in a given period

VR = volume of runoff in an average rain eventtfoat period

The type of retention basin most applicable tovemiset of conditions may be
different due to a variety of reasons ranging fidmactic, to demographic, to
economic. Wet basins have been shown to provicggréeatment than dry basins,
but they must have a reliable source of runofinimich of the year to maintain their
permanent pool (StahreandUrbonas 1990). There widyenenough precipitation
spread out over the course of the year to maitawet basin. The variation in mean
monthly precipitation in San Cristébal could makgeamanent wet pool an
impossibility in some locations (Comision Naciodal Agua 2005). While a wet
basin can be adapted to account for this variatignay not make economic sense, in
which case a dry basin may be the more appropgiécation.
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Costs

Construction costs are site-specific and depen@at gleal on labor inputs and
available land. Some maintenance procedures aoe ilsiensive, with operational
expenses closely tied to labor rates for the regigpical US costs are: $45,700 for a
1 acre-foot pond, $232,000 for a 10 acre-foot p&igtl 70,000 for a 100 acre-foot
pond (US Environmental Protection Agency, U. E.20®ne acre foot is the
equivalent of a volume of water one foot deep @rearea of one acre, or one meter
of water depth over 0.123 hectares. Determiningtes@sts for San Cristobal and
Chiapas was difficult without good data on landuesl or the average hourly wage
for laborers and construction workers. In additi@tention basins were not a BMP in
which project partners took a close interest, ®xi$jc production and operational
costs for San Cristébal were not obtained.

Applicability to Target Area

The lack of any real municipal stormwater managdaragstem reinforces the
applicability of retention basins. They do not regwomplicated manufactured
materials that are difficult or costly to deliverthe San Cristébal area. Though an
appropriate engineering evaluation should be doioe o construction, this
technology is not overly complicated and findingmgeetent engineers in the area is
likely. Further, the two principal resources neettedetention basin construction are
sufficient labor and sufficient land. While labarrelatively cheap in the area, finding
available land is more difficult, however the indet flexibility in sizing and
configuration of retention basins makes this Idssnassue.

While retention basins have many advantages, #rera few issues that could limit
their appeal. This is a relatively foreign techmgyldo the people of San Cristdbal,
where it is often difficult to generate acceptanteew technologies and ideas.
Retention basins are inherently large-scale prejgsnerally requiring government
approval, not to mention accord from the local camity and other stakeholders. It
might become difficult to implement a project theduires the approval of many
different stakeholder groups at both the local axity and the property owner levels.

2.3.4 Buffer Zones and Bioswales

Background
Bioswales serve a similar function to retentionifismn that they treat stormwater

runoff by retaining it for a short period and bioaling natural biological processes
to break down pollutants and nutrients (FigureEXpansion of impervious surface
cover and altered land use has increased the ne®&WPs geared specifically
toward stormwater runoff. Bioswales have been widaplemented in the past to
reduce pollution loads in runoff from parking lotsadways, basketball and tennis
courts, and small agricultural areas (Figure Q)imythe preliminary research phase,
the project team visited two bioswales in the S&atdbara area intended to reduce
stormwater runoff from a residential development.
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Figure 8. Diagram of typical bioswale (King County 2005)

1

Figure 9. Application of a bioswale in Chiapas (left); plaBmoval as part of bioswale aintenance
(right) (Clark County Corrections)

Purpose
Bioswales are designed to reduce the pollutanslaadtormwater runoff before the

water joins surface waters. They also reduce the fate of fast-moving stormwater,
therefore abetting erosion and other physical dancagsed by stormwater.
Bioswales can serve the dual purposes of allowiolpgical treatment of water
during storm events and providing recreational ogygace during dry periods.
However, it must be noted that bioswales can bedd easily and the technology is
not designed to treat large flows of water. Fos tieiason, a peak flow bypass
structure should be incorporated into the desigmréoent overtopping of the
bioswale banks in the event of excessive flowsri@si2003).

General Description

A bioswale is a very generic term used to desanbay subtly different types of
stormwater treatment channels that use biologitedtfon. The common components
are the presence of vegetation as the primarynegtmedia, and the fact that
bioswales only contain water during storm eventbigswale is created by
excavating a shallow depression in the earth teivecand then slowly convey
stormwater runoff. Bioswales use natural filtratelaments, including herbaceous
vegetation and soil, to treat stormwater by fihgrout contaminants in water through
both adsorption onto soil particles as well as kgptay vegetation. The bioswale
should have shallow slopes and should be built sg#éithat drains well.
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This technology functions best under light to maderunoff conditions. Large
stormwater flows can quickly flood the bioswale aaeduce the effectiveness of the
vegetation and soil to remove pollution loads. Ghdams, which create temporary
pools and increase residence time and infiltratbam, also be planned into the design
in order to abate flows entering the bioswale {8ar2003; Yu, S. L., Juo, ASCE
Members, Fassman, and Pan 2001). The five mais stepis BMP’s

implementation process are:

» Site identification

* Flow calculation, including the two year maximuravil event
» Canal design and check dam location

* Inlet location and siting of peak flow bypass

* Determination of construction start date

When determining site location, the total land ahes drains into the bioswale must
not be larger than the swale’s capacity to enswatethe bioswale will function
properly and that the swale will dry in betweemrst@vents. In California, the
transportation administration, CalTrans, recommentigutary area of less than four
hectares (CalTrans). The structural specifics efttloswale, including the location(s)
of check dams, the structures of the inlet andetudind the mechanism for peak flow
bypass, need to be determined. Finally, constmaimuld be timed so that the
completion date is at least three months priohédnset of the rainy season in order
to allow the vegetation sufficient time to establitself (Mazer 1998). Bioswales

with compost added to bed material have been showrperience faster growth,
thicker coverage, and higher removal efficiencyntti@se with only soil (The Clean
Washington Center and E & A Environmental Consu#td®97).

Costs

Bioswales can vary greatly in cost, depending aigiheand availability of materials.
For instance, in Mexico, soil and compost can ktaiabd free of cost, or often very
inexpensively. Other materials include rock, graaad seeds for vegetation. It is
estimated that a bioswale measuring seven by 36rs&10 ) would cost
approximately US $200-800 in Mexico. However, cangton costs soar when labor
and engineering advice are included. As an exar@@lenf bioswale in North
Carolina treating a drainage area of 2.8 hectarssldS $4,000 to construct, while a
much larger 400 fbioswale treating water from 2.0 hectares cosséimee amount
(North Carolina Green Building Technology Datab@$€GBTD) 2003).

Applicability to Target Area

Like retention basins, the ability to effectivetgplement bioswales in the San
Cristébal area is limited by the difficulties ofardinating all stakeholder groups.
Functionally, bioswales are very effective at trmgstormwater pollution loads.
Political and social barriers, however, presentfecdlty for implementation in San
Cristébal’'s watershed. As an adaptation, relatigahall bioswales can be designed to
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treat small runoff areas. This may reduce the nurabstakeholder groups involved
and thereby ease the implementation process.

2.3.5 Contour Water Retention Trenches

Background
As more and more land is claimed for agriculturad &abitation purposes;

development has encroached upon slopes and hdlsidgan Cristobal’'s watershed.
Land that was once deemed marginal is now beirtgratéd to grow corn and other
staple crops. Development on sloping hillsidesaases erosion levels and sediment
loads as changes in use reduce the ability ofathé 1o retain soil. Soil erosion is not
the only problem associated with hillside developm#hough. Applications of
fertilizers, both natural and synthetic, have kedignificant loads of nitrogen,
phosphorus, potassium, and other compounds infrudérs throughout the
watershed. The high pollutant loads have severaaspglownstream at lower
elevations where runoff waters converge. Contamdnes can help to reduce this
pressure by decreasing and diverting runoff fldveréby reducing the energy and
capacity for carrying sediments and pollutantstiodf hillsides (Figure 10).

Contour Trench Profile

4m

-
contour i

i .
trenches —}% P

Figure 10.Clockwise from top: Diagram of the typical shapeaafontour trench; contour trenches
used in a permaculture application; contour treaéheéhe western US (Harper)
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Purpose
Because of the geographical position of San Crafdtumerous rivers and streams

drain the hillsides and run through the city befiboev/ing out of the mountainside via
the Sumidero tunnel. Contour trenches can reduamslope migration of topsoil and
associated nutrients. Load reduction values haea beported of 75% and 70% for
phosphorus and nitrogen, respectively (U.S. EPA20M addition, experiments
indicate that contour trenches can reduce sedimenhoff by as much as 50%
(IIRR 1998). Properly maintained contour trenchedgrm the dual roles of reducing
pollutant loading of the waterways and increasheggroductive life of hillside
agriculture.

General description

A contour trench combines a ditch or trench witrebavated berm just down slope
that allows the runoff to be diverted so the coussgongated through the
perpendicular run of the trench. Contour trenchiesyast effective where the soil
has good infiltration rates. The added distancentier must travel, combined with
friction from the land, reduces flow energy anawat sediments and pollution to
filter out. Figure 10 near the beginning of thiksection shows an example of
spacing and orientation of a contour trench andhber

Contour trenches accumulate nutrient-enrichedssaliments while channeling and
diverting runoff. Occasionally, the deposited soilst be physically removed and
placed onto the source field or similarly manageshaThis maintenance is required
to prevent the contour trench from filling up andihg its ability to function. It is
also a beneficial way to conserve topsoil on theagad area.

Costs

Contour trenches have very few material costs. lypbarvested plants can be
transplanted onto the berms to act as a vegetadiffer to further minimize erosion
and help trap sediment in any water that would fbmerthe trench (IIRR 1998;

NRCS 1999). Trench excavation tools (shovels ankispimight be rented or
borrowed at little to no cost. Contour trench camsion is highly labor intensive and
requires long-term maintenance. However, if th@talan be donated or incorporated
into the existing culture of farming operationsgricontour trenches may be the most
cost-effective BMP studied by this project.

Applicability to Target Area

Contour trenches are a great option for runoff gangent throughout the San
Cristobal watershed. They are a cheap and effesteens of reducing the pollutant
loads in runoff water and, furthermore, many of tiikside farms scattered
throughout the watershed are of a small enoughtlsaea single family could
construct and maintain contour trenches on thaut.l&nlike other BMPs, the appeal
of contour trenches to those designated to impléthem is not necessarily the
reduction in pollution, but the benefit to soil semvation and increased agricultural
productivity (an economic incentive). A farmer hg in the upper elevations of the
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watershed is not likely to be directly affectedtbg pollution loads in runoff that is
channeled downstream, but he or she will be affelsyethe increased crop yields that
may come from greater top soil retention. Theseefisnshould be clearly explained
to stakeholders in order to achieve more widespimatementation of contour
trenches.

Despite the benefits contour trenches offer, tinae little interest in this BMP from
clients or main stakeholders. Contacts and relshiqns were developed almost
exclusively with the urban residents and commusiitiethe city of San Cristobal
itself. The project had very little contact withethural communities located outside of
the city due to the fact that making contacts astdldishing a productive relationship
with new stakeholders who worked in the rural aggasind San Cristobal was a
prohibitively time intensive process. Moreover uiss of social trust required contact
with an additional Mexican project partner who @bbave served as a liaison to the
community.

2.3.6 Blackwater Constructed Wetlands

Background
Natural wetlands are one of the environment’s prynmaeans of waste treatment.

Rivers, streams, and even unincorporated watenstfloough wetlands. These low-
lying inundated areas provide a means of decredmsgigpollution loads in waters
through biological filtration and detoxificationo@structed wetlands mimic natural
wetlands and are a method of treating the wastewtsmming from human activities
(Figure 11). In the US, constructed wetlands haenhused in municipalities for
secondary treatment of wastewater flows. For negfilyears the city of Arcata,
California has supplemented its wastewater treatiplant operations with a
constructed wetland system so that the effluerhdiged into Humboldt Bay meets
the EPA’s National Pollution Discharge EliminatiBgstem (NPDES) permitting
requirements. Emmetsburg, Maryland also uses arcmtsd wetland to treat
municipal wastewater effluent. By 1984, the demtamdewer hookups in
Emmetsburg was increasing due to population groarit,the city needed to increase
its wastewater treatment capacity. The city deteechithat a single-basin constructed
wetland would be the best way to accomplish thealg)(US Environmental
Protection Agency, U. E. 1998).
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Figure 11.Clockwise from top: Schematic showing a stabil@atpond coupled with a constructed
wetland (Marshlands.com); construction of a wetlaelll (Purdue Residential Onsite Wastewater
Disposal 2007); a blackwater wetland ready for pémtablishment (Agrium US)

Purpose
Discharge of untreated human waste effluent isadrilee most significant pressures

on water resources in the San Cristébal region.(3&tébal has no central waste
management system. Rather, municipal sewage pipetysconvey and discharge
untreated human waste directly into the riverstharr in rural communities
throughout the watershed, as well as some peripidyan neighborhoods within the
city, there is a lack of sewer conveyance mechanisntransport wastewater in a
sanitary manner. Fecal coliform and total colifaramcentrations of both surface
water and groundwater sources are one of the pyinarses of diarrheal diseases
throughout the region. Constructed wetlands canaedlnesses caused by poor
sanitation by destroying the pathogens that caiseaske. Blackwater wetlands also
help to reduce odors and prevent human vulnenabditvastewater (Hammer 1989).
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General Description

A constructed blackwater wetland uses mechani¢tingeand biological filtration to
treat sewage. Blackwater wetlands can stand alotieeg can be coupled with either
traditional water treatment plants or, in less sspfated systems, oxidation ponds
and septic tanks. Usually sewage treatment byckWiater wetland is preceded by
primary treatment by a septic tank or stabilizapp@md to remove solids. Then, as
water flows through the wetland cell, bacteriaha wetland media break down the
harmful pathogens in the wastewater for secondagtrhent. Metals and nutrients
are absorbed via the roots of the wetland plantthat once the water flows out of
the wetland cell, its pollutant concentration ibstantially reduced.

One of the real advantages of a constructed wettatia simplicity of its

progression through the system. If water has noedbrough a wastewater treatment
plant (a process description that is beyond theeaod this paper), it first encounters
a stabilization pond or septic tank where solidgssaparated from the water through
mechanical settling. Once separated, the wasteWawes into the wetland cell where
the remaining dissolved and suspended organic mafeocessed by microbes. As
water flows through the gravel substrate in theamet, pollutants are removed
through a combination of physical processes (sedliatien and filtration), chemical
processes (precipitation and adsorption), and gic#éb processes (bacterial
metabolism) (US Environmental Protection AgencyEU1999).

Some of the most important considerations whennahana blackwater constructed
wetland system are:

» Siting and location of the wetland

* The volume of effluent to be treated

* The availability of proper materials and vegetation

» Availability of paid or volunteered labor for consttion and maintenance

Blackwater wetlands should be located near theeffl source that is to be treated
and should rely on the natural slope of the lantlaosport the waste stream through
treatment cell. Areas with high water tables shdaddavoided as this can lead to
wastewater percolation and ground water contanundtyS Environmental
Protection Agency, U. E. 1999). This contaminapotential can be exacerbated if
more effluent is being delivered to the wetlanchties estimated in the design
capacity. Poor sizing may result in inadequatetitmeat or wetland fouling.
Conversely, inadequate wastewater effluent delitv@tire wetland can result in plant
death, thereby destroying filtration capabilitisi&intenance of constructed
blackwater wetlands is not overly complicated, gjioit is imperative that the
operation and maintenance protocol be clearly ddfin
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Costs

Costs will vary significantly depending on the sared the type of materials used. In
the US, total cost of subsurface flow constructetdands was on average $601,716
per hectare (1998 US dollars) (Crites, R. W., Mithdboks, and Reed 2006).

Applicability to Target Area

From a strict design and performance standpoimstcocted blackwater wetlands are
one of the very best BMP options available fortieatment of human wastewater
effluent. There is no wastewater treatment plar8an Cristobal, nor is there any
other effective method to treat human waste fldanstructed blackwater wetlands,
perhaps more effectively than any other BMP refegdrhere, have the ability to
greatly reduce the harmful effects of large amoohtstreated human waste being
released into the environment indiscriminately.

Though constructed wetlands are highly applicabl®an Cristobal’'s wastewater
issues, there are two main barriers to implemenntafihe first is the prohibitive costs
to local stakeholders. Small blackwater systemissbiave one or two homes cost
relatively little, but a large constructed wetlatesigned to treat the wastewater of an
entire community can become very expensive. Thieesge is compounded by the
fact that time and maintenance-related resoureesay limited in San Cristobal,
especially in the beneficiary communities. The sglcmain barrier concerns
oversight of the wetland’s construction and operatFor example, issues that arise
may include the type of municipal approval and p#ing required, management and
operations funding for a large community-basedesysand addressing free-rider
issues. These issues indicate that projects otamiited size and scope, which involve
many different stakeholders, have logistical andaogical hurdles to overcome that
small family-based systems do not have.

2.3.7 Greywater Constructed Wetlands

Background
The pollutant loads in domestic wastewater stredonsot contain the high level of

fecal pathogens that exist in blackwater. For glsihousehold, 50-80% of all
wastewater is greywater; this includes the washweden dishwashing, bathing, and
laundry activities (Ludwig 2005). While greywateanlike blackwater, does not pose
an immediate health hazard, inadequate treatmegregfvater can lead to many
problems. As the population of San Cristobal insesaand residents gain access to
more modern amenities, the use of soaps, detergemiother household chemicals,
as well as the discharge of metals, salts, oild,aganic nutrients rises markedly.
Consumption of greywater-contaminated drinking wata expose individuals to
harmful chemicals and heavy metals. In additiorygmater can create pH
imbalances, increase oxygen demand, and contribwetrophication in surface
waterways. It can also become stagnant and prddutedors, while serving as a
breeding ground for mosquitoes and other inseetsate sources of harmful diseases
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(WinbladandSimpson-Hébert 2004). Despite thesenpiatémpairments, it is not
uncommon for management plans to overlook greywetdatment and pollution.

Purpose
A greywater constructed wetland (Figure 12) addre#ise problem of pollution from

components commonly found in greywater such aateitphosphate, soaps, salt,
bacteria, bleach, foam, food particles, organicdenasuspended solids, perfumes and
dyes. By flowing through a subsurface constructetdamd, many pollutants in the
greywater are retained in the soil or gravel medtid processed by microbes. The
effluent thus contains decreased loads of Biochaindaygen Demand (BOD),
nitrogen, and other pollutants, and surface wats¥spared these contaminant loads.

Effluent from Graywalar Soum

Cell lined with concrete or some

Greywater Treatment Wetland type of m ablis barriie

t;llﬂ_' "a‘ W A h"};'

T il_l Common vegetation River or other
T P e ) i UG aufhce Welsy

il ._..-.r't e \

Figure 12.A typical subsurface flow greywater wetland system

General Description

While constructed wetlands are designed differetilyending on the targeted
pollution source, greywater constructed wetlandgtion very similarly to
blackwater wetland systems. Due to the decreasddriml loading and fewer solids
found in greywater as compared to blackwater, theen® initial septic treatment or
settling pond needed. Water simply flows into tregland cell where particles and
adsorbed contaminants settle within the graveltsatesmedium of the cell. Among
the roots of the wetland plants, bacteria and adlkeenbic microbes break down the
organic pollutants and absorb nutrients and traegls1 The wetland is designed to
promote a residence time of two to ten days inmot@allow plants and microbes to
remove as many pollutants as possible. Similabtstucting blackwater wetlands, a
number of considerations must be taken into accaten designing greywater
systems:

* Location of the wetland cell

* Volume of greywater to be treated

* Pollutant composition (usually simplified as BOéés in mg/L)
* Vegetation
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Greywater systems tend to be smaller than blackwesttems. Due to the
elimination of pretreatment requirements, theyemger to site and are more flexible
in design. However, just like blackwater wetlangigper sizing is important. A series
of calculations can help determine approximatesie#s (these can be found in the
greywater manual in Appendix A.5). An undersizeeygrater wetland can become
clogged or overflow. Conversely, a system thawisrsized may not have enough
consistent throughputs to sustain the vegetatiortla® microorganisms living within
the wetland cell.

All wetland plants can use the nutrients and othaterials in the wastewater to some
extent, though relatively few plants thrive in tiigh-nutrient, high-BOD waters of
treatment wetlands (MitschandGosselink 2000). Theeea few plants that are most
frequently used for greywater biofiltration wetlaslich as cattails, bulrushes and
reed grasses, all of which are found in naturalamets. Wetland plants found close to
the constructed wetland area are the most bendfietause they are already
accustomed to the local climate and the roots laeady colonized by helpful water
treatment microorganisms. If natural wetland plaraisnot be found locally, any
wetland plants that can adapt to the site may bd.us

Costs

Based on this research, there are few examplesnstrmicted wetlands devoted to
treating greywater. Basic materials needed incardanpermeable liner (concrete or
impermeable plastic), medium-sized gravel, sandhwch for the medium, wetland
plants, an inlet pipe, outlet pipe, drain, and fah&stic mesh grate to prevent
clogging. Costs will be determined by the sizehef $ystem and price of materials.

Applicability to Target Area

Greywater wetlands, like blackwater wetlands, are of the most effective BMPs
for treating wastewater flows. In the developedld,ahere are often city-wide
wastewater collection, conveyance, and treatmesiesys that account for the
greywater-producing activities of daily life. Ini®&ristdbal there are no municipal
systems to serve this function. A solution to ftrigsblem is to couple greywater
treatment wetlands with each greywater-produciog fuch as sinks, showers, or
laundry stations. Alternatively, combining and chealmg effluent produced by a
single family home to a small greywater wetlandjarden is a feasible domestic
application of this BMP.

A community clothes-washing station combined witbygvater treatment is an
effective way to reduce exposure to polluted s@faaters. Furthermore, washwater
is treated and returned to the environment in angde state. An application of this
idea is currently being implemented by one of ttmug’s partners in San Cristobal.
A detailed description of this “EcoLavadero” prdjean be found in section 2.401
this report.
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Treated greywater can also be used in irrigatimcesmany beneficial nutrients are
still present in the effluent. Stakeholders caatttbeir washwater and irrigate their
crops at the same time. The ability to obtain adibenefit from something
traditionally viewed as waste will always incredtseviability in San Cristobal.

2.4 Application of BMP Pilot Projects

A main focus of this project was the physical inmpéatation of BMP pilot projects
within the San Cristébal watershed. The projeannteealized early on that there were
a number of factors that had to be taken into aactmuensure proper, successful, and
legitimate BMP implementation, including:

* BMP project designs would have to be complete gedifc to the San
Cristébal region and its unique set of conditidhpossible, design manuals
were made flexible to allow for future applicationder a different suite of
conditions in other regions.

» Clients and stakeholders had to play an activeinolee BMP project design
and implementation process.

» Clients and stakeholders held the ultimate decigi@king power in the
selection of BMP designs for implementation.

* The project team acted as a facilitator, providadgice, recommendations,
and implementation assistance.

With these factors in mind, eight design manualeevaeveloped to address various
issues confronting partners, target audienceslemats of specificity. The variation

in the design manuals is a function of the inhedgifierences among BMP
technologies and the varying levels of acceptamcihe part of local stakeholders.
Three pilot projects were approved for implementaand two of those projects were
initiated prior to March 2007. A fourth project waoposed and received
preliminary interest from stakeholders, but it has yet received the necessary
support to determine whether it will be implemenitethe foreseeable future. Table
1 below lists the three approved projects and thgirent stage in the implementation
process.
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Table 1. Current projects in various stages of implementatio

Project Stage of Implementation

Clothes Washing Station (EcoLavadero):

Project incorporates rainwater harvesting an

greywater treatment in a community clothes-
washing station.

' Project is midway through
the construction phase as o¢f
March 2007.

Domestic Rainwater Harvesting
Demonstration: An individual home in a
stakeholder community was chosen to
demonstrate the construction process and the
advantages of domestic rainwater harvesting.

Project was begun in
December 2006 and was
completed by mid-January
2007.

Multi-Building Rainwater Harvesting and
Filtration: A rainwater harvesting and filtration  Project funding has been
system designed to provide a seasonal source approved; no start date has

supplementary potable water to a stakeholder been set.

university.

2.4.1 Clothes-Washing Station (EcoLavadero)

Purpose
In many parts of San Cristébal, not only is thezgplimited access to adequate water

sources, but indoor plumbing with running watealso rare. Several communities
have difficulty obtaining enough water for the fangental tasks of drinking,
cooking, bathing, and washing clothes. For manglloommunities, the solution to
the latter problem is simply to wash clothes anddetold linens directly in nearby
streams or rivers. Surface waters flowing throughdity are extremely polluted,
though, with high concentrations of fecal bactana organic nutrients. This leads to
higher incidences of skin rashes and diarrheabdisgfor those who come in direct
contact with river water. Furthermore, the proagfissashing clothes directly in
streams adds more pollution to surface watersdridhm of detergents, soaps,
metals, and oils. During the project team’s seodsi to San Cristobal in July of
2006, it became clear that this was a practicedhaiild be addressed though the
BMP and educational campaigns.

With the help of Grace Keller, an architect from»¥®e City, a preliminary design
for a clothes-washing station or “EcoLavadero” waseloped. The purpose of this
EcolLavadero was to provide a safe and clean envieobh where people could wash
their clothes without being exposed to the pathegem other pollutants present in
contaminated surface waters. Two BMPs were emplayattrease the pilot
project’s resource efficiency and reduce its envinental impact:
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* Rainwater harvesting is used to both to provideeady, reliable water supply
during the rainy season and to eliminate the neegldar-round groundwater
extraction.

» Greywater filtration ensures that the pollutiondsdo the environment are
less than what they would be with traditional wasglpractices.

General Description

The EcolLavadero design has evolved over the caidrge project, although the
basic structure and function has remained the g&igare 13). There are three main
subsystems within the EcolLavadero:

» Water collection and storage infrastructure;

* Wash basins and rinse basins where clothes arddeaent and

» A greywater treatment wetland that removes pollisténom the residual
washwater.

Figure 13.Stylized drawing of the completed EcoLavadero

The EcolLavadero has two water supply sources,aasiaghe upper right corner of
Figure 14. The primary source is a rainwater hamgsystem that utilizes a roof
above the wash basins for water collection. Thewater that falls on this catchment
surface is transported by gutters and piping thincaigough sand filter to remove
debris, then stored in an underground cistern.riguitie dry season, water can be
pumped from a small well nearby. As the level ofewan the storage cistern begins
to decline, the pump can be used to refill it. Uneléher scenario, before clothes can
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be washed, water must be pumped into an elevateabst tank. Water then flows
from this tank via gravity to each wash basin omaded.

Clotheslines (6m)
@ @ L]

Rainwater Collection

Canals
Cistern Access Hatch

Underground
Storage Cistern
6.5m

Greywater Biological
Treatment Wetland
(2m x 10m)

Well to Extract Water

During the dry season
(depth: 4-5m)

| l Fill-i S d
ill-in San

7.85m around Well

Support Posts

Figure 14.Overhead schematic view of the EcoLavadero
The actual washing bank is divided into two hal$ five wash boards and three

rinse basins on either side, a total of ten andespectively. Each side of the wash
bank has its own clothes folding ledges, sittingdbees, and trash bins for both
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organic and inorganic waste. Once clothes have beaned, they can be hung on
the adjacent clothes drying lines. The dirty wasiewthen runs down the central
drainage canal and into the constructed greywagdland (Figure 15).

E nt fro ash Station
MushromiVach stati Cell lined with concrete or some

Greywater Treatment Wetland " lype ol imesmeatie barmer

I

Common vegetation River or other
100cm 55-75cm W T

surface water

Figure 15.The structure of the greywater biofiltration treatrhwetland

Once the greywater drainage water enters the aaestt wetland, it begins the
treatment process with mechanical treatment throlglsoil and gravel substrate. As
the washwater makes its way slowly through theamet] biological breakdown is
carried out by the bacteria living on the rootsh&f wetland plants. Further water
treatment occurs through the absorption of nutsibiytthe plants and other microbes.
Finally, clean washwater is discharged from thelamet and flows harmlessly into
river.

The description above gives only a brief overvid@w the EcoLavadero functions.
A much more comprehensive description of the Ecallavo can be found in the
accompanying design manual entitlégplogical Clothes-Washing Station
Incorporating Rainwater Harvesting and Greywat@&fiBration Constructed
Wetlands (Appendix A.6). Additionally, more comm@etescriptions of rainwater
harvesting and constructed greywater wetlands ednund in Appendices A.1 and
A5.

Costs

As of March 2007, the EcoLavadero had yet to beptetad and so the total cost of
the project is unknown. A good estimate for theerat costs is in the US $2,200-
$2,400 range. Due to certain construction aspeqsiting the special skills of a
professional mason, an additional $500 has beant fmpethese services to date.

Lessons Learned

The EcoLavadero is a community-based project bottsiimplementation and its
use. Having many community members involved inciwstruction and
development process increased the sense of poyewrship throughout the
community. The size of this project also requirteel labor input of many community
members. Without this labor contribution, the iraged costs for this system would
have severely limited its appeal. It is therefoeepimportant to cultivate and
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maintain good working relationships with all sta&kters. Without community buy-
in and a sense of ownership, the long-term sudidityeof this project would be
compromised. If the construction was not initiadljven by community interest, any
motivation to maintain the project would dissoltiegrefore resulting in a failure to
address the problem the system was originally desigo combat, and a waste of
time and resources.

For the EcoLavadero, it has become apparent thairbis not necessarily complete
without clear leadership. One important step ingteparation procedures is
identifying a stakeholder who provides local directand maintains enthusiasm to
complete the project. It has been observed thabbtiee women working on the
project (Sonja) has taken it upon herself to orgamind motivate the community.
However, when she is absent from the project océtmemunity the work slows. An
important point of further research remains regagdiiffering motivation levels
among community members as well as tools for inmgpiself-motivation and drive in
the non-participatory members of the community.

2.4.2 Domestic Rainwater Harvesting Demonstration

Purpose
Hundreds of families in San Cristébal lack improveater resources service in their

homes. Instead, some communities have shared spigttdeliver water
intermittently from the municipal water districttl@r communities use long hoses to
divert water from nearby hillside streams. Duehi® high water table, personal
household wells are occasionally dug to accessnghwater. In many of these
situations the quality of water is quite low andioe dependability of the supply is
not high. An individual household rainwater haruggisystem can provide a family
with a consistent supply of clean water duringrdnay season. If the dry season is
short in duration, the RWH system’s storage tankeogend the period of water
availability. A large capacity storage tank neetydoe filled a few times during the
dry season if water is used judiciously.

A central reason for implementing a domestic ratewharvesting pilot project was
to provide an example of a family with a considiedependable water supply
system. Further, the project aimed to observe vendtte pilot project would perform
as well as expected. However the overriding imp&iuthe RWH demonstration
project was to demonstrate to families in the comityuvhat benefits this type of
system can offer. The true success of this pilogggt lies in the momentum it can
produce for more families and communities to undeis water supply and water
guality issues, and to create the desire to adhiptype of system where applicable.

50



General Description
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Figure 16. The domestic rainwater harvesting system constiuateolonia Cinco de Marzo.

Figure 16 above shows the functioning domesticesystA complete explanation of
the entire project can be found within the Rainwéatarvesting and Storage design
manual located in Appendix A.1. The constructiomdfinctioning domestic RWH
system was combined with an educational curricuioitme used during the
demonstration of the construction process. Theempghtation of this BMP took
place in two phases:

* Education and information dissemination duringdeenonstration
* Longer-term monitoring of the functioning domeg®¥H system and
assessment of its effectiveness in meeting waigulg goals

The development of the demonstration required ahptdnning so as not to alienate
any stakeholders. The project had the resourcessiruct a single system, so the
process of choosing a family had to be done witbfodconsideration. Group
members discussed the sensitivity of the situatitmding was limited to one
system — with partners at SYJAC and with leadeth@icommunity group. A
meeting was held with the members of the commuhaywere present to work on
the EcoLavadero. At this meeting, the financialitation was explained to the group
and the community leaders decided to conduct &eraffdetermine whose house
would be used for the demonstration.
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After the raffle, project members accompanied tivener, Sefiora Maria Gomez
Lopez, to her house, where they measured the diorensf the house’s roof and
courtyard. In order to minimize costs, building eréls and tools that were available
in the Gomez Lopez household and in neighbor’'s é&®us Cinco de Marzo were
used or borrowed whenever possible. Later, theggnoembers and Sefior Gabino
Gomez Lopez (the husband of Sefiora Maria GomezZ)dpright supplies for the
house in preparation for the demonstration. Mogensas were brought back to the
community immediately, but some were deliverechmmdays leading up to the
demonstration.

The demonstration and accompanying educational oosry lasted for one day,
while the whole system was constructed over thessoof four days. Over this time
period, four construction stages were requirecbtoete the project in its entirety.

A system like this can be built easily in two daysen all of the needed materials are
on site; however, due to scheduling and logistoalstraints, more time was needed
for this pilot project.

Two buildings make up Sefior Gomez’s house, andittnsestic system utilizes both
roofs. On one of the buildings the entire roof (3ymas used, whereas only 25% of
the other building’s roof (~10fiwas used. Additional roof surface area was netlus
since the increased engineering difficulties didagdweigh the benefits, and the
family’s stated water demand also did not requee of a wider catchment area. The
existence of this surplus adjacent roof area, thpuguld allow for a future
expansion of the harvesting capacity from approxaye80,000 liters currently to
about 40,000 liters.

The educational component of this demonstrationdeassgned to inform community
members about why the project was being promotddraplemented. It was
explained that this type of project could improwthowater availability and the
overall quality of the water supplied. The eduaatigpect of the demonstration helps
to create sufficient interest in construction dfartrainwater harvesting systems. In
fact, reproduction of the design in other homes@rmunities symbolizes the
ultimate goal of the demonstration day.

Costs

Compared to the other pilot projects this was byHa least expensive. It does not
have the potential to benefit dozens of peopletlieeEcolLavadero project described
previously, or the ECOSUR design that follows thist project description.

However the material cost for this project was @320 (see the domestic system
section in the Rainwater Harvesting and Storageualan Appendix A for a

complete itemized cost breakdown). Future projeated on this design are likely to
be modestly cheaper as this project was a protatygremany of the inefficiencies
and waste that comes with doing the first of amghFurthermore these costs could
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drop by about 15% if many rainwater harvestingesyst were constructed at the
same time and materials were bought in bulk.

Lessons Learned

This project was a very positive experience albach The community’s members
got to participate and learn about the projectnfFooncept to completion they got to
see a project be implemented that will better managter resources. From the
group’s standpoint this project showed how coopamnand collaboration can really
make the implementation of an idea successful. grembers focused on their
strengths and readily deferred to other group mesibeareas that were not their
specialty. It truly was a group effort and thabie of the reasons why it turned out to
be so successful

2.4.3 Rainwater Harvesting and Potabilization Sysfer ECOSUR

Purpose
ECOSUR is a publicly chartered research institutbmated on the periphery of San

Cristébal. Currently the university is dependemmughe municipal water utility,
SAPAM, to provide the campus with its water. Thévarsity would like to reduce its
dependence on SAPAM for its water needs by constigia rainwater harvesting
system that incorporates a filtering and treatnsgatem to make the water potable.
ECOSUR further sees this project as a way of prorgdghe campus as a leader in
environmental research and stewardship.

The reasons for constructing this system are retyswleological. From a practical
standpoint it makes sense for the university teetamgupplementary water supply.
SAPAM is not always reliable with its water deliyeand the quality of the water is
almost always poor (Carmona 2006). Furthermorevdigbility in supply could
very well increase as urban expansion and theaseedemand it is bringing puts
even more strain on municipal water sources. Hatheg own source of water that
they are responsible for, and that they treat tieéras, gives ECOSUR more
independence and enables them to provide for mittew own water needs.

General Description
This system can be broken into two connected ytindtive parts (Figure 17 and
Figure 19).

» The rainwater harvesting system utilizing the ramffthe campus buildings
* The potabilization filter which treats the waterstafe drinking quality
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total potential catchment area = 4309 m?
cistern volume = 150,000 L

to the water
storage tower

10x6x25
meters

Figure 17.Diagram of the ECOSUR rainwater harvesting system

One of the group’s partner’s primary requiremenas What this system be easy to
maintain. They wanted a system that could be totaliintained in house, without
having to rely on outside vendors for service @aies. This requirement had a lot to
do with costs, as the budget for the system doebawe sufficient funds to pay for
outside service and maintenance. However ECOSURsaisssed that it valued the
idea of being independent and handling all aspedtsis system itself. ECOSUR
wants to take complete ownership of this systeewviry facet

As can be seen in Figure 17 the roof areas ofdhegdrimary campus buildings make
the catchment surface. Rainwater runoff is colleidhese four buildings and
transported via gutters and underground pipes tmaderground cistern located
behind the main laboratory building. The cisterfi vve a capacity of 150,000
liters. The roof catchment and transport systerhlveilable to provide over 2,000,000
liters of water for campus to use. Demand estimattegided by partners at ECOSUR
indicate that this could meet most of the univegsitvater demands for roughly 130
days. The rest of the year ECOSUR would be depéngem SAPAM for its water
needs.

Water stored in the cistern will be pumped up ®hblding tank located at the top of
the guard tower near the entrance to the campam e tower water will flow via
gravity through a sand and activated carbon fibere to the still preliminary nature
of this design a number of different filter configtions are being proposed for
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consideration. Figure 18 below shows the wateag®tower and one of the
recommended locations for the sand and carbon.filte

Water holding tank
used to distribute
water supplied by
SAPAM

Potential location
of the sand and
activated carbon
filter

Figure 18.Water holding tank in the tower and proposed lacefor the sand and carbon filter.

Potabilization Filter

While a rainwater harvesting system would increaager supply available to
ECOSUR'’s campus, further effort is needed to imprthe quality of this water, so
that it might be suitable for washing, food prepiara drinking and laboratory
applications. There are several steps to wateatiitin, including mechanical filtering
of solids and chemical treatment of contaminantatahNused for drinking or food
preparation should also be disinfected to elimipatogens. Requirements for a
filtration system to complement ECOSUR'’s rainwdtarvesting system included
simplicity of materials and design, achievememnpaiable standards, and finally an
aesthetically pleasing design that would not defiramn the campus ambiance.
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With these needs in mind, several options wereeread for types of filters. Two
designs stood out as appropriate for this appboaBoth incorporate similar
materials and technologies, although they aredatdn different ways. First, a
horizontal roughing filter followed by a slow safiiter containing granular activated
charcoal was considered as a simple-to-maintaiea®y to hide from plain view
option (Figure 19). Water enters the system byigraand passes through materials
of decreasing size to accomplish mechanical fitirabf suspended solids and debris.
Some bacterial degradation also takes place dtlmiagphase (Committee on Small
Water Supply Systems 1997). Next, the water passedy through a sand filter
containing a sandwiched layer of granular activatealcoal. The sand provides a
growth medium for helpful microorganisms that cégedt pathogens in the water as
it flows through the sand. Charcoal adsorbs otbataminants in the water, leaving it
much purer.

VIEW ABOVE weir
2 z z
|IL—-
Inlet l Coarse ‘ Medium ‘ Fine Gravel ¥
Gravel Gravel
T \I.7 T e
Outlet | e~ Sand Granular ¥\ Epr]
flow Activated y
7\ direction Charcoal
Clean Water 2x * X
Collection

1
outlet weir

SINGLE BED: ‘
inlet weir \’\ removable divider of
] plexiglass, PVC

sheet, efc.

Figure 19.View of the horizontal roughing filter and sanddil from above, including the routing
design within a single bed.

A second option utilizes much of the same technotogd above, but is positioned
for vertical flow rather than horizontal. This éltcan be made using a concrete
reservoir, similar to the current water tower hogglchamber, or can utilize a pre-
fabricated HDPE tank. Here, again, water is intaealievenly over the top surface of
the filter and then collected by perforated tuljiteced along the bottom of the tank.
A simple example of a vertical flow slow sand filte shown in Figure 20, and an
example of a more complex filter in Figure 21.
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Figure 20.A basic application of vertical slow sand filtrati¢Centre for Science and Environment
2006)
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Figure 21.Diagram of a vertical flow slow sand filter (US Bronmental Protection Agency, U. E.
1990)

Replacement of filter media would be more diffionith this design, although the
maintenance needed is minimal and it is possibiestall a backfilling device that
allows washing of the material by high speed reasglisection flushing with clean
water. Backfilling periodically will prolong the ffctive life of the materials before it
needs replaced.

Costs

ECOSUR has already received approximately $24,260,000 pesos) in funding for
this project. Based on information gathered fronOSUTR and other contacts in San
Cristobal roughly half of that money will go to reatls and the other half to the
labor involved with construction of the system. &ihat this design is only a
preliminary one that partners at ECOSUR will haveeffine, the costs estimates are
very rough. After discussions with partners duttimgs to Mexico, and subsequent
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revisions made by the group in Santa Barbara tta&gd material costs for the
system are $10,000 — $13,000 (110,000 — 143,008speé much more specific cost
estimate table can be seen in Appendix B of the EOR pilot project manual.

Lessons Learned

This pilot project provided a number of challeng@sevious to this group project,
none of the members had experience designing a-cauttponent treatment system.
Consequently, integrating the different componenthe system — an underground
cistern with a submersible pump, which feeds aermediary holding tank, attached
to a sand and activated carbon filter, which shaulgply 15,000 liters of clean
drinkable water to the university workers — intwarkable design proved a
challenge.

This task was daunting and frustrating along thg, wat ultimately a good workable
design was produced for project partners. While deisign may not be ultimately
what is built, the main benefits of it are thaddtes provide ECOSUR with a clearer
understanding of what they need to do to meet guats, and what it will cost.

2.5 BMP Desihgn Manual and Pilot Project Constnrcfbescriptions

This section succinctly describes each BMP designual and proposed pilot
projects featured in Appendices A anaihis report. Each design manual is
intended be used as a “pull-out” for those intex@sh assessing the applicability of
the BMP for their community or watershed. Theywrgten in the form of an
instruction manual that guides the reader throhghdesign and construction process
for each system. Each design manual provides irdtbom on the BMP’s purpose,
sizing, location, expected performance, maintenaae estimated costs.
Descriptions of the implementation of BMPs foundiection 2.4re termed “Pilot
Project Proposals” in the Appendix (Appendix B)dame intended to provide an
applied case study for the chosen BMPs. These dli@utead alongside the
corresponding BMP and the information referreddthiprior to and during BMP
implementation. They describe design consideratpesgific to the chosen site and
discuss the lessons learned, barriers to implementand successfully implemented
strategies.

2.5.1 Rainwater Harvesting and Storage Design Nénu

The rainwater harvesting design manual providedange for choosing the type of
domestic system appropriate for a given set ofmpaters. It also provides
information that shows whether a particular areaven a good place for RWH to be
implemented. The manual contains information tedps determine the amount of
water a given system can collect and store. Thereegommendations for designing
a system according to the desired level of systerfopnance. In addition, it presents
step-by-step instructions for the construction geaeric domestic system and the
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proper maintenance regime. Here, variations irctmstruction process are noted to
account for slightly different implementation issubat go along with systems of a
fundamentally different scale. The manual alsoabst of essential materials as well
as the approximate costs for a small domestic systnstructed in the local
community of Cinco de Marzo.

The accompanying Pilot Project sections detaikgecific parameters used to
construct the harvesting and potabilization sysaeiBCOSUR and the proposed
school building, sink and pour flush toilet, systenCinco de Marzo. While both of
these systems share the similarity of rainwatevdsing their juxtaposition, as well
as the comparison with the small domestic systésarly illustrate the variation in
design and application of this BMP technology.

2.5.2 Composting Latrines Design Manual

The composting latrine design manual focuses ondifferent types of composting
latrines. Complete descriptions and constructiepsare provided for both the free
standing outhouse style composting latrine as agthe combination system of an
indoor toilet coupled with outdoor composting bifike comparative advantages and
disadvantages between the two types of systendismessed along with the
recommended applications for each type. The maaisalcontains materials lists
with cost estimates and maintenance requiremeatsdad for both options. Finally
the manual discusses the uses and value of thie&r{the humus) produced by the
composting process.

2.5.3 Retention Basins Design Manual

The retention basins design manual discusses bettand dry retention basins
insofar as their purpose, structure, siting, matgriand costs of construction are
concerned. This is followed by step-by-step illastd instructions for the
construction of a basin. Equations used to caleuls needed size of a basin
depending on the volume of runoff and the desiredtient time are also presented,
along with suggested values for maximizing effemtiess. Finally, the maintenance
regime and problem-solving strategies are outlined.

2.5.4 Bioswale Design Manual

Project members put together the Bioswale desigmualan the beginning stages of
the project. Intended to give the interested usedea of what considerations must
be made before and during construction, the mdmislthe basic steps one must
take to construct a bioswale. Because bioswalemsioas are based on the 2-year
storm flow, it is recommended to seek the help bydrologist in order to complete
the calculations accurately.

59



2.5.5 Contour Trenches Design Manual

The contour trench manual was assembled at thetaftthe project. It is intended

for use with sloped agricultural plots. Many of thi# slopes of the San Cristébal
watershed are cultivated for the production of camong other crops. The corn is
planted in rows down the slope of the hill. Thetoom trenches design manual shows
how to cultivate the rows of crop along the contoiithe hill using trenches as
physical barriers to slow the speed of runoff waied stop the down slope migration
of eroded soils. The document provides step byistpuctions on how to find and
mark the contours of the field. It also providesoramended distances between
trenches, based on hill slope, and maintenance tagberpetuate the efficacy of this
BMP.

2.5.6 Blackwater Design Manual

The blackwater constructed wetland design manuaildeéhe benefits of this BMP,
and how it functions to reduce water pollution.hdtough consideration of design
parameters, including siting, choice of materiatg] plant establishment are
discussed. This is followed by the generalized ttanson steps for both the primary
treatment system and wetland cell, along with diagr and photos that illustrate how
the various components are assembled. Finally, cimralues for design parameters
are listed, followed by the expected water quah#atment, an example of typical
maintenance procedures and troubleshooting tecbsidn the accompanying case
study manual, “BMP Technology: Constructed Wetlaiods reatment of Blackwater
— Pilot Project Proposal in Chiapas, Mexico,” théualations needed for wetland
sizing are detailed. In addition, the suggestioomfthe design manual are applied to
the specific conditions in Cinco de Marzo in Sarstobal.

2.5.7 Greywater Design Manual

The greywater design manual serves as a complate gudesigning and
constructing a greywater bio-filtration constructeetland. A greywater constructed
wetland can be used at a household or communig},leithough design
considerations vary widely between the two. Aparirf discussing function, purpose,
expected performance, applications, and maintendameenanual also describes the
calculations necessary to determine the size oividtand cell. (the EcoLavadero
Design Manual then provides an example of how tlatrilations are applied.) The
manual also outlines major considerations thahacessary before and during
construction of a greywater wetland.

2.5.8 EcoLavadero Design Manual

The Design Manual for the EcoLavadero, or Ecolddiiathes Washing Station, is
one of three BMPs that commenced implementatiomduhis project. Of all the
manuals prepared for this project, the EcoLavadsnual contains the most detailed
instructions for construction. A community groupdmco de Marzo, located on the
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outskirts of the San Cristobal de las Casas urbatec, chose to construct this system
with the assistance of SYJAC, one of the projedngas in Mexico. This system
provides both a source of clean water on demandcamanfortable place to wash
clothes. Additionally, the EcoLavadero was idegtifias a practical solution to skin
irritations caused by washing clothes in the comated Navajuelos Creek that
passes by the community.

As the EcolLavadero is a combination of two otheonemended BMPs (rainwater
harvesting and greywater constructed wetland),dbésgn manual describes an
application of both these practical solutions. Tgasticular system employs a
rainwater harvesting technique that catches afsgnt portion of the estimated
annual water demand. The second feature is a cotetrwetland that biologically
treats the greywater exiting the system beforeasttgy it to the surface water. As a
pilot project, the EcoLavadero in Cinco de Marzthis first implementation of the
design that was created collaboratively by GrackeKand UCSB project members.
It is hoped that the design manual will help ott@mmunities construct their own
community wash center.

3.0 Education Campaign

In order to inform the community of Cinco de Mawdmout the importance of
watershed management and to complement the cotistra¢ BMPs, an
environmental education campaign was created thetchto modify local behaviors
through the development of individual responsipiind increased awareness toward
watershed health. Educational materials linkingawguality and human health were
developed to be used in the primary school classsoaf Cinco de Marzo, as well as
in community groups in the greater San Cristéba&awhile educational materials
related to watershed function and specific to BMse also developed.

3.1 Approach and Justification

Partners at SYJAC and ECOSUR expressed interds¢ idevelopment of targeted
educational campaigns during the first San Cridt@vaup Project, which ultimately
led to the recommendation for implementation oéduncational campaign to address
water contamination in the region. It became ctkamg the early stages of this
project that there was a unique opportunity toizeammediate environmental and
human health benefits from implementation of thidMBthrough collaboration
primarily with the local partner SYJAC. An educaticampaign represented a cost-
effective means to spend time and money to prexavitonmental mismanagement
and disease rather than to remedy it retroactiitéguckandDeom 1991).

Initial communications with SYJAC revealed that teenmunity of San Cristobal as
a whole does not understand how individual actamedinked to water quality in the
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region and how degradation of water quality leadstreased instances of human
illness (Bencala et al. 2006). There is a genavaraness of environmental problems,
and an interest in safeguarding resources, butdhemunity still lacks the tools
needed to identify the link and address it. Thisctency in knowledge regarding the
water quality-human health link was therefore idfiead by this project as a

significant issue that could feasibly be addreskesligh an education campaign.
Members of SYJAC had extensive experience workingpimmunity centers around
San Cristobal and were interested in furtheringr ingolvement in these centers as
well as communities with fewer resources, suchiasdde Marzo.

Residents of theoloniaof Cinco de Marzo and the greater San Cristoled are
known to suffer from elevated rates of illness assalt of a lack of education
regarding basic sanitation practices and potept@blem areas (Bencala et al. 2006).
Thus, in an effort to significantly reduce rateslioess and improve quality of life,
this project chose to work together with SYJAC ¢évelop a series of lesson plans,
instructive materials, and activities that couldused in both formal and informal
settings. Other issues, such as watershed ecolggazesses, waste management,
and wastewater treatment were also integratedenhtieational materials to increase
comprehension of the role of the individual in #u®system. Furthermore, materials
were created to complement the design, constryciiah use of the technical BMPs
this project recommended. By including the morémézal BMPs in the education
materials, their importance and practicability wenéorced in a familiar and
empowering context.

3.1.1 Justification of Approach

As discussed in a previous chapter, the “primaljgalves of sustainable
development are... to overcome poverty and to praeasystems as well as human
options” regarding environmental access and usegdss basic health
(SinghandTiti 1995). One of the most effective waypursue sustainable
development is through environmental educatione@itnes, communities will
express a sense of helplessness when facing readgmienvironmental problems but
lacking the causal information or the correctivel$ao solve them. They are
frequently concerned because the problem appegisssible to solve on a solely
individual basis. Through educational lessons antidities, individuals within the
community can learn how to approach the problentls inalependently through their
daily actions and as a group (Holdgate 1996). Ttinesenvironmental education
approach involves a multidisciplinary process fatlien critical analysis of
environmental issues. This takes place by gatheorganizing, and interpreting
locally relevant information with the aim of pronmag responsible behavior that
enhances environmental quality within a commurRtgliminary analyses are used to
generate a comprehensive campaign that tacklegoomnegarding ecosystem health
and human behavior, while functioning within thanfrework of poverty alleviation,
capacity building, and improved resource management

62



At the United Nations Conference on Environment Begielopment (UNCED) in
1992, Mexico, along with 177 other nations, adopkexdAgenda 21 Plan of Action
which stated that:

Education, including formal education, public awess and training
should be recognized as a process by which humagsand
societies can reach their fullest potential. Edocais critical for
promoting sustainable development and improvingctgacity of the
people to address environment and developmentassuBoth formal
and non-formal education are indispensable to dhgrmaeople’s
attitudes so that they have the capacity to assesaddress their
sustainable development concerns. It is also atifar achieving
environmental and ethical awareness, values aitddss, skills and
behavior consistent with sustainable developmedtfaneffective
public participation in decision-making (36.1 - 36) (UNDESA
1993).

The education campaign developed by this groupestrio fulfill the objectives of
Agenda 21 and to help the residents of Cinco dezMand San Cristdbal reach their
fullest potential as environmental and human resuranagers by promoting
lessons and activities that increase environmentareness and participation. In
order to mobilize a community to become participatind aware managers,
however, the campaign must simultaneously workuitdlzapacity among
community residents. Too often, affected groupshaaieginalized groups that do not
have the experience or the means to speak up acel their concerns. Moreover,
they usually have not been taught the essentils s&iassess and then address their
environment and development needs. If an effeetiecational campaign is to be
implemented, it must be based on the concerns laihitiles of those groups that are
most immediately affected. In Mexico, despite a GB&ease in foreign aid between
2001 and 2005, several sectors of society “contindze excluded from the benefits
of development: the poorest segments of societyplpan rural areas... and women”
(UNDP 1993; USAID 2005).

According to 2006 human development indicators GBd° per capita for the
municipality of San Cristébal was 5,073 in adjudt&sidollars, while the Chiapas
average was 3,302 dollars and the national GDRaqu@ta was 7,495 dollars for the
same period (Table 2). San Cristobal achieves &g of the national per capita
income while the state of Chiapas, which includeth lmore rural and urban (in the
case of the city of Tuxtla Gutierrez) areas andmoommities such as Cinco de Marzo,
reaches just 44.5%. School attendance follows dasitrend, with non-urban areas,
especially in the state of Chiapas, showing a lqregcentage of attendance for
students ages 6-24 than the national average ({@oNaeional de Poblacion 2000).
Poverty is a visible barrier to engaging in sobmhefits such as basic education, and
it is most detrimental to children because it deaial to future opportunities based
on a bias beyond their control. When children ar@ble to attend either primary or
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secondary school due to family expenses and warlndtments, or do not have
properly funded or staffed schools, they are imgdadeheir ability to participate in
their country’s future development. Currently, appmately 24 million Mexicans
live in extreme poverty, and 43.5% of the populai®under the age of 18 (UNICEF
2007). For any educational effort to work, it mwstction within both the formal and
informal education system. With both of these patysy the interests of the majority
of children can be addressed.

Table 2.Socio-economic indicators in San Cristébal CompéaoeState and National Averages
(Consejo Nacional de Poblacion 2000)

Indicator San Cristébal | Chiapas | Mexico
Percentage of Literate People Over 15 Years of Age 82.2 77.1 90.5
Percentage of People Aged 6-24 Who Attend Schgol  61.1 57.0 62.8
GDP Per Capita In Adjusted US Dollars 5,073 3,302 7,495
Index Of Infant Survival 0.848 0.790 0.839
Index Of Human Development 0.752 0.693 0.791

Though accounting for over 50% of the global popaitg women are the world’s
largest marginalized group to commonly be denietasbenefits. In rural
communities around San Cristobal and Chiapas asoéeywomen often contribute a
majority of household and community-based labot dva still restricted from fully
participating in household or community decisionking opportunities\Women and
Children: The Double Dividend of Gender Equai§06). And while children’s
interests are critical in the formation of mategitiat will ensure capacity building
for current household information dissemination aridre planning and
implementation, women’s needs are the most immediategards to their daily
tasks. Because women are largely uneducated iro@i@darzo and in other areas
outside of city centers, the group and SYJAC foduseproducing a series of
educational brochures, posters, and activitiesdbald easily be extended to an
uneducated community.

36.5% of the population of Chiapas is unable tak@gpanish, a majority of whom
are women, and a quarter of the state’s populagifinent in only an indigenous
language, such as Tzotzil or Tzelta(UNHCR 2002)n¢ék, the group based the
development of the education materials primarilycolorful and familiar pictures
which, in the experience of the SYJAC facilitatoiridg her work around San
Cristobal, capture the attention and interest dficdn and minimally-educated adults
alike. The resultant informal education materialis/s to “build the motivation, skills
and understanding on which environmental citizegmsiay be based.... [After all,]
environmental communication is aimed at changiragfices and behavior, and
inviting participation or action” (IUCN 1994).

3.1.2 Technical Approach/Methods

In order to create and identify appropriate confenthe environmental program, the
UCSB students decided to use a dynamic and adgpiieess characterized by full
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participation on the part of the researchers, parnganizations, and community
members. It was necessary that the process refldutespecific circumstances of the
Cinco de Marzo community and the primary schoa@eagroups, encompassing
social, cultural, environmental and economic resitA thorough understanding of
the community on the part of the UCSB and SYJACcatlrs, and a careful planning
process that defined the community’s needs andsgaalwell as the project
objectives tasks was identified as the most pramgisiethod to yield effective and
relevant program content. Only through this appnaaauld the project possibly
ensure that education directed at sustainable fdpreent [would be] be woven
around people, not people around development -fthatlit would] empower
individuals and groups rather than disempower th@siNDP 1993).

To facilitate the production of an effective antev@nt education campaign, the

group had to assess the current level of knowleeigarding environmental and
human health in order to determine the level ofremvnental awareness. Perhaps
one of the most reliable and straightforward mdangauging individual
understanding of specific environmental managenssoes is through a simple oral
survey that is both easy to understand by bothaddand uneducated individuals. It
should also be affordable to reproduce so thatnthe used repeatedly across various
communities.

The group therefore developed a survey consistid@ @uestions divided into six
topical sections: deforestation, composting lasjriealth and sanitation, retention
basins and bioswales, contour trenches, and raégmwatchment systems (Appendix
C.1). The choice of sections reflected the BMPswee initially recommended to
the group to implement in spring 2006. The intemtd the questions in regards to
the education campaign was to evaluate local kragdef natural watershed
processes as well as habitual actions that midgéctaivatershed quality. Furthermore,
specific questions, most notably in the deforestaéind health and sanitation
sections, were explicitly developed to ascertaioviiedge of the causal relationship
between human activities and local water qualityh\additional questions designed
to reveal awareness of the relationship betweeraded water quality and frequency
of iliness.

The survey was delivered to SYJAC in the summe&08i6 with the mutual
understanding that it would be administered dutirigsummer months with response
analysis conducted in following weeks so that cagrpamplementation could
commence in the fall. SYJAC, however, chose nais®the survey that this project
developed and instead created an independent switredifferent questions. And
although the questions still aimed to gauge awaenénatural watershed processes
and human actions that might affect watershed ty#fie survey lacked a question
that directly addressed the human health-wateitguakage. Furthermore, SYJAC
did not produce a complete survey until the wiatie2006-2007 and had yet to
complete its administration and analysis as of M&@06.
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Fortunately for this project goal, ECOSUR was isgession of a water use analysis
report conducted by two local organizations, Ala@vica and Comité Ciudadano
Para la Defensa Popular (COCIDEP), during the sunaff2006 for the municipality
of San Cristobal de Las Casas (Appendix C.2). Despe fact that the original
guestionnaire did not have the water quality-huimealth causal question that this
project had initially designed, the analysis stilvered the areas of personal data,
water access, participation and organization, heaitegrated knowledge of human
activities and water quality.

The conclusions of the analysis indicated that @8%he municipal population
surveyed was aware that there is a problem witlemeaiality, but that 41% still drink
it untreated and 70% use it to wash their food eBam these results, as well as the
circumstantial knowledge that SYJAC possessed freans of working within the
marginalized communities and the interest expressegsponse to the initial BMP
recommendations, the group was able to determmerihcipal gaps in knowledge
that had to be addressed in order to ensure théameof a successful education
campaign that would empower the community to mothgir behavior. The key
areas of information that the campaign addressed:we

» Basic Water-Environment Processes

» Water Contamination

» Natural and Constructed Wetlands

» Water Filtration

* Rainwater Capture Systems

* Benefits of Using a Clothes Washing Station
e Health and Sanitation

Participatory development of the program contentiooed according to an informal
action plan based on the interests of the commuamityschoolteachers, the resources
available to both SYJAC and the Cinco de Marzo priyvschool, the most well-
perceived strategies and approaches for implementand the overarching project
objectives of environmental awareness and behdwbemge.

Preliminary research for relevant educational aonééong with the formation of a
series of lesson plans was completed by the UC&Rests. The lesson plans and
supplementary activities were revised to best cetlee needs indicated in the
analysis conclusions. They were then sent to SYihA@exico so that the education
facilitators most familiar with the community andvironment could tailor the
materials to better reflect local conditions ansbreces.

Strategies and materials were then tailored teetaggoups according to their
relationship with the environmental problem, tHe@racy rate, and the availability of
resources in terms of budget, time, and facilimt®his resulted in the use of
materials as a means to frame the message indiffstyles. For schoolchildren in
the higher grades who had access to teachers,iamtetassrooms, and a reserve of
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time every day, detailed lesson plans with incoafexd activities were deemed
appropriate to explain complex environmental issGemversely, for schoolchildren
in lower grades, and for community members witthelior no education and limited
free time, practical guides and informal meetirgsused on how-to demonstrations
and information sessions. The focus on severadifit audiences opens up several
different pathways that can be followed to accosipthe projective objective and
which consequently improves the probability of sssc

One of the most critical aspects to the success @ducational campaign is the need
to frame materials in a familiar context. The mialesrmust be simple to teach and
simple to learn in order to guarantee success. Wgkimarily with SYJAC, the

main goal of the materials was established — tleel @ address the gap in knowledge
between local water source quality and commonshies and skin problems. Issues
that promoted realistic and feasible practicesh ascsimple hygiene and sanitation
measures to reduce the risk of waterborne dise@sesemphasized. Straightforward
guides for food handling and more interactive at&i® focusing on hand washing
were created. Education materials regarding théemented BMPs were also
included in order to ensure community awarenesg@edcourage involvement.

The implementation process of the education campaily be largely overseen by
the educational facilitators at SYJAC. Their freguand continuous contact with the
community allows them to work efficiently withingrparameters of successful
preliminary training and implementation. During tin@ to Chiapas in the winter of
2006-2007, the UCSB students were able to meetagwith the community of
Cinco de Marzo as well as with the members of SYJB@ing this time, the UCSB
students held community meetings to promote pagtmn and ownership on the part
of the community members and facilitation on tha paSYJAC. In order for the
project to progress successfully, however, SYJAGtradopt the role of a facilitator
in two-way communication between the community BI@Z5B students.

Efficient communication among all the stakeholdsrsrucial in order to gauge
responsiveness of the target groups and the adltgtabthe program. This must be
done, however, with the facilitators acting in &rthat requires minimal supervision
(Kindervatter 1987). If a primary objective of tbempaign is to empower the
community through the transfer of knowledge overetias a means to build decision-
making capacity, then the local facilitators, rattien the UCSB researchers, must
take ownership not just of the BMPs, but of theaadion campaign as well.
Ownership instills a sense of responsibility anehtes enthusiasm about the project
that can only develop gradually.

Implementation of the education campaign does igoasthe end of the project.
Instead, monitoring and evaluation must continuthabthe materials can be adapted
to changing social norms and community needs. Mang is a systematic and
ongoing effort to collect and analyze informatiordarn if a program is achieving
the desired results. Carrying out periodic assestmwehile a program is in progress
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allows mid-program changes to improve its effectags. Comprehensive evaluation
may take place at a specific point in the programwerify that a program is on track,
when there are significant issues or changes ffeattdahe program’s goals and
objectives, or at the end of the program. Evaluaisadiscussed in more detail later in
this chapter.

3.2 Education Campaign Characteristics

3.2.1 Description of Target Groups

Oftentimes, environmental education initiatives t@agne and energy by directing
education toward inappropriate target groups whee higtle or no impact on
environmental management and decision-making. Ratrget groups should be
made up of people whose practices directly afteeteinvironment, such as primary
water users and the people who influence themgxXample community leaders or
the consumer groups. There may, in fact, be setemget group possibilities, with
the most obvious not always being the most appaigp(iUnited States Peace Corps
2005). For this reason, the project focused theathhn campaign on both women,
who are the primary users of water on a daily hasid schoolchildren, who act as
vectors of sustainable management information witheir households and who will
grow up to become educated and informed particgo@ngociety. The campaign also
aimed to involve other community members and swsfaltg worked through
community leaders on themlonia’s directive board.

Each target group expressed different concernsgeaets of education, from
elementary school-aged children to community le;adEnough the message of the
material is the same for all groups — explainingnieed to protect water resources —
the content and level of detail of the materials walored for each audience. Given
the fact that educators at SYJAC chose which growpsrget and how to divide
them up, the campaign acts as an example of worthgn community-based
development and empowerment and is a factor tlmatldlinave an overall benefit to
the longevity of the project.

3.2.2 Formal Education Materials

The curriculum developed by this group for use imithhe framework of a formal
education system, specifically in the primary sdladcCinco de Marzo, proposed to
target the causal factors for the degraded watdrstmel thus water quality, and the
effect of such degradation on human health. Moredkie curriculum sought to
extend practicable and understandable actionghibdéarners could use themselves
and then circulate throughout the greater commuhityugh dissemination within
their household to family and friends who may rnawdnaccess to schools. The
materials were devised so that they representedn@ioation of complex lessons that
reflect complex issues, and more straightforwatoigies that reinforced the lessons
learned through actual implementation of the recemshed practices.
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Furthermore, supplemental BMP picture books weeated by students at UCSB to
reinforce the importance and benefits of using mathtaining the implemented
BMPs. These picture books were hand-drawn withcadamn creating an easily
recognizable and likeable character whose trahetsigh the BMPs mimicked the
path and quality of water through the BMPs. By tirepa single character (“Gotita”)
and using it in three separate books, the studaatable to form an attachment with
the character and its health and, subsequentllg,thvit condition of the BMP
technology. All the materials were developed fdraichildren between the ages of
about 6 and 12. They were largely visual in anrétim promote interest in and
retention of the concepts (Appendix D). Group merslbecognized that while the
content of the curriculum is intended to be simpiegrder to reflect the everyday
experiences and routine behaviors of the learreetisat a link is recognized, the
context in which they are presented must be excdimd fun so as not to intimidate or
bore the learner (Payne 1997).

3.2.3 Informal Education Materials

Government education programs may alienate thosgdeuthe influence of the
traditional school system. Therefore, “a commonueaof successful international
development projects seems to be the occurrensgeaific, behavioral change by a
critical number of adults that continues beyondlémgth of the development
project... [and that] is usually a consequence dbraformal adult learning process”
(Sinnott 1994).

In an effort to tap into this underrepresented grakie education campaign sought to
include community members not just in the constomcof BMPs, but also in the
understanding of the reasons behind the recommendat the BMPs. Several
examples of international development projectstexigerein external actors came
into a community, recommended and oversaw the naigin of a technology, and
then left. As long as there is no personal or comtgunvestment in the project,
however, these types of projects will most likedyl fn the long run (Bunch 1982).
The community needs to understand what the modinatare for constructing a

BMP, in terms of watershed and water quality pricd&c This allows them to
understand the resultant benefits in terms of smxd water security and improved
health. The learning process must be participadod/responsive to the community’s
needs. A community can only identify with a projémtwhich it feels a need, or from
which it appreciates the benefits. Only when themmnity identifies with the

project will it take ownership of it and continu@ranage it in a sustainable manner.

As mentioned earlier, materials developed refleetibformal education
characteristics unique to San Cristébal and thesading watershed (Figure 22).

For example, in 2005, one in every four Chiapa&lezgs spoke an indigenous
language as his or her main dialect (Instituto Niaai de Estadistica Geografia e
Informatica 2006). Cinco de Marzo community memisgrsak several languages and
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dialects and experience high levels of illiteraglucational materials describing the
purpose and benefits of the community-based ragwtpture system and clothes
washing station were therefore developed to beagiynvisual, with the use of
simple and minimal language, diagrams and illustingtin order to ensure
widespread understanding across the communityianie future, other
communities with similar characteristics. Inforncaimmunity meetings outlining
watershed issues and BMP needs and benefits wedeicted in uncomplicated
language while using simple, largely visual brogsuas accompaniments to reinforce
the lessons learned. The use of various commuartatnedia such as visuals,
discussion topics and interactive activities serag@ cornerstone of informal
education.

Figure 22. Informal counity training to discuss the EcoLasmdin Cinco de Marzo

While there has been a great deal of study jusgfyhe importance of visual aids in
teaching, which concludes that vision is more ingoairthan hearing, it is important
to note that this emphasis on visual representaiimught by some to be “a
phenomenon which is rooted in the media-sophigtitsYest.” In many traditional
societies there is a strong tradition of oral comioation based on drama, song and
story telling which [development] educators areydmginning to tap”
(KiddandColletta 1980). Indeed, Hubley argues thatuse of visual aids in
development work can often result in confusion amsinterpretation due to
differences in cultural and social norms (Huble®8p Although this is a valid
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concern for any education campaign implementatrofept, repeated communication
with SYJAC and continual revision of materials lgueators in Mexico who were
familiar with the community’s exposure to visualdiee assured us that the use of
visuals in the education materials was not onleptable, but encouraged. Only
simple and recognizable characters and actions eepieted in the colorful pictures,
a technique which, according to SYJAC, has proeerapture the attention and
interest of children and minimally-educated adirtthe region.

3.2.4 Teaching Methodologies

A successful educational program depends not jush® strength of the materials
and the interest of the learners, but also ondtlertiques employed by teachers to
engage and motivate the students. Traditional &gbhes to learning have often been
criticized for their dependence on the rote metlowanemorization and recall, and
lack of creative thinking beyond the basic acqiasibf facts. Alternative approaches
that this education campaign has sought to incatpdemphasize dialogue and
problem-posing approaches which develop criticalscmusness of social forces
influencing behavior” (Freire 1972). The goal ostbampaign was always to
illuminate the link between the social forces ofrtan action and their effects on the
San Cristobal watershed. Furthermore, the campsagks not only to raise
awareness of the link, but also to instill skiléeinded to enable the learners to
critically address that link. That ability to ass@sd address the link in light of the
individual’s and community’s needs is an examplermpowerment (Kindervatter
1979) through community participation that helpssi involved to continue on the
path of sustainable development.

3.3 Measuring Success

Success of this education campaign will ultimatipend on the assimilation of the
knowledge into the community. As stated before,itibended purpose of the
education materials and activities was to revealriipact of human actions on
environmental and human health, and to initiatealbenal change that would lessen
that impact. The campaign, however, is not stéticthere will always be
improvements to be made in watershed managemestiqes, the campaign must be
able to adapt and respond to changes in commueadgisiand interests. The success
of the campaign may therefore “center on whethemptinciples of adult learning can
be incorporated into the methodology and implementaof the development
project,” such that participants can effectivelytii@ whatever change that may occur
(Sinnott 1994).

3.3.1 Survey (Findings and Future Needs)
The most logical way to reveal changing intereats @eeds among the communities

is to revisit the assessment survey that measheenhitial level of environment and
human health knowledge. Ideally, the same indiMgludno took the survey the first
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time would answer the same series of questionsanddime and, ideally, the
answers would reveal an increase in the awareriess/monmental problems and
increased motivation to address them. Since leaiarertypically motivated to learn
by the need to solve problems from life experienadailure of the learner to see the
problem’s relevance to life experiences would iatBcthat learning did not occur
(Sinnott 1994). In this case, it would be cleat tha curriculum was ineffectually
structured and would require revision. The curaoulmust always be structured
around needs and interests of the learning indalidut purports to address the needs
and gaps in knowledge for that individual.

This project team recommends using the originaktiolenaire that was prepared and
delivered to SYJAC for use in a future follow-upay that aims to evaluate the
success and utility of the materials and that belladministered in Cinco de Marzo
within six months of the initial campaign implemation date (Appendix C.1). Of
course it is critical that the project memberssst® SYJAC the importance of
including a question that gauges knowledge of therenment-human health link in
order to assess the effectiveness of the matéhiaisvere created and distributed to
specifically address this linkage.

3.4 Education Materials

During this project, the project team and SYJA(ppared several lesson plans,
classroom activities, posters, visual aids, andHuees first in English and then in
Spanish and which were later reviewed with localoadiors during the site visits in
September and December 2006.

3.4.1 List of DeliverablegAppendix D)

The following items were printed and delivered #otpers at SYJAC and elsewhere
prior to June 2007:

A.) Family/Community Packets (120):

1) Rainwater Harvesting Brochure

2) Environmentally-Responsible Clothes Washing StaBoochure

3) Descriptive Flyer: Benefits of Practicing Good Haand Sanitation
4) Descriptive Flyer: Myths and Truths About Rainwater

Packets prepared for teachers contain all of #rmastlisted above, along with the
following items:
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B.) Teacher Packets (9):

5) Seven lesson plans with activities covering Watec@sses, Water Quality
Influences, Natural and Constructed Wetlands, Heald Sanitation,
Rainwater Capture Systems, Environmentally-Respéms§ilothes Washing
Station

6) San Cristobal Watershed Overview

7) Classroom Activity: Which Behaviors Are Good? Whigghaviors Are Bad?

8) Three picture books for the nine teacher packetsifang the character
“Gotita” on his adventures with the different BMPs

9) Three comic books focusing on safe water practmesix of the packets
(lowest three grades will not use due to readingl)

C.) Posters:

10)Maintenance of Environmentally Responsible ClotWésshing Station

» Three large posters: to be posted at the clotheking site and around
town
* One small poster for a classroom
11)Structure of Environmentally Responsible ClothessWitag Station
* One small poster for a classroom
* One large interactive poster with pull-away paesatiption pieces for use
in a classroom.

4.0 Water Quality and Quantity Monitoring

4.1 Significance

Water quality and quantity monitoring representsagor step toward understanding
watershed functions. The availability of waterngerconnected with the development
of prosperous societies, both in Mexico and aratedvorld (RoseandMolloy 2007).
Avalilability of water may be limited by quantityuglity, cost of extraction, and/or
cost of treatment. The toll of poor water qualitsedtly impacts a country’s
population. According to the United Nations (UNx8sary-General, water-related
diseases cause 80% of illnesses and deaths irWedoging world. Yet water
resources are typically poorly monitored and remaider the control of multiple
non-congruous partners. Seldom do political estitenduct environmentally-
appropriate or centralized oversight and managewfemnater resources, since local
management is more effective in most cases, ddessamilarities in water supplies
and demand even in nearby regions. For this reagatey quality is rarely well-
characterized in even water-scarce regions.

Though the UN recognizes the pervasiveness of ttmsditions, the organization

continues to strive toward a Millennium Developm&aial aimed at increasing the
number of people worldwide who have access towater sources and sanitation
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(RoseandMolloy 2007). As part of this goal, waterbfvide protection is necessary,
as is research into the sources, loading levassport, and fate of waterborne
pathogens. Watershed monitoring provides infornmeti@t can be used to outline
actions toward achieving a secure, potable, andisable water supply, both in San
Cristobal de las Casas and further afield.

4.2 Background

Water quality and quantity monitoring (WQQM) havay®d a pivotal role in this
project since an understanding of the current stbieater resources as well as
observations of changes to this state are vitptéscribing effective water resources
management programs. In the first San Cristobgéptoa partnership was
established with ECOSUR so that significant surfaeaéer locations and water
supply wells used by SAPAM could be monitored oexery month. The partnership
continued into this project, where both ECOSUR aedgers and UCSB students
have been highly involved in the oversight of tihegpam’s direction and the
monitoring implementation.

A principal goal of this project was to improve thaphistication of sampling and
analysis methods applied in the WQQM program. Mashihat are inexpensive and
highly portable are often the most inaccurate amlgroject therefore invested in
improving the water quality testing capacities GI@&SUR’s laboratory. As the
project continues and new partnerships develogtiaddl parties such as SYJAC
may begin to make use of the laboratory. This alidw the lab to augment its
income and thus support technically-trained stadfmhbers, purchase the needed
consumable supplies for monitoring, and intermitienpgrade testing equipment if
it wears out or becomes obsolete.

Baseline water quality data dated between June 2003-ebruary 2006 was

provided by the first San Cristobal project. ECOStJedbntinuous monitoring

program commenced in May 2006, and has been ggnsuakessful thus far. The
water quality values gathered by ECOSUR were pexviglectronically to UCSB
students, who then compiled the data for obsematidrends over time. This
information was also utilized in watershed modekmgl, in some cases, for designing
and measuring the success of BMPs.

4.3 Monitoring Locations

In total, 16 surface water monitoring points wenggested by the first San Cristobal
project, with a ranking of high, medium, and loviopity (Figure 23) (Bencala et al.
2006). High priority points often occur near coefhges, so that the sources of
pollutants among subwatersheds may be assesseatidrmscwere chosen to represent
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the distribution of pristine water conditions, watenpacted by non-point source
pollutants, and waters affected by urban point-e®lwading.

‘Water Quality
~ @ High Priority
@® Medium Priority
. (& Low Priority

Figure 23. Locations prioritized for surface water monitorimg the first San Cristébal Group Project
(Bencala et al. 2006)

Of these 16 recommendations, ten surface watetibmsaunderwent monthly
monitoring by ECOSUR (Figure 24). Furthermore, EC®3Inonitors eight of the
water supply springs owned by SAPAM (Figure 25)e Tilonitoring points used by
ECOSUR were compared to the previous group’s recemaiations in Table 3.
SAPAM utilizes four additional well locations asteasources, where groundwater
is pumped from the underlying aquifer to supplytpaf the town. In order to obtain
the most critical information while working withthe time and resource constraints
of ECOSUR'’s researchers, the WQQM program focusesbme of the existing
monitoring points as well as two additional locac- the Interseccién (where the
Amarillo River passes beneath Calle José Morelog)the Santa Maria spring. All of
the water supply well locations, however, were gexpfrom the monitoring plan due
to limitations in time and resources, as were thlsiSuedes and Ojo de Agua
groundwater supply springs.
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Figure 25.Juan Morales obtaining a sample in September ﬂﬁdﬁthe KISST spring used by
SAPAM for water supply
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Table 3. Clarification of naming system for monitoring panised by ECOSUR through Feb. 2007

S%mpling Description used b_y firstSan Cristébal Description used by ECOSUR
rder project
Surface Waters
1 Fogotico — Above the city Fogotico |
2 Amarillo — Near electrical plant Amarillo |
3 Sumidero El Tunel
4 Chamula — Outside the urban zong Chamula |
5 Chumula above confluence with Amatrijllo Chamula Il
6 Amarillo above confluence with Chamula Amarillo 1l (Puente Tlaxcala)
7 Fogotico above confluence with Amarillo Fogotico I
8 Navajuelos Navajuelos (Santuario)
9 (New Location) Interseccion
10 San Felipe San Felipe
Water Supply Springs
1 Almolonga Alomolonga
2 La Kisst La Kisst
3 La Hormiga La Hormiga
4 (New Location) Santa Maria
5 Navajuelos Navajuelos
6 San Juan de los Lagos San Juan de Los Lagos
- N/A - Salsipuedes - N/A -
7 Campanario Real de Monte
8 Peje de Oro Peje de Oro
- N/A - Ojo de Agua - N/A -
Water Supply Wells
- N/A - Huitepec - N/A -
- N/A - Alcanfores - N/A -
- N/A - La Frontera - N/A -
- N/A - La Garita - N/A -

Sampling locations were marked while in the fiedihg a handheld GPS unit, so that
precise spatial locations would be known for useapping utilities at UCSB. These
latitudes and longitudes measured in September BpQBCSB students in San
Cristébal are listed in Table 4. Unfortunatelywés not possible to project these
locations on a map of the watershed due to lowracgwof the GPS device and non-
compatible spatial projections among layers. Ie@laf this precise spatial
information, a GIS map of the surface water momtpiocations provided by an
ECOSUR researcher is shown in Figure 26, wheréatheds correspond in

numbering to

those in Table 3.
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Table 4. GPS locations of each of the current monitoringpizan decimal degrees taken with a WGS
1984 coordinate system

Surface Waters X Y

1 Fogotico | -92.7569 | 16.73972
2 Amarillo | -92.7175 | 16.87611
3 El Tunel -92.8833 | 16.869772
4 Chamula | -92.8753| 16.99111
5 Chamula Il -92.6564 | 16.76639
6 Amarillo Il (Puente Tlaxcala) -92.7775  16.92972
7 Fogotico Il -92.8611 | 16.85972
8 Navajuelos (Santuario) -92.7794  16.93556
9 Interseccion -92.8947| 16.84472
10 San Felipe N/A N/A

Water Supply Springs X Y
1 Alomolonga -92.8269| 16.93083
2 La Kisst -92.9017 | 16.96194
3 La Hormiga -92.8353| 16.81444
4 Santa Maria -92.7306| 16.94417
5 Navajuelos -92.6544| 16.91306
6 San Juan de Los Lagos -92.88242  16.73972
7 Real de Monte -92.8258 16.886839
8 Peje de Oro -92.6178  16.97139

8 -

\\J réb

2 g Kilom eters
L1 1

Figure 26. Surface water monitoring locations tested by ECQ®ld a monthly basis; Numbering
corresponds to Table 3.
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4.4 Monitoring Tests

4.4.1 Materials

The team transferred a limited supply of severaiiHaagent kits for use with the
Hach DR850 Portable Colorimeter provided to ECOSlyRhe first San Cristébal
project. The Hach is capable of detecting up tadif@rent water constituents, and
the intent of the gift was to build the capacityesources in ECOSUR'’s laboratory
for the next year and into the future. The firsh Saistobal project from 2005-2006
had provided materials to conduct up to 200 tefsemoh parameter. Some additional
reagents were transferred to ECOSUR by this prajedtine 2006. Among these
were:

» Total Alkalinity, Nitrate and Nitrite, and 5-in-1€Bt Strips;

e Calcium and Magnesium Indicator Solution, Alkalil@&an for Calcium and
Magnesium Test, 5.0 N Sodium Hydroxide Standardit®wi, 1M EDTA
Solution, and EGTA Solution for the Colorimeter’arddness test;

* AmVer Diluent Reagent High Range Vials, AmmoniaiS§dhte Reagent
Powder Pillows for 5 mL Sample, and Ammonia CyateiReagent Powder
Pillows for 5 mL Sample for the Ammonia test;

* NitraVer 6 Nitrate Reagent Powder Pillows and Niéi 3 Nitrite Reagent
Powder Pillows for the Nitrate test;

» Total Nitrogen Persulfate Powder Pillows, Totalrbgfen Hydroxide Reagent
Vials, TN Reagent A Powder Pillows, TN Reagent BvBter Pillows, and TN
Reagent C Vials for the Total Nitrogen test;

* Reactive Phosphorus Test ‘N Tube Dilution Vials &mbsVer 3 Phosphate
Powder Pillows for the Reactive Phosphorus test;

* Total and Acid Hydrolyzable Test Vials, Potassiuendalfate Powder Pillows
for Phosphonate, 1.54N Sodium Hydroxide solutiow, BhosVer 3
Phosphate Reagent Powder Pillows for measuring Pbi@sphorus; and

» Several colorimeter vials, two glass eyedroppeard,aagraduated cylinder for
use in multiple tests.

This project purchased an IDEXX starter systemgcivimcluded: a Quanti-Tr&y
Sealer, two Rubber Inserts, a package of 20 Qaatis” and 20 Quanti-
Tray®/2000s, a Colileft and Colilerf-18 Quanti-Tra$}/2000 Color Comparator,
Colilert® Snap Packs of reagent for 100 mL water samplesAbsborbing Safety
Goggles, and a UV Viewing Cabinet. The researcbbtained an electronic copy of
a Most Probable Number (MPN) table for determirtimggamount of bacteria colony-
forming units based on the number of positive wellsich was printed in Spanish.
Finally, a practice session demonstrating the fonetity of the equipment took
place during the September 2006 visit to Chiapasodine training video in Spanish
available on the IDEXX website also became valuabteaining, to review the
analysis procedure and reinforce methods for praperof this bacterial enumeration
system.
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The IDEXX method was first approved for varioussubg the US Environmental
Protection Agency in 1989 and re-approved in 1984le the Mexican General
Director of Environmental Health first recommendied method in 1999 (IDEXX
2007). It is still considered the current gold skard for bacteria monitoring in water
systems in terms of cost-effectiveness. The tests@nsidered both simpler to
prepare and to read, and provide a much largeerahdetection than several other
more labor-intensive methods (Table 5).

Table 5. Detection limits for other traditional bacteriauemeration methods as compared to the
IDEXX technology (IDEXX 2007)

Method Lower Counting Range Upper Counting Range
(MPN/100 mL) (MPN/100 mL)
Quanti-Tray <1 200
Quanti-Tray/2000 <1 2419
5-Tube Dilution and
Plate Count <11 16
10-Tube Dilution and
Plate Count <11 23
Membrane Filtration
and Plate Count <1 80

Lastly, UCSB obtained a flow velocity meter for useECOSUR. This method is
considered more accurate than performing the dakulation method, which
extrapolates average water velocity from the serfadocity. The flow meter consists
of a protected water turbo-prop propeller with agmegtic sensor, coupled with an
expandable probe handle and a user-friendly diggtadiout display. The meter
incorporates a positive displacement techniquenfeasurement with running true
velocity averaging of the readout value. The anediialuminum handle is lightweight
yet durable and extends from 3-6 feet in lengtlseRechers at ECOSUR were
encouraged to use the flow meter whenever needethd WQQM program and
other projects. It was requested that the meteaireawvailable to UCSB researchers
during trips to Chiapas.

4.4.2 Methods

Physical, chemical and biological parameters wecerporated in the recommended
monitoring plan for ECOSUR. More detail regardihg significance of these tests
and their description of water quality can be foimthe first group project report “A
Framework for Developing a Sustainable Watersheddgament Plan for San
Cristébal de Las Casas, Chiapas, Mexico” (Bendadd 2006). The parameters
recommended for implementation by the first SarstGhal project and those actually
being tested by ECOSUR as of March 2007 are cordpar€able 6.

80



Table 6. Comparison of recommended and currently perfortasts for the WQQM Program in San
Cristobal de las Casas

Category Recommended Performed
Color No
Temperature No
Physical Turbidity No
Flow No'
Total Dissolved Solids Yes
pH Yes
Dissolved Oxygen No
Alkalinity No
Hardness Yes
Chemical Ammonia Yes
Nitrate/Nitrite Yes
Total Nitrogen Yes
Reactive Phosphorus Yes
Total Phosphorus No
Biological Total _Coliform Yes
E. coli Yes

Field collection is generally accomplished overda® period around the middle of
each month by 1-2 researchers from ECOSUR. Reuplddgc sampling bottles that
have been sterilized by autoclaving are used fidecton of a 1000 ml sample, and
bottles are placed in an ice-filled cooler untgyireturn to the laboratory. Aliquots of
these grab samples are then used for all testspdrature and dissolved oxygen are
not regularly measured in San Cristobal becauggdagrobe is not available for
these tests and these measurements cannot beatakeately once the samples are
returned to the laboratory.

While in Santa Barbara, the UCSB project team waised in water monitoring
detection methods so that members could familigheenselves with the various
aspects of a monitoring program and provide te@isigpport for any concerns that
arose in San Cristobal (Figure 27).

! Depth, a component of flow, is sometimes measured.
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Figure 27.Dayna Yocum, a member of the Group Project from Bd8arned how to take a flow
measurement in Santa Barbara, California prioretottip to Chiapas.

For the purpose of training, analysis methods wemplified from traditional, more-
complicated versions found in user manuals. Thesenaant to facilitate volunteer
training for individuals with some prior backgrouimdscience education. Methods
and detection ranges are detailed in AppendixkEtBe order listed in Table 6.

4.5 Roles of Partners

ECOSUR graduate students, undergraduate trainedslaoratory staff have carried
out the main month-to-month functions of the momig program from May 2006 to
the present. They have provided:

* Arevised sampling protocol;

* Vehicular access and transportation to monitoroogtions;
* Reusable sampling bottles and sampling supplies;

* Laboratory space and some equipment for analysis; a
» Electronic data sheets.

UCSB students provided water testing supplies eaidihg to partners at ECOSUR
between December 2005 and December 2006. Role€ 8Blstudents have been to:

* Provide advisement on the overall direction ofr@nitoring program and

specific problem areas;
* Fund and/or supply some testing equipment; and
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» Give technical support for appropriate use of seop@pment and analytical
methods.

In terms of supplies, this project obtained fundingrovide partners at ECOSUR
with the equipment detailed above. Additional matemot listed above were
obtained by other means. It has been communichsgdlisposable supplies for all of
these devices will need to be purchased by ECOStéRthe end of this project.

Time and manpower are the most significant limitiagtors in expanding the
WQQM program at ECOSUR. Thus, UCSB students aslsigitdn monitoring during
trips to Chiapas, though a longer-term solutionr@sbeen found. It is possible that,
through partnerships formed in this project, highaol-aged volunteers at SYJAC
could assist with monitoring when needed, althougimed individuals with prior
experience are preferable. Other UCSB contactamGistobal with water sampling
experience include Stephen Zylstra and Greg Hewtejtiiries regarding their
willingness to continue assisting ECOSUR with th@@M program have been
made, and are discussed under the “Follow-up atuté&éctions” section of this

report.

4.6 Results

Monitoring results from May 2006 to December 2086;luding October 2006, are
detailed in Appendix E. As an indicator of baseloaditions, the average values
found at each monitoring point are presented ind @b

Table 7. Average water quality indicator values for surfagder sites measured May-Dec 2006 (n=7)

FogoticdAmarillo El ChamulalChamulal Amarillo [Fogotico| . San L
; Navajuelod-" . [Interseccion
I I Tanel I Il Il Il Felipe

Nitrite (mg/L) | 0.00 | 0.01 0.04 0.16] 0.02 0.05 0.0b 0042 do3 00

Nitrate 070 | 0.68 1.87 1.57 1.18 0.73 0.59 0.6 118 0.7
(mg/L)

Phosphate | 15 | 70 1.93 0.61| 0.39 1.75 0.44 1.17 025 0.7
(mg/L)
Total

Coliform | 20,625| 39,196 18,117,189 77,414 49514 6.6638582,17f 48,246| 44,2[7%,914,800
(MPN/100mL)
Fecal

Coliform | 14,344| 28,101| 12,236,523 40,768 22,583 15,0614886,440 36,836| 28,49%5,355,046
(MPN/100mL)

pH 8.09 | 8.00 7.29 7.75| 8.30 7.18 754 814 d17 7.3

TOt?é/SL;’"dS 0.07 | 0.09 0.21 0.16| 0.16 0.22 0.11 02% 021 0.1

Ammonia | 55 [ (og 2.97 032 0.01 3.10 0.2y 012 duie 0.6
(mg/L)

All of the sites exhibit high contamination froncéd and total coliforms. Figure 28
illustrates the surface water locations’ level ohtamination, where the size of the
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marker depends on the concentration of total aohfiound at that site. The results
for all of these sites indicates the presence tifqgens, including bacteria, viruses,
and other microorganisms that can cause disedsemans. Thus, one can assume
that the surface water surrounding San Cristébgéimeral is not safe for human

consumption or recreational contact (Table 8). Hayels are most likely due to the
regular practice of discharging raw wastewater giteams.

Total Coliform -
(MPN/100ml)

20825

20626 - 49514
49515 - 77414
77415 - 7914800

7914301 - 18117149

Wiatershed

— ity Penphery

Figure 28. Gradation of low to high values found for averagfal coliform (MPN/100ml) at ten
surface water monitoring sites in San CristObakdgesshed; Location 7 (Fogotico 1) overlaps the

symbol for location 9 (Interseccion)

Table 8.Comparison of water quality parameters tested b@ §CR with the related US and Mexican
legal standards (Coutifio 1998; Lillo 1996; US Eammental Protection Agency 2007a; US
Environmental Protection Agency, U. E. 2007b).

Average Value fol Mexico Primary US Primary Average Value fol . L
Parameters Tested b . o Mexico Drinking
ECOSUR Surface Water Site: Contact Standard for Contact Drinking Water Supply Water Standard
in San Cristobal Rivers Standard Sites in San Cristobal
Nitrite (mg/L) 0.04 (not specified) 0.006 1.00
40 (Total N
Nitrate (mg/L) 0.9¢ (Total N) (not specified) 0.02 10.00
Phosphate (mg/L) 0.8¢ 20 (not specified)
Total Coliform .
(MPN/100mL) 4,334,787 (not specifiec 126 20 0
Fecal Coliform 4,162,514 240 33 16 0
(MPN/100mL) e
pH 7.7¢ (not specifiec 6.5-9 7.36 6.5-8.5
Total Solids (g/L) 0.16 75 (Suspended Solids)| (not specified) 209 1,000
Ammonia (mg/L) 0.6( (not specifiec (not specified)
Hardness (mg CaCOg4/L) 253 500.00
Turbidity (FAU) 1 5
Free Chlorine (mg/L) 0.14 0.2 -1.5C
Total Chlorine (mg/L) 0.22 250.00

84




When analyzing the WQQM results, nutrient leveletdexican primary contact
and drinking water standards, and pH is also wighimormal range Table 8; Figure
29; Figure 30). Total solids are likewise accemgbigure 31). Finally, ammonia
values are within a reasonable range for most maong sites, but are high for El
Tanel (where the Sumidero River exits the waterghealigh a manmade tunnel) and
Amarillo 1l locations (Figure 32; Figure 33). Higlmmonia values may occur due to
a variety of factors, both natural and anthropogeBources of ammonia include
agricultural fertilizer, animal waste, householg@tsesystems and cleaning products,
in situ anaerobic degradation of wastewater, atimesp deposition, or industrial
point-source discharges. In San Cristébal, the roaliprits are most likely
agriculture-related non-point source pollutiontlee Amarillo Il and a combination
of several of these sources for El Tunel, sincedeives incoming waters from all of
the watershed’s tributaries.

ﬁ:nbmﬁz
Nitrate (mg/L) \

e 0.590000 m_\\
@ 0.590001-0680000
@ 0680001 - 0.730000

@ 0.730001- 1180000 /
@ so001-1870000 T
:’ Watershed

— City Penphery

Figure 29. Average nitrate values in mg/L for the nine suefa@ter monitoring locations; the value
for site 7 (Fogotico 1) is small and is overlaps tvalue for site 9 (Interseccion).
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E
Phosphate vlﬁ‘\ﬁ/ /[ki\ {I?l

(mg/L)
e 0.150000-0.250000
@ 0.250001-0.440000
@ 0440001 -0.770000
0 0.770001 -1.170000

@ 170001 1.930000 ' 8 Kilom eters
{
[ | watershed ;—\\:«17

City Perphery

Figure 30.Average phosphate measurements in mg/L at tenceuvfater monitoring locations in San
Cristébal’'s watershed from May-December 2006; Tyralml for site 7 (Fogotico Il) is overlapping
the symbol for site 9 (Interseccién).

(@/L)
e 0.070000-0.090000
@ 0.090001-0.110000
@ 0110001 -0.160000
Q 0.160001 - 0.220000

. 0.220001 - 0.250000

Wyatershed

— ity Periphery

Figure 31.Averaged values of total solids (g/L) found in watamples from the ten surface water
monitoring locations between May and December 2€@6symbol for site 7 (Fogético 1) overlaps
the symbol for site 9 (Interseccién).
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e  (0.000000-0.010000
@ 0.010001-0.160000
@ 0160001 -0 320000

. 0320001 -0.670000

. 0.670001 -3.100000 8 Kilom eters

|:| Wyatershed

— ity Periphery

Figure 32. Ammonia averaged values (mg/L) for ten locationSam Cristobal's watershed from
May-December 2006; location 7 (Fogético Il) oveddpe symbol for location 9 (Interseccion).

4, #, 5 -'".\ ; A

Figure 33.The entrance of the Sumidero tunnel (El Tﬁnel)water exits the watershed through this

man-made tunnel drilled through the mountains. &tuge, this location collects waste and pollutants

from all throughout the watershed.
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To observe whether water quality is fluctuatingptighout the year, values of each
water quality indicator were compared across the different sites. First, nutrients
do show some fluctuation. Nitrite (NQis not shown, since the values were minimal,
and ammonia trends are also not displayed becagatts were only available from
three months. Precipitation may influence the catre¢ion of contaminants, either
by having a dilution effect or by flushing pollutarfrom land into rivers. For this
reason, a chart of the average monthly rainfaBan Cristobal is shown for the
monitoring period (Figure 34).Nitrate trends arewh in Figure 35. Here, it is clear
that all sites experienced a dramatic increasdiata (NQ') from June to July 2006.
This may be attributable to the application of cfeyilizers during this period. The
highest values are seen for El Tunel and Chamsitad. Chamula | collects overland
runoff from a predominantly rural subwatershed,le/Bil Tunel sees the combined
effects of both point and non-point source runaffri the whole watershed.

Average Monthly Precipitation in San Cristobal
from 1980 - 2006

250

200 -
€
E 150 -
I
£ 100 — —
©
04

50 — —
0 T T T T T
May  June July Aug Sep Nov Dec
Month

Figure 34.Average rainfall in mm for San Cristébal (Comisidacional del Agua 2005)
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Trends in Nitrate Compared Across Monitoring Sites
from May-Dec 2006
5 —— Fogotico |
—— Amarillo |
4 - El Tunel
Q Chamula |
g 3 Chamula Il
E } —— Amarillo Il
g 2 ~/ s ——Fogotico Il
=4 —— Navajuelos
17 —— Interseccion
San Felipe
0 =
May June July Aug Sep Nov Dec
Month

Figure 35.Comparison of monthly nitrate fluctuation acrams surface water monitoring sites starting
in May 2006, until December 2006; the month of @etois missing.

Phosphate, another major nutrient, shows a raiffereht trend than nitrate. The
values may be lower than expected because thedsstione for only reactive
phosphate, a component of total phosphate. Fighish8ws fairly low values for
most sites, although spikes occur at the NavajusmtodsAmarillo | monitoring sites in
December 2006. Again, this is probably due to iagtdm non-point sources such as
agricultural fertilizers and animal waste, sincesth subwatersheds are located
upstream from the urban area. Phosphate valueoasistently higher for El Tunel
and Amarillo Il than the rest of the locationsyass the trend with ammonia. This
could be explained by application in the watersbiecbmbined agricultural
fertilizers containing elements N (nitrogen), Pdpphorous), and K (potassium), a
common mixture.
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Trends in Phosphate Compared Across Monitoring

Sites from May-Dec 2006

/

Phosphate (mg/L)
O R, N W P~ OOl OO N

/
/
N

—— Fogotico |
—— Amarillo |

El Tunel

Chamula |

Chamula Il
—— Amarillo Il
—— Fogotico Il
—— Navajuelos
—— Interseccion

San Felipe

May

June July Aug Nov Dec

Month

Sep

Figure 36.Phosphate fluctuation for ten surface water momtppoints in San Cristébal’'s watershed

from May-December 2006; Data for October is missing

Total coliform values are displayed in Figure 38.discussed above, the surface
water is highly contaminated and this range of @alsignifies a hazard to human

users. Total coliform counts are consistently higitour points: El Tunel, Amarillo
I, the Interseccion, and the Fogotico Il. Sourgesoliform include both human and

animal waste. In a rather strange pattern, thewuarsites appear to converge in
August 2006, with normally high values being redliaad normally low values

increasing.
Trends in Total Coliform Compared Across
Monitoring Sites from May-Dec 2006
100,000,000 |
— Fogotico |
——— Amarillo |
c — El Tunel
_
= E Chamula |
§ 8 \.// \ : Chamula II
8 = 1,000 —— Amarrilio Il
= % — Fogotico Il
oS —— Navajuelos
= —— |nterseccion
‘ ‘ ‘ ‘ ‘ San Felipe
MTy June July Aug Sep Nov Dec
0
Month

Figure 37.Logarithmic display of total coliform MPN valuesund at ten surface water monitoring
points from May to December 2006, excluding Octc&06.
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Fecal coliform trends are quite similar to totalifoom, except that four locations
(Navajuelos, Chamula I, Chamula Il, and Amarillatfually test negative for the
detection of fecal coliform in May 2006 (Figure 38hese locations also had
consistently lower counts of total coliform, as riened above.

Trends in Fecal Coliform Compared Across Monitoring Sites from
May-Dec 2006

100,000,000
Fogotico |
= Amarillo |
— E Tunel
% _EI Chamula
% 8 Chamula Il
(@) d 1,000 ~ = Amarillo 1l
= 2 _
8 o Fogotico Il
& ‘E’ Navajuelos
T T T T Interseccién
M June July Aug Sep Nov Dec San Felipe

Month

Figure 38.Fecal coliform results from May to September and&ober to December 2006 across ten
different monitoring sites in San Cristobal’'s watezd. MPN values are displayed on a logarithmic
scale.

Lastly, total solids (the sum of total suspendddis@nd total dissolved solids) are
not very high throughout most of the monitoringipdy with values less than 7 g/L as
compared to a maximum drinking water standard 8f@Q and 1,000 g/L in the US
and Mexico respectively (Table 8). Significant gslare seen in December 2006 for
the Navajuelos and Amarillo | monitoring points.igmay be a function of the
monitoring date directly following a major rain eédgwhich can greatly increase
turbidity and solids. Overall, higher solids levate generally seen at the El Tunel
and Amarillo Il monitoring sites. To recap, thes®tsites also had high nutrient and
bacteria levels. In general, solids are often datee with bacteria levels, and thus are
also a good indicator of pathogenic content. Ndrte@se values would render the
water totally unusable, although higher solids Iewan decrease the water’s appeal
for some uses.
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Trends in Total Solids Compared Across Monitoring
Sites from May-Dec 2006

8 —— Fogotico |

7 —— Amarillo |
g 6 / El Tunel
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1 T T T I 1
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Figure 39.Measurements of total solids from May to Decemlf162 excluding October 2006 at ten
watershed locations

Complete results for monitoring done at water sypg@ll locations can be found in
Appendix E.3. Averages of these values are showrabie 9. For comparison,
standards for US and Mexican drinking water arated in Table 8. In these analyses
of seven water supply locations from May 2006 tiy 2006, Nitrite, Nitrate, Free
Chlorine, Total Chlorine and Total Solids level egenerally low and within an
acceptable range for human consumption. LikewiBewps within a safe range of
values. Hardness was also typical, although the &&jOro spring had a low hardness
as compared to most groundwater sources. Thisrfdoes not affect most uses of
the water, though. Turbidity was always lower thiaaregulatory limitations,

although it was higher for the month of June atRbge de Oro and San Juan de los
Lagos locations in comparison to the rest of thessiAs was mentioned earlier,
higher turbidity is often, but not always, correldtwith higher pathogen levels, and is
sometimes used as an indicator of drinking watftgaln addition to the two
locations mentioned above, La AlImolonga and La K10 showed moderately
high bacteria counts. Any water supplied from tHese wells should be disinfected
before use.
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Table 9.Average values of water quality constituents fairgplocations monitored between May

2006 and July 2006
Total Fecal
Har(cri:gess Nitrte | Nitrate [Turbidity | | 7%l | coliform | cColiform o |Total Solids

CaCoyL) (mg/L) | (mg/L) | (FAU) (mg/L) | (mg/L) (MPN/100 | (MPN/100 (mg/L)

mL) mL)
La Almolonga| 262 0.013| 0.03 0 0.14 015 18 16 7140 216
La Hormiga 255 0.007| 0.05 1 0.14 050 1 0 74 217
La KISST 232 0.004| 0.02 1 0.03  0.04 24 18 7045 183
Navajuelos 294 0.004| 0.01 1 0.36]  0.46 0 0 7028 240
Peje de Oro | 131 0.006| 0.01 1 0.05|  0.07 53 41 7131 118
Real del montg 280 0.004| 0.02 0 0.25 0.31 0 0 7830 221
SanJuande| 495 0.006| 0.03 2 0.01  0.02 43 38 7135 265

los Lagos

4.7 Recommendations

This project recommends that all of the points shawFigure 23 be monitored,
provided that time and resources for more extensigritoring become available in
the future. Likewise, the monitoring program cob&improved by capturing all of
the parameters suggested in Table 6. Although sditiee parameters or sites may
not be at risk for non-compliance with water quastandards for recreational and
consumptive use, it is important to establish astédaseline information for these
parameters. Therefore, if some major disruptiotihéowater source were to occur, it
would be more easily detectable.

Flow is especially important to measure, since eatrations alone do not provide a
clear picture of how much mass of the pollutantsaving through the system.
Multiplying concentration values (usually mg/L) Bgw values (m/s) will provide a
mass flux value that can be input into the WARMFafé/shed Analysis Risk
Management Framework) watershed model used fosid@emaking by ECOSUR
and other partners, and also used in compliancéaméms such as the Total
Maximum Daily Load (TMDL) program which has beerpbgd in some areas of the
US. Researchers at ECOSUR have been encouraged theuflow meter on loan

from UCSB to obtain flow data for each of the monitg locations.

In particular, capturing a representative sampléefwater supplied to SAPAM
customers could be useful in improving public HeaBome of the springs and wells
used to provide water to the city are disinfectedrgo distribution: water from La
KISST is treated with metered chlorine gas astémnthe distribution system, and La
Hormiga, Navajuelos, and Real del Monte have chétablets added as the water
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passes through the pump. However, other water guyglls are not treated prior to
distribution. The various water supplies’ naturahlity and usefulness may also vary
quite a bit, depending mainly on whether the surdmog land is protected, or a
source of contamination is located nearby. Theoaf water for a particular area of
San Cristobal depends on its proximity to one ekthspring or well sources. Thus,
the water source and treatment needed may varyyafiten neighborhood to
neighborhood. A general base water quality fronheddhe supplies might be made
publicly available so that water utility customemuild make informed decisions
regarding investment in additional point-of-use evdateatment devices.

Finally, an informed temporal distribution of maming dates might provide a clearer
picture of the hydrologic processes in the watetskirrently, the monitoring
program was not planned to take place on a spdafde each month. Nor does it
adapt to monitor more often during periods of higportance for water quality, such
as storm events or drought periods. This is paky to scheduling difficulty, but a
more flexible approach is possible in the futurac®sufficient data becomes
available, it may be feasible to detect those tiateshich the water quality is
fluctuating (either improving or declining) mosh. &n attempt to detect these types of
events, monitoring could be done at differing timésonth throughout the year to
try to portray a representative spread of thedatiod. Then, once the high
importance events are discovered, arrangementd beuinade ahead of time to try to
capture these times during a flexible monthly samgplegime.

5.0 Modeling of the San Cristébal de las Casas Wathed

5.1 Approach and Justification

Computer simulation models can serve as valuabls to help understand current
watershed processes and predict the watersheg'enss to future changes. To gain
further insight into the watershed processes,dtogect used a model partially
constructed by the first San Cristébal Group Ptajeembers (denoted as ‘initial
model’) in the EPA-recommended watershed modelmogiam: Watershed Analysis
Risk Management Framework (WARMF). Project memitereeased the initial
model’s utility by calibrating it with water quajitand quantity data measured from
2006 in San Cristobal (updated model denoted atataol model’). To complete this
project’s goals toward researching and implemenrgifective BMPs, the watershed
modeling program was used to simulate and anahg@dtential effects of the
recommended BMPs within the watershed.

WARMF is a cost-free, publicly available programtliacilitates watershed planning
and management for stakeholders. It is also colvipatiith other free data extraction
and watershed delineation tools provided by the RISBASINS program. Its user-
friendly Geographic Information System (GIS)-basedrface makes it accessible
for use by project partners in Chiapas, who areaaly equipped with the knowledge
base necessary to run the program (Figure 40)gBediprimarily for use in
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determining Total Maximum Daily Load (TMDL) levels impaired waterways,
WARMF has the capacity to model the contributiopoint and non-point sources of
nutrients and pollutants to surface waterways andrglwater. More importantly,
WARMF can model effects of anthropogenic forceg tienge the nutrient load or
augment extraction of water resources. For instamgiag estimates of pollutant
removal rates for those BMPs recommended in tlpisrtethe nutrient load values
can be modified to reflect the effects of widesdrBMP implementation.

[ watershed Analysis Risk Management Framewaork - [C:\Program Files\WARMF\san_crist_model1\SanCristBase WSM] =

W cl= Edt Yew Mods Scenario Dpeu bodue Window Help = (8] x|
e e = e i S TS e T

R

Lo

[ [ Fills ymmmwyﬁ
Figure 40. Screen shot of the WARMEF interface.

Like any watershed model, the San Cristébal modetla to be continuously updated
with observed data, so as to accurately reflecttmglitions in the watershed. Once
calibrated, it will be able to guide managemenisiens towards watershed-wide
attainment of water quality standards for colifoffotal Suspended Solids (TSS),
Biological Oxygen Demand (BOD) and nutrients (N &)dand indicate areas in the
watershed that need particular attention (US Emwvirental Protection Agency (EPA)
2006). Using the initial model, the project memhbamut hydrology and water
quality data collected in 2005-2006, then calitatatee model by changing
appropriate parameters and used it to determineentiand pathogen fate and
transport mechanisms for a number of future scesafihis project’s modeling goals
focused on modeling the effects of BMP implementatin various regions of the
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watershed. Scenarios modeled include wide-scalcappn of different
recommended BMPs. Section 5.4 describes the sosman and output generated.

Continued water quality monitoring is crucial ipport of the model, so that its
calculations will represent the watershed’s proegsecurately. The single year of
monitoring data currently available is not suffiti¢o calibrate the model to a point
where environmental managers can rely on the madefsit’'s accuracy. More
observed data is necessary to improve the updabel@lis calibration and therefore
the accuracy of the watershed’s predicted respdosgsanges through time.
However, the model does provide preliminary outesults and an established
scenario framework to update with future monitorimguts.

5.2 WARMF Model Characteristics

Initial data collection and research performedhmsyfirst project provided a model
that was fully functioning though not calibrateddavhich served as a base for this
project’s watershed analysis. The initial modeluded meteorological data specific
to San Cristébal from 1989-1999, land use, muniaigl pumping data, a rough
subsurface soil profile, groundwater data, andvestes of point and non-point
discharges into the waterways. This section oféipert briefly describes the datasets
and their modifications. Further information regagdhow the datasets were
obtained can be found in the first group’s repBer{cala et al. 2006). To calibrate
the model and employ it in making predictions, hrigject obtained up-to-date
meteorological data and incorporated the obsenagdrvguality data obtained from
the WQQM program performed by ECOSUR during 2006&2®arameters tested in
this continuing program are pH, ammonium, nitratgjte, bacteria, total nitrogen,
total phosphorus, total solids, and flow.

5.2.1 Model Set-up and Function

To construct the model, the San Cristdbal watersvesidelineated and divided into
a series of subbasins with EPA’s BASINS prograrantimported into WARMF
(Bencala et al. 2006). This enabled WARMF to caltaiurface water runoff and
groundwater contributions to river reaches pastingugh each subbasin. Land use,
vegetation cover, and precipitation data are ugatharacterize the subbasins, which
allow the model to determine the speed and amdumater, nutrients, and pathogens
that run off the land into surface waters. Watepoiged through the watershed from
reach to reach, intersecting with neighboring svéat form the watershed.

In addition, WARMF completes the mass balance eguad determine the amount
of pollutants that will flow into, through, and oot the watershed, incorporating
point and non-source nutrient contributions fromustry, agriculture, and septic
systems. WARMF also can incorporate additions ditijppmts from atmospheric
deposition, though the initial and updated modetdHis project do not account for
these values due to the lack of air quality dataweler, atmospheric deposition is
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unlikely to be a significant source of pollutiors, there are very few polluting
industries in San Cristobal. In the updated maoskatpled nutrients and coliform are
targeted as water quality indicators, and are gddkroughout the system,
incorporating their characteristics through thecpsses of infiltration, soil
adsorption, exfiltration, and overland flow (Sy$t&007).

5.2.2 Initial Model Inputs

Land Use

Land use data was acquired from a study perforpeahtECOSUR researcher, in
the form of a supervised classification algorithesaciated with 30 meter LANDSAT
TM data (Zermologio 2005). The land use file wagified by UCSB researchers
using heads-up digitizing to incorporate additickrawledge about the urban extent
from a 2001 IKONOS image obtained from partnedsAGE (Bencala et al. 2006).

Meteorological data

Meteorological data is required for WARMF simulaiso which includes daily
precipitation and air quality data. Precipitatiorddemperature data was obtained
from Climate Computing Project (CLICOM) data recgyrd project of the World
Climate Data and Monitoring Program. Data includecbrds of several
meteorological stations in the watershed, spanb@ij-2000. The updated model
was required to run up through December 2006, sodata was requested and
utilized.

Atmospheric deposition data is not available fas thatershed, and a generic
“‘dummy file” from another watershed was used tisfathe model’s requirements.
However, to ensure that bias was not introducealtimt model, the atmospheric
deposition multiplier was set to zero for all sietidns, which forces the model to
ignore atmospheric deposition altogether.

Additional data required includes cloud cover, g@mint temperature, wind speed,
and air pressure, which were also unavailable.stionate cloud cover, a decision
tree was employed that classified the percentagatl cover based on the
precipitation records of the present and previaysdillustrated by Figure 41. This
was developed by Dan Segan (Bencala et al. 2006)viag the model developer’s
instructions (Systech 2007).
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Precipitation
That day?

Precipitation
Previous day?,
YES NO

A 4

80% Cloud cover

50% Cloud Cover No Cloud Cover

Figure 41.Cloud cover decision tree, courtesy of (Bencalal.€2006).

Daily dew-point temperatures were estimated usaity demperatures by first
solving for saturation vapor pressure [Equatiortt®n using this coefficient to solve
for dew point temperature (Bras 1990), whegesEsaturation vapor pressure, T is
average daily temperature, angli§ dew point temperature [[Equation 3]. This
equation produces dew point temperaturgHpwhich can be converted t€ with
[Equation 4].

[Equation 2] E, =338639(0.00073d +0.8072° - 0.000019L8T + 4§ + 0.00131§
_E,-611,

[Equation 3] Taer = 033¢ 32
, 9
[Equation 4] Taeey = Taer —32*g

Wind speed was estimated at 7 m/s based on thevelbseonditions of the
watershed, and air pressure was calculated bastae anean elevation of the
watershed. Both were held constant during theestmulation period.

Subsurface Profile Depths

Due to the drastically changing elevation in theeptwatershed, soil composition
across the surface area is varied. However, thiahifity is not well captured in
documented information and many soil charactesstiere based on educated
estimates from observations, elevation, and ty@odlvalues obtained from
literature. WARMEF considers soil characteristicsnogeneous for the entire
subbasin, thus only the most typical conditionsenensidered when classifying
soils.
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All subbasins were classified as either having llBaaSoil’ or ‘Typical Soil’ based
on average slope. The nine subbasins with an aetage of 15% or greater were
considered to have experienced heavy erosion, anel elassified in the first group,
and the 22 subbasins with an average slope otlass15% were assigned to the
second group. Values from a 2003 study of Sarntdr@d’'s soil resistivity provided
limited information which was referred to when uiépths were assigned to the
typical and shallow soil layer groups (Fuentes, f@m@nd Macias 2003). These
values were modified somewhat in the updated model.

Soil Characteristics

WARMEF divides the subterranean profile into fivgdes, for which the user must
define thickness. The initial model divided thedeg/into two primary groups for
estimation of the soil's hydraulic conductivityethopsoil layer (the top two layers)
and the underlying soil units (the bottom threeetay. Local data consisted of a
rough soil classification map obtained from LAIGEELCOSUR, which divided the
topsoil into seven broad categories based on darhiegional topsoil. Literature
values were used to define the hydraulic condugtnoefficients for each topsoil
type and these were applied to each subbasin. @aailibration by the first group,
however, the values were significantly varied. $baracteristics, including
hydraulic conductivity and soil thickness, wereoarse of large uncertainty in the
initial model.

Municipal Pumping and Industrial

The municipal water district provided the first Sanstobal group with monthly

pump rate data for 19 pumps in the watershed, Deeember 2004 to October 2005.
These 19 locations were divided into five subgrdogsed on location. Pumping rates
from all pumps in each subgroup were added togétheéetermine the total

extraction rate from each of the five primary lacas, which was then input into the
WARMF model. Estimates for November were set ataverage pumping level for
the 11 previous months in order to create a cormameé-year dataset. This
contiguous 12 month dataset was repeated throughew@ntire course of the 11-year
model (1989-1999) (Bencala et al. 2006).

The FEMSA Coca-Cola bottling plant represents thig major industrial water
extractor in the watershed. Annual extraction rét@s the plants two wells were
obtained and then aggregated to estimate theexti@ction rate. As in the first
project, rates were assumed to be constant oveotimse of the year, and calculated
accordingly (Bencala et al. 2006).

Fate of Extracted Groundwater

Following the assumptions in the first project, thsearch team assumed that the
pumped groundwater returned to the river systethrige different mannert.is
important to take this into account because ther'svlow is attenuated by the
groundwater extraction used for municipal watensypT o realistically model the
system, the water “lost” to groundwater extractiomst be returned to the river. In
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this way, WARMF is able to model the stage (elengtiand velocity of the river’'s
flow which can be compared with physical observatio

1. 40% is returned as point source discharges tawkeneach in which it is
consumed to represent wastewater.

2. 50% is lost to system leaks during the pumping gge@nd is returned in an
unpolluted state to the upper watershed subbaBms.value was based on
government estimates, which report a 43% loss witte SAPAM system
and additional losses in private pumping systentkérregion (Arreguin,
Ochoa Alejo, and Fernandez Esparza 1997).

3. 10% is not returned to the system, based on amgsgn that 10% of the
pumped water is bottled within the region but caned outside of the region.

Point discharges

The initial model incorporates untreated point seutischarges to account for the
untreated urban wastewater. A rough calculatiowatewater quantities for each
subbasin was based on the proportion of total upoglation (2005 population
estimate) from that subbasin and multiplied by48&6 of water pumped from the
watershed that is estimated to become domestiewagtr (Bencala et al. 2006). To
obtain a conservative estimate, it was assumedathatban dwellers contribute to
the sewage conveyance systems of the urban cemtéhat conveyance systems
discharge into the rivers within the subbasin inalttthe wastewater originates.

The point source discharges contain measures ofoamanphosphate, fecal coliform,
and biological oxygen demand (BOD), which are cominéound in domestic
sewage. The quantities reported as the Mexicamlatdrper-person production rate
by Crites and Tchobanoglous were multiplied by eadtbasin’s urban population to
obtain the total subbasin load for each contamif@ntes, R.andTchobanoglous
1998).

Non-point discharges

Rural wastewater inputs into the system were estichiaa a similar way, but were
assumed to enter the model as non-point dischéssise there are no known
sewer systems in the rural areas of the waterdth@akpoint pollution loads often
differ greatly from point loads in that they argphed to the land surface, allowing

for the soil and vegetation to absorb some of titeents before they enter the
waterway. Using the 2005 estimated total rural petan, a rough calculation of
non-point loads for each subbasin was based oprtp®rtion of total rural

population for that subbasin and multiplied by slaene Mexican standard per-person
production rate for domestic sewage used above.

Additional Sources of Pollutant Load
Model default loading values were utilized to estienloading from agricultural and
livestock operations. In the future, these valumdabe improved by documenting
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the type of crops grown and the ingredients irilieers applied around San Cristobal
to more accurately estimate nutrient loading frbwse sources.

5.2.3 Updated Model Inputs

Water Quality and Quantity Observations

Since the commencement of the water quality andtgfyanonitoring program in
May 2006, project partners at ECOSUR have sampled each month (with the
exception of October) from May to December 200&attargeted locations in the
watershed. Water quality parameters sampled ingatitdgte, pH, ammonium, nitrite,
total coliform, fecal coliform, total nitrogen, sdtphosphorus, and total solids.
Targeted locations include three monitoring powtkin the rural region, six
monitoring points in urban areas, and one monigppaint located at the outlet (El
Tunél) of the main river after all point and nonifgalischarges have been applied.

Water quality measurements are particularly impdria the process of recognizing
the major problem areas and nutrients in the wWagekrsinputting this information
into WARMF allows the user to calibrate the modghkdjusting appropriate factors
(nutrient inputs, effectiveness of septic systess), in order to match the actual
observed nutrient measurements. Additionally, #lees can be compared from
month to month to determine when the contaminamgi¢eare at their worst and thus
aid in identifying temporally-variable sources afiption. Further, these water
guality measurements can serve as a baselinettoefaomparison when examining
the effects of BMPs. The data found for water quadi described and analyzed in
section 4.6 of this report.

Water quantity measurements are equally as imposisawater quality values,
because they enable analysis of total pollutansraad flux. For instance, one can
observe whether nutrient concentrations are ineckaslower or higher flows, and
conceptualize why this trend occurs in the watetskéow measurements should be
made a priority as part of the WQQM program becatusenecessary to have flow
measurements to calibrate the WARMF model. Theaimtodel was calibrated,
though without any data points. The updated moaelrporates water quality data
taken as part of the water quality monitoring ph@mg implemented by ECOSUR,
and a few flow measurements taken by project mesnhdhe late summer and early
fall in 2006. To further improve this calibratiomore frequent and long-term flow
monitoring is needed. Using more data to calibtta¢emodel improves its accuracy
and makes the results more meaningful.

Updated Meteorological Data

It is important to match water quality and quantigta to actual conditions so that
observations of high levels of nutrients or oth@mtaminants can be associated with
either high or low precipitation events. For ingt@nthe initial model simulations
suggest that in rural regions, runoff from stornere contributes a significant
amount of the total nutrient load, while in urbagions the total nutrient load during
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storms dramatically decreases, as the increasadwtter flow greatly dilutes the
nutrient concentration. For this reason it is esakto have precipitation
measurements for the days just prior to when thtengample was taken.

Data was solicited and collected from Comision Waal del Agua (CNA) for Station
7087 during the years 1951-2006 (Figure 42). Traatgd model focuses on the
years 2000-2006, because monitoring data for itis frame was used to calibrate
the model. Station 7087 is located within the ceyter of San Cristobal. Gaps in the
data set were filled in with average values fordhg of the year.

San Cristobal Precipitation 2000-2006
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Figure 42.Recorded precipitation in San Cristobal de las €8Samision Nacional del Agua 2005)

5.3 Calibration

5.3.1 Flow Calibration

Project members first focused on calibrating flaalues because flow influences the
concentration of constituents in the water qualltgervations. When observed
hydrology values (n=6) were input into the moded @&was run with initial soil layer
values (Table 10 and Table 11), simulations shouwglker levels of flow than were
reflected in observed values, so efforts were takatecrease the flow. Group
members adjusted field capacity, saturation maastuitial moisture, and soil
thickness values of the soil layers until the mameput had the same range of values
as that of the observed data.
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Table 10.Initial soil layer values from the first San Cribtd group project watershed model for

shallow (<15%) sloped subcatchments

Soil Soil Initial | Field | Saturation | Horizontal | Vertical
Layer | Thickness | Moisture | Capacity | Moisture Hydrau.h(_: Hydrau.h(_:
Conductivity | Conductivity
1 100 0.20 0.40 0.50 6625 663
2 200 0.15 0.30 0.45 6625 663
3 1600 0.10 0.22 0.35 100 10
4 2750 0.20 0.20 0.35 750 150
5 3000 0.20 0.15 0.35 750 150

Table 11.Initial soil layer values from the first San Cristd group project watershed model for steep

<15%) sloped subcatchments

Soil _Soil In_itial Field_ Satgration HH%?;SE? H\y//zrrgﬁilc
Layer | Thickness | Moisture | Capacity | Moisture Conductivity | Conductivity
1 50 0.20 0.40 0.50 6625 663
2 100 0.15 0.30 0.45 6625 663
3 800 0.10 0.22 0.35 100 10
4 150 0.20 0.20 0.35 750 150
5 100 0.20 0.15 0.35 750 150

Unfortunately, there are no extensive studies driaser depth and composition or
groundwater movement in the San Cristobal waterssedhuch of this calibration
was performed by inputting various combinationsiadly values and attempting to
adjust modeled flow to match observed flow. Fomepke, the difference between
field capacity and saturation moisture represdrgscapacity of the soil to store
water. If this difference is decreased, the ratghath rainfall will saturate the soll
layer increases, which, in turn, leads to exfiitnatof groundwater to the streams. If
the difference between these two values incredises,the soil has a greater ability to
accumulate rain water in the soil without influemgthe flow in the streams.

The initial moisture was higher than that of thedeled output conditions for
observed data points, so initial moisture was l@dd¢o remove the sharp drop in
flow at the beginning of the six year modeled hyplaph. However, consistent with
real-world values, the initial moisture was kepti@icfo or higher than field capacity
(Table 12 and Table 13).

The initial model estimated soil layers 4 and becsignificantly thinner in
watersheds with a slope >15%. During calibratibe, thickness of soil layers four
and five was increased from the model’s origindliga in subcatchments with an
average slope greater than 15% to be slightly énitkan values in the initial model.
These additional 450cm increase the amount of veabeed.
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Calibration also involved varying the soil thickees. Final soil thickness values
were chosen based on the scenario with the flowbist fit with observed values.
Unfortunately, soil thickness data has not beedistlin the region, and until further
studies are undertaken, soil thickness will renaasource of uncertainty in the
model.

Hydraulic conductivity in the flat and shallow skxpsubcatchments was lowered to
simulate slower movement through the soils. Horiabconductivity was assumed to
be one order of magnitude (ten times) more thaticabiconductivity in the shallow
sloped layers, following the recommendation of YalgYu, C. C., Lourerio, Cheng,
Jones, Wang, and Faillace 1993). Steeper, thiros; kowever, were assigned a 5:1
horizontal to vertical conductivity ratio, as gegilomovement characteristic of
steeply sloped areas uplifts the soil layers, tegpln a sloped soil profile, thus
creating a gradient within the soil layers and dasimg the soil structure’s ability to
slow vertical migration of water. To calculate thydraulic conductivity values, the
members used the assumptions of the first SanoBakproject, which developed the
modeled the watershed soil with layers one andasvimosely packed soils, layer
three as a clay layer, layer four as karst limestand layer five as volcanic rock.
Conductivity values for layers three through fiverevadapted from the average of a
range of values given these soil types by (Benedd. 2006; FreezeandCherry
1979).

Table 12.Final soil layer values for shallow (<15%) slopethcatchments

Soil Soil Initial Field | Saturation | Horizontal Vel
Layer | Thickness | Moisture | Capacity | Moisture Hydrau'lu': Hydraullu':
Conductivity | Conductivity
1 50 0.43 0.43 0.50 2880 288
2 100 0.32 0.32 0.40 2880 288
3 800 0.27 0.27 0.29 1 0.1
4 2750 0.30 0.30 0.35 4320 432
5 3000 0.34 0.31 0.35 0.1 0.01
Table 13.Final soil layer values for steep (>15%) subcatafsie
Soil Soil Initial Field | Saturation | Horizontal vertical
Layer | Thickness | Moisture | Capacity | Moisture Hydrau.h(': Hydrau'llq
Conductivity | Conductivity
1 50 0.43 0.43 0.50 1440 288
2 100 0.32 0.32 0.40 1440 288
3 800 0.27 0.27 0.29 0.5 0.1
4 400 0.30 0.30 0.35 2160 432
5 300 0.34 0.31 0.35 0.05 0.01

To calibrate the model, project members chosesb dalibrate the Fogético River
subwatershed, and then apply the input variablésetoest of the watershed. This
approach was taken to save time in calibrationdkog was chosen because the
observed flow measurements at the station wereepitlybe more robust than other
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measurements (n=6). Observed flow measurementstaler atop a diversion dam.
The constant profile provided the calculations wite most accuracy of all the
sample locations. Figure 43 shows the modeledsflatWogotico before and after
the flow calibration. The blue 2007Base curve repns the simulate flow with
updated and temporally extended precipitation antkmperature values with initial
model soil coefficients. Simulations during theiloadtion process were compared to
this initial curve with the goal of matching simtdd values more closely to observed
values in 2005 and 2006.
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Figure 43.Flow at the Fogético monitoring point before (blaed after (green) calibration.

5.3.2. Fecal Coliform Calibration

Fecal Coliform concentrations were extremely lowhe calibrated flow model even
at the maximum septic system application rate<0dfetal coliform bacteria per 100
mL water (Figure 44). As discussed in section thé,observed extremely high levels
of fecal coliform are due to raw sewage in the walted. For this reason a scenario
was created that does not include the urban pointss; this is further explained in
the assumptions sectiamthe composting latrines scenario. Attempts weagle to
improve the accuracy of the calibrated flow modglrizreasing the land application
contribution in mixed forest, rangeland, and restde lands by a factor of ten. For
the scenario modeling composting latrines, fechiarm levels are explored at the
Sumidero monitoring point because it representsnautative measure of fecal
coliform levels from the entire watershed contribnt

The resulting calibrated flow and fecal coliformesario mirrors the calibrate flow
scenario with unadjusted fecal coliform concentragibecause the septic systems
discharge into the top soil layer. During high flewents, more of the bacteria is
washed out of the soil. Precipitation events diyebdrrespond to the higher
simulated fecal coliform levels.

105



100000000 + —— Obsened Fecal Coliform
= Calibrated Flow Scenario
10000000 - = Calibrated Flow and Fecal Coliform .

1000000 -

Most Probable Numbe
per 100mL

100000 -

10000 ‘ \ \ T T T )
12/31/1999 12/31/2000 12/31/2001 12/31/2002 12/31/2003 12/31/2004 12/31/2005 12/31/2006

Dete

Figure 44.Fecal Coliform concentrations at the Sumidero rtawimg point in the calibrated flow
scenario with unadjusted fecal coliform concentradi (green) and the calibrated flow scenario with
fecal coliform concentrations at maximum input lefgirple)

5.4 Scenario Descriptions: Watershed-Wide ScaBMP Implementation

5.4.1 Scenario Overview

The BMPs that focus on reduction and attenuatiosedfment, nutrients, and
pathogens are summarized in Table 14. This anakgsid the watershed model to test
the response of the watershed to wide-scale impieahen of one of the
recommended BMPs, composting latrines. Additiosahsrios that can be modeled
are described following the analysis. Not all cf 8MPs recommended in this report
can be addressed through a WARMF analysis. For pleamVARMF would not be
able to model the effects of widespread rainwadevésting systems because their
purpose is not intended nor expected to minimiki@mt loading. The watershed
model interface does not allow users to assigivangioad reduction for a specific
geographic location in the stream network. Ratter user must identify which
variables to change in the subwatersheds delinégt&RASINS, and then apply a
load reduction equal to the cumulative reductidgaiaéd by all implementations in
that subwatershed.
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Table 14.BMP implementation scenarios modeled using WARMF

BMP Scenario Contaminant WARMF Tool used in
Addressed by BMP Simulation
Composting Toilets Fecal CO;I\%”S’ BOD, N Septic System
Fecal, Coliform, .
Blackwater Wetland BOD., N and P Septic System
Sedimentation, Cropland Application for BOD
Contour Trenches N and P Septic System for N and P

On the ground, each BMP operates in different waysldress different, but
overlapping, sources and loadings of pollutantsesressed in the model, however,
the load reduction can be addressed using the sgueparameter for multiple
BMPs. These descriptions identify the BMP, the aorihant it removes, how the
cumulative load reduction was calculated, the modahble that was altered, and the
subwatershed(s) that the scenario affected.

5.4.2 Composting toilets (EcoSanitario)

EcoSanitarios address loading of fecal coliformB® and P. This analysis focuses
on fecal coliform levels because it affects humealtin most and it is a powerful
indicator of waterway health. Furthermore, compugtatrines specifically target a
reduction in fecal coliform. WARMF modeling inpuelds are limited to those that
would normally be associated with a watershedde\aeloped country, such as the
United States. In the model calibrated for flow &&chl coliform (denoted in the
below figures as “Fecal Coliform — No Latrinesgatment output from the septic
system in the rural areas were set at values tbatdvmimic total failure of a septic
system, which corresponds to a load level dffé6al coliform colonies per 100 mL
of discharge, represented in Type 3 Septic Syskeguie 45).
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System Coefficients x|

Minerals | sediment | Fhytoplankton | Fetiphyton I Food YWeh | Fararmeters |

Physical Data | Land Uses I Snowlce | Heat/Light | Canopy I Litter Septic Sys.
Elowe (Licap/day) 181
Septic Systemn Discharge Quality (mgfL)
Type 1 | Twpe 2 | Twpe 3 =
Ammonia 5.8 .8 L
Aluminum 0 0 0
Calcium ] ] 0
Magnesium 0 0 0
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Sodium 0 0 o
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Nitrate 0 0 0
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Phosphate 0.98 0.93 9.8
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Figure 45.Septic system loads in rural areas per persongeriype 3 represents a 100% failing
system, Type 1 represents a system with a comppistirine which eliminates 4 log (99.99%) and
Type 2 represents a system with a composting &txinich eliminates 6 log (99.9999%).

In order to model the effects of composting latsinde group members updated the
treatment type by adjusting these values withditee values for reduction rates of
composting toilets in developing countries. Stamat{Stenstrom 2001) found that
used correctly, composting toilets reduced fecatarm levels by four to six log
(orders of magnitude), or 99.99 and 99.9999 per&arnples collected and analyzed
in San Cristébal revealed that surface water aolifevels are exceptionally high
around the watershed, particularly at the entramd¢ke Sumidero tunnel that exits the
watershed. The scenario calibrated for flow withkimmazed inputs of fecal coliform
was used as basis for producing various scenargaiqgbing the fecal coliform levels
with various levels of implementation. Table 15adéses these scenarios, which used
a high rate of reduction (6 log) and a low rateesfuction (4 log), as estimated by
Stenstrom. Scenarios of 100% implementation wendaisee what effect the
composting latrines would have if used infallibtythe rural areas. A more realistic
composting latrine implementation program, thoutjhdifficult to accomplish,
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would construct latrines in 50 percent of the homese rural area. As the levels of
coliform did not drop significantly with the 50% piementation scenario, an
implementation rate of 80% was also modeled tageatea of how rigorous of an
implementation program was necessary to yieldfsatisry results.

To reflect a 100% implementation rate in the mothed,septic system discharge
guality was improved to Type 1 discharge qualityefbect a 4log reduction and with
Type 2 discharge quality to reflect a 6log redutid fecal coliform. To reflect an
80% (or 50%) implementation rate, 80% (or 50%)hef $eptic system discharge
quality was set for Type 1 for the 4log reduction &ype 2 for the 6log reduction,
and 20% (or 50%) was set for Type 3 reduction, ifmimthe effects of having no
septic system for those households.

Table 15.Scenarios modeling fecal coliform reduction wit

posting latrines

Scale of Initial Fecal Fecal Coliform Fecal
Scenario Reduction Percentage Coliform Reduction with Coliform
(Stenstrom Reduction (MPN) per | Treatment (MPN) (MPN) per
2002) 100 mL per 100mL 100 mL
. . . 0
Composting thnnes 10" in 50% of 10° in 50% of
4log fecal coliform households. 0 in households,
reduction, 50% : 10° in 50% of
. ; 50% of households
implementation households
. . . 0
Composting thnnes 10" in 80% of 10° in 80% of
4log fecal coliform 4log . households,
. 99.99 households, 0 in X
reduction, 80% 10° in 20% of
. ; 20% of households
implementation households

Composting Latrines

4log fecal coliform 10%in 100% of | 10°in 100% of
reduction, 100% households households
implementation 1% in 100%

c ina Latri of households| 16 in 50% of
omposting Latrines 16P in 50% of in b0
6log fecal coliform households. 0 in households,

reduction, 50% ; 10° in 50% of
. ; 50% of households
implementation households
. : . 0
Blog fecal cotform. 1 in g% of | 7 18008
. 6log 99.9999 households, 0 in X :
reduction, 80% 10° in 20% of
. ; 20% of households
implementation households

Composting Latrines
6log fecal coliform
reduction, 100%
implementation

10° in 100% of
households

10%in 100% of
households
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Assumptions

Since composting latrines are not likely to be iempénted in urban households, it
was assumed that the implementation area is linbitéde rural regions. In all
scenarios modeling composting latrine effectivenpsmt source inputs from the
urban center were considered negligible for twgoea. First, it is likely that
SAPAM will construct a wastewater treatment planthie next few years, as the
utility is already considering plant designs (Bdaczt al. 2006). This management
practice will greatly improve urban waterway andgrfan health, but it will not
eliminate 100% of the urban point sources. For easenulation, though, urban
point sources were eliminated for this analysis ofd, ignoring urban inputs makes
it easier to analyze the cumulative effects oflracenposting latrines, as the urban
point source inputs from residential sewage overtba system, particularly in
periods without precipitation.

Figure 46 plots the modeled fecal coliform trendth\ywoint sources and no
composting latrines (orange curve, which represemtent conditions), without
urban point sources or composting latrines (greewe), fecal coliform levels with a
100% implementation rate of composting latrinesiasesg a 99.9999% effectiveness
(pink curve), and fecal coliform levels with a 1008tplementation rate of latrines
with the same effectiveness in the rural areaswiithturban point sources, assuming
there is no wastewater treatment plant (blue cuiMed model's simulated results
show that during high flows (flows are represerigdhe dark blue curve), a large
amount of groundwater contaminated by septic sysisrmobilized in the top soil
layer and enters surface waters (green curve).rélaionship can be seen in all
figures illustrating the scenarios, as flow is f#dton a secondary axis. The steep dip
occurring during the dry season in the green cigpartially due to the lack of urban
point sources in the scenario; the orange curvershat the sewage system
contributes to the system during all months ofytbar, regardless of precipitation.
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Figure 46. Comparison of Modeled Fecal Coliform with and withthe use of Composting Latrines
in Rural Areas at the Sumidero with a 6 log Redurc{99.9999%) at the Sumidero monitoring point

Results

In accordance with literature values, these scesanodeled a reduction in fecal
coliform of four to six orders of magnitude. At tBemidero monitoring point, where
the entire watershed flow exits the system throarglunderground tunnel, the results
yielded an average annual reduction of fecal cohfon the surface waters of 64%,
with a 100% implementation rate. The rate of reidincthanged dramatically during
the periods of precipitation, fluctuating from a % reduction during precipitation
periods to 0% during no rain periods. This is pagsilue to the constant introduction
of fecal coliform from animal feces through thel smlumn. Because the 4 log and 6
log reductions were so similar (Figure 47), onlyulés for the 4 log reduction are
shown in this report (Figure 48), as the percentadactions were identical (Table
16).
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Figure 48.Modeled fecal coliform with and without the usecoimposting latrines in rural areas at the
Sumidero monitoring point, 4 log reduction (99.99%arious rates of implementation are compared.
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Table 16.Percentage reductions for each scenario

Composting Latrines Scenario
Reduction in Fecal Implementation Rate in ozl Watershed
X Reduction of Fecal
Coliform Rural Areas X

Coliform (percent)

50% 32

4log (99.99%) 80% 51

100% 64

50% 32

6log (99.9999%) 80% 51

100% 64

Scenario Analysis

Pollutants from septic systems are dischargedsoiidayer 1. From there, pollutants
are transported to the streams by the delayed Wavethat travels through the soill
column. Despite substantial reductions in septitamination of the soil, the 4 log
and 6 log treatment types do not provide 100% reoiicand do leak some fecal
coliform into soil layer 1. This slow pollutant Idiag is a contaminant source that is
carried to the streams by groundwater flow in tyelayers of the soil. During rain
events, the characteristics of the model’s saiicstire results in a high percentage of
flow from soil being transported through layer ltloé soil. This large volume of
water dilutes the fecal coliform load in both thieg and 6 log scenarios, and so the
concentration of coliform in these scenarios dnefik the corresponding rise in
rainfall.

The scenarios which modeled 50% implementation, BOptementation, and no
implementation of composting latrines deliver fecaliform to soil layer 1 at a
substantially higher rate than the 4 log and 6slognarios with 100%
implementation. Group members posit that the lae oh groundwater flow in
ambient conditions results in a bottleneck forfooin transport to the streams. With
the arrival of the rainy season, the stockpileadifarm bacteria is mobilized by the
high rate of surface and groundwater flow. Thefoain concentrations in the river
rise, and continue to be input into the rivers high rate until the tail end of the rainy
season. Again, the effect of the septic systemsobform contamination is
determined by both the effectiveness of the treatrard the transport capabilities of
layer 1, which has a high flow discharge rate mmiodel.

There does not appear to be much difference id fbg and 6 log scenarios in the
reduction of fecal coliform concentrations in thater. This is true of both full and
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partial implementation. There may be a controll@se scenarios that prevents the
difference in reduction, two orders of magnitudenf being expressed obviously in
the results. One possible explanation is that sokite numbers of fecal coliform
colonies per 100 ml, the difference between thesaaios, in relation to the status
guo of no treatment, is not substantial. Anothessgality is that at such reduced
numbers, the decay rate of the contaminant is & significant downstream factor
than that of the difference in reduction rateshwylatrines.

Findings

Figure 48 reveals that at a 100% implementatios, mposting latrines are
extremely effective. However, even these major rfemtieeductions in fecal coliform
are still out of reach of the Mexican standardfémal coliform at 240 units/100mL
(Table 8). It is a possibility that these standandsunnecessarily low; Blumenthal et
al (Blumental, Mara, Peasey, Ruiz-Palacios, antt 3690) finds that the coliform
guidelines for many developing countries may bestiomgent for irrigation with
surface water (which is much of the water’'s endaigdbe far end of the underground
tunnel), and could be relaxed to a limitdf00,000 fecal coliform bacteria per
100mL. In this case, with a 100% implementatioe @Etcomposting latrines,
Blumenthal’'s recommended guidelines for irrigatveould be satisfied. However, it
is highly unlikely that every household would immient this management practice,
and if humans are exposed to the water during wogkay, Blumenthal et al
recommends a limit af1,000 fecal coliform bacteria per 100 mL (Blumeraigél.
2000).

It is clear from this analysis that the construttid a centralized conveyance system
to a wastewater treatment plant for the urban ameasgd benefit the health of the
watershed. Additionally, the construction of compuaslatrines in the rural regions
of the watershed would greatly improve the levéleoal coliform in the water and
would likely reduce the amount of water-born illses resulting from exposure to
pathogens. Project members recommend the impletrantd both these
management practices to the largest extent possible

5.4.3 Additional Scenario Descriptions

Partners at ECOSUR are interested in knowing tfeetsf of widespread BMP
implementation, and will continue to update thisd®ido get more accurate results.
A series of alternate scenarios are described hetole modeled by partners in the
future.

Blackwater wetland

Treatment of blackwater can be achieved by constigiartificial wetlands to
harness natural processes (Section 2.Blackwater wetlands remove nitrogen and
biological oxygen demand from the waste streamyedsas addressing fecal
coliform. Load reduction for each watershed fromcklvater wetland
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implementation depends on the scale of implemamtatnd the population served.
Calculations based on census data were used tonileéethe population in each
subwatershed of the model (Bencala et al. 2006).aMerage waste production of
114L per capita per day was multiplied per subbpsjpulation to determine
pollutant loading in each watershed (Bencala 2@06).

In the future, sewage from the urban center of Gastdbal de las Casas will likely

be treated at a wastewater plant. In additionallzion of blackwater wetland
systems is land intensive, and the urban centdready densely developed. Because
of these two factors, this scenario should anaB® implementation for the
outskirts of the watershed only. As mentionechm previous scenario, the model
currently treats the waste stream outside the ucbater as if the whole population
used septic systems, and the septic systems Hauara rate of 100%.

Scenarios should model a decrease from the cadbrabdel to incorporate low
levels of nutrients in the effluent in one scenama high levels of nutrients in
another scenario of each parameter. Similar tadneposting latrines scenario,
project members recommend modeling implementaatesrof 50%, 80%, and
100%.

Table 17.Literature values for effluent from a constructeetland system with a septic tank and
surface water discharge (Henneck, Axler, McCarthignson Geerts, Heger Christopherson,
Anderson, and Crosby 2001)

BOD TSS Total NO3 (converted Total Fecal

(mg/L) (mg/L) Nitrogen | from Total Nitrogen) | Phosphorus Coliform
9 9 (mg-N/L (mg/L) (mg-P/L) | (cfu/100mL)

9-44 8-16 16-60 70-265 0.4-11 35-1900
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Lystem Coefficients d

Minerals | sediment | Phytoplankton | Feriphyton | Food Web | Fararneters |

Physical Data | Land Uses | Snowdlce | Heat/Light | Canopy | Litter Septic Bys.
Elow (Lfcap/day) 181
septic System Discharge Cuality (mogfl)
Type 1 I Type 2 I Type 3 =
Ammonia L8 0 1]
Aluminum 0 0 1]
Calcium 0 0 1]
Magnesium 0 1] 1]
Potassium 0 0 1]
Sodium 0 0 of_
Sulfate 0 0 1]
Nitrate 0 70 265
Chloride 0 0 1]
Phosphate 9.8 0.4 11
Org. Carbon 0 1] 0~|
Fecal Coliform 1000000000 35 1900
BOD 170 9 Mﬂ

/ 0k ann-:eI ? Help

Figure 49.Septic System Coefficients for Blackwater ConseddiVetlands. Treatment Type 1
represents no septic treatment, Treatment Typergsents high levels of treatment in constructed
wetlands, and Treatment Type 3 represents lowdesfeleduction for all available nutrient loads.

Contour trenches

Contour trenches (Section 2.3.5) act by reduciagileg from soil erosion from
cultivated hill slopes. The main pollutants addeelsare excess sediment load, and
nitrogen and phosphorous from fertilizers. Literatsuggests a potential runoff
reduction of 75% and 70% for phosphorus and nitmpgespectively (U.S. EPA
2006; US Environmental Protection Agency (EPA) 200Bxperiments indicate that
contour trenches can reduce erosion by as muc@%g#RR 1998). An analysis
should apply these reductions to the calibratedttimient levels for contribution
from the cropland land use in WARMF.

Not all of the cropland in the watershed is on $litpes. The constituent reduction

should be calculated from the percent of total satbyghed cropland that is sloped,
which should be determined as any land with a stppater than 5%. To determine
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the percent of the cropland in each subwatershedglon a sloped hillside, partners
can analyze the effects of contour trenches by auntdpa GIS land use layer with a
hill slope layer, then overlaying it with a layezloheating the watershed into the
subwatersheds used by the moé&ahally, the reduction per subwatershed can be
created from the ratio of sloped to level cropland applied to the subwatersheds in
the WARMF model.

5.5 Recommendations

Project members strongly recommend continued mongaf water quality and

flow. It would be extremely helpful to have addrtad flow measurements,

particularly during large rain events in order tmg the magnitude of the flow at the
monitoring points. However, capturing these measerds can be dangerous, as high
flows through the riverbed can have very strongenis. These measurements would
be particularly helpful at the Sumidero monitorpgnt, as that site yields a
cumulative measurement that is an indicator of vgaed-wide health. With caution,
the cross-section and flow can be measured atuslavels of water surface
elevation, and a rating curve, which serves tares flow by knowing the stage
(water surface elevation) of the water surface,lm@adeveloped through a free
modeling program like HEC-RAS, created by the Whiates Army Corps of
Engineers. Once the rating curve is developedfagige should be painted on the
wall of a culvert or bridge structure to assisvisually determining stage. Knowing
the approximate flow measurements for the monigppaints will affect the
concentrations of nutrients and pollutants in tla¢enshed model. More details can be
found on this method in the first San Cristobalugrgroject report (Bencala et al.
2006)and in a HEC-RAS rating curve creation ingtaicmanual (Rahmeyer 2002).

It is important that as project partners add newnitooing data, they continue to
update other features of the model as well. Som@eiinoputs are required to
generate output, such as daily rainfall data, ssfélctor is the main control on river
flow. Other parameters in the model remain constard the model will continue to
generate output without further changes. Howewepyoved data collected by
geological studies for some of these parametdes shil thicknesses and hydraulic
conductivity, would greatly increase the accuratthe simulations. Group members
recommend that partners obtain more detailed dathesoils of the watershed
through information sharing with governmental aod-4governmental organizations
in the region or through direct field studies.

5.5 Conclusions

This model can be a useful tool to inform futurenaxg@ement decisions. Partners will
be able to use this model to help determine a rahgeanagement actions and
estimate what effects the practices might haveafiemented. With additional data to
better calibrate this model, the accuracy of thagenshed model will increase. One
probable impact on the sedimentation rates of emshed’s waterways that this
model so does not address currently is the effeetasion from the pressures on the
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forests that surround San Cristébal. The followehgpter addresses this issue, and
provides strategies to lessen these impacts.

6.0 Reforestation

As one aspect of this project, a site prioritizatemalysis was performed to inform
reforestation efforts by local stakeholders. Beealeforestation is widely suspected
of a detrimental effect on water quality in Chiapascording to the results of a
survey done by ECOSUR, this portion of the progegiports the goal of
implementing programs that contribute to effectivager resources management. The
analysis incorporated geospatial information frowraaety of sources, as well as
review of other studies and communication with et formulate specific advice
targeted to assist the reforestation campaign. IResiuthis analysis and
recommendations were delivered to stakeholdersjfegadly Alejandro Ruiz
Guzman, a reforestation activist and campaign dé¢oatdr from San Cristébal, and
partners at ECOSUR.

6.1 Background

The topography of Chiapas can be characterizegt®ads of level land bordered by
abruptly sloping mountains. Several decades agdatidscape was covered by pine,
oak, and pine-oak forests, where community comjpositaried by elevation (Figure
50) (Gonzélez-Espinosa, Quintana-Ascencio, RaniWteial, and Gaytan-Guzman
1991). Historically, though, at least some levetleforestation extends back for
centuries due to traditional slash and burn agucelland commercial logging,
preferentially of oalQuercusspecies. Hillside patches knownra#pasthat are used
for corn cultivation would often be abandoned foliog a few years of use, so that
the natural succession of grassland and forestll@sed to occur (Figure 51).
Primary succession often favors piPusspecies. Unfortunately, the time scale of
human-induced fragmentation is not normally longuegh to allow tree populations
to naturally reach a successional equilibrium (@guGolicher, Maria Rey Benayas,
Gonzales-Espinosa, and Ramirez-Marcial 2006a). ,Tihissdifficult to achieve
restoration to the natural landscape.
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Forest type

Envircnmental features

Characteristic species

Evergreen cloud

Pine-oak-liquidambar

Pine-oak

Ok

Transitional

Altitude between 2000 and 2700 m.
Permanent humid conditions as a result
of high rainfall and/or tog interception
Altitude between 1800 and 2 100 m,
high raintall and low seasonality

Altitude between 2100 and 2600 m,
exposed to highly seasonal conditions

Altitude between 1900 and 2100 m,

dry climatic conditions

Altitude below 1700 m, warm
terperatures and dry climatic conditions

Persea americana, Clethra macrophylla, Cleyera
thecides, Primus brachyboreva, Parathesis lepropa,
the arborescent tern Cyather fulva

Ouercus crispipilis, Panus vocarpa, Liguidanbar
styvaciflua, Clethra suaveolens, Rapanea myricoides,
Sawrauia seabrida

Quercus crassifolia, Ouercus Tauring, Querens rugosa,
Finus ayacahuite, Pinus psevdostrobus, Farus
tecumumanis, Garrya lavrifolia, Arbutus xalapensis,
Alnus acumingra, Cornus disciffora, Oreopanax
xalapensis. Prunus sevoting, Raparea juergensenil
hwercus segoviensis, Juniperus gamboana

Ternstroemia eocarpa, Sebastionia cruenia.
Eueenia capulioides. Parathesis belizensis,
Xvlosma fexvosum, Cupania denvata

Figure 50.Five major categories of forest types distributedaghout the Highlands of Chiapas
determined by (Cayuela et al. 2006a)

Successive fragmentation led to a more modern apbsaic in the deforested
areas evidencing past deforestation through thetyasf successional stages. Stages
visible today include fallowed fields, grasslandgdahrubland used for grazing,
alongside early-successional forest, mid-succeakforest, and mature forest.
Patches of old-growth forest are quite scarce (Elayet al. 2006a). Instead, much of
the previously forested land consists of young sdaoy forests and permanently
cleared grazing and cultivated areas (Cayuela,avRey Benayas, and Echeverria
2006b). In observing the current landscape, thelatieg need for resource
management intervention is apparent.
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Cristobal

A number of social and economic factors have cbuted to the deforestation
dilemma. The population has swelled dramaticallZimapas over the last 30 years,
leading to a combination of drivers that exacerblaf®restation effects (Figure 52).
These include agricultural intensification, expansof cultivated areas into forested
lands, and a higher rate of forest product exwac{Cayuela et al. 2006b).

Agriculture and other land uses tend to erodedpedtganic layer of soils, resulting

in lower productivity levels (Chavez 2003). SansBybal has also seen an increase in
livestock grazing on steep slopes, which easilgesdhe thin fragile soils (Bencala

et al. 2006).

Social unrest due to the 1994 Zapatista movemawbtgd many of the indigenous
populations in Southern Mexico (Bencala et al. 2006gration of displaced citizens
to San Cristdbal is quite common given the citgisgd history as a cultural and
economic center. Unfavorable labor and economaticgiships between indigenous
Mayan groups and the regional and national econmmnginue to distract
stakeholders’ attention away from conservationasgCayuela et al. 2006b).

As the urban center of San Cristobal expands, wiottee forested areas are cleared
to obtain forest resources and increase alternktne uses, especially subsistence
agriculture (Bencala et al. 2006). Lack of avakaloiw elevation lands forces
subsistence and marginal farmers onto increasstgiper areas (Cayuela et al.
2006b). Finally, the use of low technology farmimegthods by these individuals
often neglects appropriate soil conservation messur
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Figure 52.The history of population change in San Cristdlmh 1528 (when the city was founded)
until 2000 shows an overall exponential increasen(®la et al. 2006).

The percentage of existing forests, both in Sast@al and Chiapas as a whole, has
declined steadily since the 1950s (Bencala et0fl6p Analysis over the state of
Chiapas shows an increasing trend in deforestaditen where up to 4.8% of the
state’s land area was deforested each year froi tbte2000 (Cayuela et al. 2006b).
It is estimated that between 1975 and 2000, apprately 50% of the total forest
cover in the Chiapas Highlands has been lost, veloilee of the remaining forests
have been degraded by human use. Models haveisphgifletected high losses in
transitional forests and evergreen cloud foregirfrants, and a smaller loss in oak
forest (Cayuela et al. 2006a). In the most recealyais, the remaining forested land,
ranging in age from primary and secondary forestaiked pine and oak forests,
comprised about 52% of the landscape (Figure 53).
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Figure 53.Photograph of deforested hill slopes above Sartdas de Las Casas, taken in June 2006

As a result, many of the residual forest standiesfifom fragmentation and
increased edge effects (Cayuela et al. 2006b) nkeated forests and secondary
forests that have re-grown after the land was etbtend to suffer a reduced capacity
to provide ecosystem services such as flood watetiaration, soil stability,

pollutant filtering, and erosion control (Bencataak 2006) (Figure 54). Increased
loss of soils from the land can increase turbiditg carry additional non-point
pollutants into waterways, which impacts both aguige and the usability of the
water. Reduced infiltration also decreases thenpiaigfor aquifer recharge. Flooding
can have a detrimental effect on water qualitydpidly delivering untreated storm-
water into rivers, or at an extreme level, by cagdoss of life and property.
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Figure 54.Secondary vegettion growth on a orested Iuibi San Cristobal

Aside from these direct impacts on water resoudgesimics, deforestation also
contributes to biodiversity loss, reduced carbamnagje, disturbance of
biogeochemical cycles, and reduction of a resobard for pharmaceutical
development (Gonzéalez-Espinosa et al. 1991). Dsfatien similarly leaves lands
with exposed soil more susceptible to natural desasuch as landslides, which
creates a hazard for people living nearby (Cha@88Q Habitat loss creates a
significant concern for San Cristébal’'s watershegarticular, a hotspot of
biodiversity, because of the presence of two engiatgspecies: the San Cristobal
ShrewSorex stizodoand the San Cristébal PupfiBnofundulus hildebrandi
(Bencala et al. 2006). Similarly, ecosystem lossega concern since the watershed
lies within two World Wildlife Ecoregion protectedeas (World Wildlife Fund
2007). Lastly, climate change is expected to beihemfluenced by climate change,
making the need for conservation even more preg&dgez-Mendoza, Vega-Pena,
Ramirez, Palacio-Prietoa, and Galicia 2006).

6.2 Approach

Scientists at ECOSUR initially recommended addnestie impact of deforestation
on San Cristobal's watershed as a part of thissptoRecognizing the importance of
watershed-wide land use management to healthy waysr the UCSB students
elected to adopt this task. There are a varietyayfs to address the impacts of
increasing deforestation, including farmer educatar agricultural best management
practices such as contour tillage and utilizingmébn ponds for storm drainage. The
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BMP how-to manuals, as well as the “Reforestatityat&gies” section that follows,
address some of these preventative approaches iApp).

In order to improve land management where indisoi@mt deforestation has already
occurred, conservation of existing forest shouldt®mbined with extensive
replanting of high-quality diverse forest speci€ayuela et al. 2006a). Added in with
preventative measures, reparative efforts will dpestoration of a well-functioning
landscape that provides ecosystem services refatedter quality. Thus, the project
chose to work within this context as well.

Through ECOSUR, the students were allied with alloeforestation organizer,
Alejandro Ruiz Guzman, who has previously workedanjunction with San
Cristébal’s utility agency (SAPAM), schools, andhet stakeholders to attempt to
remedy the problems caused by deforestation (Gu20@wn). Through the efforts of
Guzmén and others, several locations for seedliltgyation, donation of project
materials and many donors, volunteers and supgdntare been found. The primary
mission of the Reforestation Campaign was to e@uoatnmunity volunteers,
schoolchildren, and indigenous farmers about tmetits of reforestation and enable
them to plant donated seedlings. Although surraumpdreas facing the same issues
have undergone reforestation projects, this campapgresents the first such
undertaking in San Cristobal and the surroundintprgaed.

The initial project received great support from plecof all ages and social classes,
where about 10,000 volunteers and more than 6,6i@@ofchildren planted over
150,000 trees before October 2006. Radio statgmsernment organizations, private
companies, and even sports teams were engagepgdorsthe cause. The seedlings
were spread over 41 distinct plots of land for wapermission was obtained to do
the planting (Figure 55). SAPAM was a major supgors they hoped to take action
to recover, take care of and preserve the foresishvhelp to recharge the water
table. This groundwater supply feeds springs ants\eat are pumped to supply the
town’s 200,000 inhabitants. Through the reforestaiampaign, SAPAM hopes to
guarantee the usefulness of this water supplyttodgenerations, and to conserve
the diverse ecosystems of Chiapas.
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pine seedling planted during the first major rekiation effort in San Cristdbal

Figur 55.

A second major effort is planned to run from Jufi¢éolSeptember 1% 2007, backed
by a donation of 100,000 seedlings from severalllooganizations, including
Viveros de La Albarrada, Na Balom, Conafort, andd8res. The new goal is to plant
400,000 seedlings. Organizers are also now wortkirggtablish a traditional
breeding ground, where a large continuous plantaifdhe desired native species
could be established. Though the campaign hasddesmely successful so far,
input was requested from project researchers regpsgveral areas where gaps in
knowledge existed, in order to extend collaboratioprove research capacity, and
benefit the long-term direction of the campaigne Jinoject members were asked to:

» Calculate the total land area that has been dééut@s the watershed using
satellite imagery;

» Determine which areas to reforest in the watersis#ug spatial information
datasets;

* Propose strategies for the second reforestatiamtgff

» Compare production costs of seed collection andrgpws. collection and
reproduction of trees by stakes with hormonal trestt for root induction, in
order to lower the price of production costs anduarantee a lower
percentage loss;

* Propose strategies for collection of seeds ancestak

* Propose a strategy to evaluate the success o¢fin@station over time.

Given the available resources and timeframe, athefabove areas were focused on

except a cost-benefit analysis of the various seggiroduction methods. The
researchers worked closely with several expett#CG&B to gain perspective on how
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the reforestation model should be aligned. The tatboio de Analisis de
Informacion Geogréfica y Estadistica (LAIGE), afiad specializing in geographical
and statistical mapping applications at ECOSURsts$the effort (Laboratorio de
Andlisis de Informacion Geografica y EstadisticQ@®0 Finally, the group members
collaborated with Trees for the Future, a Uniteat&i-based NGO that works
predominantly in developing countries (Trees FerFature 2007). This organization
provides planting materials and technical knowledgeagroforestry and sustainable
development, in order to help communities retumirttlegraded forest lands and
struggling farmlands to sustainable productivityeds for the Future assisted the
project by helping to formulate strategical advidenating seeds, and engaging in a
partnership with the reforestation organizers in Sastobal that will continue after
this project is completed.

6.2.1 Technical Approach

Geographic Information Systems (GIS) files wereaot®d from LAIGE. These
enabled a computerized multi-criteria analysisrefia that should be targeted for
reforestation using ArcGIS 9.0 (ESRI 2007). In &ddito assisting the reforestation
campaign, identifying these areas these areaswmamove understanding of what
impacts might be seen on the watershed as a wimksuiccessful long-term
reforestation campaign were initiated. Quantificatof the land area targeted, along
with knowledge of the plans for reforestation, allfuture scenario development that
can be analyzed using the WARMF model.

Case studies of deforestation analysis were reeme individuals experienced in
modeling, hydrology, and the effects of land usevater quality were consulted.
This led to the formulation of a model outline sfiedo the goals of reforestation
efforts in San Cristdbal's watershed (Figure 5&)mplex statistical and spatial
analyses and ground-truthing of the model wereasobmplished within the scope of
this project, as the main purpose was to providiear answer to stakeholders’
guestions within a limited timeframe. Neverthelesany diverse factors were
considered in the model, including a location’pslosoil type, and distance from a
major waterway, as well as whether the area wasqurely deforested or under land
use that would compromise the ability to extendfarestation effort there.
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Figure 56.Conceptual diagram for reforestation prioritizatmodd Tasks initalics not utilized

One of the three main components of the modeliishkeof an area contributing to
degradation of the watershed, was estimated by rwngbseveral layers of
information, which were chosen because of theiusion as a variable in the
Universal Soil Loss Equation [Equation 5] (Chavéd3).

[Equation 5] A=R*K*LS*C*P

Where

A = estimated average soil loss in tons per aereypar
R = rainfall-runoff erosivity factor

K = soil erodibility factor

L = slope length factor

S = slope steepness factor

C = cover-management factor

P = support practice factor

These layers were each ranked on a simple numbler sg that the highest values
indicated the areas most susceptible to erosioa.fdur layers created described the
spatial variability of slope, distance to rivers)nerability of soil to erosion, and

rainy season precipitation. All layers were classlifinto three values so that no layer
would be weighted more than any other.
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The universal soil loss equation indicates thatstbpe of a patch of land affects the
erosion from that area. To categorize steepneskpé, a digital elevation model
(DEM) grid with 30 meter resolution was clippedthe size of the watershed.
Hydrology tools were used to convert the rastevatlen values to slope within each
cell. The layer was then reclassified so that thpes would fall into one of three
categories: 0-15%, 15-30%, and greater than 30%\&€h2003). The datum now
contained a value of “3” for the steepest slop85f6r moderate slopes, and “1” for
fairly level ground (Figure 57Figure 1).

Rivers !
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B 15-30% B
=300 s

Figure 57.Hillslope in the mountains of San Cristébal deCasas

Second, to account for the potential for non-ppwitution, distance to rivers was
calculated for each location in the watershed uainwulti-ring buffer tool in the
“Coverage Tools” toolbox. The rivers layer wasiadly provided by LAIGE and
processed during the first San Cristobal projesthtow the major tributaries in the
watershed: the Chamula, Amarillo, Fogotico, and Bleno Rivers. Calculation of
flow length along the paths of flow direction natlly created by topograghical
differences would provide a more accurate estiroatBstance to rivers, but was not
possible without excessive manipulation, sinceShmidero River exits the
watershed through an artificial tunnel that is redtected in the DEM.

Buffer distances were set to 100, 500, and >50@reéFigure 58). Areas within 100
meters of a major waterway were considered mostali since much of the runoff
that falls on riparian areas is delivered direttlyhe river without treatment. Thus,
once the shapefile was converted to a raster, #reses were assigned a value of “3,”
with areas at a greater distance from the rivasivéng corresponding lower values.
In other words, the raster reclassification assigmeanking from 1-3 that would
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indicate how much land served as a buffer betwieemobtentially eroding area and a
river.
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Figure 58.Distance from streams in San Cristébal watershed

Third, soil types provided in digital maps by LAIGEere qualitatively assessed to
determine the vulnerability to erosion. Informati@garding each soil type and the
appropriate management techniques for that type w@nsidered (Food and
Agriculture Organization of the United Nations 2D0bhe soil layer was converted
to a raster and reclassified so that the cell vecka higher ranking if it was naturally
more easily subject to degradation following de$tadon. Gleysol and Feozem were
classified as “1,” since they have a low suscelityltio erosion. Likewise, Luvisol
was classified as a “2” and Rendzina and Acrissla &,” given their higher
tendency towards land erosion and degradationviiilig a deforestation episode.
Table 18summarizes the classification. Figure 60 showsgatial distribution of the
reclassified soils. The characteristics of eacthe$e soil types are discussed in
Table 19.
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Figure 59. Soil Types in study area

Table 18 Extent and erodibility of each soil type in wateed, ranked from lowest to highest

susceptibility to erosion.

Soil Type Erodibility Area % of
Rank (Hectares) Watershed
Gleysol 1 1,867 9.3
Feozem 1 35 0.2
Luvisol 2 8,092 40.3
Rendzina 3 2,148 10.7
Acrisol 3 7,914 39.5
Sum 20,056 100
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Figure 60. Soil erosion susceptibility ranking

Table 19.Characteristics of soil types found in the watetshurrounding San Cristobal de las Casas
(Food and Agriculture Organization of the UnitedtiNias 2006)

Soil Problem | Problem
Tvne Characteristics and Management Techniques for for Tree
yp Erosion? | Growth?
Low base saturation, low-activity clay-enriched snib
Preservation of the solil surface organic matter and
. prevention of erosion are necessary when farming on  Yes
Acrisol ) ) : . No
Acrisols. Mechanical clearing of natural forestguoes (major)
land that is largely sterile and where aluminum
concentrations may reach toxic levels.
Low-input farming on Acrisols is not worthwhile.
Deeply weathered, red or yellow soils of the huitnigics
Most have good physical properties, including deibth,
Feozem permeability, workability, and microstructure. Thaxe No No

well drained but may experience drought at timess tdu
low available water storage capacity. These are les
susceptible to erosion than most other intensebthered
tropical soils.
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Gleysol

Wetland soils saturated with groundwater that dgvel
characteristic gley color
The main obstacle to utilization for agriculturehe need
to install a drainage system. When adequately ddain
Gleysols can be used for arable cropping, dainyiiag and
horticulture. However, solil structure will be dested if
soils are cultivated when overly saturated. Undydin
Gleysols are best kept under a permanent grass opve
swamp forest.

No

Yes

Luvisol

Experience clay migration from topsoil into subsaihere
the subsoil contains more clay, higher-activityysland
has a high base saturation
Most are fertile soils and suitable for a wide rad
agricultural uses, but sometimes susceptible tattral
deterioration if tilled when wet or with heavy mauéry.
On steep slopes, erosion control measures arereequi
Lower sloped areas are widely used for growing whea
and/or sugar beet while the often eroded uppeeslape
used for extensive grazing or planting of tree srop

Yes

No

Rendzina

Very shallow soils that are extremely gravelly amdtony
Particularly common in mountainous regions, thesesh
potential for wet-season grazing and as forest. [&ahdy
are often naturally under coniferous forest. Emssoa
great threat, particularly in montane regions whegh

population pressure (tourism), overexploitation and
pollution lead to forest deterioration. Leptosofsholl
slopes are generally more fertile than their coynates on
more level land. Few good crops could be grown, iy
at the price of severe erosion.

Yes
(major)

No

Fourth, a similar procedure was used, again basedeoqualitative information in

Table 19, to rank soils by suitability for tree gitb. Low seedling survival rates can
be attributed to poor soils or planting in the wg@eason. The qualitative analysis of
the soils did not reveal a stark difference inghi suitability for tree growth, and so
this element was not input into the model.
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One consideration when reforesting is the timinghefrainfall. If trees are planted
when there is not sufficient water to survive tdguatment of being transplanted,
they are more likely to experience higher mortaigies. However, because the
approach of this analysis focused on erosion ptés@rthe project focuses instead
on the different precipitation amounts that fallidg the rainy season, which lasts
from May to October. Data from rainy season ralrifayets, obtained from LAIGE,
was used for the fourth input layer. Rainy seagecipitation in the region ranges
from 1000 to 1700 mm. Monthly precipitation and rtidy erosion are known to be
linearly related (Chavez 2003).Because erosioal&ed to rainfall, the ranking of
the watershed was classified with the areas tltaive less precipitation being
classified as a 1 (Figure 61).

Figure 61. Isoyets of the rainy season in the San Cristobdsi€asas watershed.

With these four input layers prepared, the clasdifialues were summed using the
Raster Calculator tool so that the value for eahic the new layer contained
information from each of the four components. Cltad values ranged from 4, for
low prioritization, to 11. One map was created singwhe full range of values, and
another was reclassified into High, Medium, and Lverities using the equal
interval classification system in ArcGIS. This elesba visual map to be created of
where the highest priority areas in the watershecewocated.

The second main model component, the Normalizetk2intial Vegetation Index
(NDVI), was eventually discarded from the model dmu¢echnical difficulties. This
measure indicates a location’s relative biomagge@enness compared to other cells
within a satellite image (University of Arizona RggView 2002).The LandSat
satellite images are made up of between three erehdifferent bands, depending
on the model of the satellite and when it was l&ewlc “Band” is the term used to
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describe the range of wavelengths collected anlyzethfor one (University of
Arizona RangeView 2002). For example, band 3 ctdléght from wavelengths
3.55-3.93 um, which can show both forest fires aigtittime clouds. The NDVI
index value is determined by applying a standardhiéda to a rasterized LandSat
image [Equation 6].

[Equation 6] NDVI = (Band 4 — Band 3) / (Band Ba&nd 3)

After the LandSat images were processed so thatraster cell had an NDVI value,
three satellite images covering the watershed wengpared to determine the
difference in deforested area between 1991-200286060-2003, respectively. The
first comparison gave information on a longer temmd was expected to show a larger
deforested area, while the second was expectewwidpe more evidence of more
recent changes. A 1974 LandSat image was alscaélgilbut its use was not to be
attempted for the purposes of the model becauséefioyested areas from this time
period would already have undergone at least pat@cession by the current year,
2007.

The NDVI calculation for 2003 was to be used tateea masking layer that would
allow risk prioritization values to show only fdrdse cells that were already
deforested. This was accomplished by multiplyingg¢bmbined risk raster discussed
above by a reclassified binary raster where “O'tespnted the areas that were
already forested or covered by a pre-existing laselsuch as commercial or
residential land in the city. Likewise, “1” valuesre assigned to those areas that
were found to have recently cleared vegetation.NB¥1 calculations for the years
2003 and 2000 were calculated. However, as it thog, the paths of the two
flyovers did not overlap. In addition, qualitatigbservations indicated that the two
flyovers may have been at different times of yeasulting in different growth
conditions, which change the absorbance by thdligatenage, increasing difficulty
of the calculation. Due to these difficulties, Bsaciation with the low priority place
on the reforestation analysis as it relates tetope of this group project, NDVI
analysis was not completed for this model.

6.3 Modeling Results

The reforestation analysis of the San CristobdadeCasas watershed used inputs of
soil type, slope, and distance from river waysdwedop a scaled classification to
prioritize reforestation efforts in the watersh&ty(re 62). No area in the watershed
tested as high priority for all four input layefsppendix F.1). As expected, the
influence of the stream distance input is readi¢ybke. However, though an area’s
distance to streams is an influence on prioritg,eégqual weighting of the four inputs
returns a result where the influence of each lss/esomewhat visible. The analysis
also shows the high importance of the soil typaiinfphe northeastern portion of the
basin contains relatively few low priority landshite Figure 60 concurrently shows
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that this part of the watershed is almost entinede up of soil types classified as
high erosivity. For reference, soil types Rendznd Acrisol were classified as most
erodable (Table 18). It is also important to nbie émphasis this analysis places on
protecting the lands of the northeast portion efwatershed may be because this
area is in close proximity to the Rio Fogético, thryest of the main-stem waterways
in San Cristdbal, both in area and in flow (Benaalal. 2006).

Kilometers |
0 1 2 4

Figure 62.Lands prioritized for reforestation as influencedsbil type, slope, and distance to streams.
This map shows the full gradation of prioritizatiemues calculated by the model.

In addition to the Fogotico subwaterhsed, the ssmathorder of the watershed is also
classified as High. Like the northeastern portibis area is made up of erodable
soils, but it also has many portions with a stdepes(Figure 57). Finally, the thin
bands of mid-priority lands along the northern andthern mountain ranges coincide
with the orographic effects on precipitation in thatershed (Figure 61).

Broken down into categories, the prioritized lahdttmakes up the largest area is the

medium priority classification, while only a rehaly small area of land located on
the steepest slopes surrounding San Cristébahssifled as high priority (Table 20).
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Table 20.Categories and extent of watershed lands as [xdifor reforestation; values may not add
to 100% due to rounding.

% of
Hectares | Watershed
Area
High 2,454 12.3%
Medium 9,547 47.8%
Low 7,955 39.9%
Sum: 19,956 100.0%

From visual examination of the individual layeitsg result of the majority of
locations being classified as mid- priority seembe attributable mostly to two
factors: the great amount of land made up of Revadand Acrisol soils (Table 18),
and the distance from streams (Figure 58). Thelgiifidrence in total area between
Table 18 and Table 20 can be attributed to thetiffce in resolution between the
two maps, the source data for one of which is teramd the other is a shapefile.

One possible shortcoming of this analysis is thit $tream layer used to quantify the
distance to streams layer of this analysis focosethe main stem and major
tributaries of the four main rivers in San Cristblh@wer order streams in the basin
are not taken into account by this analysis, thoergision can inhibit the quality of
their waters and a portion of their contaminantlaastill transported to the main
stem rivers. If a more detailed map of the rivestegns of the watershed were
available, it is likely that this analysis wouldtegorize a greater percentage of the
watershed lands as “high.”

Additionally, the data displayed in Figure 58 regmets stream buffer distance as
applied to a two dimensional surface. A more adeway of characterizing this
input would model the overland flow distance fromieen location in the watershed
to its receiving water body. While attempted bywugranembers, the resultant GIS
layer was inaccurate due to the failure of ArcGi$ake into account that water
drains through a tunnel in the mountain, and net ¢hre border of the watershed with
the lowest elevation.

The analysis displayed in Figure 62 does not tateeaccount what type of land is
represented by these categories, or what areagbeaetly been deforested. To
address the first of these questions, this anahdied a coarse scale land use
classification layer provided by partners at LAIGHst, Figure 62 was reclassified
into three priorities — high, medium and low —ngsthe natural breaks method in
ArcGIS. Using the Identify feature in the ArcToolydhe land use layer was joined
to the reclassed prioritization layer to assesswhand uses were represented within
these prioritization categories, and to identify #xtent of each land use (Table 21,
Figure 63Figure 64). In the table and figures timahediately follow this paragraph,
all land use types are included for several readéinst, the analysis employed a
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rough land use layer, which is not accurate on allssnale. Therefore, some forest
lands may overlap with croplands or fields. By udihg all land use types, our
partners in Chiapas can see the rough distribuwidand use in the watershed, and
use this information to target their reforestatdforts. Finally, the analysis does not
include a site specific survey of currently defoeesareas, and at what rate they are
being converted to cropland or non-vegetated fi€ltie below data gives them a
baseline from which to proceed if they choose taoo this conversion more
closely.

Table 21.Land use distribution for each priority class

Land Use Priority Area (Hectares)
High | Medium | Low

Primary Forest 574 2036 971
Pine and Oak Forest 277 1235 711
Secondary Forest 659 2333 1450
Cropland 421 1652 1044
Non-vegetated fields 21 130 9(
Grasslands/Pasture 341 1257 1101
Scrubland 73 301 589
Urban 29 418 1793
Other/Unclassified 54 169 148
Water/Wetlands 5 16 -
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San Cristobal de las Casas Watershed
Reforestation Priontization by Land Use Type
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Figure 63.Combination of prioritization map and land use n&qmwing the categories of land use within eachrestation priority zone
(high, medium, and low)
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Land Use by Prioritized Area
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Figure 64.Landuse distribution of reforestation prioritized areas

While Figure 62 and Figure 64 demonstrate a caarake analysis, an NDVI analysis
would identify specific deforested sites which ¢enoverlain on the land prioritization
matrix of Figure 64. The nature of the deforestatiothe San Cristobal watershed is
small scale. Clearing is done as a cottage loggitgstry and for relatively small plots
of farmland (Bencala et al. 2006). The nature esthclearings being small in area, and
often on steep lands, complicates their identiiicathrough NDVI analysis. This
analysis was attempted, and NDVI rasters were edeabm LANDSAT images from
2000 and 2003, however, complications with overligyayers from different LANDSAT
projection sources, and the small scale widespmaawte of the deforestation hampered
completion of this aspect of the project.

Partners in Chiapas asked the group to perfornatpration analysis, and also

requested a suite of strategies to employ in thErarement and growth of their
reforestation campaign. This element of the prdj@tdws.

6.4 Strategies to Implement Technical Findings

The results of the GIS analysis performed by UC&Bents, coupled with the data
gleaned from a comprehensive literature reviewsihate a decades-long cycle of
deforestation for economic growth followed by fuatlerosion of the natural resource
base as availability becomes scarcer (Cayuela 20@6b; De JongandMontoya-Gomez
6—9 September 1994; Ochoa-Gaona 2004). Based sa toaclusions, Guzman
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appealed to the UCSB group to provide the refotiest@ampaign in San Cristébal with
a series of possible strategies to ensure a sdatpsgject. This comprehensive
reforestation initiative, as desired by stakehaderChiapas, is aimed at counteracting
decades of human-induced deforestation that caoggitm detrimentally affect the San
Cristobal watershed to this day. The campaign cdsripglementation of technical
strategies that target human influences on prelydasested land, as well as institutional
strategies that focus on the holistic managemetiteohatural ecosystem.

6.4.1 Community-Based Strategies for Reforestatibiatives

Management of the external drivers on the natwystesn, particularly human-induced
ones, is a critical component of any conservattoaiagy. Recent increases in population
concentrations have affected the way in which fasnmeanage their agricultural land in
Chiapas. Thejidosagricultural system, in which farmers own sma#iqas of land that
are then divided into small, dispersed plots (ntikety milpas or cornfields, in Chiapas)
that are tilled by individuals, has historicallyopuced low yields and has proven to be
commercially nonviable due to increasing econom@sgure. Throughout the San
Cristobal watershed, farmers have eliminated foregetation in an effort to maximize
economic yield (Ochoa-Gaona 2004). After the landeared, however, the ability of the
fragmented forests and secondary forests that gdtwgpcleared area cannot provide the
same level of ecosystem services, such as floodnaatelioration, soil stability,

pollutant filtering, and erosion control (Bencataak 2006). Soil fertility declines while
population density continues to increase and la@adctty intensifies.
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Any reforestation project that aims to put an emthe cycle of deforestation and land
degradation must first tackle the issue of comnyumibtivation. Recent efforts on the
part of Guzman to extend reforestation efforts th®community have centered on the
distribution of seedlings as investments which, mtieey reach maturity, will bring the
farmers money in the form of a reward. Unfortungtelost of the farmers discontinue
the project once payment is received (Guzman 200 .project team conducted an
extensive literature review as well as personarinéws with forestry professionals in an
effort to determine strategies that will build conmmity motivation that is sustainable past
the payment period. Based on the findings from lle¢hresearch and the interviews, it
was determined that incentives that are not baseatirect monetary gains are the most
successful.

Many programs that reward farmers with valuabledreuch as hardwoods or grafted
fruit trees upon the successful planting of a gresenber of seeds or seedlings have
been attempted. However, programs based on bdtbraterm strategy for sustainable
livelihood, along with a long-term regional stragdgr rehabilitation, will be most
successful (Deppner 2007). The most promising meamsplementing a successful
two-phase reforestation project that encouragds inobme generation and resource
sustainability is through the application of agrefiry, a land management system that
combines agriculture, forestry, and occasionalbzgrg technologies to create more
diverse, productive, and profitable land-use systemnearby lands (Deppner 2007).
Meanwhile, more marginal plots can be rehabilitatefibrests through an assisted, albeit
natural progression.

Traditionally, economic development objectives hesgulted in the proliferation of
plantation forestry — a short-rotation, high-yiéldber system that is based upon the
conversion of a species-rich natural ecosystemsjzeaies-poor monoculture ecosystem
(Ramakrishnann 2001). Alternatively, an agroforeptioject relies on natural
management that is grounded in traditional andynatied management approaches that
address forest management in terms of silviculfimest cultivation and harvesting),
ecological knowledge and socio-economic and culfaciors (Figure 62). By shifting
the focus away from timber or other commercial srtmat are traditionally planted,
which are primarily exported and of little beneétthe local community, preexisting
ideas and behaviors can be exploited and incorpatiato a design that can be
successfully implemented and managed.
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Figure 66.Two models of traditional land-use systems and th@gmentation patterns. (Source: (Ochoa-
Gaona 2004)

Farmers in San Cristébal currently “combmépasproduction with minor livestock
management and forest exploitation to cover tlosiall needs for fuelwood, timber for
construction, and other products, which graduadlgrddes forest stands (Ochoa-Gaona
2004). While this system was traditionally succeksf the past, accelerated
deforestation due to increasing land pressure miakeslonger sustainable. Still, by
tapping into the traditional knowledge of sharentlaise, a more sustainable agroforestry
approach that promotes sustainable yet fast inogenerating resources for sustainable
livelihood in its first stage and increased diviecsition for longer term development in

its second stage will more likely succeed.

142



The second stage of the implementation plan thatses on species diversification will
also address the issue of elevated soil aciditydogecting the current predominance of
conifers such as pine and spruce. While theseharestcommended tree species for
primary succession in deforested lands, they shioeilchodestly planted in the first stage
so that soil can be rehabilitated, and then pladtedhg the later phase once
rehabilitation is accomplished. During the secotads, once soil is rehabilitated, spruce
and pine can be planted in greater numbers asdsmgmplementary, acidity lowering
crops or trees continue to be interspersed. Thisfetm dominance of locally
commercial species to a more balanced mix of coroiar sustainable species with
native pine and spruce species (whose successasd loa the achieved and continued
improvement of soil health and forest diversity)lwicrease participation in the
reforestation campaign (Deppner 2007).

Other preexisting cultural and socio-economic notimag exist throughout Chiapas can
be incorporated into a reforestation/watershed mamant plan as well. These include
existing technologies such as rainwater harvesysgems and water catchment systems
like bioswales, both of which increase soils’ watgention and thereby improve soil
fertility (Appendix A).

In order to guarantee the greatest probabilityuctess from implementing a
reforestation project, foresters at Trees for theife advise that several seed collection
techniques be followed. The first step in the re$tation process is seed collection
during the planting downtime. High quality seedshef same species should be collected
directly from sites that are separated by more t@hmeters to insure species similarity
while still encouraging adequate genetic variapiiit guard against inherent quality
weaknesses. High quality seeds are those that fromerees with healthy trunk/branch
formations, high growth rates, and high resistanagisease and pests. The seeds should
also be collected from at least 30 different tneg¢ker than one, and from all parts of the
tree, in order to ensure a wide genetic base alisis important that the seed be collected
when it is mature since immature seed has low hglaind storage life. Many seed
species present maturity when they can longer iihed between the thumb and
forefinger, when the fruits begin to split openwdren the color of the seed changes.
Seeds can also be cut open to check for the presdérecmature embryo and endosperm.

For future project reference, the species, origatiector and date of collection should all
be noted and shared with any individual to whomsteds are distributed (Jaenicke
1999). Seeds can also be purchased from distribatarh as Trees for the Future, which
provides initial seed for multipurpose fast grow{MPFG) trees that can then be mixed
with the seeds collected during the first few seasaf the reforestation initiative.

After collection, the husk of the seed should beoeed and the seeds should be stored
in dry, cool, dark environments. The lids of seedtainers may need to be opened each
month in order to expel excess moisture. Seedgtarantainers should also be sturdy
enough to resist damage, but still be able tanléight — tightly sealed clear glass or
plastic canisters are ideal. Damage from the chgWwinrodents can be avoided by using
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ash as an insecticide on the seeds. The contaheud be kept away from walls and off
of floors to avoid dampness and insects (Leary22/37).

Further reforestation techniques recommended bgsTi@ The Future for application in
San Cristobal are:

» Trees should be planted as seedlings between ddn&ugust in order to establish
strong seedlings that will survive the coming degson.

» Seedbeds or nurseries that can establish a largberwof individual or small groups
of seedlings in the same location where the trakd®transplanted provides many
social benefits and also greatly increases survatak.

* Fruit and hardwood species can be planted in tbenskephase of the project once
highly productive, environmentally-beneficial treabat restore and protect the land
are established.

* Widespread, but non-traditional and infrequentlgdiee species may be useful as
starter species to improve soil conditions andetfuge encourage rehabilitation of
degraded systems. Of particular interest in shidbditation is the success of
Leucaendeucocephalaa fast-growing, self-pollinating, and multi-pugmtree
species that is widely available in improved vaegtand therefore highly adaptable
to variable weather conditions (Figure 67). The isealso highly valued for use as
live fencing, animal forage, and fuel. Leucaenadsaare high in nitrogen and
therefore quite effective as natural fertilizers.

» Trees should be allowed to grow for at least 18 tmobefore being harvested.

R T

Figure 67.LeucaendeucocephalgdHolmes)
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Several agroforestry techniques that can be impi¢den combination with tree-based
reforestation initiatives in San Cristobal wereameended in an interview by John
Leary from Trees for the Future. These include:

» Contour planting: This technique, discussed inBMP section, can be highly
effective in the San Cristobal highlands by guidiamfall and other runoff into
groundwater aquifers, which will minimize soil ei@s during the rainy season.
(Appendix A.5)

» Firebreaks: Because fire is recognized as a maturbance in Chiapas that
degrades habitats and reduces ecosystem servarasy$ constructed of fire-tolerant
tree species can help to protect more income-degmerickes or crops (Roman-
Cuesta, Retana, and Gracia 2004). Fruit treessaraly fragile and are therefore
particularly benefited by firebreaks.

» Live Fencing and Livestock Management & Forage 3r&an Cristdbal has
experienced an increase in livestock grazing ogpssdopes, which has led to erosion
of the thin and fragile soils (Bencala et al. 203 veral successful agroforestry
projects rely on the use of a single tree speciedeucaenato act as a free,
sustainable source for an enclosure to protecitsgnspecies and also to serve as
animal forage to beef up cattle.

Any community-based project should include an etlanacomponent to supplement the
technical implementation. It is important to recagnthat adults living in Chiapas are the
primary users, and therefore extractors, of thedband its products and therefore have
more urgent behaviors that must be targeted imntedgiéSection 3.0 outlines an
education program aimed at both schoolchildrencamdmunity members in San
Cristébal that can be easily adapted to forestyas and related back to watershed
health.

6.4.2 Institutional Strategies for Reforestatioitiftives

In addition to bottom-up community-based initiaBysustainable reforestation initiatives
must also include strategies to modify current ficas through top-down institutional
mechanisms. Working within policy-making institut®to influence changes in land
management and watershed health regulations cesasethe legitimacy and ensure the
enforcement of management proposals.

Mexican land tenure laws that govern the systemiffasagriculture only give farmers
the right to use the land, not own it. Furthermdine, farmers have no real jurisdiction
over the other resources that are inherently interected with the ecosystem such as
water, fish, and minerals. Instead, these resoustaain the property of the Mexican
government and, as a result, the farmers haveaemiive to use an integrated land-use
approach (Ochoa-Gaona 2004). At the same timegdtiernment has not crafted policies
that support development of the margimalpaslands, leaving the farmers apprehensive
of land management alternatives (De Jong, Cairaggerty, Ramirez- Marcial, Ochoa-
Gaona, Mendoza-Vega, Gonzalez- Espinosa, and Mdifshit 1999). It can therefore be
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beneficial to both the marginalized farmers anddbégraded ecosystems to make an
effort to effect policy change as part of a reftmgen effort.

Much of environmental policy regarding natural ne®e protection is based on forest
conservation regulations. For a long time, ecosysteanagement policy focused on
establishing reserves in areas prioritized for eoretion or restoration. Recently,
however, there has been a movement away from téibod and towards integrated
landscape management where conservation effortseai@cused on the detection of
biodiversity hotspots, passive and active restonasites, and sustainable forest
exploitation by the local indigenous communitieayGela et al. 2006a). Designating
communal forest ownership (a “commons”) often rexugressure to clear land and is
therefore lauded as a basis for a policy initiatk®m such a policy comes a landscape
management system that is based on shared tradigoalogical knowledge. After all,
when resources are jointly used by individuals wittommon heritage, reforestation
projects tend to be location-specific and highlytipgatory (Ramakrishnann 2001). The
resulting integrated, human-manipulated ecosystesuch a traditional society remains
in step with the ecological, socio-economic anduwal components of the environment
(Gliessman 1989).
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SUSTAINABLE DEVELOFMENT

LANDSCAPE AS & UNIT
SITE SPECIFIC
TIME FRAME {(SHORT/ILONG-TERM STRATEGY)
STRENGTHEN INTERMAL CONTROLS AND
REDUCE SUBSIDIES
. SOIL AND WATER CONSERVATION/MANAGEMENT
- TRADITIONAL/APPROPRIATE TECHNOLOGY
- ENHANCE BIODIVERSITY
- RESOURCE OPTIMIZATION

REHABILITATION

- HISTORY AND CAUSES . VILLAGE LEVEL ORGANIZATIONS
OF DEGRADATION . FLEXIBILITY
- SUSTAINABLE LIVELIHOOD - MONITORING
- COSTIBEMEFIT SHARING e CREDIT/MARKETING
. COMMUNITY PARTICIPATION - LINKAGES WITH GOs/NGOs!
ROLE OF WOMEN SCIENTISTS

- EMPOWERMENT - INCENTIVES
- TENURIAL RIGHTS
WVALUE SYSTEM

Figure 68.Interactive Factors in Ecological Rehabilitatiora(®akrishnann 2001)
Perhaps the most prevalently successful policigardeng natural resource management
at this time are those based on economic incentiMesse various policies work to
impose environmental taxes and subsidies to comacket distortions, create markets
for forest ecosystem services, establish sustarfatdncing mechanisms, develop
incentives for land managers, develop an instihaidramework to match local
conditions, and attempt to correct market faillm®tigh more equitable cost and benefit
distribution (Pagiola 2005).

As an example, in “Tales of Dissemination in Snkakm Agriculture,” Judith Tendler
describes the success of a “good credit subsigiegjram that was based on the
principals of high subsidies and high disciplineiidler 1994). Farmers first received
credit at very low or even negative interest raesrder to buy certified items such as
rootsock, seedlings, or fertilizer. The use ofigsied credit to purchase the certified
products was carefully monitored by the lendingreges and stakeholders. Because
states like Mexico often hold a monopoly over femggputs, control over the supply
and effective monitoring were already built in. fh@rmore, the subsidy had automatic
“sunset” provision that meant it would be discon@d once the initiative’s objective was
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accomplished. The success of the program lay ifetttethat it was specific and included
performance demands.

Working independent of policy, microfinance hasdree a popular method of
encouraging natural resource protection and ecandeuelopment simultaneously by
focusing on giving loans to women in poor commusitio start small businesses so that
they may generate income they would not otherwae hReforestation initiatives in
Chiapas could integrate loans from microfinancétimgons into projects that sell
valuable hardwood or fruits from sustainable haeesrees.

Additionally, some economically-grounded policiee hecoming more widespread.
These are based on mitigating the effects of ciknchinge through carbon sequestration
projects (Figure 69). Due to the Joint Implemeptaprogram launched by the
Intergovernmental Panel on Climate Change throbghKtyoto Protocol in 1997,
countries such as Mexico may transfer or receivisgon reduction units resulting from
projects aimed at reducing emissions or enhan@nvals of human-induced
greenhouse gases ("Kyoto Protocol" 1997). Agaia,‘thop tree” agroforestry approach
is cited as being the best implementation optisrcésbon-sequestration policies because
of the system’s high biomass productivity and af&tctiveness (De Jong, Soto-Pinto,
Montoya-Gomez, Nelson, Taylor, and Tipper 1997&k &groforestry for carbon
sequestration approach is usually characterizeddyiduals and small groups involved
in small-scale systems that reflect site-specifesmagement and individual adaptation
based on personal interest, local conditions, aadipus experiences.

Mg C

With project

Without project

Years

Figure 69.Hypothetical effect of a carbon sequestration féorastry project compared to a non-
sequestration project; in megagrams (Mg) of cagpemyear (De Jong, Tipper, and Taylor 1987b)

In Chiapas, efforts to develop new models for friag land improvements with carbon
offsets as a source of investment capital havdtessin the Plan Vivo management
model (De Jong et al. 1997b). The Plan Vivo syséerards certified carbon offset
credits to rural communities for completing aciegtto sustainably manage their natural
resources. Carbon offsets acquired through the gegment plan are registered for sale in

21 megagram = 1 metric ton = 1000 kilograms
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a carbon trust fund, providing a cost-effective affetient framework through which
rural communities and small-scale farmers can gpete in emerging carbon markets.
The revenue stream generated by carbon salessmoaler start-up costs associated
with land use activities that would not otherwigefinancially viable (Orego 2005).

The most effective policies for counteracting re&iation will aim to regulate land-use
change so as to reduce further degradation wiskelahiting carbon emissions to the
atmosphere over the short term. Policymakers amgpaggn organizers should, however,
distinguish between these two effects, and focesihst time on managing short-term
influences such as deforestation while allowinggkderm influences such as climatic
change to be addressed as an ancillary benefiegbdlicy (Gomez-Mendoza et al.
2006).

6.4.3 Evaluation Strategies for Reforestation #tities

Any reforestation project that is initiated mustrbenitored and evaluated in order to
gauge its effectiveness. Pushing a strategy tlwaegrineffectual or even detrimental to
the project goals wastes valuable time and resswben one could instead change
tactics and modify content to design a better-gyit®ject.

This report contains current GIS land cover and WQ@ata that serve as a baseline
indicator for any project that the Reforestatiommpaign chooses to implement. Once
implemented, the Reforestation Campaign shouldimoatG1S forest cover and WQQM
modeling in order to measure the success of theerthapproach. Other approaches to
tracking forest health and trends over time areotoduct field surveys at reforested sites
on a periodic basis and measure simple ecologidates of forest density and forest
diversity. The appropriate evaluation mechanisnmedép strongly on the primary and
secondary goals of the program, which might ramge fecological improvement to
social improvement within indigenous communitiesreased public awareness, or
recreational forest use. Some of these factorsddoellassessed by surveying the
participants in the program or affected communities

Monitoring systems for carbon sequestration prgjeatist “track the stock of tree
biomass through periodic inventories or surveys, tazick the development of social,
economic, and institutional structures...that [mighfluence the long-term viability of
carbon uptake and storage” (De Jong et al. 19%Agluation for these types of projects
should cover both the current performance of tlogept as well as the long-term
prospects for storage and uptake of carbon.

7.0 Lessons Learned during Project Implementation

In the spring of 2006, group members looked forwarthe challenges of this project,
and embraced them throughout. Still, one year,lttere are aspects of the project that
the group members wish they had been more knowdddg@bout before starting the
process. UCSB researchers engaged in this pra@eatvariety of reasons: to gain more
experience in water quality and quantity monitonmethods, to work on an
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internationally-scoped project, to research andyaBpMPs and watershed management
strategies, and to expand capabilities to prodabtiwork in groups and benefit from
other group members’ knowledge. Most importantipugh, all group members wished
to take part in a project that would have on-thedgd impacts and tangible benefits to
communities in San Cristébal de las Casas, Mexico.

Benefits were inherent in the project goals thaluded the design and implementation
of a variety of BMPs that would improve sanitaryddions, the analysis of the San
Cristobal watershed to determine future managem&iuns, the investigation of
reforestation techniques and strategies to enhaatar availability in the watershed, the
development of personal and professional relatigsshith partners in Mexico, and the
possibility of promoting the BMP designs in comnmnties outside of San Cristobal.

To a great extent, this project achieved the goatdtially set out, and project members
and partners are satisfied with the experience.appeoaches used to accomplish goals
were based on past experiences, researched cdsssguidance from partners,
documented methodologies, and trial-and-error astidlthough the project’s span was
only one year, the members sought to completerihjeqt work within the framework of
sustainable development. Members reasoned thationtgd steps viewed as part of a
much longer process of community development coatdir within the project’s
timeline, and therefore attempted to approachrternational work with this in mind.

No amount of planning or application of researcirexihodologies, however, can dictate
the success of a community implementation progsyecially in the case of foreign
development. This section addresses the lessometethroughout the year-long process
in terms of communicating and organizing with pobjeartners and target community
over international boundaries.

7.1 Broad Lessons Learned — Matching Project GetlsProject Possibilities

The goals of this project tackle issues of sustdadevelopment, community and
ecological health, and watershed-based managemémlanning in San Cristébal de las
Casas, Mexico. Additionally, the project aimed bwmtliesign and put into practice a
number of BMPs as pilot projects, which would thenmonitored for their effectiveness.
Critical resources and time were applied to projgeparations and implementation in
order to accomplish these lofty goals. Howeves phbject developed within the context
of a Bren School group project, which has certainfining factors, such as a limited
duration of one year, inability for students to idatke full-time to the project because of
the Bren School’s requirements to enroll in classsesh quarter, and the corresponding
inability of students to spend a significant amooiitime at the project site.

Members of this group project collectively spenvat20 weeks in San Cristobal de las
Casas working with partners and community memhedetermine the program plans,
share ideas, convey design functions, design theatidn program, collaborate with
implementing the water sampling program, and detnatesconstruction of the BMPs.
Progress was rapid and fluid during much of thestspent in San Cristébal.
Communication tended to rapidly break down, howgeatter UCSB project members
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left the area, and at these times progress occurueth more slowly than expected. As
project members realized what a significant diffieesin-person contact made, they
attempted to spend as much time as possible irlCHatdbal to get to know partners
better and to collaborate with them more frequently

Still, more time spent in San Cristébal would haeen advantageous. This minimal
amount of time available for travel to San Crisiélas a chief limitation to the project’s
potential. Without substantial time on-site, it wasy difficult to accomplish all project
goals, specifically with regards to constructinppBMP projects. As a consideration in
future projects of this type, the researchers renemd that development work should be
initiated through an organizational framework taidws students to dedicate a great
length of time at the project site, rather tharhwitthe Bren School Group Project
framework, due to the program’s course-based nature

7.2 Lessons Learned — Working With Internationakias

7.2.1 Communicating with Partners

From the outset, UCSB project members have shacedhanon vision for the project’s
scope and goals. Members crafted a plan to accemibiese goals and communicated
them to partners in the best Spanish possible. gather organization had a role in the
project — for example, SYJAC was responsible fongwnicating and facilitating BMP
construction with the target community, and ECOStdrmitted to implement the
recommended water quality and quantity monitorilanpThis division of
responsibilities between partner groups provedddkwell and efficiently. However, in
many instances, the Mexican partners did not regstlts in a timely fashion, and
UCSB students were not able to continue a portfdheir work until those results were
received. Partners in Mexico may have experiensegame limitation from UCSB
researchers. In this manner, a time lag was infugedhe project that inhibited the rapid
progress necessary to accomplish stated goalswitigishort-term project timeline. The
group learned a number of lessons from this expeeie

* Ground rules should be agreed upon to ensure timegaction between partner
groups, who may conduct business on scheduleslififext significantly from
those that the facilitating group is used to. Fstance, a weekly meeting could
be established to report on each group’s progessyule that requires email
response within three days could be initiated. \B&t agreement is reached, all
parties should understand the importance of folhgvthrough on their
commitments. In winter 2007, the project membetsl®#shed a regular phone
meeting with partners at SYJAC to administer effaa construct the
EcoLavadero. These meetings proved valuable irtifgary issues as they arose,
so that the group could respond to the challengesd.

» Shared goals must be clearly defined across pagtoeps. If not, priorities for

one group could poorly reflect the other groupi®mpties. For instance, UCSB
project members suggested a number of survey guestpecifically targeted at
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assessing the water quality-human health relatiprisiCinco de Marzo. Rather
than using these questions, SYJAC created and &teried alternate survey
guestions which had several questions touching ot issues, but not one that
specifically addressed the link the suggested tqurestargeted. As a result,
UCSB researchers planned the education progranoutithis first-hand data,
and instead relied on data collected by partners.

» Consistent and clear communication is essentiat ifha major stumbling block
in many international relationships due to the laage barrier. Although this
project was equipped with several Spanish spealterdanguage was not any
member’s first tongue. Nor were most project padrie Mexico able to converse
fluently in English. Attention to improving languagkills prior to the project is
significant, since management work requires aibentd detail, effective
communication of ideas, and mutual comprehensioniristance, when details
discussed in a telephone call with partners wetainderstood, project members
did not always stop the conversation to clarifyisTiehavior can breed
misunderstanding and confusion.

* In a new working relationship, patience and fleldipiare key attributes. Project
members found it frustrating that meetings in Mexiequently lasted longer
than expected, were cancelled or missed. The eatxenfor this confusion
simply lay in recognizing the difference in the téui States and Mexican
cultures. Mexican culture tends to run on a molaxedl time schedule than the
United States, which is likely to be a differennemany other countries as well. It
is important to be able to work through this cudiutifference and mutually agree
upon the expected etiquette for timeliness andhgedippointments.

7.2.2 Matching Work Ethic among Partners

A second key piece of advice project group memberdd recommend for future work
lies in getting to know partners and determiningmexr expectations and capabilities at
the outset of project-based collaboration. Collabwely defined goals should naturally
fit within the objectives of all partners involvadorder to ensure mutual motivation.
Additionally, it is essential to define how muchl@& and money each group is willing to
spend on the project to avoid complications andrfaial misunderstandings that can lead
to project delays. For instance, UCSB researcloensd that the sense of urgency and
rapid pace with which they worked due to the stiore span of the project did not match
the pace of the Mexican partners. Many circumstanegessitated multiple emails
coupled with phone calls to receive a responsevibatd enable the students to continue
with research. This type of relationship breedsthation, which must be pacified by
recognizing that partner organizations are workingpther programs simultaneously. To
create an optimal working relationship and avoid tigpe of frustration altogether, it is
recommended that a work ethic be more appropriatached when committing to a
partnership.
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7.2.3 Ensuring Buy-In within the Communitfreating Factors for Successful
Community Work

It cannot be emphasized enough that buy-in fronctmemunity is paramount. That is,
there must be a felt need within the communitytifier technology suggested and a sense
of trust between all partners involved. There amain factors that successfully came
together in Cinco de Marzo that project membereoiesl to have catalyzing effects.
First, the project’s partner organization, SYJAG&d la well-established relationship with
community leaders before BMP implementation wagyested. Second, a group leader
emerged that motivated other members to participageoup discussions and work days.
Third, the financial collaboration between the gregircumvented the barriers that
would have otherwise obstructed project initiation.

However, project members also discerned that whercdmmunity leader was
unavailable, the level of motivation among commyniiembers plummeted. Community
members were unwilling or unable to organize ambtiggnselves to advance
construction. Thus, during lapses of leadershile Igrogress occurred. Project members
believe that having multiple leaders to continuarher motivation would have
increased the speed of the progress. Additiondelsawould have been able to educate
community members about the technology or practiohltion, and would have been
more available for questions concerning commurstivaies.

7.2.4 Creating Trust and Working Relationships dwéernational Boundaries

Working internationally is inherently difficult. Asientioned, language barriers present
misunderstandings, differing schedules impede sstekemeetings, and the lack of
physical contact can limit understanding of shgmexjram goals. More importantly,
cultural differences can hinder mutual trust. lcoaaxmunity development project such as
this one, where UCSB students lead very differies|than the community members
with whom they are working, it is important thaetstudents attempt to understand the
community culture. One way to achieve this is tearlie social norms: stand back and
observe person-to-person interactions in the tanrg@munity. Communicating in a
similar manner and not creating tension througHromation can help to create trust.
Deferring to community leaders for advice also amduilding relationships, as does
recognizing and respecting roles of various aggemder groups.

7.2.5 Utilizing Each Partners’ Strengths

Working in partnerships has the advantage of engladach group to exploit each
partner’s strongest skills. In a partnership ofup®where members have distinct skill
sets, as is likely to occur when working acrossnoauies, each group should take on the
appropriate roll to achieve the best results. Phigect effectively utilized the assets of
each group to accomplish shared goals. To inip&ening for the demonstration of
domestic rainwater harvesting system construcBdiJAC provided the first contact
needed to unite the project members with the conimpmgnoup and facilitated
communication between them. UCSB students providedlesign and knowledge of
how to construct the system, along with the neecgdsading to construct a pilot project.
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During the construction demonstration, communitymbers provided additional labor
for the system construction, and helped to proem@munity group members with
lunch. SYJAC also aided in the educational compboéthe demonstration, stressing
the benefits of the design and answering questiBash group offered its strongest skill
set to complete construction of the system.

7.2.6 Defining an Appropriate Scope and Forese€lbgtacles

When defining the scope of a project, it is impott@ consider the availability input
from all groups, and to envision outcomes reakiiyc In the case of the EcoLavadero,
initial implementation goals set for this projegteeded the outcomes, primarily due to
funding and scheduling restraints. Partner orgdioiza agreed beforehand that UCSB
researchers would provide the design, educatioastmals, and funding for the
materials of the EcoLavadero. SYJAC would providenmunication between the
researchers and community members when researgbezsn the United States,
information about the potential projects and BM&the community members, and
assistance and guidance in community group orgaaizal he community of Cinco de
Marzo committed to providing the labor for constron as well as to future maintenance
of the EcoLavadero after construction.

Pledges by all groups were sincere, though thetami®on scheduling did not develop as
planned. In many projects, particularly those imedeping countries, unexpected barriers
arise. In this case, the community group of Cinedvtirzo hesitated in initiating the
EcoLavadero construction due to land ownershipeissalthough this problem was not
fully resolved, the group voted to carry on andibegnstruction while assuming that
land ownership would be granted to the communitshenear future. In this case,
waiting for bureaucratic steps to be taken wouhdpdy take too long due to an inefficient
municipal governance system. Land excavation beg®®cember 2006, just before
UCSB researchers arrived for the winter visit.rigeeded efficiently until mid-
December when another obstacle presented itsatfk-df funding for a mason. UCSB
researchers waited for the group to reach an agneeamtil late January 2007. When no
agreement was reached, researchers made fundiigoéeydo contract a mason for only
half the time necessary, hoping the group woul@ttogy raise enough ($275) to pay for
the rest of the work. This step was taken parti@igromote community buy-in, and also
to spur the progress of construction within thggubtime period. The community hired
a mason and construction advanced during Febrbatyunds for services ran out again.
To encourage financial contributions from commugitgup members, project group
members extended a “match” offer that promisedtiogect group would provide
matching funds for any funds provided by communiggmbers. Construction is moving
forward slowly.

Although the completion of the EcoLavadero wagaflit viewed as a realistic
accomplishment within the one year project spaactinstruction was not complete at
the time of writing (March 2007). SYJAC and comntymhembers aim to complete
construction by Summer of 2007. The limitationsaérént to community-implemented
construction were anticipated to a certain extétii@outset of the project, but there was
still hope that large barriers would be avoidedvould be resolved within a short
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timeframe. Still, group project members are protithe work accomplished on the
EcoLavadero in Cinco de Marzo and are hopeful tpah completion, the system will
provide the full range of benefits predicted.

8.0 Recommendations

Recommendations from this project fall into fiveimeategories:

*  BMP Implementation

» Education

* Water Quality and Quantity Monitoring
* Watershed Modeling

» Reforestation

8.1 BMP Implementation

This project recommended several specific BMP teldgies that were found to be
appropriate for San Cristdbal de las Casas acaptdia set of criteria that includes
meeting the client’s need, requiring only low-cdstally available materials, and
benefiting both human health and the ecologic&gnty of the watershed. The
recommendations are as follows:

* In order to address the lack of a reliable and safer supply in peripheral
communities, rainwater harvesting systems are reveamied for both the
individual household and small community buildirtigat require water services.

* In order to reduce pollutant loading into surfacgeavs, and to improve sanitary
conditions, construction of wastewater treatmerttamels are suggested.

* In order to reduce loading of pathogens and orgamaiterial into surface water, as
well as to produce a source of usable fertilizercirtain food crops, the project
recommends the adoption of composting latrineseéasthat are not connected to
sewage infrastructure.

* In order to decrease stormwater flows and to preserss-contamination of
surface waters from eroded soil, pesticides andifers, the recently developed
regions of the watershed beyond the city shoul@&atretention ponds, buffer
zones, and bioswales along river corridors. Thisalso provide a source of
valuable nutrient-rich topsoil for those attemptingarm in the steep regions of
the watershed.

* In order to decrease the need for irrigation, pn¢geil loss, and improve
agricultural yields, the use of contour water rétamtrenches is recommended,
especially for farmers in steep, recently clearare@s.

* In order to address the gap in knowledge surrounttia link between water
guality and human health, this project recommemdsdaicational campaign
aimed both at preventing degradation of water nessuas well as improving
sanitation.
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Encouraged by the creation of Spanish-languaggu@sanuals for each of these
management practices, along with collaboration wéheral non-profit organizations,
projects that utilize and implement BMP technolegly most likely spread. These
projects should be applied in both the periphepatmunities just outside San Cristdbal’s
city limits, and in more remote communities that still located within the watershed. It
is likely that these projects can meet felt nedsisvehere in Mexico and even in other
developing regions. In order to promote knowledge @chnical assistance with the
identified practical solutions, the design manwelsbe made available in hard copies to
partners in Chiapas, and in electronic form onpifugect website at
http://fiesta.bren.ucsb.edu/~chiapas2. While timeaterials are tailored to address one
specific watershed, modified copies should be shdme®ugh partner networks to solve
cases of water access problems, sanitation issulescalogical degradation dilemmas in
other areas.

Those BMP pilot projects that have been implememiean Cristébal during the span of
this project, including the EcoLavadero and houskhaminwater harvesting system in the
coloniaCinco de Marzo are serving as prototypes for otbhemmunities nearby who

wish to visit the site and learn more about hoveéhgystems are constructed. It is the
intention of this project that the effectivenesshe recommended BMPs be tested over
time, and that extension of the technologies, ¢cegsful, be accomplished through both
formal and informal social networking. If the pilptojects are applied on a larger scale,
they can potentially greatly mitigate the enviromta and human health problems
experienced by residents of San Cristobal.

The lessons learned over the course of this projduth are outlined in chapter 7.0,
should be taken into account when implementingtauddil projects. Good
communication among different communities will hedgmpart important messages
regarding the best places to purchase certain Bléfenmals and how to best conduct
maintenance of the system. Since some of thesgrdeare original, such as the
EcolLavadero, communication between past and futsees is important in order to
incorporate experiences shaped through trial arcdt @to any necessary technological
adjustments prior to BMP implementation. In ordefdcilitate this process, pilot
projects are best kept to a small scale and boidtad a time to observe effectiveness of
the BMP before many large-scale projects are uakent Finally, partner nonprofit
organizations should work to empower communitiesdividuals to complete these
projects, rather than allowing them to passiveltipipate as the sponsoring organization
constructs the BMP. This will help to ensure susaesger the life of the structure.

8.2 Education

To meet the goal of increasing public awarenesnueironmental and watershed health,
as well as personal health and sanitation isswgtlevent disease, this project
implemented an education campaign in San Cristétraject members recommend that
a survey incorporating questions regarding the tietveen water quality and human
health is administered both prior to the use ofcational materials, and within six
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months to one year after implementation of the pldoe follow-up will help to assess
whether the campaign is effectively addressingdingeted needs and knowledge gaps
within the community.

Educational materials were intentionally createtieéaeasily reproducible so that partner
organizations could replicate and share them wiiters. Moreover, several of these
materials will be freely and publicly accessibldiog, in both English and Spanish, on
the project website (http://fiesta.bren.ucsb.edbiamas?2). This will encourage the spread
of important messages both in San Cristobal araltirout the wider region. Through
communication with them towards this end, projeetmbers anticipate that SYJAC will
continue to work with teachers and nonprofit edwcetl groups around San Crist6bal.

It is very helpful for the educational materiald® administered in a way that is
participatory rather than weighted towards onen@artbecause participation increases
both interest and knowledge retention. Especiallgn® BMP implementation is
concerned, it is more useful to provide hands-amlieg scenarios than to simply convey
the information through rote methods of memorizaaod repetition.

We recommend that SYJAC work to affect some typeather training workshop, so
that a greater number of individuals may adminigterlesson plans and activities, and
can then share this information with their peefse integration of this project’s
educational goals into authorized school curriculuas not previously attempted, but is
encouraged in the future. It would be helpful tteiweave these lessons into the existing
mandated curriculum for school-age students. Thiemads may satisfy requirements for
science, environmental studies, or health education

Materials tailored to the construction and operabdBMPs were designed to provide a
simplistic yet complete overview of each type dfjpct. These documents should be
used as a valuable reference for individuals orraomities who wish to implement a
pilot project. Contact information for the authgnigas included in case any questions or
confusion arises in future implementations. Pag@ISYJAC, especially Miguel Peate-
Martinez, were also taught the principals for eB&P’s design, so that they might serve
as resources for residents of San Cristdbal.

8.3 Water Quality and Quantity Monitoring

Recommendations for the WQQM program are contionatf monthly monitoring,

while trying to integrate further tests, monitorisiges, and temporal flexibility into the
program. Additional tests, especially flow readigsl dissolved oxygen, should be
incorporated into monitoring at all sites. If pddsj staff gauges should be installed at
sites to improve ease of measuring flow. Thes&atpast measurements of cross section
morphology, traditional flow measurements, and et@y water height) on the staff

gauge to create a rating curve (graph). With thegply, which will need to be periodically
updated in the channel shape changes, the fieldevaan simply observe water height
next to the staff gauge and record a flow measunénidéis will save valuable time and
encourage the sampler to take this measurementeguéar basis.
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Once a longer data set for flow data is availathie, WARMF model can be calibrated
more accurately, and total flux of various wateliygants can be more closely
determined. Determination of mass flux is significeehen attempting to assess the
various sources, transport mechanisms and fatelhftgnts. This information will allow
managers to more efficiently address problem arettee watershed, and to understand
where BMP implementation is most needed. Individ@lECOSUR will be trained in
the calibration and use of the model, so that thay use it in future management
applications.

Temporal flexibility in monitoring is helpful in qauring the degree of fluctuation of
various water quality parameters. With monthly nbarng occurring at different times
each month, especially upon expected perturbarnegt®vsuch as heavy rainstorms or
forest clear-cutting, the program will graduallygbreto show when the greatest
magnitude of change from baseline water qualitydd@mns is taking place. Then,
management actions and regulation can be tailarétithe processes of that particular
watershed. This information might also provide wadlie data and an impetus toward
construction of some BMPs, such as retention basihgoswales, which reduce
pollutant loading in stormwater from specific seo8 of land.

It is understood that time, manpower, and finan@aburces limit the ability of
ECOSUR'’s water laboratory to complete the aforemeertd suggestions at this time.
Throughout this project, UCSB has attempted to BE€J®SUR build their capacity by
donating some monitoring equipment and by providedhnical assistance regarding its
use. Continued capacity building at ECOSUR is @€siThe laboratory partners are
working toward this goal by undergoing a certifioatprocess which will allow them to
provide water quality testing services to outsidgties for a fee. Income generated
through this type of work should be reinvestedh@a iaboratory, to build capacity both in
terms of manpower and equipment availability. & baen suggested to the group’s other
project partners, including SYJAC, that they tallgamtage of ECOSUR'’s facilities to
meet their water testing needs, as this will preadth higher quality data and some
income generation for ECOSUR. In essence, the d&saof the laboratory will benefit
the city as a whole, and even minimal resourcesb&ishared efficiently.

8.4 Watershed Modeling

As mentioned above, the project anticipates thaitbrk done to begin calibrating the
WARMF model during this past year will become uséduypartners in San Cristobal in
finding the best watershed management solutiopsdiblems that arise in the future.
Some training will take place during a June 20Q¥tty Chiapas, and the project advisor
from UCSB, Arturo Keller, will be reachable at tBeen School to provide additional
technical assistance in Spanish. This model shoeildgtilized to determine the benefits of
introducing BMP technology or other structures,isas water treatment plants, within
San Cristobal. In some cases, targeted implementafiBMPs can eliminate the need
for more costly water treatment or remediation teghes. Quantitative results from the
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model can be used in a cost-benefit analysis terohte the validity of implementing
such a project.

8.5 Reforestation

The reforestation campaign in San Cristébal haggel several accomplishments thus
far through its education and planting activiti€sntinuing these educational and
planting activities is vital to sustaining waterdhealth. This project’s
recommendations, some donated seeds, and thesrektlie geospatial analysis will be
delivered to Alejandro Ruiz Guzman in Spring 20d&.will use these suggestions when
designing and planning the second reforestatiorpaayn, set to begin in May 2007.

Where all other factors are held the same, inclyidiccessibility to the land, reforestation
projects ought to target the areas identified gh priority in this project’s multi-criteria
model that incorporates distance to waterways eséop soil type. This project also
recommends adaptation of agroforestry and micrafiegrincipals to the campaign, in
order to improve the livelihood of those people vitwon the higher slopes surrounding
the city for subsistence. Agroforestry principasammend approaching reforestation
initiatives in two stages. First, fast-growing, amee-generating trees should be planted.
Next, tree species that will improve ecologicaletsity should be planted as well. These
two steps correlate well with the goals of the restation campaign. Microfinancing
orchards could also meet the dual goals of progifitmest cover and improving quality
of life for residents.

An additional source of funding that can be implated while waiting for trees mature
and become cash crops is the utilization of progrémat provide payment for tree
planting to offset carbon emissions. These typggajrams have recently proliferated
with increasing concern regarding climate changd,some organizations work with
communities in the developing world to reforestearthat will help to sequester excess
carbon. This path might be considered as an additiocentive for tree-planting in San
Cristobal.

This project recommends that BMP education andrahstainable forestry practices
also be considered throughout the campaign. Inttimlu of best management practices
to these low-income populations would improve wated soil resources sustainability,
while improving crop yields and quality of life. 8@ educational materials have been
provided to Alejandro to this end. In addition, tlesearchers have established a
connection between the Washington D.C.-based néihprganization “Trees for the
Future” and the campaign organizers, so that thghthprovide additional educational
information, technical assistance, and larger-scallaboration toward meeting the San
Cristobal project’s goals. Information sharing as@artner networks is a valuable tool
to increase the potential and success of this progn and around San Cristébal.
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9.0 Follow up and Future Actions

9.1 Future Project Implementation Actions

As this project evolved, it became clear that sofée initial objectives were difficult

to fully achieve within the allotted timeframe. Taethusiastic reception of the initial
pilot projects, however, has paved the way foritmglementation of future projects. Had
the group been less successful at developing freggams and designs, there would
most likely not be any demand for future projedtst the project was able to strengthen
relationships with its partners and clients in ordeobtain the necessary assistance that
larger-scale implementation requires.

The immediate future of the project involves constion of the education program. An
outline of how the educational program will be ¢onéd can be found in section 9.2
below.

Another specific future action for this projectl® construction of additional domestic
rainwater harvesting systems and, potentially,carse EcoLavadero in Cinco de Marzo.
The rainwater harvesting demonstration conductelhimuary generated interest from
many community families in this type of water stggasystem. Furthermore, a single
EcolLavadero is not designed to service a commtinéysize of Cinco de Marzo. This
single unit will likely only meet the clothes wasbineeds of approximately 100 families.
Should adequate levels of use and improved wasehdrge quality prove the
EcolLavadero a succuess, a second EcoLavadero nepnbeucted in a different part of
the community so as to serve families living fartiiem the current EcoLavadero.

The main obstacle to wider project implementatibthe time is funding. While all

group members have expressed willingness to remaatved in the project, the project
has yet to obtain a large amount of additional flagdThe project does have $3,000
committed for future projects, and it is likely ti$,000-$10,000 can be raised. This
amount of money could potentially fund either tbastruction of 25-30 additional
domestic rainwater harvesting systems, or a seEgotiavadero and 10-15 additional
rainwater harvesting systems. There is no impleati&mt prioritization order as of yet.
Any program will require additional resource input the part of the end users in terms
of financial support, volunteer organization anolg or both. It is understood that
outside subsidies might be necessary to completél Rijects until widespread interest
is sufficient to persuade greater personal investsi@ these systems. No system,
however, will simply be given to a family or a comnity; rather, they will be required to
bear some of the system costs themselves. Thisrmarsivestment serves to ensure that
systems are built only for those people who witktaesponsibility for their maintenance,
upkeep, and overall function.

In the late fall or early winter of 2007, projecember Matthew Elke plans to return to
San Cristobal to begin further project implementatiVith the assistance of the other
project members, he will also continue to developwater quality and quantity
monitoring program with ECOSUR and observe the megjon of the education
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program. The project partners will continue to ntaima collaborative relationship with
Professor Arturo Keller of the Donald Bren School.

Further assistance will be provided by Greg HevdatAmerican expatriate who makes
san Cristobal his permanent home. He is interaatettaning up the San Cristobal
watershed. Greg has supported the project by prayidformation about the
surroundings of Cinco de Marzo when the group ptaj@embers were in the United
States. There is potential for Greg to stay invdlieg disseminating the BMP designs to
other communities that may benefit.

In addition to Mr. Hewlett there is American coupBtephen and Laura Zylstra, who
have provided assistance to the project. They v lexpressed an interest in keeping
the project going after our time frame has endégpl8n has a strong background in the
sciences and Laura has experience in developmektamo acquiring financing for
projects. The potential success of any future astwill be greatly enhanced by the
involvement of these three people and having thke the lead on some of the project
development

Proper assessment of the functionality and perfoo@ma&f the domestic rainwater
harvesting system and EcoLavadero must be perfopmedto further BMP
construction. Constructing additional water reseur@anagement projects would be
irresponsible and a waste of resources if theyatgarform as intended. Through post
project assessment, it should be possible to iiyettisign modifications to further
improve the BMPs.

Monitoring the performance of the pilot projectguges assistance from ECOSUR. The
relationship that has been forged between the gaodPfECOSUR over the duration of
the project ensures that a proper evaluation opérrmance of the pilot projects will
be conducted. Between spring 2006 and fall 20G¥ ptbject will call on ECOSUR’s
professional laboratory technicians to test thdityuaf the water supplied by the
domestic rainwater harvesting system in Cinco dezblaas well as that discharged from
the EcoLavadero. With this data, help from SYJAQ] assistance from other contacts
within Cinco de Marzo, any necessary modificatitmthe design can be made prior to
Mr. Elke’s arrival. This will allow him to focus kilimited time on further project
implementation.

The maintenance of relationships with the groupents allows for the possibility of
future work and collaboration. While additionalmaater harvesting systems and
perhaps another EcoLavadero would have a tangiipadt, these efforts must be
accompanied by the continuation and successfulamehtation of a comprehensive
educational program. The group feels strongly thatwater and sanitation education
plans created in partnership with SYJAC will hapeinforce the understanding,
acceptance of, and commitment to BMP projects.
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9.2 Education Follow-Up and Future Actions

In order to ensure an effective education camptighsuccessfully achieves the initial
objectives set out by the group to both reveahtodommunity the impact of human
actions on environmental and human health, anditiate behavioral change that would
lessen that impact, the implementation and evalngirocess must be continuous and
participatory. SYJAC will act as the primary fatalior for the education component of
this project both in Cinco de Marzo as well as tigloout the San Cristébal basin. The
NGO'’s frequent interaction with the communitieowals them to better gauge the success
of the current educational materials, and to magpably revise materials so that they
reflect the most current attitudes and practices.

SYJAC will partake in monitoring of educational alements via an ongoing analysis
of the level of comprehension in the communitiggarding understanding of
environmental and human health. These periodicsassents will take place during
teacher and community meetings, as well as viammé community-based assessment
conversations. They will then allow SYJAC to updataterials in order to improve their
effectiveness. This evaluation process is on th@abside, but still aims to measure the
true assimilation of the knowledge into the comntyni

Evaluations will be conducted by SYJAC at six mointiervals and will rely on the use
of a survey created by this group. The first foHap survey will take place within six
months of the initial campaign initiation date byr August, 2007. Though the evaluation
would ideally use the same assessment survey thasumed the initial level of
environment and human health knowledge, this pteydtinstead use a questionnaire
prepared by the group that was not used in thalimdunds of interviews (Appendix
C.1). The group believes that the assessment melstlie questions that gauge
knowledge of the environment-human health linkriden to assess the effectiveness of
the materials that were created and distributespézifically address this linkage.
Because the assessment survey that was conduc®&dJAC did not include these
guestions, and because the follow-up assessmeasttaiavaluate the success and utility
of the materials used in this project, the projeam prepared this second questionnaire
for SYJAC to use in the future. It will help to eal changing interests and needs among
the communities.

10.0 Conclusion

This Group Project, “Design and Implementation o§tainable Water Resources
Programs in San Cristobal de las Casas, Mexicoggeized a problem with the water
resources dynamics in the watershed of San Criktighias Casas and set out to provide
solutions. The issues that confront the resideh&aa Cristébal affect both human health
and the environment. The goals on which this tlogept focused targeted both of these
problem areas. The methods employed in addredsasg tproblems encompassed both
practical applications, such as creating BMP designuals and improving ECOSUR’s
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water monitoring program, and theoretical researnted at informing management of
the watershed, such as modeling drivers and outsameforestation GIS and WARMF.

Given the wide scope of this project’s goals arkihiginto account the short time frame
to complete these goals, this project is considsvedessful by the project team. A
recount of the project’s accomplishments:

» Constructed general how-to manuals for each ofédbemmended Best Management
Practices (BMPs) for adaptation across a rangedf@mental conditions and
regions

* Implemented 3 pilot projects, all of which currgntéquire ongoing maintenance and
monitoring.

* Produced 8 detailed design manuals outlining theatibes, functions, construction
steps, and materials costs necessary for builditegted BMPs

* Implemented an EcolLavadero pilot project that zegi BMPs for water capture and
treatment

» Strengthened a long-term water quality and quantityitoring program, with a
particular emphasis on increasing the accuracysanglicity of pathogen monitoring

» Created a program to educate community memberseoaftects of poor sanitation
and contaminated drinking water, and the benefitgatershed protection, with
materials in both English and Spanish

* Updated and calibrated the WARMF watershed computetel to better predict
impacts on water quality of widespread BMP impletagan, and to identify priority
sub-watersheds for BMP implementation

» Updated the watershed map with monitoring locatfonsvater quality and water
guantity data collection

» Performed a multi-criteria GIS analysis to priaireforestation sites within the
watershed that will promote protection of the watgpply, and developed strategies
for a successful reforestation program

While these accomplishments satisfy the initiallg@d the project members, the
temporal scale of this success is less certaintiTigeefficacy of these projects will not
be known for some time, and depends upon whetlesethctions effect measurable
changes in human health indicators and sustaibabfliwater resources in the basin.

In order for this project to be sustainable andceasful over the long term, a number of
actions are necessary. Perhaps first among thesafismation that the goals of the
project are in line with the goals of project parsin Chiapas. The components of this
project were developed under the assumption tlegtwould tailor the project to the
goals and needs of the project partners. The mendbehis project worked hard to
ensure that this was the case, meeting with partnben in San Cristobal, identifying the
concerns of Cinco de Marzo, the target communitg, @ntinuing the communication
with partners at SYJAC and ECOSUR via email anejpfebne conversations when in the
United States.
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In order for the BMP implementations to remain sstul, the people of trelonia

Cinco de Marzo will truly have to take ownershiptloé pilot projects. Without this pride
of ownership, the implemented projects will becgos another failed development
project, laying idle and going to waste. Even # tilot projects are used and maintained,
however, the success of their implementation valcbnsidered limited if they do not
inspire further replication. As time passes, a sasful project will include the use of
these pilot implementations as models for otherroomties and will be implemented
repeatedly.

The BMP design manuals were created to aid thikf@ration. They are intended to be a
living document, refined by the user groups as ating to relative conditions, and as
unforeseen lessons are learned and design obstaeleome. The success of these
publications will be determined by the status @& thanuals over time. If the individuals
or communities who use them do not take ownershipugpdate them periodically, then
the relevance of the manuals will diminish.

Also key to the success of the project and theesscof the BMPs specifically, is the
education program. After producing and distributing education materials, they were
transferred to partners at SYJAC, ECOSUR, and AhaBivica. It remains the
responsibility of these organizations to work witbal schools or to establish an
independent education program. To judge the fiduoeess of this campaign, interested
parties, such as SYJAC, will need to determinbefé¢ has been an improvement among
the target population in understanding the linkdastn human and environmental health.
Such knowledge can be obtained with future survigsresults of which can be used in
a continuous feedback loop to inform which aspettie education program should be
improved.

Transfer of ownership of the components of thigguoioto partners in San Cristébal is a
recurring theme, and is paramount to the succefgeqgiroject. At the completion of the
project, ownership of the WARMF model will be tréersed to project partners at
ECOSUR. Once ECOSUR takes ownership of the mdaelexpectation is that they will
continue to improve it. Providing data for the miodeone of the reasons for the
existence of the water monitoring program. In otdemprove the model and its
predictions, ECOSUR will need to improve the curfd@QQM program and implement
the water quantity recommendations of the programwell.

With more complete and long-term data the WARMF eladll improve. With the
improvement of the model, the relevance of poleyommendations based on its
predictions will increase. The same need for dateuie of the reforestation prioritization
model as well as the strategies recommended. Tlielpoovides the project’ partners
with a rough look at how to prioritize differenteas in the watershed, but it will require
ground-truthing in order to determine whether treaa listed as high priority are truly in
current danger and whether they are accessibleforestation efforts. As the program
progresses, partners will be able to evaluateubeess of different recommended
strategies. Further, it will take years to detemrsnccessful reforestation results as a
measurable improvement to the groundwater infitiratate in San Cristébal’s
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watershed. Even if an improvement is shown, it dldifficult to isolate effects
attributable to reforestation as opposed to theratbntributing factors, such as above
average precipitation years.

Moving forward, it will be up to project partnetbe target communities, and the actions
planned by this group as a whole, including Mr.&lto continue working toward the
goals set out by this project. Development workaseasy, but the group has hope that
the contribution made in the past year will aighositive progress towards the
achievement of long-term improvements in watersdrelhuman health. Currently, no
plans exist for a third group project from the DiohBren School of Environmental
Science and Management to follow-up the work acdisimgd over the past two years.
Group members and their advisor, Dr. Keller, howgsdle intend to stay involved in the
welfare of the watershed and its communities, astimeed earlier.

The central focus of this project is not the UC®8Bearch team, but rather the health of
the people and ecosystem within the study areachief accomplishment of this project
is the provision of additional tools that projeetrimers can utilize as they continue to
better the condition of both human and environmdrgalth in the San Cristobal de las
Casas watershed in Chiapas, Mexico. In the short;téhis project is a success. Project
members are confident that the work that this ptagecomplished produced a strong
framework from which project partners can advamed twork.
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