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Summary 
 
Undergraduate and graduate engineering and geology 
students investigate water storage and water yield from the 
Andean Puna, and design and construct downstream 
irrigation canals in the agrarian highland community of 
Zurite, Perú. This 2-year project, funded by Geoscientists 
Without Borders (GWB) relies on students to design 
research objectives, conduct hydrogeological field research, 
and produce tangible results, such as over 2 km. of 
irrigation canals, that benefit the community of Zurite.  
 
Introduction 
 
We address three needs: 
1. Quantifying water yield from the Andean Puna. The 

Andean Puna, unique montane grasslands, found 
between the tree line (3200-3500 m.a.s.l.) and the 
permanent snow line (4500-5000 m.a.s.l.) from central 
Perú to central Argentina and Chile. Throughout this 
region are numerous unglaciated headwaters. Small 
communities, and large cities such as Cusco, depend on 
water derived from the puna for agricultural and 
municipal needs. As glaciers melt and relinquish their 
stored water, future Andean communities will become 
increasingly dependent on water derived from the puna. 
However, there are few studies documenting the storage 
capacity and hydrologic plumbing of these high 
elevation sources of water. Working in the Puna uplands 
(over 4,000 m.a.s.l.) of the Ramuschaka Watershed (~6.2 
km2), we use hydrogeologic and geophysical 
investigations to quantify water storage and water yield 
and predict changes in water resources. 

2. Providing irrigation water for community well being. 
The agrarian community of Zurite relies heavily on 
agriculture. Corn, potatoes, wheat beans, forage, onions, 
carrots and quinoa are grown and harvested for 
subsistence and to sell at market. The eastern fields of 
Zurite lack efficient irrigation canals, and precious water 
is wasted, thus limiting agricultural production. Working 
with the community, municipality, and commission of 
water users in Zurite, our team is designing an irrigation 
canal network, which will transport water resources to 
where they are needed. Our team, supported by GWB, is 
invested in a four party agreement to construct the 
irrigation canal network over the summer of 2019.  

3. Connecting scientists with their international peers 
through projects that apply knowledge and build 
capacity. Applied, international research opportunities 

are rare in STEM fields. Our project connects 
undergraduate and graduate engineering and geology 
students from Humboldt State University, the University 
of Michigan, the Universidad Nacional Mayor San 
Marcos in Lima, and the Universidad San Antonio Abad 
de Cusco in Perú. Through our immersive, multiyear 
program, students research the literature, learn 
techniques within and outside their disciplines, craft 
hypotheses, design field campaigns, analyze data, and 
apply their results. Throughout the process, students are 
challenged to communicate across disciplines as well as 
to people outside of the sciences. Students are 
empowered through applied collaborations that cross 
disciplines and cultures. 
  

 
Theory and/or Method 
 
1. We take a Critical Zone (CZ) approach that links field 
geology, tectonics, hydrology, and weathering processes, as 
well as biologic and atmospheric processes. Water is the 
element that moves through these deep and surficial 
environments. We use a variety of methods to characterize 
the CZ and to quantify subsurface storage and water yield 
to the Ramuschaka.  

In the summers of 2018 we mapped the geology of the 
upper Ramuschaka Watershed and conducted long 
transect (1.32 km in total) seismic refraction surveys to 
identify the lower boundary of the critical zone, which we 
refer to as Zb (sensu stricto, Rempe and Dietrich, 2014). 
We also installed tipping bucket precipitation gages, 
paired moisture and tension probes in the soil and 
saprolite, and stream gages in the Ramuschaka. 
In the summer of 2019 we refined our geologic map, 
repeated seismic surveys, drilled wells to explore the 
subsurface geology, conducted downhole Nuclear 
Magnetic Resonance (NMR) surveys and installed 
hydrologic monitoring equipment.  

2. We collaborate with the community of Zurite to 
identify downstream agricultural water needs. 

In 2018, we worked with the community to survey five 
canal pathways totaling 2.67 km in length and spanning an 
elevation drop of approximately 60 m. We used HEC-
RAS (U.S. Army Corp of Engineers) to design the canal 
network to meet required flow capacities and to provide 
flood irrigation to the fields of over 100 families. In 
addition to the canal design, we contributed one fourth of 
the total costs required to construct the canal. Students 
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also worked on the canal while in Zurite in the summer of 
2019.  
In the summer of 2019, we worked with the community, 
municipality, and commission of water users to construct 
the canal network.  

3. This collaborative study connects students and 
researchers across disciplines.  

This study brings together three researchers and 20 
undergraduate and graduate environmental resources 
engineering, geology, and geophysics students from 
campuses across the United States and Perú. We have 
fostered strong relationships with and built capacity 
within the community of Zurite. Neighboring 
communities have requested that we expand our work. 
Students are empowered as they realize their potential as 
leaders of environmental change in their applied fields of 
study.  

 
 
 
Results 
 
The majority of the Upper Ramuschaka is underlain by a 
mixture of Paleocene sandstones, mudstones, and 
conglomerates (Munani Formation, shown in red on 
geologic map, Figure 1). The western portion of the Upper 
Ramuschaka contains Paleocene interbedded fossiliferous 
and crystalline limestone (green), and an Oligocene aged 
intrusive varying from granite to quartz monzonite 
composition (tan).  
 
Seismic surveys reveal a variably thick weathered zone 
(CZ) that thins beneath the Ramuschaka and thickens 
towards the hillslope divides (Figure 2). Average depth to 
the 3200 m/s (our estimate of Zb, the base of the CZ) varies 
from 27.2 to 31.5 m across the three seismic surveys. 
Topographic benches show thinner weathering profiles, 
perhaps due to the presence of highly resistant beds in close 
proximity to the surface (Johnstone and Hilley, 2015). The 
ground surface is saturated or near saturation at these 
topographic benches for most of the year. The organic 
content of these regions appears to regulate water holding 
capacity. Whereas these low slope regions may saturate and 
drive wet season runoff, our geophysical investigations 
point to deep drainage of weathered bedrock as the source 
of dry season baseflow. We observe two hillslopes with 
particularly deep profiles, perhaps due to chemical 
weathering of limestone beds. Core derived from boreholes 
will corroborate our geophysical analyses. Furthermore, 
downhole NMR measurements will reveal the depth of Zb, 
as well as the porosity and water holding capacity of the 
subsurface. Well gages will allow us to measure seasonal 
dynamics in groundwater storage and link subsurface water 
to water yield in the Ramuschaka. 
 

Working with the community of Zurite, we constructed 
over 2 km of irrigation canals that will directly benefit over 

100 families. Students designed workshops that provided 
context and taught Zuriteños how to take simple 
measurements, such as measuring water depth in the Upper 
Ramuschaka, which enables the community to track its 
vital water resources. Student participants cite the multiyear 
applied nature of our project as a transformative learning 
experience.  

 

 
Figure 1:  Geologic Map of Upper Ramuschaka and photograph 
looking down slope from the upper watershed boundary. 

Figure 2: results from seismic line #2 showing estimate of 3200 
m/s boundary, our estimate of Zb (solid line), and 2000 m/s 
boundary (dashed line). 
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Conclusions 
 
Geophysical analyses reveal a large subsurface reservoir in 
the Upper Ramuschaka Watershed. Shallow-sloped 
saturated zones near the Ramuschaka moderate wet season 
runoff. Dry season runoff is derived from thick zones of 
fractured weathered bedrock. Sandstone and limestone beds 
hold large amounts of seasonally dynamic water, which 
sustains runoff in the dry season. We were successful in 
connecting water supply in the Upper Ramuschaka to 
agricultural water needs in Zurite and designing an 
irrigation canal system to meet those needs. Over 100 
families benefitted from the canal project. Furthermore, our 
work connects local hydrologic knowledge with basic 
monitoring efforts that community members can make to 
track changes in their water resources. Finally, 
undergraduate and graduate engineering and geology 
students from the U.S. and Perú gained field and analysis 
methods experience and are empowered by the multiyear, 
applied, cross-disciplinary project and the cultural 
interactions. Communities across the region will benefit 
from our assessment of water resources in the Andean 
Puna. We hope to continue our work in Zurite and to 
expand to the many neighboring communities interested in 
our work. 
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