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Executive Summary 
The overall objective of the project was to work with the people in the Municipality of Cliza to 
help them build a groundwater management strategy. There are three components to the project. 
1. Groundwater research program aimed at developing the scientific understanding of the aquifer 
needed for management. 
We have completed the field work for the project. 2 BSc thesis are complete. Drafts of 2 MSc 
theses and 2 BSc thesis have been submitted and are in the process of being reviewed. These 
contain the principal hydrogeologic data and analysis required for the project. 
2. Stakeholder education and developing an understanding of stakeholder concerns with the 
objective of helping stakeholders develop a groundwater management program.  
It became clear last year that developing a groundwater management program was over 
ambitious. We modified the objectives to raise awareness of the main issues and educate the 
stakeholders about the main elements of concern. We have held several workshops with the 
water user groups and the technical people of the Cliza municipality. The irrigation groups in 
particular are very concerned about water usage and declining water levels. We also facilitated 
the implementation and demonstration of a sprinkler irrigation system in order to encourage the 
shift away from flood irrigation. A workshop on this was very well received because the 
sprinkler systems are more water efficient than the current method of flood irrigation. 
Additionally a booklet on sprinkler irrigation was completed and circulated in the region. Given 
the concerns with declining water levels, there is a lot of enthusiasm for lowering water usage. A 
change of government due to elections retarded our progress with increasing the capacity of the 
municipality technical team. 
3. Capacity building at the universities.  
We have presented several workshops and short courses. Short courses on the use of electrical 
resistivity tomography were presented at the Centro Agua, UMSS and at USFX. A day short 
course on hydrogeology was presented at USFX as well as presentations on how to write a 
journal article and how to manage a research project. Several pieces of hydrogeology equipment 
were bought for the project and reside in Bolivia. 
 
Theses and reports are being archived in the open access University of Calgary digital repository 
(PRISM) http://prism.ucalgary.ca/handle/1880/51190 
 
Research Problem 
     El Valle Alto de Cochabamba is an important agricultural district in Bolivia and is often 
referred to as the granary of Bolivia. However, the climate is semi-arid (average annual 
precipitation of 363 mm) with almost all of the precipitation falling in the rainy season between 
November and March. The low total precipitation and a long dry season means that agriculture 
and the economy of this region are dependent on irrigation. Since surface water sources are 
extremely limited, groundwater is a growing source of irrigation water as there are excellent 
alluvial aquifers in the region. Recent groundwater studies in the nearby Punata region by the 
Universidad Mayor de San Simon (UMSS) and the Universidad Mayor Real y Pontifice de San 
Fransisco Xavier de Chuquisaca (USFX) and anecdotal evidence show that groundwater levels 
have fallen significantly in some regions. A concern exists that groundwater extractions are not 
sustainable at their current rates. 
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     The importance of groundwater was been recognized by the Municipalidad de Cliza (MDC) 
and the water well committees (WWC) in the surrounding region. As a response, the MDC in 
partnership with Federation of Canadian Municipalities (FCM) (represented by MDC’s 
municipal partner town of Truro, Nova Scotia) and Centro AGUA of UMSS established a 
groundwater level monitoring network which is the first step towards monitoring their 
groundwater resources. This project focused on continued monitoring of the network and 
building the understanding of the aquifer that is needed to form the scientific basis of a 
groundwater management policy. Groundwater studies were conducted to determine the extent 
of the aquifer, the recharge rates, hydraulic properties of the aquifer and the effect of extractions 
on surface water bodies.  
 A clear need exists to understand the groundwater system and its potential. Equally 
important, is the development of a water resources management policy and administrative 
structure to ensure groundwater extraction is managed in a sustainable way to protect the long-
term quantity and quality of the aquifer. Experience has shown that management frameworks 
must be developed from the beginning by the local stakeholders for them to have a high 
probability of successful implementation. In the case of Cliza, the local stakeholders are the 
MDC and the WWCs of the surrounding region. It is imperative that these stakeholders receive 
additional education, at an appropriate level, about groundwater and how to manage and protect 
it. As well, these stakeholders will need help in designing their own local and culturally 
appropriate groundwater management plans and policies.  
 
The research project had three main components: 
1. Hydrogeologic studies in the Cliza region to develop the baseline data and conceptual models 
required for science-based groundwater management. 
2. Improving the understanding of local stakeholders about the basics of their aquifer and 
facilitating their design of groundwater management policy. 
3. Increase the capacity of the Bolivian University partner institutes in the field of groundwater 
investigations and the connection to community-level water policy and governance.  
 
Progress towards milestones 
 
Project tasks were outlined in Annex A Work Schedule of the proposal. In order: 

 Organizational Meeting with partners : Completed 

 Selection of 4 MSc students: In the end, due to the timing of the project we selected 2 MSc 
students from USFX but 2 BSc students from UMSS. The project was not on the MSc 2 year cycle 
of the Centro Agua, so we decided to work with BSc students.  Later, we added 2 more BSc 
students from USFX who were interested in the project and were looking for a BSc thesis 
project.  

 Develop conceptual model of site: Completed 

 Design field study: Completed 

 Implement field study: Completed 

 Geophysical reconnaissance survey and training (2014): This was postponed to 2015 due to 
travel  conflicts for Dr. LR Bentley. 

 Outline stakeholders concerns and objectives:  This was started with interviews documented in 
the BSc thesis of Heijstek (2013). Problems with wells and the water users perspectives were 
further investigated in the BSc thesis of Pereyra (in prep) (to be archived in 

http://prism.ucalgary.ca/handle/1880/51190). 
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 Stakeholder educational sessions: Several workshops and presentations were delivered to local 
water users and the Municipality of Cliza. The workshops are detailed in part 2 of the following 
results and outcome sections. 

 Preliminary groundwater assessment: Preliminary groundwater assessment has been made and 
is discussed in part 1 of the following section.  

 Geophysical surveys and training (2015): Two multiday short courses were presented, one at 
Centro Agua, UMSS and one at USFX. Two surveys were conducted and the results are reported 
in Mayta and Ortiz (2015) and (2016) (to be archived in 

http://prism.ucalgary.ca/handle/1880/51190).   
 Final groundwater resource assessment: A final assessment was not completed because there 

are still some technical issues outstanding. The two main issues are the role of recharge from 
irrigation return flow in the Toco region and the role of extreme flooding events. 

 Develop consensus for developing management plan: This was never achieved because there 
were too many stakeholders and water user groups. We changed to focus to educating water 
users in the main issues required for management. 

 Management plan development: The water management plan never was attempted. Instead, 
we shifted the objective to a more modest start on water conservation by using sprinkler 
irrigation for more efficient water use and to look at issues associated with inefficient water 
wells and water well completion. 

 Evaluate progress and adjust work plan: Adjusted as above. 

 Evaluate project results: A report is being generated by external reviewer MSc Ronald Zapata. 

 Develop and implement sustainability strategies: We have a strategy to maintain monitoring of 
the installed weather station. The Centro Agua will manage the weather station and archive the 
data. We are trying to develop a new monitoring network strategy using local water well 
operators instead of the Municipality of Cliza. A new grant has been obtained by Centro Agua to 
allow the collaboration between Bolivian University partners to continue for 2 more years and a 
second proposal is under review. Money in these proposals is allocated for continued 
participation by LR Bentley. 

 Wrap up: Wrap up trip by LR Bentley in March 2016 

Synthesis of research results and development outcomes 
 
1. Hydrogeologic studies in the Cliza region to develop the baseline data and conceptual models 
required for science based groundwater management. 

The hydrogeologic studies have improved our understanding of the intensity of groundwater 
extractions and the functioning of the groundwater aquifer system. The results from our studies 
are contained in: 

 Zapata, Alvaro “Caracterizacion hydrogeoquimica e isotopic de las aguas subterraneas del 
Municipio de Cliza en Cochabamba” (in review) BSc Tesis Universidad de San Francisco Xavier. 

 Huarita, Mario “Cuantificacion de la recarga por inundaciones en el sistema acuifero de la 
comunidad de Cliza como fuente de abastecimiento eventual de agua subterranean” (2015) BSc 
Tesis Universidad de San Francisco Xavier. 

 Zapata, Sergio “Potencial de explotacion de agua subterranean en Cliza‐Cochabamba” (in 
review) MSc Tesis Universidad de San Francisco Xavier. 

 Huarita, Maritza “Recarga del sistema acuifero de Cliza: Cochabamba‐Bolivia (in review) MSc 
Tesis Universidad de San Francisco Xavier. 
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 Heijstek, Arthur “Groundwater use in the high valley of Cochabamba, Bolivia” (2014) BSc thesis 
Wageningen University. 

 Mayta, Anibal; Felipe, Marcelo; Pereyra, Christian “Disponibilidad de agua subterranean en el 
municipio de Cliza” (2014) IDRC Project Report, Centro Augua, Universidad Mayor de San Simon, 
Cochabamba, Bolivia.  

 Mayta, Anibal; Ortiz, Jhylmar “Estudio geofisico de tomografia electrica Comunidad Porvenir 
Municipio de Cliza” (2015) IDRC Project Report, Centro Augua, Universidad Mayor de San Simon, 
Cochabamba, Bolivia.  

 Mayta, Anibal; Ortiz, Jhylmar “Estudio geofisico de tomografia en el Municipio de Toco” (2016) 
IDRC Project Report, Centro Augua, Universidad Mayor de San Simon, Cochabamba, Bolivia.  

All publications will be archived in http://prism.ucalgary.ca/handle/1880/51190 as they are 
completed. 
 
Water levels indicate that the general flow system is from the south starting at the valley’s 
southern margin towards the lowest part of the valley in the north where groundwater 
presumably discharges into the Rio Sulty. Pumping rates are modest and variable (from 0.5 to 22 
l/s) due to the heterogeneous nature of the valley deposits, but, in general, wells completed in the 
south tend to have higher production capacity than those to the north. This is consistent with the 
expectation that sediments will be coarser as you approach the higher energy depositional 
environment near the mountain range to the south. During the wet season, flow is uniformly to 
the north, but during the irrigation season, flow is diverted towards a groundwater low that 
develops in the centre of the region around the town of Cliza, presumably due to the extensive 
irrigation withdrawals. 

Water chemistry indicates that there are three end members in groundwater chemical 
composition. In the southeast, the waters show a Ca-Na bicarbonate composition. There is a clear 
line that separates these waters from Na bicarbonate waters in the west and north. Finally, in the 
very north, there are a small set of wells that have high concentrations and are Na Cl 
composition. At this point, we hypothesize that the waters in the southeast are due to enhanced 
recharge in the region of Toco where waters from the Rio Cliza are used extensively in flood 
irrigation during the wet season. The Na bicarbonate waters to the west and north could indicate 
that water from a different source has been in longer residence in the ground. The high 
concentration Na Cl water is most likely from paleo water or water that has been in contact with 
saline sediments deposited at a time that the valley was a closed basin with no outlets. 

Although there is still uncertainty in the amount of groundwater recharge, our preliminary 
calculations indicate that the pumping rates are greater than recharge. This is consistent with 
anecdotal reports that pumps have had to be lowered during the year due to declining 
groundwater levels. On the other hand, the little data that we have indicates that the floods of 
2013 caused a rise in water levels due to substantial recharge, which could mean that these 
extreme events play a pivotal role in the long-term sustainability of groundwater usage. 

More work is required to quantify the water balance. The role of the flood irrigation in Toco may 
be extremely important, but that zone was outside the region of this study. The potential for 
recharge was not recognized at the beginning and only became suspected from the spatial 
distribution of water chemistry. Subsequently, we found 4 networks of irrigation canals 
originating from the outlet of the Rio Siches into the Valle Alto. However, a new project is 
underway in the Toco region and that could add critical information about the role of flood 
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irrigation. Also, long-term monitoring is absolutely essential to capture the long-term trends and 
the role of extreme events. Unfortunately, it is clear that the Municipality of Cliza does not have 
the will to continue monitoring the water well network. On the other hand, the local irrigators are 
very interested and engaged. On my wrap-up mission, I strongly encouraged my Bolivian 
colleagues to consider setting up a smaller network of monitoring wells using inexpensive 
monitoring equipment that could be managed by the local well operators. That data could then be 
archived at the Centro Agua. 

2. Improving the understanding of local stakeholders about the basics of their aquifer and 
facilitating their design of groundwater management policy. 

During the inventory of water wells, it became clear that we would not be able to organize a 
formal discussion of a groundwater management strategy with the multitude of stakeholders. 
There were simply too many water well organizations and the Municipal government was not 
ready for that discussion either. In addition, an election changed all the players in the Municipal 
government, so our original partners were gone. Consequently, we changed our strategy towards 
education through community and municipal workshops and towards water conservation through 
better irrigation technology. Flood irrigation is very inefficient, but other systems require a 
change in age-old habits and adaptation of new technology. This part of the project was 
implemented through a BSc thesis, an irrigation booklet created for stakeholders and a series of 
stakeholder workshops.  

During the pumping tests, we also began to suspect that the water wells in the region were not 
operated in an optimal manner. They tended to be pumped so that upper screen intervals went 
dry causing turbidity and anecdotal evidence indicated that their lifetimes were on the order of 
10 years, which is quite short. Consequently, one BSc thesis was centered on the problems 
associated with pumping wells. There appears to be a lot that can be done to improve well 
efficiency and extend the water wells’ useful lifetime. Although these issues have been 
identified, there was no time to address them.  

“Introduccion a la hidrogeologia” taller, 15 August (2014), Cochabamba-Bolivia (Bentley and 
Matheson). This was organized by AMDECO (representing FCM) and the participants were 
technical people from several municipalities in the Valle Central and Valle Alto. (Participants list 
Appendix I) 

“Taller7informativo estudio hidrogeologico Cliza, Cochabamba-Bolivia”, taller, 4 Dec. (2014), 
Cliza-Bolivia (Hernandez, Zapata, Huarita) 

Pereyra, Christian “Problemas que confrontan los usuarios de aguas subterraneas en Cliza 
durante la perforacion establecimiento y funcionamiento de pozos” (in review) BSc tesis 
Universidad Mayor de San Simon. 

Felipe, Marcelo “Factores que dificultan el funcionamiento del sistema de riego presurizado en la 
comunidad de “Flores Rancho” de Municipio de Cliza” (2015) BSc tesis Universidad de San 
Simon. 

Felipe, Marcelo “Manejo del riego por apersion en Valles” (2016) Centro Agua, Facultada de 
Ciencias Agricolas, Pecuarias y forestales “Martin Cardenas”, Universidad mayor de San Simon, 
Cochabamba, Bolivia. This is a “cuadranillo” with a public oriented summary of sprinkler 
irrigation that presents the critical elements of Marcelo Felipe’s BSc thesis. This has been 
distributed in the Cliza region. 
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“Presentacion de resultados studio hidrogeologico Cliza, Cochabamba-Bolivia” taller, Diciembre 
(2015) salon de la Alcaldia de Cliza (Corina Hernandez, Sergio Zapata, Maritza Huarita) 
(Appendix II) 

“Riego tecnificado en la comunidad de Cliza, Cochabamba-Bolivia” taller, Diciembre, (2015) 
Escuela del Agua, Cliza (Alfredo Duran; Marcelo Felipe) (Appendix III) 

 

3. Increase the capacity of the Bolivian University partner institutes in the field of groundwater 
investigations and the connection to community-level water policy and governance.  

This objective was met mainly working with the students and faculty of USFX and UMSS 
during the project and through a series of workshops and presentations.  

Taller de geofisica desarrollado, Centro Agua, Cochabamba, 26-31 May (2015) (L.R. Bentley).   

Talleres de geofisica aplicada a la hidrologia subterranean e hidrologia subterranean 
desarrollados, Universidad de San Francisco Xavier, Sucre, 9-12 June (2015) (L.R. Bentley).  

These two workshops were attended by students and faculty of the two universities. Each 
university has an electrical resistivity tomography (ERT) unit. The short courses contained 
sessions on designing field programs, a field component where we ran surveys, an inversion 
workshop where we processed the data and an interpretation workshop. The outcome has been 
both systems are now being used in research projects. (Appendix IV) 

“Hydrogeology shortcourse”, Universidad de San Francisco Xavier, Sucre, 9-12 June (2015) 
(L.R. Bentley). 

This was a one day short course attended by students and faculty of USFX. It was a general 
overview of hydrogeology requested by the faculty of USFX. (Anex IV) 

“Como escribir un articulo para una revista cientifica” Presentacion, Universidad de San 
Francisco Xavier, Sucre, 23 March (2015) (L.R. Bentley). 

“Desarrollo de proyectos de investigacion” Presentacion, Universidad de San Francisco Xavier, 
Sucre, 23 March (2015) (L.R. Bentley). 

“Como escribir un articulo para una revista cientifica” Presentacion, Universidad del Valle, 
Sucre, 23 March (2015) (L.R. Bentley). 

“Desarrollo de proyectos de investigacion” Presentacion, Universidad del Valle, Sucre, 23 March 
(2015) (L.R. Bentley). 

These last four presentations were done at the request of the faculty of USFX and Universidad 
del Valle (which was not a partner in this project, but is located in Sucre). They were in support 
of the efforts of these universities to get research programs started in their faculties and get 
faculty members to start publishing in journals. They were attended by faculty and students. As 
these were only recently completed, it is difficult to judge their effectiveness. 

Methodology 
 
The first groundwater inventory and poll of irrigator problems was conducted by Arthur 
Heijstek. The polling questionnaire is located in his thesis (Heijstek, 2014) as are the results of 
his survey.  
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The groundwater inventory was conducted by Anibal Mayta, Marcelo Felipe and Christian 
Pereyra. The methodology employed in the inventory and the results are documented in the 
IDRC project report Mayta et al. (2014) “Disponibilidad de agua subterranean en el municipio de 
Cliza”. The report contains the position, year drilled, depth, production rate, electrical 
conductivity, and an estimate of monthly production values. Both reports can be found in the 
digital repository. 
 
The hydrogeology study was conducted using standard techniques. These methods included: 

 Measuring water level in water wells with water level measuring tapes 
 Fixed ring infiltrometer tests 
 Infiltration tests with Guelph Permeameter 
 Stream flow measurements 
 mini piezometer installations 
 2 rounds of water chemistry sampling with analysis for main ions 
 2 rounds of water chemistry sampling with analysis for stable isotopes 2H and 18O 
 3 pumping tests for transmissivity and storage coefficient assessments 
 Analysis of drilling reports for construction of cross sections 
 ERT surveys 
 Use of published weather data for precipitation and evapotranspiration estimates. 

The descriptions of these tests and the results are found in student theses. 
 
Project Outputs 
 
The project outputs have been listed in the “Progress towards milestones” section above. Our 
plan for dissemination is to put all of the theses and technical project reports on the University of 
Calgary’s digital repository PRISM system (http://dspace.ucalgary.ca/). This is a searchable 
repository (GoogleScholar) that is publically accessible. We have received the copyright 
permission to post the theses from all of the student authors. We are in the process of uploading 
files as they are completed (http://prism.ucalgary.ca/handle/1880/51190). 
 
The first understanding and study of the Cliza aquifer has been generated. The pumping demands 
for irrigation and domestic water supply have been documented. This is a major step forward, 
but more work remains. Maps of the aquifer extent are contained in theses as are recharge 
estimates. As stated above, the complete understanding of all recharge zones still needs to be 
established. Although much is put in ARCGIS, a comprehensive data set was never constructed 
due to a lack of time and the groundwater model was not attempted. An important aspect is 
identifying the recharge contribution from the TOCO region which is being addressed by a new 
project funded by COSUDE (see below). Additionally, a long-term monitoring program is 
critical, but as noted, needs to be established because the Municipality of Cliza has been unable 
to maintain systematic monitoring of the established network measurements. 
 
The Cliza Municipality staff was trained to collect and interpret groundwater monitoring data, 
but then left the municipality with the change of government. The new government never 
became fully engaged, so that expertise was basically lost to the MDC. The community is much 
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more aware of the issues surrounding groundwater management including over production and 
well interference. However, a lot of work remains before they will be ready to attempt to 
establish a water management plan. Women have shown a lot of interest in the water problems 
and details during the well inventory interviews, but they did not participate fully in the 
workshops. 
 
A sprinkler irrigation system has been installed, was demonstrated to the community and is 
operating. The local irrigators have shown some interest, some are discussing implementing 
sprinkler systems and others have a wait and see attitude. So progress on more efficient irrigation 
has been made, but a lot of inertia still exists, especially because of the cost of the infrastructure.  
 
The Centro Agua and some members of USFX have gained a lot of experience and 
understanding of the resistivity method and surveys have been run and interpreted. Centro 
Agua’s understanding of hydrogeology has increased, but there still is no one available to teach 
hydrogeology. USFX has gained a lot of experience in how to work with local communities from 
the Centro Agua, but it is unclear if USFX will support an environment where that knowledge 
can be put to use. There was a commitment to another round in the MSc program with University 
funded becas, but there were not enough subscriptions so it was canceled. It is not clear why the 
subscriptions did not come, but I do not think that they had committed the resources to deliver it 
either.  

Although we started with a woman Bolivian project coordinator (Ing. Corina Hernandez) and 2 
women MSc students, one woman MSc student dropped out because she was offered a work 
contract and the replacement was a man. In the end only one woman student participated in the 
project. On a positive note, the other woman did come back into the MSc program at the end of 
her contract and looks like she will finish a thesis on another topic. There were also many 
women students who participated in the workshops and short courses at both Centro Agua and 
USFX. 

The Centro Agua, UMSS, successfully obtained funding (“Estrategia de sostenibilidad de las 
aguas subterráneas en Valles de Cochabamba y Chuquisaca. Estudios de caso: 10uenca del río 
Síchez (Municipios de Toco y Cliza)”) from Cooperacion Swiza para el Desarollo (COSUDE) 
through the Programa de Investigacion Aplicada par Adaptacion al Cambio Climatico (PIA 
ACC) to study the Toco region in a program similar to this program. The success of the new 
funding is a direct follow on from the experience gained in this study and its successful 
implementation. The collaboration between UMSS and Sucre will be extended for another 2 
years, through the Instituto de Aguas, USFX. The Dean of Civil Engineering (Edgar Grandon) 
has funded a position in the Instituto and the vice rector of USFX (Walter Arizaga) has voiced 
his support. In addition, another proposal to COSUDE is being adjudicated for a similar project 
in Yotala, Chuquisaca. These are very encouraging outcomes in terms sustainability of the gains 
we have made.  

The dissemination of information in Canada has to this time been limited. L.R. Bentley has given 
one seminar on the project to the Department of Geoscience and is scheduled to give another to 
the Alpine Hydrogeology interest group. The linkage with the Students for Development Project 
never materialized. 
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Problems and Challenges 
 
The Municipal District of Cliza (MDC) demonstrated a lot of enthusiasm and provided 
significant logistical support by contacting landowners and providing transportation, but they 
were not able to maintain the routine of groundwater monitoring. In part was due to other 
priorities interfering but it also seemed that enthusiasm waned as well. Later, the government lost 
the election and the new administration never engaged in the same way. In Cliza, the technical 
people in the government were all replaced with a new team brought in by the new government. 
Consequently, the training that had been received went with them as did all of the personal 
relationships that had been developed. So the partnership with the MDC had mixed results.  
 
FCM bought a weather station for use on the project, but we experienced delays in deploying it 
because MDC delayed getting the site finalized. Finally we got it deployed, but it was too late to 
use the data in our analysis for this project. We were forced to use the data from other weather 
stations in the Valle Alto, which is not optimal. The station is now up and running and the Centro 
Agua has management of it and the data will be archived and posted. 
 
University governance was problematic, especially at USFX. The Instituto de Aguas at USFX 
for most of the two years had no employees, although we used it as the entity we worked 
through. The Centro Agua has been established for longer, so it has an independent identity and 
functions well. The bureaucrats in the administration appear to have a lot of power even over the 
deans. USFX seems to have envisioned graduate education as an income source and has not 
embraced the education and research mission. In the end, we had to manage the finances outside 
of the University, because it appeared that they would be unwilling to pay becas or certain 
research costs. We were advised that it was also easier not to involve the administration of 
UMSS either and that it was easier to operate independently. This balancing act was challenging, 
but it worked out in the end. On a positive note, USFX has now hired a part time coordinator for 
the Instituto de Aguas who can continue the work with UMSS and implement the new research 
programs. 
 
We have also had problems with students completing their theses on time. I am not quite sure 
what the issues are, but I suspect that the becas were not enough to keep them working on their 
theses full time. They simply did not meet deadlines and sometimes have been unresponsive to 
emails. This has put us behind on some of the deliverables, including another quadranillo that is 
supposed to summarize the key points of the hydrogeologic study for the local water users. We 
still intend to create it, but it will have to be after the formal completion of the project. 
 
The drop in the Canadian dollar proved problematic as well. The Boliviana is basically tied to 
the American dollar so we lost 25% of the value of the money that we spent in Bolivia. 
Unfortunately, becas and contract salaries were tied to the Canadian dollar so our students and 
colleagues absorbed those costs. But travel and local expenses increased. Airline tickets and 
travel costs also increased for outside travel. In addition, more support by L.R. Bentley was 
required than initially envisioned, so he spent much more time in Bolivia than originally 
envisioned and travel costs increased accordingly. 
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Transportation costs within the country also were under budgeted. Originally, we were budgeting 
based on bus travel. However strikes ending in road closures and other impediments often made 
this impractical so we ended up with a lot more air travel between Sucre and Cochabamba. The 
work also demanded a lot more travel by the USFX contingent for field work, workshop 
presentations and project management than originally envisioned.  
 
The fragmented nature of the water supply management and decentralized nature of the water 
supply system made it infeasible to achieve our original objective on building a management 
strategy. This will take a prolonged effort, which is not surprising. If we look at California, for 
example, they are just beginning to wrestle with the same problem after many decades and only 
because of a crisis situation in the decline of water levels and massive subsidence problems. 
Unlike California, the solution in Bolivia will not be mandated from a central government! The 
only solution is a long-term effort with engagement and education of the local water groups. 
 
Administrative Reflexions and Recommendations 
 
The political entity of the Municipality turned out to be an unreliable partner. Despite good 
intentions, politics and other priorities meant that commitments to the project were simply not 
kept. Indeed, the government technocrats get replaced if the administration changes, so the 
Municipal government is not a stable partner nor a good investment for the long-term training of 
personnel. However, individuals in the local community are passionately interested in the issues 
surrounding water supply. They will work with us if they understand what is being done and 
why. I think community monitoring could be much more successful. The project presentation 
must be done in an appropriate manner and in a way that does not threaten the local community 
and a way that makes them feel like they are collaborators and partners. So the next time I would 
get the approval and support of the municipality, but work directly with the water user groups 
and community individuals. 
 
It is absolutely imperative to establish continuous, long-term relationship with key individuals at 
the community level. Someone must be driving the organization of the local partners in the 
community to keep things moving. Without proactive continuous involvement, things tend to 
stop. The Centro Agua did an excellent job at this. We benefited from their past work in the 
communities of Valle Alto over many years before the initiation of our project. Our project could 
not have had the success we did have in the 2 year time frame without the historic ties to the 
community brought by the Centro Agua. You must have a relationship with the individuals in the 
community before you can start to operate and this takes time. You cannot simply walk in and 
start working. You also must continually communicate and work to keep things moving.  
 
Women have the potential to play a vital role and better strategies need to be developed to get 
them involved. For example, we need to establish a community level monitoring program. 
Training the women to make and measurements could be an excellent way to engage them 
because of they have demonstrated a lot of interest in water and the way things work. However 
work needs to be done to see how this could be implemented without causing distrust or conflict. 
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Closure 
 
In the end, we did not reach all goals but significant progress was made. Changing habits and 
moving public opinion is a process that takes a lot of time and a long-term commitment. To be 
successful, a project need teams with a diverse set of expertise that can work together in a close 
and seamless way. The social context and the technical realities (there is only so much water!) 
cannot be separated! The team of USFX (hydrogeology experts) and Centro Agua (irrigation and 
social context) proved very effective. In Bolivia, all of the expertise does not appear to reside in 
any one place, so collaborations will remain crucial into the foreseeable future. Building these 
collaborations is a challenge, but an essential one. Given the relatively short time frames of most 
funding vehicles and the requirement for long-term engagement for success, sustainability will 
continue to be a central challenge. 
 
 


