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Introduction
Oregonians are witnessing the difficulties caused by water limitations. Water quantity and quality issues in the
Willamette and Klamath Basins are the Governor's top environmental priorities. This situation is paralleled
around the world, and points toward a strong emerging area for growth in research, education, and outreach.
OSU is ideally positioned to assume a leadership role in addressing water problems, with about 125 faculty in
six colleges who teach and conduct research in areas related to water and watersheds. OSU is renowned for its
landscape−scale ecosystems research and continues to grow five new graduate degree programs in Water
Resources. These research and education efforts have all occurred without the benefit of programmatic
coordination or strategic vision.
The Water and Watersheds Initiative developed by OSU in 2005 was designed to replace the Center for Water
and Environmental Sustainability (CWEST) to better leverage OSU's existing excellence in water and
watersheds by 1) providing coordination of water and watershed activities at OSU, 2) creating an innovative,
place−based educational approach connecting a diverse student body with relevant issues across the state, 3)
enabling capture of new, high−value opportunities for research, education, and outreach, 4) engaging OSU
faculty and students with external stakeholders throughout the state, and 5) establishing a set of shared water
and watershed collaboratories supporting research, teaching and outreach. This initiative will increase the
diversity and quality of OSU students involved in water resource activities, and advance OSU's Strategic Plan
and Land Grant mission.
Coordination and leadership are key to achieving these goals. Institute for Water and Watersheds (IWW)
Director, Dr. Michael Campana, is leading the effort to pull faculty and resources together to tap the huge
potential for new funding. This institute will catalyze and support the growth of academic programs; state of
the art laboratories; enhanced outreach to Oregon's communities; and development of real solutions for
Oregon's critical water resource issues. The IWW has created a physical and intellectual center for water at
OSU that focuses faculty, students, facilities, and activities in a common location through four specific efforts:
1) a university−wide water services lab supported by a full−time technician that provides services to multiple
researchers and teachers; 2) home offices for visiting scholars, fellows, and OSU faculty as necessary; 3)
video−conferencing capacity for teaching, research, and outreach activities; and 4) co−location with the
Institute of Natural Resources to provide links to policy, information, and research activities throughout the
state of Oregon.
To create a diverse student population able to address complex water resources issues, the IWW has funded
the development of an innovative, multi−disciplinary learning environment through five specific mechanisms:
1) development of a place−based “platform for learning” in the Oak Creek watershed for integrating a water
resources curriculum across multiple courses; 2) development of two new, interdisciplinary synthesis courses
addressing relevant water resource issues in Oregon; 3) sponsorship of Diversity &Excellence scholarships to
increase access and diversity in the water resources student population; 4) development of a common
information repository integrating water resource courses, research activities and, outreach efforts designed to
enhance student learning across multiple courses; and 5) support through a competitive funding process of
activities designed to capture new, external resources focused on academic program innovation.
A central aspect of the IWW is the development of new and innovative ways to engage stakeholders across
the region: The IWW has allowed OSU scientists and students to connect with diverse decision−makers at the
federal, state and local levels to provide solutions to Oregon's water problems through three activities: 1)
incorporation of stakeholder needs and experiences into the Water and Watershed curriculum; 2) sponsorship
of a series of collaborative workshops held around the state with federal, state and local stakeholders to
identify partnering opportunities for addressing high−profile issues in Oregon; and 3) establishment of an
annual conference, co−sponsored with the Oregon Water Resources Department to engage the Oregon
Introduction

1

legislature and state and federal agencies, to identify critical water and watershed issues in the State and
develop strategies to address these issues. The first conference was held in 2008 and focused on Aquifer
Storage and Recovery and Aquifer Recharge in Oregon where over 160 professionals and students were in
attendance.
The IWW is fundamentally elevating OSU's current capabilities in realizing new opportunities and attracting
new funding sources while better serving the needs of students and the state. To date, the outcome has become
a thriving academic engine built on current investments and existing excellence aligned with the OSU
strategic plan − interdisciplinary collaboration; the land−grant mission; national and international dimensions;
diversity; the environmental and economic health of the state, and will lead to a strong, self−sustaining unit
that will continue to strategically leverage state investment to solve the water problems of the future.
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EXECUTIVE SUMMARY
Glaciers are excellent reservoirs because they serve to moderate variations in runoff and
supply reliable flow during drought periods. There therefore needs to be a clear understanding of
the influence of glacier runoff at both the basin and catchment scale. This study investigates the
contribution of glacier melt to the upper Middle Fork Hood River catchment (50.6 km2) on the
northeast flanks of Mount Hood Oregon. Discharge measurements and isotope samples were
used to calculate glacier meltwater contributions to the entire catchment, which feeds into a major
diversion used for farmland irrigation. Data was primarily collected in August – September of
2007 because this is a period of little rain and suspected high glacier melt contributions.
Discharge measurements taken at the termini of the Coe and Eliot Glaciers indicate a contribution
of 40% of the entire catchment’s runoff between August 10 and September 7. Isotopic analyses,
which include the inputs of all other glacier surfaces in the catchment, show a total glacier
contribution of 62 – 74% of catchment discharge at a given time. The Snowmelt Runoff Model
(SRM) was calibrated using the 2007 discharge records to quantify August – September glacier
runoff in the Middle Fork catchment under a variety of scenarios. SRM simulations indicate that
runoff from the catchment glaciers are highly sensitive to changes in glacial area, debris-cover,
and air temperatures. The decrease in discharge due to glacier recession is measured to be higher
than the effect of forecasted temperature increases, implying that annual glacier runoff is
decreasing over time. Applying current glacier recession rates and a 2°C temperature forcing, the
model predicts a decrease of 31.3% of late summer glacier runoff by 2059, most of which is lost
in August. This study suggests that glaciers currently play a significant hydrological role in the
upper catchments of the Hood River Basin at a time when water is needed most, and that these
contributions will diminish over time. Complete results are available in Phillippe’s Masters thesis.
PROJECT DESCRIPTION AND RESULTS:
The objectives of this work were to determine if glacier meltwater makes a significant
contribution to streamflow in the Upper Middle Fork Hood River and how future glacier melt
contributions might change on timescales of 10-50 years.
Mount Hood, the stunning, glacier-capped stratovolcano that is Oregon’s highest peak, is also the
sole source of summer streamflow for the acclaimed agricultural Hood River Valley to the

northeast. Five irrigation districts along the East, Middle, and West Forks of the Hood River rely
on late summer snow and ice melt from six glaciers, along with reservoir storage of winter rains,
to meet heavy water demands during the dry summer months, while maintaining sufficient
instream flows and cool water temperatures for threatened fish. However, recent studies
document that Mount Hood’s glaciers, crucial to the water supply of the region, have decreased
as much as 61% over the past century (Lillquist and Walker, 2006). Until this study, there were
no monitoring programs to provide measurements of the contributions of Mt. Hood glaciers to
streamflow, and therefore, no way to estimate the potential impact of their loss in the face of
climate change scenarios. Located on the north side of Mount Hood, Oregon, the Middle Fork
Hood River drains into the main stem of the Hood River, which then flows into the Columbia
River, and eventually into the Pacific Ocean. The Upper Middle Fork catchment has an area of
50.6 km2 and glaciers cover about 6.8% of that area. The catchment consists of four creeks that
drain the north side of Mount Hood: Eliot, Coe, Clear and Pinnacle. Eliot and Coe Creeks are
glacier-fed, whereas Clear and Pinnacle rely solely on lingering snowpacks and groundwater
inputs during the summer dry season. Clear and Pinnacle Creeks flow into Laurance Lake
Reservoir, which acts as storage and a power supply for the Middle Fork Irrigation District
(MFID). Because Coe and Eliot are more sediment-laden, they are diverted directly from the
channel to a settling pond, and after sufficient deposition of clays and silts, the water is pumped
out by the irrigation district. Discharge was measured from June to September 2007 immediately
upstream of the diversions of the four catchment creeks: Eliot, Coe, Pinnacle, and Clear. Runoff
at the outlet of Coe and Eliot Glaciers was also measured between August and September 2007 to
determine the contribution of flow from the glaciers to the downstream sites. At each site, water
height recordings were made at a 15-minute time step using capacitance stage recorders. To relate
water height to streamflow, discharge and depth measurements were made over a range of flows
during the summer. Eliot glacier is in a narrow drainage and melts into a single, well-defined
channel. However, Coe glacier is separated into several parts and melts into several channels.
Thus, streamflow monitoring in Coe creek is not an effective estimate of the total glacier
contribution. To remedy this problem, isotopic analyses of glacier and non-glacier contributions
to streamflow were performed. For this purpose, water samples were collected on three occasions
throughout the basin in August, September, and October. Water samples were collected 5 m
downstream of the Eliot and Coe Glacier termini. Samples were analyzed for d18O at the Isotope
Ratio Mass Spectrometer Facility at Oregon State University (Corvallis, OR). They were run
through a Finnigan/MAT 252 (dual inlet) and were reported relative to SMOW (Standard Mean
Ocean Water; Craig, 1961) with a precision of +/-0.03‰. Modifying the standard equations for a
2-component mixing model (Sklash and Farvolden, 1979) glacier melt water replaced new water
in order to solve for the relative proportions of groundwater (old water) and glacier melt. To
compare meltwater composition with glacier ice, four Eliot glacier ice samples were collected and
analyzed.

Figure 1. Map of the Upper Middle Fork Hood River watershed showing Coe and Eliot
glaciers and the six streamflow measurement sites.

Figure 2. The Diurnal variation in both glacier Discharge and Terminal Flow in Eliot
Creek: August 22 – 27, 2007 (top). The lower histogram delays glacier discharge by 2
hours and 18 minutes to compare hydrograph geometries.
Isotopic analyses show that in the Eliot and Coe catchments, glacier ice is most depleted in 18O,
followed by surface water and springs. Given the accuracy of isotope reporting (+/- .03 ‰), the
differences in 18O compositions are significant. The isotope data show that glacier melt can
contribute 76 – 88% of the runoff in Eliot Creek and 70 – 88% in Coe Creek (table 4.1), totaling
62 – 74% of the entire catchment’s discharge. The isotopic representation of glacier melt is much
higher than that exhibited by the discharge method because the isotopes represent both the Coe
Glacier and all of its neighboring glacierettes.
To simulate the effects of continued glacier recession on streamflow in the Upper Middle Fork
Hood River, we used a conceptual model that uses air temperature as its primary input. The
Snowmelt Runoff Model (SRM, Martinec 1975) is a semi-distributed model and requires variable
inputs into specified elevation zones. The basin was divided into eight 200-meter elevation zones
for the Eliot and Coe catchments and five zones for the Compass catchment. SRM was calibrated
using the 2007 discharge records to quantify August – September glacier runoff. SRM

simulations indicate that runoff from the catchment glaciers are highly sensitive to changes in
glacial area, debris-cover, and air temperatures. The decrease in discharge due to glacier
recession is measured to be higher than the effect of forecasted temperature increases, implying
that annual glacier runoff is decreasing over time. Applying current glacier recession rates and a
2°C temperature forcing, the model predicts a decrease of 31.3% of late summer glacier runoff by
2059, most of which is depleted in August.
Table 1. SRM simulations for 2007 and 2059 of total glacier discharge under different
glacier area scenarios. SRM simulations for 2007 and 2059 (estimated) under a 2°C
forcing.

Scenario
2007 Conditions
• August
• September
• 9/10-9/29
2059 Conditions
• August
• September
• 9/10-9/29

Total Glacier
Discharge (m3)
4.34 x 106 m3
2.85 x 106 m3
1.49 x 106 m3
7.94 x 105 m3
2.98 x 106 m3
1.78 x 106 m3
1.20 x 106 m3
7.08 x 105 m3

Decrease in
Discharge (%)
31.3
37.5
19.5
10.8

SRM simulations show that the Middle Fork Hood River exhibits high
sensitivity to changes in the area, debris‐cover, and air temperatures of the Eliot,
Coe, and Compass glaciers and glacierettes. Using glacier recession rates and
established temperature increases, decreases in glacier discharge in total glacier
discharge of 31.3% are projected by the year 2059. In this and other scenarios,
August undergoes particularly drastic changes in discharge, whereas early
September to the end of the water year sees much smaller losses, probably because
of the decreased degree‐day factor and increases in precipitation inputs at this time.
The methods developed in this project serve as a strategy for gauging glacier runoff
in the late ablation season in small, ungaged glacierized catchments.
OUTREACH
This project has received attention in the press, by water resources managers, and
at Oregon State University. Outreach activities include the following:
•
•
•
•
•
•

Front page article in The Oregonian: “A region’s vitality melting away”, (11
Feb 2008)
Presentation to the Hood River Watershed Group (22 Jan 2008)
Presentation to the IWW Board of Advisors (4 April 2008)
Presentation to the Oregon House Interim Committee on Energy and
Environment (4 April 2008)
Presentation at the Oregon State University, Focus the Nation (30 Jan 2008)
Poster presentation at the Western Snow Conference, Hood River, OR (17
April 2008)

•
•

Presentations to classes at OSU in Environmental Engineering, Climatology,
Snow Hydrology in Winter 2007, Winter 2008, Spring 2008
Presentations to the Middle Fork Irrigation District, Hood River, OR (multiple
presentations throughout 2007‐2008)

In addition, this investigation trained a graduate student, Jeff Phillippe for whom
this constituted his MS thesis.
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EXECUTIVE SUMMARY
Contaminant transport in the subsurface is a very complicated process, with researchers
working on determining which processes are of the most importance when attempting to model what
will happen due to the subsurface processes alone, as well as with remediation schemes in place.
One of the current areas of interest includes transport through highly heterogeneous geologic
materials. When contaminants move through materials which are highly heterogeneous, having a
high variance in log-conductivities, the contaminant takes longer to move through the subsurface
environment. It gets spread due to slower dispersion through the fine grained material vs. the course
material, and is most noticeable by the ‘tailing’ effect seen in solute concentration vs. time data. This
transport behavior is known as non-Fickian transport, which cannot be completely described by the
conventional convection-dispersion equation. This research takes a simplified model of this type of
environment, consisting of low-conductivity spherical inclusions inside a course, high-conductivity
matrix material, and is attempting to correlate 3D laboratory and theoretical results co-currently.
Nearly 100 spherical inclusions were made in the lab from fine, low-conductivity sand. Each
individual sphere was characterized, measuring its weight, volume, porosity, and hydraulic
conductivity. A computer program was written to randomly generate a packing scheme for the
placement of spheres within the experimental set-up (i.e. black box). Using a removable grid, the
black box was wet-packed with course matrix material, with 75 fine spherical inclusions placed
within the box according to the program results. It was determined that one pore volume for the box
was nearly 38 Liters of water. At a flow rate of 5 ml/min, it was determined that one pore volume
would take nearly 5.3 days. The box was flushed for one day with DI water, to allow the sand inside
the box to settle, and then it was opened to fill any additional space that was opened up due to
settling of the sand. The box was again sealed, and a pH 9 DI water solution was pumped through to

equilibrate the sand to the experimental conditions. After flushing the box for 3 pore volumes, a
tracer was then injected, consisting of fluorescein and lithium bromide at pH 9. Initial results show
that the experimental system does indeed result in non-Fickian tailing.

PROJECT DESCRIPTION AND RESULTS
The objectives of this project were to (1) completely characterize the individual spheres
and matrix material, (2) fill the black box with randomly placed spherical inclusions within the
course silica sand matrix, (3) collect detailed information on solute transport within and at the
outlet of the experimental system for multiple experimental runs, (4) create a 3D computer
simulation of the laboratory system using the upscaled two-equation time-varying mass transfer
model for transport in a two-region system, and (5) correlate the theoretical model to the
experimental results. A summary of the results to date are included in this report, with continued
research being done. Complete results will be available in the PhD thesis of Stephanie
Harrington.
In attempting to more fully understand how contaminants travel with the groundwater in
the subsurface environments, it is necessary to understand how heterogeneities affect flow.
Some methods already exist for simplified cases, where the conductivity changes between
various subsurface media are small. The case where there are two distinct media in contact
which have a large variance in their respective conductivities has only recently become an area
of high interest [1-11]. This highly heterogeneous type of environment has been found to cause
prolonged solute transport, resulting in non-Fickian tailing. As a simplest case, this research has
constructed a highly heterogeneous experimental setup consisting of a black aluminum box
(100cm x 50cm x 20cm) filled with a random binary spatial conductivity field. This
experimental setup is being run in order to gather a detailed set of experimental data on transport
through this type of environment, with the goal of correlating the results with a new theoretical
model.
Spherical inclusions were made from low conductivity silica sand by heating it in a
muffle furnace in spherical molds. The resultant low conductivity (~0.01 cm/s) spherical
inclusions were thoroughly characterized, measuring each one’s individual weight, volume,
porosity, and average hydraulic conductivity (through pressure drop measurements). Once this
was accomplished, a MATLAB program was written to determine the placement of the spheres
in the black box to be used for the experimental analysis. The box’s internal volume was
partitioned in the program, allowing for a 3D grid structure with one grid length being equivalent
to 5 cm. This program allowed for a randomly generated placement for each sphere, with the
stipulation that they could not be on top of or beside one another. The number of spheres placed
within the box was also chosen randomly, with its stipulation being between 70 and 84 spheres
total within the box. The first eligible program result determined the random placement of 75
spheres within the box (Figure 1).
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Figure 1: Grid coordinates for placement of spheres inside
experimental set-up. Each grid box is equivalent to
a 5 cm x 5 cm x 5 cm section of the experimental
set-up.
The aluminum box was sealed on 5 sides, with one side (100cm x 20cm) being left open
for insertion of the course sand and spheres. A grid was drawn on plastic sheets, which were
secured to the interior sides of the box, in order to place the spheres in their appropriate
locations. The box was then wet packed layer-by-layer, with external fluorescence probes being
inserted from the back of the box as the layers approached their placement zone. A total of 5
probes were inserted approximately 8.5cm inside the column, 85cm from the bottom entrance
and 10cm apart. Once the box was filled, the remaining side was sealed shut and the box was set
in its upright position. DI water, adjusted to pH 9 using sodium hydroxide, was allowed to run
through the box overnight, and then the box was reopened in order to fill in any gaps which
occurred due to settling. The box was then allowed to run with pH 9 DI water, in order to ensure
no leaking from the box, allow time to calibrate the external flow-through fluorescence probe, set
up sampling equipment, and make up the 280 Liters of tracer solution necessary to run the first
experiment.
The tracer used for this experimental setup consisted of 1.5 mg/L fluorescein and 25
mg/L Br- (from Lithium Bromide) added to DI water, and adjusted to a pH of 9 using sodium
hydroxide solution. 10 Liters of 50x concentrated stock solution was made in order to ensure
nearly uniform concentration of the tracer. Tracer solution was made 20 Liters at a time, in order
to stay below the maximum capability of the deionized water unit. To each of the 20 Liter
containers, 400mL stock solution was added to 19.6 L pH9 DI. This was transferred to a 300
Liter container which was used to store the tracer solution. Once the 280 Liters of tracer solution
was mixed, standards were made and analyzed using the flow-through device and the Ocean
Optics OOI Base 32 Software. A linear calibration of fluorescein concentration vs. intensity was
made, with the intensity of the peak being read at a wavelength of 514.47 nm. Calibrations were
also done for bromide and lithium, using the IC and the ICP respectively.
Tracer was then pumped into the bottom of the box at a flow rate of 5 ml/min, with
fluorescence data being collected through the flow-through device every 30 minutes and 20 ml
aqueous samples being taken with the Gilson 223 sample changer every 24 hours. After 500
hours, the concentrations of all tracer elements had nearly reached their injected concentration,

so further aqueous samples were not taken (Figure 2). The box inlet and outlet lines were valved
shut and the box was allowed to equilibrate overnight, allowing time to switch between tracer
solution and pH9 DI as the injection fluid. Calibration of the fluorescence device was also
performed during this time in order to ensure accurate measurements of concentration vs. time
data. Once everything was ready, the pump was started again at 5 ml/min, the valves were
opened, and the sampling processes were started again.

Figure 2: Dimensionless concentration vs. dimensional time
data for the saturation portion of the first tracer
experiment through the highly heterogeneous
experimental ‘black box’ system. Data shown were
taken at the outlet of the box through the use of a
flow-through spectrophotometer.
Desaturation of the box took over 1000 hours to complete. In looking at the resultant
concentration vs. time data from the desaturation (Figure 3), it is evident that the experimental
system does result in non-Fickian tailing. This is evident due to the sharp decrease in
concentration followed by a prolonged tailing. Currently a computer model is being constructed,
which will be used to describe the experimental results, and a second experimental run is being
prepared in order to validate the current results and allow for statistical variations in the
concentration vs. time data.
Due to the prolonged timeframe of the experiments being run, testing was done to
determine an appropriate antimicrobial additive for the injected water and tracer solution to
ensure no unwanted microbial growth within the system. A variety of chemicals were tested,
including bleach, EDTA, Triclosan, Thymol, and Zinc Chloride with Sodium Borate. Nearly all
tested chemicals impaired the analyses of tracer concentrations in their own way. Bleach
neutralized the fluorescence of the fluorescein dye; EDTA reacted with lithium, causing its
transport to be retarded; Triclosan and Thymol both increased the peak area for bromide in the
IC analysis due to overlapping of peaks, with Thymol also causing a decrease in lithium peak

area on the ICP; Zinc Chloride and Sodium Borate together caused precipitate formation and an
increase in fluorescence intensity, while Sodium Borate alone only increased Fluorescein
intensity. It was finally decided that Sodium Borate will be used as an antimicrobial agent in all
subsequent experiments due to its minimal effect on the tracers used.

Figure 3: Dimensionless concentration vs. dimensional time
data for the desaturation portion of the first tracer
experiment through the highly heterogeneous
experimental ‘black box’ system. Data shown were
taken at the outlet of the box through the use of a
flow-through spectrophotometer.
FUTURE WORK
Currently, a second experiment is being prepared to validate the initial results obtained in
the first tracer experiment, shown above. After validation is complete, internal probes will be
calibrated for collection of 3D data during a third tracer experiment. These results will be used
to develop a three-dimensional theoretical model for the transport of these solutes in the
experimental highly heterogeneous system. The model will be validated through correlations to
this research, as well as previous studies. Other experiments are also being planned for this
experimental system, including transport of colloids and microorganisms.
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PROBLEM AND RESEARCH OBJECTIVES
Many water resource conflicts have their roots in problems related to environmental
governance – the set of regulatory processes, mechanisms, and organizations through
which political actors influence environmental actions and outcomes (Lemos and
Agrawal 2006). The Klamath Basin is one such example. Historically there has been
strong resistance to restoration projects initiated by the federal government, but the recent
emergence of more decentralized “hybrid” environmental governance structures
(including, for example, community-based natural resource management efforts,
government funded water “banks,” and co-management with the Klamath Tribes) and
associated restoration projects on the “off-Project” irrigated landscapes of the Upper
Klamath Basin 1 offer new hope that private landowners can be more effectively engaged
1

Private lands upstream of the Bureau of Reclamation’s Klamath Irrigation Project, including lands in the
Wood, Williamson, and Sprague River Watersheds, are typically referred to as “off-Project” lands. Because
of their different physical geography and historical land use patterns, and their non-federal status, they have
significantly different socioecological dynamics, past and present. One significant difference between the
two landscapes is the way in which the Endangered Species Act is implemented, with Project lands
experiencing many more legal constraints on their use of water. Because off-Project landowners are not
compelled by law to abstain from irrigation, efforts to engage them in conservation and restoration revolve
around creating the right incentives for voluntary participation.
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in ecosystem restoration, and that the social sustainability of local environmental
governance structures can be enhanced. How water is used on off-Project lands has a
critical impact not only on the viability of endangered shortnose and Lost River sucker
populations, the quality of Upper Klamath Lake water, and the quantity of water flowing
to other parts of the Basin (which has implications for the viability of threatened salmon
in the Lower Basin), but also for the livelihoods of individual landowners dependent on
water supply for irrigation. The physical and spiritual well-being of the communities that
inhabit the tributaries, including the Klamath Tribes, is also at stake.
In recent years a significant amount of scholarship has been dedicated to understanding
both the drivers and the socioecological outcomes of community based natural resource
management because of the promise their “place-based” solutions hold for creating
socioeconomic benefits while maintaining ecosystem services. Relevant literature
includes work by political scientists, sociologists, and geographers. Key questions,
among others, include the following: (1) What local, regional, national, and international
political economic and discursive conditions explain the emergence and evolution of
particular programs and projects? In particular, what is the relevance of regionality, i.e.,
local physical geography, human history, antecedent community conditions (the “social
soil” according to Weber), tenure history, and the technical nature of the most pressing
local ecological problems? (2) How is the notion of "community" interpreted and
translated and enacted in the actual practices of the various CBNRM groups in the realms
of land and water resource mgmt? To what extent has there been attention to social
positioning and creating opportunities for, and conditions conducive to, the advancement
of socially marginalized groups and incorporation of their experiential knowledge of the
environment? (3) What are the social, economic, ecological, and political outcomes of
collaborative approaches to environmental governance, viewed through the lens of
overall rural sustainability? (4) What are the reasons behind the successes and failures of
the various CBNRM attempts at sustaining ecosystems and communities?
This project, primarily exploratory in nature, sought to broadly address these four general
sets of questions by analyzing the emergence, evolution, and outcomes associated with
five different groups engaging in community-based natural resource management in the
Wood, Williamson and Sprague; 2 and (2) evaluating the extent to which these groups
have contributed to the “social sustainability” of restoration efforts in each subbasin.
METHODS AND PROCEDURES
Methods included document analysis (secondary data), parcel data analysis, demographic
data analysis, GIS mapping, and semi-structured interviews that were coded for emergent
themes using qualitative methods. We synthesized existing data regarding the location
and type of known conservation projects taking place on private off-Project lands (Figure
1). We collected parcel data from the Klamath County assessor and analyzed current
ownership patterns in the Wood, Williamson and Sprague watersheds to assess the degree
2

The five groups included the Klamath Watershed Council (KWC), the Klamath Basin Ecosystem
Foundation (KBEF), the Klamath Watershed Partnership (KWP – the result of a merger of the previous two
in 2007), Klamath Basin Rangeland Trust, and the Yainix Partnership.
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of parcel fragmentation and the ratio of local to absentee owners to better understand the
different geographic contexts of the three subbasins (Figures 2 and 2a). We analyzed the
history of the Klamath Tribes’ land ownership to understand the historical context for
current social, political and legal relations that could be contributing to the various
instanciations of CBNRM (Figures 3 and 4). We analyzed demographic data for Klamath
County, focusing on three main population dynamics: composition, distribution, and
migration, using both historical and recent U.S. Census data as well as Bureau of
Economic Analysis data (Appendix A).
ACTIVITIES AND RESULTS
(1) Identify and Describe Origins and Drivers of CBNRM Groups
The project started with several hypotheses regarding the causal factors behind the
emergence of the five CBNRM groups in the three different subbasins. We hypothesized
that there would be evidence to suggest that the emergence and evolution of the five
different groups in the three different subbasins would be related to causal factors at
international, national, regional, and local scales, as well as the specific geographic
context of each subbasin, especially its physical geography, its human history (including
past and current ownership patterns and demographics), and the type of ecological
problem of most concern. We hypothesized that some of the more important causal
factors occurring at the subbasin scale might include (1) demographic change and the role
of newcomers in catalyzing new approaches to environmental governance; (2) fear
among landowners dependent on water for irrigation that the impending adjudication of
water rights in the Upper Klamath Basin, which hinges on the Klamath Tribes’ success in
legalizing their claims to significant amounts of water in the Basin, might impact their
water usage; and (3) the emergence of local charismatic leaders with the ability to engage
landowners in restoration, and improve relations between landowners and the various
federal agencies as well as the Tribes. Here we very briefly summarize the results of our
inquiry into the validity of these three hypotheses using bullet points, graphs, and charts.
Geographic Context or Regionality
Our document analysis, review of secondary data, and interviews revealed evidence that
local geography played an important role in explaining current conditions surrounding
CBNRM efforts. With the best soils and natural amenities, the Wood has been home to a
more elite and privileged class of people since EuroAmericans first began settling the
area. The majority of the subbasin was excluded from the Klamath Reservation and set
aside for settlers, while the Sprague and Williamson subbasins were completely within
the Reservation. The history of land ownership change in these latter two subbasins,
including allotment and termination, have significant implications for current patterns of
ownership, as well as current social and political tensions. As Figures 2 and 2a illustrate,
the Sprague is significantly more parcelized than the Wood, where 21% (compared to
only 13% in the Sprague and 12% in the Williamson) of the owners own 500 acres or
more. This tenure pattern was referred to as a potential factor in describing the more
“fractious” nature of the Sprague community (compared to the Wood). In terms of
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ecology, the Sprague has seen more environmental degradation along the river channels
related to agricultural activity, and thus, aquatic and riparian ecosystem restoration to
improve habitat for endangered species is the most pressing issue. In contrast, restoration
efforts in the Wood focus more on reallocating water for instream flows to Agency Lake
and Upper Klamath Lake. The differences result in the adoption of different government
conservation incentive programs, and interactions with different federal agencies,
resulting in different social relations and institutional arrangements.
Demographic Change in the Basin
Our demographic analysis, which drew on U.S. Census Data and IRS data (see Appendix
A), revealed that over the past five years there has been sustained in-migration to
Klamath County from more wealthy and more urban residents. While the off-Project
lands have long been the most ethnically diverse part of Klamath County, with 15% of
local residents self-identifying as Native American in 1990 and 2000, that number
represents a reduction since 1980, when 19% of residents reported that they were Native
American. Census data for the past three decades also reveals pronounced changes in
local employment. Industry and occupation figures depict a county switching from
natural resource-based to service-based economic dependency. This story is consistent
with industrial sector changes felt throughout the region and much of the nation during
the same period, and is consistent with scholarly literature concerning “post productivist”
or “multifunctional” transitions in postindustrial rural areas around the world (Holmes
2002, 2006; Mather et al. 2006, McCarthy 2005).
Drawing on previous research in ranching communities in Wyoming and Montana
undergoing significant demographic change and changing relations among neighbors, we
hypothesized that, while in some cases increasing ownership heterogeneity related to the
inmigration of wealthy outsiders with no agricultural background might cause conflict, it
could, in others, lead to unusual and productive agri-environmental alliances that would
improve social and ecological sustainability. In the Madison Valley, for example, the
Madison Valley Ranchlands Group, one of the most innovative CBNRM groups in the
West, is comprised of a mix of wealthy newcomers with financial and intellectual capital
(e.g. CEOs with business experience and money to invest in restoration projects) and
longtime ranchers with social capital and local ecological knowledge. While we found
evidence that this was very much the case in the Wood River Valley, as evidenced by the
founders and participants involved in the Klamath Basin Rangeland Trust, it did not
appear to be an important factor in the Sprague, where newcomers are not playing a
significant role in CBNRM efforts. This may be because the Sprague does not boast the
same kind of natural amenities as does the Wood, and also because it is associated with
the town of Chiloquin, an impoverished Indian town. For whatever reason, the Sprague
has not (yet) attracted significant numbers of amenity ranch owners. We did find
evidence, however, that this ownership trend is starting in the Sprague. We found a
different set of factors driving the emergence of CBNRM groups in the Sprague,
including concerns about the pending adjudication, and a different type of leadership,
comprised not of newcomers but of locals who are well-established in the community
(members of multigenerational ranch families).
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Fear Regarding Impending Adjudication of Upper Klamath Basin
We hypothesized that the impending adjudication of the Upper Klamath Basin’s waters
could be a motivating factor driving participation in CBNRM efforts, since the specter of
reduced amounts of water available for irrigation could potentially motivate landowners
to be more open to water conservation measures being promoted by the CBNRM groups.
We hypothesized that this would be more of a factor in the Sprague than in the Wood,
due to the fact that most of the water rights in the Wood were adjudicated in the 1930s,
and the owners there thus enjoy more security regarding their water rights. This
difference has to do with the historical boundaries of the Klamath Reservation, which did
not include the Wood, and the timing of earlier adjudication processes (before
termination of the Reservation). As it turned out, our interviews revealed that fear was
not as big a factor in landowners’ decisions to participate in conservation and restoration
projects as we had anticipated. Several informants suggested that participating
landowners were engaged through effective leadership that emphasized the positive
outcomes related to the various projects, versus the dangers of not participating. Still,
there was evidence to suggest that macroscale shifts in power and influence among
irrigators and the Tribes were contributing to local dynamics surrounding CBNRM.
Figure 5 attempts to illustrate these changing relations and their relation to emerging
approaches to environmental governance.
(2) Evaluate the Efficacy, Viability, and Social Sustainability of CBNRM Groups
We looked at the approaches adopted by the five groups, and outcomes related to their
efforts, through the lens of “social sustainability,” a somewhat ambiguous concept that is
difficult to define but incredibly important to consider if restoration on private
agricultural lands in rural communities is the goal. We analyzed transcripts of our
interviews looking for evidence of the social sustainability criteria listed in Table 1
(derived from a review of scholarly literature on the topic) and found varying levels of
evidence for each of these criteria among the five groups. Since space here is limited, a
detailed analysis and interpretation of the results of this aspect of the project will be
incorporated into a subsequent report and manuscript.
Table 1: Social Sustainability Criteria
Broad participation in decisionmaking, including underrepresented groups
Broad view of “community” embraced by many
Enhanced trust between landowners and government, and among landowners
Empowerment of local stakeholders
Adaptive co-management – sharing of management power and responsibility
Creation of context that encourages learning and stewardship
Poverty and inequity addressed
Creation of grassroots information networks
Shift in power from agricultural interests exclusively to sharing power with others
Nonconfrontational leadership style
Incorporation of TEK and co-management into existing mgmt structures
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NEXT STEPS
This project was essentially exploratory in nature, in that it enabled the researchers to
better understand the geographic context of the study area, the nature of emergent
approaches to environmental governance, and a suite of issues, problems, and questions
that would benefit from further investigation. Data collected for this project is currently
being compiled into a more extensive report that synthesizes diverse and disparate
sources of secondary data regarding land ownership, demographic change, and
restoration activities on the off-Project lands, as well as original data resulting from our
qualitative inquiry into the social sustainability of the various approaches to
environmental governance that each of the five groups represents. The report will be
presented to the groups we studied, interested community members, and federal agencies
working on recovery efforts in the off-Project lands. Results from this project will be
used to develop at least two manuscripts for peer-reviewed journals, and a grant proposal
to the National Science Foundation.
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Throughout the United States public water systems that source drinking water
from surface water supplies face an institutional obstacle to source water protection
(SWP). Municipalities rarely have legal authority over the intake watershed. The federal
government developed a set of incentives for SWP in the Safe Drinking Water Act
(SDWA) Amendments of 1996, yet a key capacity integral to a community’s ability to
prevent contamination is defined by jurisdictional boundaries that are not feasibly
modified. However, communities may supplement a lack of institutional capacity to
control land use by developing and fostering partnerships with institutions that regulate
potentially contaminating activities or have previously existing relationships with
landowners in the SWPA (Balco, 1992; Centner & Mullen, 2002; Page, 2001;
Peckenham, McNelly, Tolman, & Ziegra, 2002).
We commenced the SWP process for Corvallis, Oregon in May 2007 with the
primary objective of reducing contamination potential in the Willamette River SWP area
(SWPA), which provides 68% of the community’s drinking water and is projected to
support the City’s growing population. This paper describes SWP plan (SWPP)
development and investigates SWP strategies with particular attention paid to the
supplementation of institutional capacity by integration with existing environmental
organizations.
Plan development included, but was not limited to, identification of regulatory
requirements and constraints, analysis of international, national and local policies for best
practices and failures, field studies of potential sources of contamination and
communication with land managers and SWP specialists. Case studies of similar public
water systems were composed and used for direction in and comparison of Corvallis’
approach. In Corvallis, formal mechanisms for land and water integration on a watershed
basis, which aid in overcoming jurisdictional constraints and increasing public
participation, are a key factor in SWP strategy. The Corvallis case may be instructive for
other municipalities throughout the US where local governments bear the burden of SWP
but have restricted legal authority over the watershed that contributes drinking water.

Project Description and Results
The Willamette River watershed is the lifeblood of Oregon. The Willamette River
is the 13th largest river by volume in the United States, and 70% of Oregon residents live
in the Willamette River watershed (Wolf, 2007). The Willamette River provides essential
water resources such as irrigation for agriculture, transportation for industry and
recreation and public supply of drinking water. These beneficial uses do not necessarily
have to compete. Under a comprehensive SWPP, multiple uses may be made of the
Willamette River without degrading the quality of public drinking water supply.
In June 2007 an inventory of potential contaminant sources (PCSs) within the
SWPA was conducted through regulatory database research, land-owner communication
and field verification. We identified 40 PCSs, all of which are within sensitive areas. A
majority (28 sites or 70%) has high or moderate risk associated with their activities. Each
of three intakes in Rock Creek SWPA has one high risk PCS- managed forestlands and
clear cuts. The remaining 37 are within the Willamette River SWPA, and 25 of those
sites (63%) have high- to moderate-risk associated with their activities. The area
immediately upstream of the intake is particularly dense with potential risk. In
approximately three square miles upstream from the intake there are 16 PCSs.
Willamette River SWPA is primarily dominated by agricultural and rural
residential land uses. PCSs include a fish toxicology lab, a water treatment plant, a food
processing operation, three permitted dischargers, irrigated crops, farms, junkyards, five
confined animal feeding operations (CAFOs), a rock products operation, non-irrigated
crops, Highways 99W and 99E, an area with a high density of septic systems, storm
water outfalls, river recreation, gravel pits, Corvallis Municipal Airport, rural homes,
businesses with chemical storage, upgraded underground storage tanks, a cemetery, a
large capacity septic system, a utility station and a turf research lab. All pose a relatively
high to moderate risk to the drinking water supply with the exception of non-irrigated
crops, rural homes, Corvallis Municipal Airport, upgraded underground storage tanks and
cemetery, which present low risk. In addition recent changes in land use regulations may
impact the SWPA.
The SWPP clearly identifies strategies to manage actual and potential sources of
contamination within in SWPA. Secondly, it facilitates educational efforts concerning
the public and the importance SWP. Finally, it provides a comprehensive action plan in
case of a contamination emergency. Working with the City of Corvallis, we developed
strategies to protect public health, increase awareness, prevent degradation of water
supply and establish a contingency plan for water supply contamination and service
interruption emergencies. Figure 1 shows key linkages among these key components of a
successful strategy to protect drinking water. Each component is addressed in stages.

Figure 1- Linkages that result in protected drinking water supply
Because the majority of potentially hazardous land use activities lay outside of
municipal jurisdiction, the City has no authority to restrict or control management
practices and thus, lacks traditionally defined institutional capacity. To compensate the
City maximizes its social capacity in the watershed by partnering with local, bottom-up,
land and water stewardship organizations that have the institutional capacity to protect
source water. Meaningful stakeholder participation provides the City with the possibility
of SWP through voluntary adoption of best management practices.
Each PCS management strategy incorporates action of multiple organizations
(e.g. Oregon Trout, Marys River Watershed Council, Willamette RiverKeeper, Benton
Soil and Water Conservation District). A majority is addressed through PCS-specific
partnerships, while others are better managed through general SWP integration with land
and water stewardship organizations. The remaining PCSs are primarily of concern in
emergency situations and addressed through contingency planning (see Figure 2, a
situation map of partners by PCS).
The Agricultural Chemical Take Back Program is a subproject of the City of
Corvallis SWPP. This program is aimed at providing growers with a no cost opportunity
to safely remove these chemicals from their farms. Willamette River SWPA is dominated
by agricultural land uses. Oregon Department of Environmental Quality (DEQ) lists
agricultural related activities (e.g. storage and application of pesticides and fertilizers) as
a high contamination risk to drinking water sources. Less formally, PCS strategies
include arrangement with regulatory and stewardship institutions. CAFO management
includes annual review of livestock water quality inspections reports. Farm machinery
repair, a common activity on working farms, strategies utilize expertise of DEQ’s Toxics
Use/Waste Reduction Assistance Program and free technical assistance and training from
Ecological Business Program.

Figure 2- Situation map of potential partners for PCS management
Potential contamination risk from food processing is addressed by direct partnership with
plant managers. Encouraging managers to participate in End of Life Vehicle Solutions
(ELVS), a free hazardous material collection service partnered with DEQ, may
significantly reduce threats from salvage yards. Stormwater management of mines and
gravel pits may improve as result of distribution of state agency-produced materials.
Partnership with Environmental Health of Benton County ensures septic system
compliance with environmental regulations and provides a conduit to land owners for
best practices promotion.
PCSs best addressed through general partnerships are those that are widespread
and present a variety of typical contaminants such as irrigated and non-irrigated crops.
The SWP Team (Team) consists of 2 principal partners: the City of Corvallis and IWW.
In addition, many other organizations have pledged support to the program. Each partner
has roles and responsibilities that support the overall program. The composition of the
Team will change as different aspects of the plan are implemented. The City of Corvallis
Public Works Department is ultimately responsible for the program in the long term. The
City provides administrative and technical support to the Team. IWW acts as a conduit
between the City and university by providing students to support the program. Marys
River Watershed Council co-sponsors public educational efforts in support of SWP.
They utilize their role as a link between private property owners and natural resource
agencies. Benton Soil and Water Conservation District is well established within the
agricultural community and has pledged support to the program in the form of extending
its outreach programs to include aspects of SWP.
In addition to analyzing Corvallis’ capacity to control land use by utilizing
partnerships, institutional capacity was measured on the whole using community capacity
indicators and subindicators (Timmer, et al 2007). Presence or absence of each indicator
is illustrated in the bar graph below (Figure 3). Findings of the institutional analysis were
incorporated into the SWPP resulting in a set of strategies that supplement a lack of legal
authority by maximizing social capacity within the SWPA.

Figure 3- Bar graph illustrating the institutional capacity of City of Corvallis, OR. Notelight grey bars indicate potential fulfillment of an indicator.
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For 2007, the Institute for Water and Watersheds (IWW) participated and sponsored
many events. IWW expanded their website and a monthly newsletter which can be
viewed at http://water.oregonstate.edu.

IWW continues to sponsor a fall seminar series on water policy with invited scholars
from across the United States. As outlined in the following figure, topics ranged from
local to international. Approximately 40 students in disciplines ranging from
engineering, geosciences, and economics attended the weekly sessions.

IWW also sponsored a water film series each week during the winter term of 2008. The
film series was open to the public, and was regularly attended by 20 to over 40 people
with the bulk of the attendees being the general public.

Building upon the ASR in Oregon Conference, IWW is co-convening with the National
Ground Water Association, the World Bank, and UNESCO, the first international
conference on Non-renewable groundwater in Portland, Oregon during mid-October,
2008. Over 25 presentations from across the globe have been proposed.
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IWW researched the potential impacts of Oregon Ballot Measures 37 and 49 on
groundwater resources in the Willamette Basin. The outcome of that research led to over
50 presentations to citizen groups and the National Ground Water Association on the
challenges associated with the “Dueling Expert” situation. It also revealed many
problems or the “Hydro-hydra” of groundwater policy in the Pacific Northwest.
IWW is affiliated with the Water Resources Program (http://oregonstate.edu/gradwater/)
at Oregon State University which awards M.S. and Ph.D. degrees and brings together
faculty and students from six colleges and multiple departments. The program’s
interdisciplinary curriculum allows students to become leaders in their focal area while
gaining a broad understanding of related fields.
IWW has developed two eCampus courses that focus on water for undergraduates, is
active in teaching graduate-level courses, mentors graduate students, and has funded
research projects for over 12 students in 2008.

Water Resources Graduate Program

Student Support
Category
Undergraduate
Masters
Ph.D.
Post−Doc.
Total

Student Support

Student Support
Section 104 Base Section 104 NCGP
NIWR−USGS
Grant
Award
Internship
3
0
0
8
0
0
1
0
0
0
0
0
12
0
0

Supplemental
Awards
0
0
0
0
0

Total
3
8
1
0
12
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Notable Awards and Achievements
Anne Nolin's research featured in February 11, 2008 issue of The Oregonian:
http://blog.oregonlive.com/oregonianextra/2008/02/glaciers.html
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