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Executive Summary

Hydropower is a complex topic, particularly in the Pacific Northwest. A highly visible federal 
power system featuring huge dams on the main stem of the Columbia River ensures that the 
topic never leaves the public spotlight for long. The problem is that, within this public dialogue, 
generalizations occur that don’t allow for a healthy discussion about the nuances associated with 
different types, locations, and sizes of hydropower projects. Energy Trust of Oregon (ETO) and 
Bonneville Environmental Foundation (BEF) are interested in the development of low impact 
small-scale hydropower projects, particularly those that could be incorporated into an existing 
water distribution system. This case study looks at how these small-scale projects are different 
from other hydropower projects and also explores what can be expected in terms of impacts on 
the watersheds where these projects are developed. 

The information and analysis in this case study provides basic 
background on small-scale hydropower projects located 
within irrigation water delivery systems; describes why the 
opportunity to develop these projects exists; identifies barriers 
to implementation; and discusses the environmental issues and 
concerns associated with these projects. Through examination 
of two existing small-scale hydro projects located within 
irrigation infrastructure – the Farmers Irrigation District and 
Middle Fork Irrigation District projects in Hood River, Oregon 
-- an analysis of the impact on a watershed over nearly 30 years 
of operation is provided. The analysis includes considerations 
of the socio-economic, political, and environmental impacts on 
the watershed community in which these projects operate.  

In summary, this case study:

Provides an analysis of actual small-scale hydropower projects located within existing • 
water delivery systems and the impacts that these projects have had on the watershed 
community
Provides information on a topic that has not been well documented or well understood.• 
Differentiates small-scale hydro projects located within existing water delivery systems • 
from other types of hydropower projects.
Provides an analysis that takes into account socio-economics, politics, other energy • 
sources, local community dynamics, environmental concerns, and the manner in which 
these small-scale hydropower projects fit into these areas of analysis.
Discusses how future development of small-scale hydro projects might be permitted, • 
structured, and funded.
Provides a glossary of terms and acronyms• 

“...projects located 
within existing 

irrigation systems 
are of particular 

interest due to the 
opportunity to use 

an existing resource 
for an additional 

benefit.” 
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Analysis of the case study indicates that these small-scale hydropower projects located within 
existing water delivery systems have had a positive impact on the local economy, the watershed 
community, and watershed health. This positive impact is realized through the generation of 
nearly $90 million in revenue that funded infrastructure improvements leading to increased 
summer stream flows, installation of fish screens, removal of passage barriers, and increased 
collaboration within the watershed community.  

In Oregon, there are only 20 examples of hydropower systems installed within irrigation water 
delivery systems.1  The relatively small number of installed hydropower systems is an indication 
of the difficulties and complexities encountered when attempting to develop a project within an 
irrigation system. Beyond the threshold physical characteristics -- head, flow, and transmission 
-- a site must have certain ecological, social, and political conditions present to move forward. 
Furthermore, the market for power, access to capital, and the regulatory environment must also 
be conducive to project development at the time an irrigation district considers a project. The last 
good window of opportunity for project development in Oregon was in the early to mid-1980’s, 
when federal and state rules, regulation, and incentives as well as the ability to secure winter 
water rights were favorable to project development.  Most of the small hydro projects within 
irrigation systems operating in Oregon today were developed in this time frame.

Irrigation system-based small-scale hydropower is presently gaining renewed attention as 
legislative bills are being introduced at both state and federal levels to support development of 
hydropower within existing water delivery systems.2 In order for this effort to be successful in 
both stimulating implementation of new projects and in gaining support from the general public, 
it is important to take a look into the past to understand what has been successful and what 
issues need to be addressed as we move forward. The analysis of impacts from real projects 
that have operated for nearly three decades provides a basis for developing new projects that 
adhere to necessary ecological protections while generating truly low-impact, renewable, base 
load power. 

1 Mary Grainey, Oregon Water Resources, Email correspondence
2 Oregon:  SB 837, Federal:  HR 2060, HR 2454, HR 2842, HR 254, HR 267, HR 678, S 629, S 545

2



Introduction

The idea of capturing energy from flowing water is an old one that has been put into action 
for thousands of years; only recently has the scale and sheer number of projects caused the 
environmental costs to be considered. As a society, we now question the value of hydropower in 
relation to its impacts to our rivers and streams and the flora and fauna that depend on them. In 
the Pacific Northwest, the debate over hydropower is particularly intense due to a large federal 
hydropower system and the presence of many threatened or endangered salmonids and other 
species. Often, within this debate, the nuances are lost and opinions are formed based on an 
oversimplified understanding of the issues.

The reality is that hydropower has many forms, from tiny net-metered projects to huge turbines 
inside massive dams like those on the Columbia River. The impacts associated with hydropower are 
as diverse and wide-ranging as the number and types of hydropower projects in operation. While 
the impacts that large-scale hydropower projects have had on our society and the environment 
have been extensively studied and reported, the impacts of small-scale hydro projects have yet 
to be examined in-depth.

To further complicate the issue, there are many types of small-scale hydro projects with, again, 
a wide range of diverse impacts to be considered. Within the category of small hydro, however, 
projects located within existing irrigation systems are of particular interest due to the opportunity 
to use an existing resource for an additional benefit. Because we actually have long term existing 
projects to study, we can gain insights into how these projects have affected a watershed and a 
community. These projects have unique attributes that seriously counter the assertion that all 
hydropower is bad.

Small-scale hydropower within irrigation delivery systems defined

In order to fully understand the potential to generate power in pre-existing water delivery systems, 
some background information is helpful.

In the arid regions of the western United States, water is essential not only for domestic and 
industrial uses, but also for agriculture. The rainfall patterns in the west are highly seasonal and 
cannot be relied upon to provide nearly enough water during the growing season. Supplementation 
with irrigation water is essential. 

As soon as the west began to be settled, the practice of diverting water to grow crops began, and 
an extensive irrigation infrastructure soon followed. Today, it is estimated that there are several 
hundred thousand diversions in the western United States. In Oregon alone, it is estimated that 
there are 55,000 to 70,000 diversions.3  In many cases, water diversions were created at the 

3 Pete Baki, ODFW Fish Screening Coordinator, Email correspondence
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high elevations of a watershed to allow the force of gravity to drive the water to lower elevation 
lands via open canals. Water is diverted from streams or rivers into these canals with a diversion 
structure of some kind, typically associated with some kind of gate that regulates flow into the 
canal. Sometimes, the canals that convey the water can be many miles long, passing through 
rough terrain with difficult access. Most of this irrigation infrastructure is between 50 and 100 
years old, if not older, and relies heavily on manual labor for operation and maintenance.

The water moving through these diversions and canals possesses a form of energy called kinetic 
energy, which can be converted to mechanical energy (through a turbine, for example), which in 
turn can be converted to electric energy through the use of a generator. Therefore, water moving 
through irrigation water distribution systems has the potential energy to generate electricity, 
and, while the reality is that only a small percentage of the existing irrigation system diversions 
have the proper characteristics that make power generation feasible, given the sheer number of 
diversions in Oregon alone, it is likely that at least dozens of existing irrigation systems have the 
right characteristics. Consequently, there exists great opportunity to generate significant amounts 
of power.

What type of irrigation system is a good fit for hydropower?

In order to be a good candidate for hydropower production, a water delivery system must have 
the following basic and easy to identify traits:  

Head, the technical term used to refer to the system’s potential energy, which is the 1. 
difference in elevation between the point of diversion and the potential location of a 
turbine. 
Flow, in combination with the head, determines the potential generation capacity (or 2. 
kilowatt output). There must be sufficient head and flow to produce enough power to 
make a project economically viable.
Proximity to transmission. There must be electrical transmission lines with sufficient 3. 
capacity to transmit the electrical power from the project to the electrical grid. There are 
many project- specific, “make or break” details that must be determined, but the presence 
or absence of transmission infrastructure serves as a quick measure of how likely a site is 
to be a good fit for hydropower production.

Beyond these basic threshold requirements are myriad site specific issues that must be considered:  
matters related to community perceptions, regulatory agency requirements, and comprehensive 
ecological considerations as well. But  the three attributes listed above determine, at a basic level, 
whether a prospective site is worthy of consideration for further evaluation. 
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What makes hydropower developed within existing water delivery systems unique?

Hydropower projects located in water delivery systems are different because the water used 
to generate power is already being diverted for other uses. Also, this type of hydro does not 
require a new diversion on a river system, but instead exploits the value of an existing resource. 
These projects also tend to be distributed across the landscape and in rural areas, thus providing 
decentralized, locally produced power that is locally owned and operated. This local connection 
usually means a closer relationship with the local community with more accountability. Also, the 
dollars generated with these projects typically stay in the community in the form of local jobs, 
local infrastructure improvements, and local water and power conservation projects.

It is important to point out that the irrigation systems that hydropower projects are developed 
on can vary greatly in terms of types of diversion, size of diversion, size of turbine units, and 
potential power output. Some projects include diversions without any dam or passage barrier 
while others may involve a dam across a river and in some cases, even impoundment of water 
(storage reservoir). Projects could range from relatively large (greater than 10 MW) to quite small 
(less than 100 kW). The size and output are dictated by the existing resource and therefore a 
precise definition or absolute classification by size is neither necessary nor useful. In general, 
however, the term small-scale hydro can be used to describe these projects due to the comparison 
with large-scale projects on main stem rivers which tend to be measured in terms of hundreds 
of megawatts. What is relevant and common to all these cases is that they include existing 
conditions and infrastructure that would be present with or without a hydropower project. The 
story of how the existing infrastructure came to be, and how development and operation of a 
hydropower project within that infrastructure affected both the watershed and the community 
that lives within it, provides a compelling reason to view hydropower projects located within 
irrigation infrastructure differently.  

“What is relevant and common to all these 
cases is that they include existing conditions 

and infrastructure that would be present with 
or without a hydropower project.”
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Case Studies

The Hood River Basin provides an ideal study location. Politically, socially, ecologically, economically, 
and geographically, the Hood River Basin is a microcosm for much of Oregon. The Basin is 
geographically confined, with Mt. Hood forming the southern boundary and the Columbia River 
forming the northern boundary. The east and west boundaries are defined by ridges that flank 
the Hood River Valley. Climate and rainfall patterns in the Basin have a mix of attributes of both 
the east and west sides of the Cascades due to the rain shadow effects of both the western and 
eastern ridges. Finally, the Hood River Basin is also home to the largest variety of threatened and 
endangered fish species in the State of Oregon. 

Hood River County is relatively 
small geographically speaking  
(533 square miles, the second 
smallest county in the state) 
with a 2012 population estimate 
of 22,584 people.4 Agriculture 
is the largest sector of the local 
economy, accounting for nearly 
$80 million in raw sales in 2011. A 
total of 15,325 acres are farmed 
in the Hood River Valley, with 
pear orchards covering the vast 
majority of the farmland (11,306 
acres). Apples, cherries, peaches, 
blueberries, wine grapes, and 
grass hay make up the bulk of the 
remainder of crop production.5  

The Hood River Valley was first 
settled by non-indigenous people in 1852, with the first commercial fruit production beginning in 
1856.6  Almost immediately, irrigation diversions were established to endure the Valley’s long dry 
summers. As the population grew, so did the number and size of the irrigation systems.  Today, 
the Hood River Valley is served by five irrigation districts:  Farmers Irrigation District (FID), Middle 
Fork Irrigation District (MFID), East Fork Irrigation District (EFID), Dee Irrigation District (DID), and 
Mount Hood Irrigation District (MHID).  

For nearly 30 years, the Farmers Irrigation District and Middle Fork Irrigation District have operated 

4	 United	States	Census	Bureau,	http://quickfacts.census.gov/qfd/states/41/41027.html
5	 Oregon	State	University	Extension	Service,	“2011	Oregon	State	and	County	Agricultural	Estimates,”	Special	
Report	790-11,	April	2012
6	 Farmers	Irrigation	District,	“OR	SHPO	Case	No.	09-2638,”	2010

Hood River Basin in relation to the state. 
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hydropower systems constructed within their distribution systems. The following case studies 
provide the histories and document the impacts of the hydropower systems within these two 
districts.

Hood River Basin with 
Irrigation District Boundaries. 

The glaciers of Mt. Hood are the source of 
water for the valley.

Pears are the valley’s
primary crop. 
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Case Number 1: Farmers Irrigation District

Farmers Irrigation District serves the west side farmland of the lower Hood River Valley. FID 
currently provides water to a total of 5,888.25 acres with a total of 1,851 accounts. FID is governed 
by a five-member board elected by landowners (three year term) within the FID service territory, 
and each board member represents a specific area of the service territory. The Board’s role is to 
set District Policy and to hire and oversee the District manager. Nine full time employees report 
to the District Manager.7 

A Brief History

Farmers Irrigation District has roots back to 1874, when the Water Supply Company was formed 
to irrigate nearly 1,000 acres of land. The Water Supply Company was subsequently purchased 
by the Hood River Irrigation District in 1905. The Valley Improvement Company, formed in 1895, 
served land adjacent to the Water Supply Company. The Valley Improvement Company was re-
organized in 1906 and became the Farmers Irrigating Company. Both organizations consisted of 
hand dug canals and wooden flume conveyance systems, and both supplied water to the west 
side of the lower Hood River Valley.

On May 15, 1965, Farmers Irrigating Company dissolved and sold its holdings to the newly formed 
Farmers Irrigation District, a public and quasi-governmental organization. Damage to the Farmers 
Irrigating Company’s infrastructure from the 1964 flood drove the move from a private company 
to a public district, a change that allowed for a more reliable funding mechanism in the form of 
per acre assessments, as well as access to more government resources.8 

In 1978, Farmers Irrigation District and Hood River Irrigation District merged to form the 
irrigation district that is still operating today, known as Farmers Irrigation District. When the two 
separate districts merged to form the Farmers Irrigation District, virtually all of the conveyance 
and distribution systems consisted of a combination of open canals and wooden flumes and 
periodic interruptions of water delivery were common due to infrastructure failure and drought. 
Throughout the history of the two organizations, catastrophic failure of infrastructure from floods, 
landslides, and earthquakes were a fact of life. As the cost of labor and materials rose, it became 
a struggle to maintain consistent water delivery to the farmland that FID was obligated to serve. 
Some years, farmers in the higher elevation areas of FID went without water for over half the 
growing season.

7	 Farmers	Irrigation	District,	“Water	Management	and	Conservation	Plan,”	Version	9.0,	January	13,	2011
8	 Farmers	Irrigation	District,	“OR	SHPO	Case	No.	09-2638,”	2010.		The	summary	history	was	derived	from	the	
SHPO	document,	which	contains	a	complete	history	of	irrigation	in	the	Hood	River	Valley.
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Enter Hydropower

The physical attributes (system elevations ranging from 2,250 down to 180 feet above sea level9) 
that made canal maintenance and water delivery to the west side of Hood River so difficult also 
offered strong potential for hydropower production. As operation and maintenance costs rose, FID 
board members and personnel began to look for alternative funding mechanisms.  Hydropower 
appeared to be a good candidate. 

In 1976, the FID manager at the time, Ladd Henderson, began to permit and construct what 
would become known within FID as Plant 1. Plant 1 was to serve as a demonstration project to 
test the concept of small-scale hydropower production10.  

With the success of Plant 1, increasing pressure on the finances of the District to maintain 
the distribution system prompted the decision to pursue hydroelectric power production on a 
larger scale. Initially, FID’s hydropower plans included up to 5 power plants with corresponding 
hydropower water rights that would have dried up most of the tributaries in the District’s 
basin11.  However, due to increased regulation of natural resources and subsequent permitting 
requirements, the plans were scaled back, to include 2 plants with a combined generation capacity 
of 4.8 MW. FID borrowed $12 million in revenue and general obligation bonds from the Oregon 
State Department of Energy Small-Scale Energy Loan Program to turn their hydropower concepts 
into reality12.  In January of 1985, Plant 2 was put into production and connected to the Bonneville 
Power Administration grid. In November of 1986, Plant 3 construction was completed, and the 
project went on-line. As Plant 3 was brought into production, Plant 1 was decommissioned as it 
could not be operated within the new integrated hydropower scheme.

FID Hydropower Project Description

Plant 2 consists of two Francis units, one with a capacity of 1.0 MW (35 cubic feet per second of 
water flow, or CFS) and one with a capacity of 2.0 MW (73 CFS) for a total combined capacity of 
3.0 MW. Water is conveyed to Plant 2 through a 4.0 foot diameter, 2.0 mile long penstock utilizing 
a total of 320 feet of head and a total plant flow of 108 CFS. Plant 3 consists of a single Pelton 
turbine driving a 1.8 MW generator. Water is conveyed to Plant 3 through a 3.0 foot diameter, 5.0 
mile long penstock utilizing a total of 740 feet of head and a total plant flow of 35 CFS. The system 
is constructed so that the 35 CFS that flows through Plant 3 joins the water from a large lower 
diversion before flowing through Plant 2, creating an optimized system13. 

9	 Farmers	Irrigation	District,	“Water	Management	and	Conservation	Plan,”	Version	9.0,	January	13,	2011
10	 Jerry	Bryan,	personal	email,	May	9,	2013
11	 Jerry	Bryan,	personal	email,	May	9,	2013
12	 Farmers	Irrigation	District,	“Facility	Description	and	Mode	of	Operation,”	June	9,	2008
13	 Farmers	Irrigation	District,	“Facility	Description	and	Mode	of	Operation,”	June	9,	2008
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In order to maximize generation, the system was designed to utilize the full capacity of the existing 
irrigation water rights and corresponding infrastructure. FID applied for and eventually received 
hydropower water rights that permit year round diversion, thus allowing the District to generate 
power outside of the regular irrigation season (April 15 to September 30). The winter water rights 
have proven to be an essential component to the success of the hydropower project, generating 
the additional revenue necessary to fund the majority of the infrastructure improvements made 
over the past 28 years.

The First 10 Years

The story is not as simple as it appears.  The first decade of operation was a serious struggle for 
the District. To begin with, the State of Oregon passed what became known as the “One Dead Fish 
Rule” just prior to FID finishing construction of Plant 3. In summary, OAR 690-51-200 (3) declared 
that a new hydropower project could not injure or kill any anadromous fish or cause a loss of 
habitat14.  The rule went on to state that a project had to meet all state fish protection guidelines. 
To complicate the situation further for the District, FID had not yet secured the hydropower water 

14	 State	of	Oregon,	http://www.oregon.gov/owrd/LAW/docs/law/690-051.1990-Aug-8pg19-36.pdf

FID System Map
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rights for the two hydropower projects (Plant 2 and 3) at the time the plants were constructed.

These were the circumstances under which Jerry Bryan became the Manager of Farmers Irrigation 
District in 1986: $12 million in debt for constructed hydropower projects that didn’t meet a new 
state law regarding fish protection, and didn’t have secured water rights.  Fortunately for FID, 
Jerry Bryan was anything but conventional in how he approached a problem.

Mr. Bryan approached this problem by being open and honest with the regulatory agencies, 
and asking directly what they wanted to see in terms of fish protection. The consensus agency 
response was: fish screens at every point of diversion and on-going, open communication from 
there forward. Through a lot of relationship building, FID was able to secure the water rights to 
operate the constructed facilities during both the irrigation season and the off-season15.   The 
ability to operate the plants provided some breathing room in the form of income from generated 
power, but many issues remained to be solved. With 34 points of diversion and almost 60 miles 
of open canals16, system inefficiencies were abundant.

Over the next decade, FID followed through on the commitment to install fish screens at all 34 
points of diversion within their system and at the same time was able to make some headway 
into improving system efficiencies through pipe installation and efficiencies improvements. While 
the District was still struggling financially, they were paying their debt on the hydropower plants, 
delivering water, making their payroll, and incrementally improving their overall system.  

In 1995, FID and the Oregon Water Resource Department (OWRD) adopted the District’s first 
Water Management and Conservation Plan (WMCP). FID’s Water Management and Conservation 
Plan “responds to legal and ethical mandates and establishes goals, objectives, and methods to 

15	 Jerry	Bryan,	Interview,	February	8,	2013
16	 Farmers	Irrigation	District,	“Water	Management	and	Conservation	Plan,”	Version	9.0,	January	13,	2011

FID Plant 2 Francis Units. 
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balance economic growth, enhance crop yield, decrease kilowatt hour demand, increase kilowatt 
hour production, increase summer in-stream flow, increase fish populations, and increase 
irrigation efficiency within a watershed system context.”17  

FID was the first irrigation district in the State of Oregon to create an approved Water Management 
and Conservation Plan. The WMCP was impressive in its reach and scope, but, as Bryan put it, 
“Water Management and Conservation Plans are great governing documents, but they are useless 
when it comes to actual implementation.”18  In 1996, in order to deal with this disconnect, FID 
created what it called a Sustainability Vision Document, which later became the Sustainability 
Plan. The Sustainability Plan created the actual pathway to achieve the goals of the WMCP. FID 
was not only the first irrigation district in the state to comply with Oregon Water Law and the 
Administrative Rules of the Oregon Water Resources Department; it also ensured, by creating a 
pathway to implementation, that the goals of the WMCP would be more than just ink on paper. 

17	 Farmers	Irrigation	District,	“Water	Management	and	Conservation	Plan,”	Version	9.0,	January	13,	2011
18	 Jerry	Bryan,	Personal	communication,	May	22,	2013
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1996 to Present Day

By 1996, FID had been operating the hydropower plants for a decade. While operating and 
maintaining the irrigation and hydropower system required staff working 24 hours a day, 7 days 
a week, power was being produced, and water was reliably delivered to district patrons. But in 
February of 1996, things became very complicated yet again.

In early February 1996, several days of heavy rain rapidly melted the low to mid-level snow pack 
(deposited during a severe cold spell), causing widespread flooding in the Northwest. The short, 
steep topography and high gradient of the Hood River and its tributaries conveyed not only 
large volumes of water, but large volumes of rock, sediment, and other debris as well. Every one 
of the 34 fish screens that FID had installed were swept away, along with diversion structures, 
access roads, and long segments of FID’s conveyance system. The damage to FID’s system was 
catastrophic. 

However, as Jerry Bryan tells it, this period of difficulty became the catalyst for some of the biggest 
improvements in FID’s system while driving home the importance of the Sustainability Plan.

Flooding with associated debris flow in the upper Hood River 
Basin. 
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Individual farmers from within the District and FID employees, many on their own time, worked 
tirelessly to re-establish as many points of diversion as they could and repair the distribution system 
before irrigation season was upon them. In the process, both farmers and employees questioned 
the wisdom of installing the same inefficient and difficult to maintain diversion structures and fish 
screens that existed prior to the floods. Desperation drove innovation, and several concepts were 
tested on a temporary basis. Some new horizontal fish screen and diversion concepts seemed 
to have merit and more permanent versions were installed. Observations were made over the 
next several years and design changes were tested.  With the resulting design, characterized by 
a horizontal orientation, the District began to think they might have developed a great new fish 
screen concept that could save them (and eventually others) a lot of time and money in the form 
of avoided operation and maintenance costs. The District saw their new screen also potentially 

improving hydropower production 
and water delivery to patrons -- 
while providing more effective fish 
protection.

Proof and Patent

Fish screening in Oregon is 
complex. Creating a new fish 
screen technology to be installed 
on a river system with multiple 
ESA-listed species of fish is a vast 
undertaking with a long timeline 
requiring complicated state and 
federal approvals. However, 
Farmers Irrigation District felt they 

were up to the task and started biological testing on a prototype screen in the early 2000s. Using 
the results of this testing, along with hydraulic and biological testing performed in Denver by the 
Bureau of Reclamation (BOR), FID appealed to the National Marine Fisheries Service (NMFS), 
US Fish and Wildlife (USFW), and the Oregon Department of Fish and Wildlife (ODFW) to allow 
them to build a full scale horizontal screen at their diversion on the main stem of the Hood River. 
FID worked to cultivate a collaborative relationship with agencies, tribes, and farmers to both 
design and fund the new fish screen technology. In 2003, the first full scale version of what has 
become known as The Farmers Screen went into operation. Subsequent hydraulic and biological 
testing proved the fish protection effectiveness of the new fish screen. A very large decrease in 
FID operation and maintenance costs proved the screen’s technological effectiveness, providing 
steady water diversion without the need for mechanized cleaning devices or cleaning via manual 
labor.

The first full-scale Farmers Screen. 
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In 2003 and 2005, Jerry Bryan was awarded US Patent numbers 6,524,028 and 6,964,541 for 
the Farmers Screen technology, which he subsequently assigned to Farmers Irrigation District. In 
order to honor the collaborative nature of the development of the Farmers Screen technology, 
FID licensed the patent to Farmers Conservation Alliance (a not for profit corporation) with 
the directive to take the new technology to market with the requirement that any proceeds 
exceeding operating expenses go to develop other solutions that benefit both agriculture and the 
environment. After multiple rounds of testing and 24 demonstration sites in a variety of site and 
social conditions, the National Marine Fisheries Service included the Farmers Screen technology 
in their Criteria Document in July of 2011, making it the first new technology to receive federal 
approval since the criteria were developed in the early 1990s.

Along with the development of the fish screen (and supported by the revenue of hydropower), 
FID continually improved their system through piping projects, system efficiency improvements, 
and on-farm water conservation measures, as well as assisting in other watershed improvement 
projects. The District adhered to its Sustainability Plan (which was updated several times as 
warranted) and, by 2012, FID met almost all of the goals in the original 1995 Water Management 
and Conservation Plan by completing nearly all of the action items in the Sustainability Plan 
(including some that weren’t on the list). Former FID Manager Jerry Bryan commented that, 
“What was surprising was that as we implemented piping, screening, and conservation projects, 
we had more water available in the system, which resulted in more water in stream as well as 
more water running through the turbines and a more efficient system with less operation and 
maintenance costs. Implementation of the Sustainability Plan became a feedback loop in which 
more conservation created more financial benefit to the District, which in turn provided more 
funds available for conservation work.”19  

When asked if FID would have been able to complete all of the projects it has to date without 
hydropower revenue, Jerry Bryan replied, “The drive and political will would not have been there 
in the first place, let alone the financial resources, without the hydropower projects. Managing 
an irrigation district is difficult and complex. Throw a hydropower system into the mix, and it can 
become incredibly difficult, at least for the first decade of operation. It’s a steep learning curve 
that can be an absolute nightmare at times. That said, looking back at the last 30 years, the 
hydropower system has been an absolute success story for FID. The organization and system have 
evolved to become very sophisticated and efficient with a highly capable crew and a governing 

19	 Jerry	Bryan,	Interview,	February	8,	2013

“What was surprising was that as we implemented piping, 
screening, and conservation projects, we had more water 

available in the system [...] and a more efficient system with less 
operation and maintenance costs.”
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Board that understands the importance of conservation and cooperation.”20  That statement is 
echoed by other irrigation districts, natural resource agency representatives, and Hood River 
Watershed Group members who have worked in the Hood River Basin over the past 30 years.21 

Low Impact Hydro

In recent years, there have been attempts to assign a value to power production that has a lower 
environmental (ecological) impact. Farmers Irrigation District saw an opportunity to potentially 
access a premium market for their power production due to the low impact nature of their 
operations.  In order to be officially recognized as a producer of low impact hydropower, FID had 
to become certified by a third party.

In March of 2009, FID applied to the Low Impact Hydro Institute (LIHI) for certification.  The 
application process included scrutiny of the FID hydropower system, input from stakeholders 
(which include:  ODFW, ODEQ, NOAA/NMFS, USFWS, Confederated Tribes of the Warm Springs 
(CTWS), Hood River SWCD, and Hood River Watershed Group), a 60 day public comment period, 
and an appeals process for any approval.

Working with ODFW and ODEQ to attain LIHI certification, FID was able to negotiate a minimum 
in-stream flow agreement along with an agreement to monitor temperature effects that the FID 

20	 Jerry	Bryan,	Interview,	February	8,	2013
21	 Multiple	interviews,	January-February	2013

Temperature study monitoring locations. 
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hydropower system has on the Hood River. In essence, the flow agreement states that FID will 
curtail diversion of water from the Hood River for hydropower production from July to October 
when flows in the Hood River fall to a specific number of CFS.  The temperature monitoring 
agreement states that FID will monitor temperatures at specific locations in order to determine 
how the Farmers Irrigation District tailrace (where the water re-enters the river after running 
through the hydro system) and the by-pass reach (starting at FID’s intake at river mile 11.4 and 
ending at the tailrace at river mile 3.95) affect temperatures in the Hood River.22 The goal of 
this monitoring is to determine if the water re-entering the river after flowing through FID’s 
infrastructure has a detrimental effect on river temperatures, and if the river reach between the 
point of diversion and the tailrace is adversely impacted by the diversion of water by FID.

FID was awarded LIHI certification with the effective date of March 25, 2009. LIHI certification 
allowed the District to pursue other potential methods of collecting a premium for their electrical 
power such as meeting the Oregon and California Renewable Portfolio Standards (RPS). Meeting 
these standards would allow access to the Renewable Energy Certificate (REC) markets created 
by the RPSs in both states. The Certificate of Oregon Eligibility was awarded in January of 2011 
for both of the FID hydropower plants. The California Eligibility Certificate was awarded in April of 
2011. While the market for Renewable Energy Certificates is not particularly strong at this point 
in time, the expectation is that these certificates will gain in value in the future. 

In late 2012, FID created the nation’s first ever Voluntary Carbon Offset Retirement Fund for Water 
and Power Purveyors, using their own Renewable Energy Certificates (RECs) to offset the carbon 
footprint associated with their operations. FID sets aside and permanently retires enough of their 
own RECs to offset the 120 metric tons of carbon that they add to the atmosphere from vehicle 
and equipment operation, electrical consumption, and other operations-related activities. FID 
calculates that, “Because FID produces approximately 24,000 megawatt hours of green, carbon-
neutral, renewable energy every year, we offset an estimated total of 51,810,960 pounds of 
carbon each year -- over 195 times greater than our operational carbon footprint.”23 

Outcomes

The full impact of the presence of the hydropower plants in the FID system is not obvious even for 
those who are intimately familiar with the Hood River Basin. The projects and improvements that 
have been implemented over the past 28 years are not typically in high traffic areas nor are they 
projects that would be obvious unless you observed them during construction. In order to grasp 
what FID has accomplished, one needs to see the numbers.

22	 Farmers	Irrigation	District,	“ODFW,	ODEQ,	and	Farmers	Irrigation	District	Understanding	of	Hydroelectric	
Operation	Conditions	for	the	Purpose	of	Meeting	Low	Impact	Hydro	Certification,”	February	13,	2009
23	 Farmers	Irrigation	District,	“Voluntary	Carbon	Offset	Retirement	Fund	for	Water	and	Power	Purveyors,”	
December	11,	2012
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From 1985 to 2010, Farmers Irrigation District’s audited capital improvements totaled 
$37,284,713.24  Add in the 2011 and 2012 capital expenditures associated with completing the 
piping of the Lowline Canal, and the capital improvements figure jumps up to $41,084,713. 
The final segment of pipe to be installed in the system is the last 3 miles of the Farmers Canal. 
This project is designed, funded, and will be going to construction (it will also include sediment 
management upgrades and new SCADA (Supervisory Control and Data Acquisition) controls) in 
2013 for an additional $4.4 million, bringing the total investment to $45,484,713.25   

This is a staggering number for a small irrigation district like FID and simply wouldn’t be possible 
with per acre water assessments alone. One of the most notable improvements FID has made is 
the conversion from open canals and open distribution to a closed and pressurized system. By 
2015, FID will have completed pipe construction for the final 3 miles of open canal and will be 
100% enclosed in pressurized pipe. At that point, FID will have installed 63.4 miles of pipe since 
1985.26   

In order to understand the work that has been completed and the impacts associated with FID’s 
hydropower project, it is meaningful to look at the system in terms of a few basic categories:  
Energy, Water, Watershed Restoration, and Economy.

24	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16
25	 Jerry	Bryan,	Email	communication,	May	24,	2013
26	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16

Installation of pipe in Lowline Canal, fall of 2012. 
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Energy

FID has completed four major projects to both increase generation of electricity and decrease 
electrical consumption within their service territory. Increases in electrical generation have 
typically come as a secondary benefit of other work performed to make the system more efficient 
in both conveying water and managing the system. Therefore, small and large changes over the 
past 28 years have gradually increased the total annual power generation within the system by 
2,255,000 kilowatt hours.

On the conservation side, individual projects stand out more clearly. A prime example in the 
case of FID is the installation of a centralized pumping facility with state of the art variable speed 
pumps and filtration, which allowed for the elimination of typically outdated pumps on individual 
farms, leading to substantial power savings as well as the ability to utilize more efficient water 
application methods.

Below is a partial list of the energy related accomplishments over the past 28 years at FID:27 
Individual pumps eliminated:  1,450• 
Kilowatt hours conserved annually due to eliminated irrigation pumps:  1.45 million• 
Renewable Low Impact Hydropower annual kilowatt hour production increase:  • 
2,255,000
Annual production of enough low-impact hydropower to supply over 2,000 homes, based • 
on an average annual household consumption in Oregon of 11,892 kilowatt hours per 
year28 

Water

What really stands out as a result of all of the pipe installation and conservation work completed 
within FID’s system since the Water Management and Conservation Plan was adopted in 1995 
is the comparative amount of water used for irrigation. As recently as 1995, that figure was well 
over 27,000 acre feet per year; today, the system delivers less than 13,000 acre feet while meeting 
the needs of FID patrons, a decrease of nearly 52%. 

The following is a partial list of the water conveyance and conservation projects that Farmers 
Irrigation District has completed in the time that the hydropower systems have been in place:29 

Miles of canal enclosed in pipe:  60.4 • 
Supplemental water right acres abandoned:  2,000 • (Equal to 87,120,000 cubic feet of 
water annually)

27	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16
28	 U.S.	Energy	Information	Administration	Independent	Statistics	and	Analysis,	“Average	Monthly	Residential	
Electricity	Consumption,	Prices,	and	Bills	by	State”,	2011
29	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16
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Acre-feet of spray water conserved annually:  3,500 • (From the 1995 baseline, equal to 
152,460,000 cubic feet of water annually)
Acre-feet of irrigation water conserved annually:  15,000 • (From the 1995 baseline, equal 
to 653,400,000 cubic feet of water annually)
Micro-sprinkler irrigation heads provided to residential irrigators:  15,000 • (Dramatically 
reduces water use per sprinkler)
Average percent annual reduction in residential irrigation usage:  300%• 
Remote telemetry monitoring sites established to ensure maximum efficiency and project • 
compliance:  15
Flow measurement weirs installed: 6 • (Allows for the measurement of flow, therefore 
improving efficiency and ensuring compliance with regulations and agreements)
Flow regulators and low head gauge holes installed:  609 • (Restricts flow to end users, 
ensuring water rights are not exceeded) 
Flow meters and piezometers installed:  77 • (Ensures delivery of the proper amount of 
water to end users and maximizes efficiency of application)
Flow transects and calibrated pipe sections established:  20 • (Improves operational 
efficiency and ensures FID is meeting flow agreements and state water law) 
Total flow measurement stations established:  712•  (Improves operational efficiency)

Watershed Restoration

FID has either implemented directly or collaborated on numerous restoration projects within the 
Hood River Basin over the past 28 years. Some of the earliest restoration work was in the Green 
Point Creek system, working to reconnect the floodplain of this channelized stream through large 
wood placement. Historically, streams in the Hood River Basin were used to transport logs, causing 
channelization and removing large wood from the system. The District had a hunch (based on 
basic hydrologic function and existing studies) that slowing the water down through that system 
through large wood placement would not only improve habitat and stream function, but would 
potentially improve base flows in the stream. Slower moving water provides more contact time, 
increases the wetted perimeter of the stream and increases recharge of groundwater. Jerry 
Bryan states that the District did indeed see an improvement in base flows over time, which 
further convinced him that improving the health of the watershed would actually create a more 
sustainable resource upon which the District patrons depend.30  

Below is a partial list of restoration related work that FID has been directly involved in over the 
past 28 years:31 

Water diversions eliminated:  22• 
Horizontal fish screen installations: 9• 

30	 Jerry	Bryan,	Interview,	February	8,	2013
31	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16
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Trees planted in the Green Point Creek riparian corridor:  7,800• 
Board feet of large wood placed in Green Point Creek: 85,000• 
Minimum flow agreements adopted:  2 (Hood River and Green Point Creek)• 
Temperature monitoring program on the main stem of the Hood River• 
Participation in the Indian Creek Stewards working group• 
Providing partial funding for the Hood River Watershed Coordinator position with the • 
local Watershed Group

Another direct benefit to the watershed associated with the piping of FID’s canals has been the 
elimination of canal over-toppings and washouts due to landslides, trees blowing over, ice and 
snow storms, and other forms of canal blockages. Over the life of the hydro projects, there have 
been 16 canal over-toppings and washouts which have contributed a total of 1,189,693 cubic feet 
or 59,485 tons of sediment into rivers and streams in the Hood River Basin. That’s an average of 
45,757 cubic feet or 2,288 tons of sediment per year that will not be entering rivers and streams 
due to the piping work already completed and scheduled to be completed by 2015.32

Economy

The impact on the economy of the community residing within 
the Hood River Basin as a function of FID’s projects is difficult to 
calculate comprehensively. There are many factors to consider 
including: the value of infrastructure improvements, salaries for 
employees, jobs associated with major construction projects, 
jobs associated with watershed restoration, and the value of the 
improved water delivery system to the local agricultural economy. 
In simple terms, FID has generated nearly $45 million in revenue 
from their hydropower projects over the past 28 years. Due to the 
fact that FID is quasi-governmental and non-profit by nature, all 
of that money has stayed in the local community, either indirectly 
through debt service for the infrastructure installed, or directly 
through salaries and project implementation. FID’s hydropower 
revenue is directly responsible for creating a highly efficient 
irrigation system and for cultivating a strong conservation ethic 
that impacts the entire watershed.

Not all of the improvements, projects, and impacts made since 
the installation of the hydropower system can be packaged neatly 
into categories. For instance, FID has installed and maintained a 

32	 Farmers	Irrigation	District,	“Water	Management	and	Conservation	Plan,”	Version	9.0,January	13,2011

“FID’s hydropower 
revenue is directly 
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system allowing for remote monitoring of diversion rates and system operation. Diversions are 
constantly monitored and, in the case of the diversion on the main stem of the Hood River, the 
gates that control flow into the system are constantly automatically adjusting to maintain the 
proper amount of flow into the system. The remote monitoring system also allows for detection 
of flood and debris flow events through the use of turbidity meters. If turbidity gets high enough 
to indicate a flood or debris flow situation, the head gates automatically close, protecting the 
District infrastructure. In addition, the District maintains webcams at the diversion and the fish 
screen that the District and the general public can view at any time, online.  The ability to know 
what is occurring with the diversions and conveyance systems allows FID to be more efficient 
with personnel and with the water resources they are using. Prior to the electronic monitoring 
systems, hours would pass between the moment employees realized an adjustment was needed 
and when that adjustment would reach the intended point of use. 

The Future

Expectations are that FID will continue down the path of improving operational efficiency through 
the use of new technology. FID’s current Manager, Jer Camarata (hired in June of 2011), says that 
his goals as manager are “to build out the entire district with a fully pressurized system that lasts 
100 years, modernize our power plants to last another 40 years, secure a dependable power 
purchase agreement or equivalent scheme through 2040, eliminate $13 million of debt, focus on 
micro efficiencies that equate to macro gains, and support and foster a happy, efficient workforce.” 
As a start down that path, FID has committed to completing installation of the last large section of 
pipe that will enclose the last remaining open canal by the end of 2014. Other first steps include 
updating the software and hardware that runs the telemetry and system automation by 2015, 
completely mapping in GIS, characterizing, and creating a maintenance schedule for all of the 
District’s infrastructure over the next few years. Mr. Camarata commented that, “The really hard 
work of getting this District mostly enclosed in pipe and getting the hydro systems up and running 
was completed by those who came before me, including District employees, District patrons, and 
previous managers. My job now is to focus on creating efficiencies within the great framework 
that already exists. I have the luxury of time to focus on the details because of the extraordinary 
work that’s already been done by others in this District and this Basin.”33 

When asked what he sees as the biggest challenges and opportunities looking forward, Camarata 
didn’t hesitate in his response: “The challenge and opportunity are one and the same. Becoming 
more efficient is both the biggest challenge and opportunity and along with that comes sediment 
management, which will have to improve if we are to utilize more efficient application methods 
and if we are to see a lower O&M cost on our power plants. Sediment issues are likely to continue 
to get worse as we see the glaciers on Mt. Hood continue to recede. We have to be prepared to 
meet that challenge and have infrastructure in place that can handle what the future brings.”34  

33	 Jer	Camarata,	Interview,	June	5,	2013
34	 Jer	Camarata,	Interview,	June	5,	2013
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Negative Impacts

Hydroelectric impacts often include disrupted natural stream processes, passage barriers, 
entrainment of aquatic species, and decreased by-pass reach flows. Negative impacts associated 
with FID’s hydroelectric projects have to be separated from those negative impacts that exist 
due to the irrigation system, which would be occurring regardless of the hydropower projects 
in place. When viewed through this lens, there was only one clear negative impact that natural 
resource agency personnel and FID personnel could identify. Winter water withdrawals were 
uniformly identified as the one negative impact to the watershed that would not exist without the 
hydropower projects. The extent of the impact of winter water withdrawals is not clear. Federal 
and state agency representatives were unable to clearly state the impact due to the lack of data 
and the need for further assessment, but everyone was clear that they view it as an issue of 
concern. Rod French of ODFW35 and Bonnie Lamb of Oregon DEQ36 both stated that the biggest 
concern regarding winter flows would be the impacts during the spawning season during late fall 
and early winter. Data collection and analysis is currently underway through the Water Planning 
Group (created by Hood River County) and funded by grants from the BOR WaterSmart program 
and Oregon Water Resources Department, to determine optimum flows and the timing of those 
flows for specific species in specific reaches of the Hood River and its tributaries.  

Summary

Farmers Irrigation District has become one of the most progressive irrigation districts in the State 
of Oregon and arguably the country. The use of the term progressive here is not only in terms of 
efficient use of water, but in application and invention of new efficient technologies, and in having 
a vision of stewardship that extends to all aspects of their operations. This is captured in the 
Mission Statement of Farmers Irrigation District: “Farmers Irrigation District strives to promote 
ecologically, socially, and economically sustainable agriculture by providing renewable energy 
and irrigation service for the common good.”37

   
The question that naturally arises is whether or not Farmers Irrigation District would be where it 
is in terms of infrastructure, economics, and environmental consciousness without the presence 
of hydropower within their delivery system. While it is impossible to say what FID would look 
like today without the presence of hydropower for the past 28 years, it is clear that the District 
would have found it extremely difficult, if not impossible, to have made the investments in 
infrastructure improvements without the capital that the hydropower plants provide. It is also not 
a stretch to say that it is unlikely that FID would be as engaged in the community, as politically and 
economically sophisticated, or as willing to collaborate if not for the pressures that owning and 
operating hydropower plants create. If all factors are considered, it is clear that the hydropower 
projects operated by Farmers Irrigation District have had a net positive effect on the Hood River 
Basin. 

35	 Rod	French,	Oregon	Department	of	Fish	and	Wildlife,	Interview,	January	4,	2013
36	 Bonnie	Lamb,	Oregon	Department	of	Environmental	Quality,	Interview,	February	15,	2013
37	 Farmers	Irrigation	District,	“Sustainability	Plan”,	2012	v.16
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Case Number 2: Middle Fork Irrigation District

Middle Fork Irrigation District (MFID) serves the Upper Hood River Valley in the southern end of 
Hood River County. Most of the service territory for MFID is located around the unincorporated 
community of Parkdale, which is located on the north slope of Mt. Hood. MFID currently delivers 
water for 6,676 acres on 611 tax lots managed by 403 water users.38  MFID is governed by a Board 
of Directors with 5 members, each elected from a zone (division) within the District.  The Board’s 
role is to set District Policy and hire and oversee the District manager.  Six full time employees report 
to the District Manager.39  MFID generates revenues through user fees and power generation. The 
District expenditures are limited to operation, maintenance, and improvement of the irrigation 
and power production facilities.40 

A Brief History

The Middle Fork Irrigating Company was incorporated on October 5, 1896 and made the first 
appropriation for water in 1897 from Eliot Creek. Board members were paid $1.50 per day to 
build the ditch that delivered water from Eliot Creek to farmland in the Upper Hood River Valley. 
In 1917, Middle Fork Irrigating Company was delivering water to approximately 2,460 acres. When 
the Hood River Adjudication proceedings occurred, Middle Fork Irrigating Company claimed a 
total of 3,250 acres to be irrigated.41  

The Middle Fork Irrigating Company was dissolved and its assets were transferred to Middle Fork 
Irrigation District in 1923, when the Middle Fork Irrigation District was organized as a taxing body 
for the purpose of delivering irrigation water to properties within its territory. By 1939, the District 
reportedly had the capacity to irrigate 8,000 acres and maintained 60 miles of open ditches.42 

Sometime around 1906, The Glacier Irrigating Company was created when water appropriation 
from Polallie Creek (then known aptly as Sand Creek) was filed with a priority date of March 
15th, 1906. Construction of the Glacier Ditch was completed in 1911, and by 1917, the Glacier 
Irrigating Company delivered water to 562 acres.43 Middle Fork Irrigation District absorbed the 
Glacier Irrigating Company in 1953, but no claim was filed by MFID for the use of the water 
from Polallie Creek. In 1973, an order was entered canceling the vested right of 569 acres. The 
former Glacier Irrigating Company land (located in the SE portion of MFID service territory) is now 
provided water by Middle Fork Irrigation District.44 

38	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
39	 Craig	DeHart,	Email	communication,	June	4,	2013
40	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
41	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
42	 Farmers	Irrigation	District,	“OR	SHPO	Case	No.	09-2638,”	2010
43	 Farmers	Irrigation	District,	“OR	SHPO	Case	No.	09-2638,”	2010
44	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
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The Roots of Conservation and Efficiency 

1948 brought the first efforts at creating better efficiencies around water delivery with installation 
of the first pressurized main line.  Prior to this time, all water was delivered in open ditches and 
then either applied with pumps or by flood irrigation. Even at this early date, MFID had the stated 
intention of replacing all open ditches with buried pressurized pipelines.45 

In the early 1960’s, MFID was serving 5,450 acres of farmland. Through the work of the District 
and the federal Soil Conservation Service (SCS, later to become the Natural Resource Conservation 
Service or NRCS), nearly eighty percent of the acres served by MFID had pressurized water delivered 
via buried pipelines.  The piping work was completed with the goal of improving efficiencies by 
eliminating pumping, to aid in the conversion to more efficient sprinklers, to minimize erosion, 
and to conserve water by eliminating ditch losses and end spills.46 Even with the improvements 
made to the District’s delivery system, however, it was clear to MFID that they would need to find 
alternative methods for meeting the water needs of their patrons.  Dependence on the glacially 
fed Eliot and Coe creeks sources created all kinds of sediment management and late-season flow 
reliability issues.  

In 1962, the Soil Conservation Service published a Watershed Work Plan for MFID with the stated 
intention of “obtaining a clean, dependable water supply and an improved water diversion and 
distribution system.”47 The plan included proposed construction of a storage reservoir with 
3,550 acre feet of capacity, regulating reservoirs, sediment trapping facilities, new diversion 
and screening structures, 8,800 feet of new 36-inch pressurized mainline, and 121,000 feet of 
pressure distribution pipe. Essentially, the plan would enclose and pressurize almost the entire 
district while creating a more reliable supply of high quality water. When the plan was developed, 
MFID and the Oregon Department of Fish and Wildlife (ODFW) entered into a minimum in-stream 
flow agreement for flows below the proposed Clear Branch Dam as well as a minimum pool level 
for the reservoir.

In May of 1967, Middle Fork Irrigation District and the US Department of Agriculture Soil 
Conservation Service signed an agreement to construct the Clear Branch Reservoir (known as 
Laurance Lake), Clear Branch Conduit, and Sediment Basin under the authority of the Watershed 
Protection and Flood Prevention Act (Public Law 566).48  Financing for the project totaled 
$2,000,000. Construction of the project was completed in 1968, allowing MFID to store water 
during the winter for use during the irrigation season. 

This project has proven to be crucial in meeting the water needs of the District. When full, 
Laurance Lake has a surface area of 130 acres and is a local recreation draw for fishing, water 

45	 Middle	Fork	Irrigation	District,	“Fisheries	Management	Plan,”		Final	Version,	May	20,	2010
46	 Middle	Fork	Irrigation	District,	“Fisheries	Management	Plan,”		Final	Version,	May	20,	2010
47	 Middle	Fork	Irrigation	District,	“Fisheries	Management	Plan,”		Final	Version,	May	20,	2010
48	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
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sports, and camping. Hydroelectric generation was considered during the design of the project 
but was ultimately not pursued due to the cost of extending power lines to the Clear Branch 
Dam.

Enter Hydropower

By the early 1980’s, the District began contemplating replacement of old and leaky wood stave 
pipe as well as thin-walled metal pipe that was beginning to wear out. The District was also 
contemplating piping its remaining open ditches. Yet, the cost of the potential improvements 
was more than landowner assessments could cover, so MFID began looking at alternative funding 
sources. Hydroelectric plants were identified as a potential alternative revenue source to fund 
improvements.

In 1982, MFID began the permitting process for development of a hydroelectric power generating 
system. One of the first steps in permitting was consultation with natural resource agencies. 
Through this process, ODFW and MFID agreed to a modification of the previous minimum in-
stream flow provisions set in 1962. The new stipulation guaranteed a minimum stream flow of 3 
CFS from May 15th through September 16th below the Clear Branch Dam and then actual stream 
flow into the reservoir (up to 30 CFS) to be passed below the dam at all other times (outside of 
irrigation season).

In 1985, the Federal Energy Regulatory Commission (FERC) project number 4458 was issued to 

Laurance Lake behind Clear Branch Dam. 
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Middle Fork Irrigation District. The system was designed to be compatible with MFID’s primary 
function of delivering water to landowners. Three powerhouses were positioned to replace 
pressure reducing vaults in the system with turbines. Two of the powerhouses use Pelton turbines 
(where water is returned to the stream at atmospheric pressure) and one uses a Francis turbine in 
a totally enclosed pipeline system. The total system production capacity is rated at 3.3 megawatts 
with the ability to produce up to 25,000 megawatt hours annually. Financing for the project 
totaled $7,500,000. The three powerhouses were put into service in March of 1986 and were 
officially dedicated on October 18, 1986.49   

1986 to 2013

The story of the development and operation of 
the Middle Fork Irrigation District hydroelectric 
system is very different from that of Farmers 
Irrigation District, and yet there are similarities.  
MFID had the benefit of an almost fully 
enclosed and pressurized irrigation system in 
place at the time of the development of their 
hydroelectric system, as well as the ability 
to generate power with water that was also 
being delivered to patrons due to the in-line 
turbine design. The system with which MFID 
began operation was already quite efficient, 
and delivery of water to the District patrons 
and to the power plants was not the struggle 
that FID experienced. That said, there were 
still many improvements needed within the 
District infrastructure, as well as operational 
and environmental issues to overcome. On 
the surface, MFID’s story does not appear to 
be as dramatic or as impactful as FID’s, but 
that really is not the case. The story is just 
more subtle. 

Much of the work and investments that MFID 
has made over the past 27 years has involved 
a steady investment of hydro revenue in 
infrastructure improvements such as replacing 
old and leaking pipe, piping open canals, installing pressure reducing valves (PRVs), eliminating 
fish passage barriers, and investing in dam safety improvements. While most of these projects 

49	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011

MFID system overview. 
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were not high profile, they have helped to make Middle Fork Irrigation District one of the most 
efficient Irrigation Districts in the country.50  Interspersed within these steady improvements to 
their system have been natural events that have caused major damage to the infrastructure. 
These events, in turn, became opportunities for unplanned major improvements. 

Most of MFID’s diversions are located in the Mt. Hood National Forest, high in the basin and 
not far below the terminus of the Eliot and Coe glaciers (two sources of water for the District). 
Over the past 100 years, these glaciers have steadily receded, leaving exposed glacial till. The 
exposed glacial till is constantly being moved down Eliot and Coe Creeks and into MFID’s system. 

A high level of suspended sediment causes 
issues for both irrigators and hydroelectric 
facilities. The suspended sediment acts 
like sandpaper, causing constant wear 
on sprinkler nozzles, turbines, and other 
infrastructure. The quantity of sediment 
moving down the Coe and Eliot systems has 
been steadily increasing, causing constant 
maintenance issues for MFID staff and water 
users. 

The sediment load in the MFID system is 
an on-going and constant problem with 
identified solutions that can be implemented 
over time, but these solutions are costly. The 
more dramatic and unpredictable issue that 
has been difficult for MFID has been flooding 

and debris flows. While other Districts in the Hood River Valley face similar issues, MFID’s issues 
tend to be more acute due to their closer proximity to the glaciers on Mt. Hood. The real danger 
for MFID comes in the fall, when rain-on-snow events can cause the release of massive amounts 
of glacial sediment and water in the form of a lahar-like slurry that moves down the mountain. 
While these debris flows are not a new phenomenon, the frequency and intensity have increased 
in recent years.51  

Major floods have frequently destroyed infrastructure in the Hood River Basin with the largest 
flood recorded in 1964. Middle Fork Irrigation District sustained damage during the 1964 flood, 
including the complete loss of their diversion on Coe Creek, leading to its abandonment. The 
1996 floods that were so devastating to Farmers Irrigation District also affected MFID, but not 
quite to the same extent. When these floods occurred, being high in the basin system ended up 
being somewhat beneficial to MFID, since the flooding was less severe higher in the watershed.

50	 Middle	Fork	Irrigation	District,	“Water	Management/Conservation	Plan,”	April	2011
51	 US	Army	Corps	of	Engineers,	Portland	Division,	“Assessment	of	the	Hood	River	Delta,”	Hood	River,	OR,	Plan-
ning	Assistance	to	States	Program.		June	2010

Turbid water diverted from Eliot Creek. 
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In November of 2006, however, MFID was not so fortunate. An early snow followed by very warm 
and heavy rains on Mt. Hood saturated the not yet frozen exposed glacial till. As water mixed 
with glacial debris started moving down Eliot canyon, the upper west wall of the canyon collapsed 
and sent a wave of slurry down Eliot Creek. The Army Corps of Engineers estimates that the 
glacial outburst deposited 800,000 cubic yards of sediment 28 miles down the Hood River at the 
confluence with the Columbia River.52 Damage at the higher elevations in the watershed was 
massive.

MFID sustained damage at multiple points in their system. Their Eliot Diversion was destroyed 
and left perched 25 feet above the new stream bed. The Coe Diversion (re-established in 1987) 
was severely damaged, and the hydropower penstock was exposed, punctured, crushed, and 
ripped out in multiple locations. The road to Laurance Lake was buried under 15 feet of boulders 
and sediment, and the recently completed bridge over Eliot Creek has never been found. 

Much like Farmers Irrigation District with the 1996 flood, the major destruction caused by the 
2006 debris flows proved to be an opportunity for MFID to improve infrastructure and operational 
efficiency as well as fish passage. By June of 2007, MFID (working with the US Forest Service 
and many other partners) re-established their diversion on Eliot Creek. The new diversion was 
designed to allow upstream and downstream passage in the creek as well as installation of a new 

52	 US	Army	Corps	of	Engineers,	Portland	Division,	“Assessment	of	the	Hood	River	Delta,”	Hood	River,	OR,	Plan-
ning	Assistance	to	States	Program.		June	2010

Eliot Creek and MFID diversion after 2006 debris flow. 
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horizontal fish screen (the same screen developed by FID and now called the Farmers Screen) 
that provided fish protection as well as an opportunity for improved sediment management (a 
highly important factor since water is diverted in late summer with turbidity levels of up to 1,500 
NTUs53).  The new infrastructure was installed outside of the current debris flow field with the 
hope that it will be out of harm’s way during the next glacial outburst. 
 
In 2007, MFID developed their Fisheries Management Plan in cooperation with the US Forest 
Service (USFS), Oregon Department of Fish and Wildlife (ODFW), US Fish and Wildlife Service 
(USFWS), Oregon Department of Environmental Quality (DEQ), National Oceanic and Atmospheric 
Administration (NOAA) Fisheries Division, and the Confederated Tribes of the Warm Springs 
(CTWS). The Fisheries Management Plan is a requirement of Middle Fork Irrigation District’s 
Special Use Permit #4141-05 (612), which is the legal agreement for the District to operate on the 
National Forest. 

The purpose of the Fisheries Management Plan is to:
Address the current requirements of the U.S. Forest Service (USFS) Special Use Permit • 
(SUP) (identified below). This plan is not a decision document; it is an implementation 
plan and will become a part of the SUP.
Identify and implement procedures for, and improvements to, Middle Fork Irrigation • 
District (MFID) facilities and operations and minimize risk, or impact to, aquatic species 
and water quality while maintaining MFID’s mission.  
Resolve long-standing concerns from USFS and applicable state and federal resource • 
agencies about impacts from MFID facilities and operations on fisheries, water quality, 
and habitat conditions in the area.   
Provide a platform to facilitate compliance with the Endangered Species Act (ESA) and the • 
Clean Water Act (CWA) on future MFID projects in the affected area, which may require 
USFS approval as well as state and federal regulatory agency approvals.
Provide a road map for the resolution of the key unresolved fisheries, water quality, and • 
habitat issues in the affected area and prioritize these issues in order to make the greatest 
improvements where they will provide the greatest benefits given the limited resources 
of all participants. 
Provide guidance to the MFID for an improved, “fish-friendly” operation of the MFID • 
facilities.54      

The Fisheries Management Plan helped to foster a collaborative approach to addressing issues 
of concern around MFID’s operations, including the operation of their hydropower plants. One 
outcome of the Plan was the creation of minimum in-stream flows of 5 CFS below the Eliot and 
Coe creek diversions and modifications of the rate and timing of flow releases below the Clear 
Branch dam.55 Without the improvements to the MFID system made in the previous couple of 

53	 Craig	DeHart,	Middle	Fork	Irrigation	District	Manager,	Personal	communication,	January	28,	2013
54	 Middle	Fork	Irrigation	District,	“Fisheries	Management	Plan,”		Final	Version,	May	20,	2010
55	 Middle	Fork	Irrigation	District,	“Fisheries	Management	Plan,”		Final	Version,	May	20,	2010
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decades, meeting an in-stream flow requirement for Eliot and Coe Creeks would have been 
extremely difficult if not impossible.

In 2007, MFID and ODFW installed a new fish ladder at the Coe Diversion to provide passage 
for Bull Trout while plans were developed for removal of the existing diversion dam and the 
installation of a new fish screen. The diversion dam removal and fish screen design project was a 
collaborative process that took nearly three years to develop, permit, and fund.

In the fall of 2009, the diversion dam on Coe 
Creek was removed and a series of rock weirs 
were installed to provide grade control through 
the affected reach. A new inlet structure and 
dual horizontal screen (Farmers Screen) was 
installed as well as sediment management 
facilities that help the project meet state water 
quality standards. The new facilities protect fish 
and allow unimpeded access to three miles of 
upstream habitat as well as providing improved 
sediment management and operational 
efficiency. The project had a price tag of over 
$1.3 million, and it was designed and built 
with an eye to the destructive powers of debris 
torrents in the hope that new system will be able 
to withstand the extremes of the environment in 
which it operates.

In April of 2011, MFID completed an update to 
their Water Management and Conservation Plan, 
which was originally created in 2005. The Water 
Management and Conservation Plan is a nearly 
80-page document that exhaustively describes 
all aspects of the MFID system, completed and 
planned conservation projects, and issues and 
concerns for the future. The updated Water Management and Conservation Plan clearly shows the 
need for continued investment in system improvements and in improving watershed function.

Low Impact Hydro

As stated previously in the Farmers Irrigation District case, attempts have been made to place a 
value on power that is produced with minimal impact to the environment. Renewable Portfolio 

New Coe Creek diversion and screen. 
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Standards (RPS) have been created in many states to set goals for power production from renewable 
sources. Middle Fork Irrigation District recognized the potential to access this premium market 
and considered applying for Low Impact Hydro certification from the Low Impact Hydro Institute 
(LIHI). At this time, MFID has not applied for LIHI certification pending the completion of some 
identified projects addressing fish passage and temperature assessment. MFID is still interested 
in LIHI certification in the near future.56 

However, Middle Fork Irrigation District was able to access the California Renewable Energy 
Certificate (REC) market without LIHI certification and was certified by the State of California 
in February of 2011. MFID generates approximately 25,000 RECs each year. Furthermore, MFID 
successfully sold their 2011 RECs for $0.85 each. The following 
year, MFID was able to negotiate a two-year contract with 
Marin Energy Authority for $2.00 per REC, which was one 
of the highest (if not the highest) price ever negotiated for 
hydro REC’s. 

In anticipation of REC sales, the MFID Board of Directors 
decided to establish a fund that will take 25% of the proceeds 
from REC sales and provide funding for conservation projects 
within the District. Eligible projects can be anything from 
in-stream work to culvert replacement for fish passage, to 
on-farm efficiency improvements.57 Middle Fork Irrigation 
District Manager Craig DeHart sees a bright future for RECs, 
saying, “We see the next several years as being potentially 
very good for REC prices with continued pressure for each 
state to meet their RPS. We feel Middle Fork is in a great 
position to take advantage of a developing market.”58 

Outcomes

The hydropower projects within Middle Fork Irrigation District’s distribution system were installed 
in a District that was mostly enclosed in pipe and pressurized. The early piping of open ditches 
and pressurization of most of the system made MFID quite efficient with their water from the 
beginning of the hydropower operations. This has served the MFID patrons very well. Furthermore, 
while there have been many system improvements made by MFID over the past 27 years, several 
recent improvements stand out because they have been driven by species protection rather than 
high profile water conservation projects per se. The cumulative capital improvement and debt 

56	 Craig	DeHart,	Middle	Fork	Irrigation	District	Manager,	Personal	Communication,	May	8,	2013
57	 Craig	DeHart,	Middle	Fork	Irrigation	District	Manager,	Personal	Communication,	May	8,	2013
58	 Craig	DeHart,	Middle	Fork	Irrigation	District	Manager,	Personal	Communication,	June	4	,	2013
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service numbers still end up close to $40 million, about the same as FID’s number. However, 
MFID’s investment in water conservation, habitat conservation and improvement, and education, 
research, and data gathering is impressive in its own right. Since 1986, Middle Fork has invested 
over $10,000,000 in projects to save water, improve water quality, conserve or improve habitat, 
protect species, gather data, produce studies, or provide educational opportunities about 
watershed health.59 This $10 million investment leveraged another $2.6 million in grant funds 
for a total of nearly $13 million invested in the Hood River Basin to improve watershed health.  
Without its hydropower projects, MFID capital for these investments would not have existed.

Energy

Middle Fork Irrigation District has steadily produced power for 27 years. MFID’s Hydropower 
production is highly reliable, contributes stability to our electrical grid, and serves as baseload 
power that complements other renewable energy sources such as wind and solar, which are 
intermittent in nature.

The following is a list of the energy impacts that MFID’s hydropower facilities have had over the 
past 27 years:

An average of 25,000,000 kilowatt hours (kWh) produced per year• 
Enough power produced annually to supply over 2,100 homes.  This is based on an average • 
per household usage rate of 11,892 kWh per year in Oregon60 

Water Conservation

Most of the water conservation work completed by MFID over the past 27 years has involved 
piping smaller lateral ditches, eliminating end spills, and installing pressure reducing vaults. Piping 
the lateral or distribution ditches eliminated loss through seepage and evaporation as well as 
eliminating end spills. Installing pressure reducing vaults reduces the pressure in the distribution 
system, which in turn reduces the pressure of the water coming out of the sprinkler nozzles, thus 
reducing the total flow out of the sprinkler. (In many cases, the PRVs result in a 50% reduction in 
pressure, which equates to a 30% reduction in flow coming out of the sprinkler head). 

The following is a partial list of the water conservation work completed over the past 27 years:

59	 Middle	Fork	Irrigation	District,	“Middle	Fork	Irrigation	District’s	Cooperative	Conservation	Efforts”,	2012
60	 U.S.	Energy	Information	Administration	Independent	Statistics	and	Analysis,	“Average	Monthly	Residential	
Electricity	Consumption,	Prices,	and	Bills	by	State”,	2011
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Miles of pipe installed:  33.68 miles• 
End spills or operational overflows eliminated:  16 (100% complete)• 
Acre feet conserved annually through the complete elimination of overflows and end • 
spills:  3,200
Total CFS of spills or overflows eliminated:  16• 
Pressure reducing valves installed:  24• 61 

It is notable that the water conserved by MFID through these 
projects is almost equal to the capacity of the Laurance Lake 
reservoir. Manager Craig DeHart points out that conservation 
within their District provides more operational flexibility to 
meet temperature and flow needs for species of concern 
while still meeting their growers’ water needs.62 Another 
fact to consider is that while FID was able to dramatically 
reduce their water use over the same 27 year period, they 
are still delivering more water per acre served than MFID. 
Both Districts deliver less than 13,000 acre feet of water to 
their growers each year, but Middle Fork serves almost 800 
more acres of farmland.

Habitat Improvement/Conservation

Improving and conserving habitat affected by the MFID irrigation and hydropower systems has been 
a stated common goal for MFID and the Forest Service since the Clear Branch Dam was built in the 
1960s.  The permitting involved with operating the hydropower system and operating within the 
National Forest creates a collaborative process that includes planning and implementing projects 
to mitigate for impacts from the project and to preserve and protect aquatic species within the 
system. For Middle Fork Irrigation District, this process has driven constant improvements and 
upgrades to their system to meet the stated goals of both the Fisheries Management Plan and 
their Water Management and Conservation Plan.

Some of the projects completed since 1986 include:
Construction of a new spillway with downstream passage at Clear Branch Dam• 
Introducing spawning gravel below Clear Branch Dam• 
Collaboration with ODFW on construction and operation of a fish trap below Clear • 
Branch Dam
Collaboration and supplying water to a fish production facility operated by the • 
Confederated Tribes of the Warm Springs

61	 Middle	Fork	Irrigation	District,	“Middle	Fork	Irrigation	District’s	Cooperative	Conservation	Efforts”,	2012
62	 Craig	DeHart,	Manager,	Middle	Fork	Irrigation	District,	Personal	Communication,	January	28,	2013
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Elimination of 10 inter-basin water transfers that created water quality issues• 
Installation of two new horizontal fish screens (Farmers Screens) with sediment • 
management systems that meet water quality standards
Removal of 8 barriers to fish passage, including one major diversion dam removal project• 
3 minimum in-stream flow agreements• 63 

Most of the future work described in MFID’s Fisheries Management Plan and Water Management 
and Conservation plan are centered around opportunities to improve habitat for affected aquatic 
species. Increased operational flexibility through system improvements, as well as studies to gain 
understanding of the needs and potential improvements necessary to achieve the goals of the 
plans, make up the majority of the work identified for the future. This is exemplary and places 
MFID at the forefront as a District leading the way in Endangered Species protection. 

Studies/Planning/Research/Education

Operating within the National Forest (as opposed to private land) naturally adds more complexity 
to a hydropower or irrigation project due to federal agency requirements to gather data and 
information and to plan around impacts to the environment to meet state and federal laws and 
standards. Also, due to the fact that MFID was almost completely piped and pressurized when the 
hydropower projects were installed, the targets for improvement have always been more difficult 
to identify and required more time and resources to fully understand. 

The following is a partial list of work that has been done with MFID financial or staff support to 
support restoration efforts in the basin over the past 27 years:

Laurance Lake temperature study to evaluate reservoir management strategies to reduce • 
thermal impact to Clear Creek and the Bull trout population.
Purchase of PIT Tag reading antenna for USFS to study Bull trout movement.• 
4-year study to check fish catches at Laurance Lake to promote education about Bull • 
trout and their status as a threatened species under the ESA.
Clear Branch Dam fish trap study to determine effectiveness of trap design.• 
Clear Branch Dam passage feasibility study.• 
Middle Fork Hood River flow study to evaluate flow and fish habitat relationships in six • 
study reaches downstream of MFID points of diversion.
Biological Assessment for operations on US Forest Service Lands.• 
Development of a Fisheries Management Plan• 
Development of a Water Management and Conservation Plan• 
Cost share for Hood River Watershed Coordinator Position• 
Installation and monitoring of flow measuring devices in streams and in the MFID • 
infrastructure.

63	 Middle	Fork	Irrigation	District,	“Middle	Fork	Irrigation	District’s	Cooperative	Conservation	Efforts”,	2012
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Participation in annual local educational event for Hood River County School District • 
students focused on water, fish, and power.64 

Like FID, Middle Fork Irrigation has made operational and system improvements that do not easily 
fall into any one category. System automation to improve operations has been implemented and 
will continue to be implemented. Flow monitoring in-stream, at points of diversion, and within the 
distribution system allow Middle Fork to ensure they are meeting their in-stream flow agreements 
and delivering the right amount of water to their patrons.
 

Economy

The economic impact of the MFID hydropower projects on the Hood River Basin is similar to 
that of FID. Over $44 million has been generated in revenue since the hydropower plants were 
installed in 1986. All of that revenue has remained in the local economy in the form of installed 
equipment, salaries, infrastructure and watershed improvements and associated engineering and 
construction jobs, and studies and research to improve watershed function. Again, the cumulative 
benefits to agricultural infrastructure that help drive the largest sector of the economy in the 
basin are difficult to measure. Without water, agriculture in the Hood River Valley would not be 
possible. The MFID hydropower system has helped to ensure that water is delivered to farms as 
efficiently and reliably as possible while meeting state and federal resource protection rules and 
guidelines.

The Future

As Middle Fork Irrigation District Manager Craig DeHart looks to the future, he sees a continuation 
of the investment in infrastructure and conservation. A new focus will be in discovering methods 
that allow flexibility in how water is managed. DeHart points to the need to be able to draw 
water from different sources depending on the time of the year, species of concern, and weather 
conditions. One large potential project that has been identified is to tie the Coe Creek diversion to 
the settling basin, to allow more water to be drawn from that source during peak summer flows 
when the turbidity is high. This would allow the stored water in the Laurence Lake reservoir to be 
used in a more flexible manner later in the year when stored water is most valuable.

Echoing FID manager Jer Camarata, DeHart also mentions his major concerns about silt and 
sediment. “In order to become more efficient at the farm level, we have to be able to remove 
sediment more effectively. At this point in time, the sediment load during the peak irrigation 

64	 Middle	Fork	Irrigation	District,	“Middle	Fork	Irrigation	District’s	Cooperative	Conservation	Efforts”,	2012
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demand is too high to filter effectively and keeps a lot of growers from switching to more efficient 
sprinkler technologies.” Also like Camarata, DeHart praises the vision of the managers and 
members of MFID’s Board of Directors who came before him: “The investments made in the past 
for the pressurization and hydro projects were substantial and very forward thinking and without 
them this District and this watershed would be in a very difficult place now.”65 

Negative Impacts

Diversion of water during the non-irrigation season is the only identifiable negative impact that 
is attributable solely to the Middle Fork Irrigation District hydropower operation. Part of the 
concern over the diversion of winter water is the effect on temperatures in Rogers Creek (where 
water is returned to atmosphere after generating power). The return of the diverted winter water 
actually cools the Rogers Creek water (a spring fed source) by several degrees. The other primary 
concern is for the impact of reduced flows on the by-pass reach on species that spawn in the late 
fall and early winter. 

Pre-existing conditions or impacts related to diverting water that would exist without the hydro 
projects should not be considered as hydropower impacts.  Examples of pre-existing conditions 
would be: reduced summer flows or reduced flows during the irrigation season; sediment pulses 
associated with sediment management; impacts associated with Clear Branch dam; fish passage 
or entrainment at diversions; and thermal impacts to the river system due to diversion during 
the irrigation season. In this aspect, Middle Fork Irrigation District is almost identical to Farmers 
Irrigation District.

Summary

Middle Fork Irrigation District has some big hurdles to overcome in the future. Receding glaciers 
will continue to cause sediment management problems and pose the risk of catastrophic debris 
flows. ESA species will be a constant concern. Late season water supplies are vulnerable to 
predicted climate change. As scary as the future may look, MFID is ready to face it, due to their 
consistent investment in infrastructure. The reality is that without the hydropower systems in 
place, the capital would not have been available to make the improvements in infrastructure over 
the past 27 years that have allowed MFID to become as efficient with water as they are today. 

As an additional benefit, Middle Fork’s hydropower projects produce enough renewable energy 
to nearly offset the entire consumption of power within the MFID service territory. These projects 

65	 Craig	DeHart,	Manager,	Middle	Fork	Irrigation	District,	Personal	Communication,	January	28,	2013
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have provided family wage jobs in an area where average incomes are below the state average. 
And, they have provided a compelling reason for the District to be engaged in the Watershed 
Group and state and national advocacy groups. 

The hydropower plants have also helped to ensure the efficient delivery of water to some of the 
highest value farmland in the State of Oregon -- farmland that grows the highest quality winter 
pears in the world. Middle Fork Irrigation District has a Board of Directors and a Manager who 

understand the importance of protecting natural resources and helping to recover threatened 
and endangered species, partially due to the complexities and pressures that come from 
building, licensing, and operating hydropower facilities. Impacts associated with MFID’s irrigation 
system have been lessened over the past 27 years through continual investment in improved 
infrastructure and collaboration with the Hood River Watershed Group. For all of these reasons, 
the hydropower projects within Middle Fork Irrigation District’s infrastructure have clearly been 
a net benefit to the watershed.

“The reality is that without the hydropower systems in 
place, the capital would not have been available to make the 

improvements in infrastructure over the past 27 years that have 
allowed MFID to become as efficient with water as they are 

today.”
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Analysis

Farmers Irrigation District and Middle Fork Irrigation District have very different histories from 
each other. FID came to piping and pressurization very late, whereas MFID started working on it 
very early in their history. What is striking, nevertheless, is that both organizations have arrived 
at nearly the same place in terms of efficiency and infrastructure. While FID is hailed as one 
of the most progressive irrigation districts in the state and is lauded for the huge strides it has 
made in efficiency and conservation, MFID has quietly built, improved, and maintained one of the 
most water-efficient irrigation districts in the state, if not the country. Both organizations work 
cooperatively with the Hood River Watershed Group, state and federal resource agencies, and 
the Confederated Tribes of the Warm Springs to reach common goals around water conservation 
and habitat improvements. Yet they remain very different organizations, with different ways of 
speaking about issues and concerns, different political views, and a very different socio-political 
spectrum within their landowner base. The common element between the two organizations 
(other than providing irrigation water to high value farm land) is hydropower -- and the capital 
that it brings to their organizations and the Hood River Basin. 

The Hood River Valley, Mt. Hood with orchards in the foreground.  
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Non-hydro Comparison

There are three major irrigation districts in the Hood River Basin.  The third major district is East 
Fork Irrigation District (EFID) which does not have hydropower plants within their irrigation system 
(the author of this document receives irrigation water from EFID). A quick analysis of EFID, though 
not a thorough case study, shows the contrast between an irrigation district with hydropower and 
one without.

EFID was also founded in the late 
1800s and went through a similar 
private company to irrigation district 
metamorphosis as FID and MFID. EFID 
is the largest of these three irrigation 
districts, with 9,612 acres of farmland 
and 950 customers. All of EFID’s 
water is diverted at one point on 
the East Fork of the Hood River. East 
Fork Irrigation District also has a very 
large distribution system with over 
90 miles of main distribution canals, 
pipelines, and laterals. Over 60 miles 
of this system is open canal with 62 
overflow points. Over 16 miles of the 
remaining open canal is part of the 
main distribution (very large canal), 
meaning it would require very large 
pipe to enclose it.66  

East Fork Irrigation District is not in 
this situation because it is unwilling to 
implement projects or not interested 
in conservation. EFID is an active 
member of the Hood River Watershed 
Group, just like FID and MFID. The 
difference here is the availability of 
capital.

East Fork was able to enclose 4.5 miles of one of its main canals in 2008. The total cost of the 
project was $11 million and was funded almost entirely with grants. This works out to over $2.4 

66	 East	Fork	Irrigation	District,	“East	Fork	Irrigation	District	Water	Management	and	Conservation	Plan”,	March	
2011

EFID system overview. 
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million per mile. To pipe the remaining 16 miles of its main distribution canals would cost roughly 
$42 million (adjusted for inflation from 2008 dollars). EFID would still have the remaining 44 miles 
of distribution to address before they could eliminate most of the end spills and pressurize the 
whole district. This also does not take into account the need for improved sediment management 
facilities to allow better on-farm efficiencies through use of low flow sprinkler technologies. Sadly, 
the cost to pipe open canals and other infrastructure improvements increase substantially every 
year so those numbers do not improve with time.

East Fork Irrigation District diverts approximately 37,300 acre feet of water per year to meet the 
water needs67 of their patrons. That is almost three times the amount of water that FID and MFID 
each use to meet their patrons’ needs with only roughly 50% more land to serve (43% more 
than MFID and 63% more than FID). FID and MFID combined serve 12,564 acres and use roughly 
26,000 total acre feet combined to meet the water needs of their farmers.

EFID is currently constructing a new diversion structure and fish ladder that will eliminate a 
passage barrier for ESA salmonid species on the East Fork of the Hood River. The project will 
cost approximately $1.4 million and has been funded almost entirely with grants. Grants are the 
largest funding source for all of EFID’s large infrastructure projects. This is also one of the largest 
impediments to getting projects completed as most of these grant funds are highly competitive, 
require matching funds, and are now often requiring guaranteed conserved water to be dedicated 
in-stream. Additionally, grant funding is becoming scarce as federal funds dry up. Without 
significant capital within an organization, projects will move very slowly. For FID and MFID, that 
capital comes almost entirely from hydropower generation. 

67	 East	Fork	Irrigation	District,	“East	Fork	Irrigation	District	Water	Management	and	Conservation	Plan”,	March	
2011
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The Benefits

The case studies of Farmers Irrigation District and Middle Fork Irrigation District show multiple 
benefits to both of the organizations and to the entire Hood River Basin that are directly attributable 
to the presence of the hydropower plants and the revenue they provide:

Sociological-Political Benefits:
Provides a reason to find common ground on contentious issues • 
Pushes irrigation district managers and boards to have a “bigger picture” perspective• 
Provides irrigation districts with the ability to bring resources to the table to solve resource • 
agency and watershed concerns
Empowers both irrigation districts and resource agency representatives to innovate and • 
be collaborative in solving problems
Helps to create a watershed community with the belief that problems are solvable• 
Creates educational opportunities for students and the citizenry at large• 
Creates a local connection to power production• 
Provides an example of distributed, low impact power generation • 
Provides base load power 24 hours a day, 7 days a week• 

Interviews of Hood River Watershed Group participants who have worked in the Hood River Basin 
for 10 to 30 years revealed a common feeling that their Watershed Group was one of the best 
in the state in terms of participation by a broad range of entities including irrigators and other 
natural resource managers and also in terms of collaboration and problem solving. Gary Asbridge, 
Fisheries Biologist with the Mount Hood National Forest, active in the Hood River Basin for 22 years, 
stated that he felt there is a higher level of trust in the Hood River Basin than in other watersheds. 
Asbridge went on to describe  the participants as more pro-active when it comes to restoration 
and education, and stated that the Watershed Group is highly effective at creating change due to 
a willingness to cooperate and collaborate. He further pointed out that operating a hydropower 
plant brings a level of complexity to both MFID and FID and has made both organizations more 
willing to problem-solve and collaborate around ESA issues and the environment in general.68 

Economic Benefits:
Reliable source of revenue for irrigation districts to fund continuous improvements in • 
infrastructure that improve efficiency. In the case of FID and MFID, nearly $90 million has 
been generated in revenue since the projects were installed. All of this revenue remained 
in the Hood River Basin in the form of valuable infrastructure, salaries, infrastructure 
improvements, studies or reports to inform decision makers and planners, and watershed 
restoration activities. Irrigation Districts can only reinvest their revenue back into their 
systems, since they are quasi-government organizations.
Keeps irrigated agriculture resilient and able to compete in a global marketplace.  This is • 
critical, as agriculture is the backbone of most rural economies in the west.

68	 Gary	Asbridge,	Fisheries	Biologist,	United	States	Forest	Service,	Interview,	January	31,	2013
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Creates family wage jobs.• 
Provides matching funds for restoration and infrastructure improvement grant applications, • 
making them more competitive.
Gives irrigation districts a greater ability to access debt capital to fund projects• 
A community with a healthy watershed and a long history of collaboration is an attractive • 
place to live, work, play, and visit. Property values, tourism, and the general economy 
benefit when the watershed is healthy and is a priority within the community.

The benefit that the MFID and FID hydropower 
projects provide to the economics of watershed 
restoration and conservation are clear. Resource 
agency representatives and irrigators all clearly state 
that they see the benefit in this regard. What is not 
always as clear to all parties is the importance of the 
improvements to the infrastructure and efficiency of 
irrigated agriculture that these hydropower projects 
fund. In Hood River County, irrigated agriculture is the 
largest sector of the local economy with $79,307,000 
in raw agricultural sales in 2011. And, this is just the 
amount of money that farmers received for their 
fruit – it does not include all of the other economic 
activity that surrounds farming and food processing. 
In the State of Oregon, raw agricultural sales totaled 
$5,199,572,000 in 2011.69 Without water to grow the 
crops, or with an inconsistent or unreliable water 
supply, local economies and the state economy would 
be severely negatively impacted.

Environmental Benefits:
Provides direct funding for restoration and conservation work.• 
Provides incentive and ability to address in-stream flow concerns.• 
Drives water conservation within irrigation districts and on-farm.• 
Provides additional incentive to address and understand the needs of aquatic species, • 
particularly threatened and endangered species.
Helps to improve water quality by funding canal piping, which eliminates canal failures • 
(canal failures dump huge sediment pulses into rivers) and by promoting improved on-
farm efficiency, which further provides more efficient application of water and reduces 
agricultural run-off.
Provides an incentive/requirement to provide fish passage and screening at diversions • 
and dams through the licensing process.

69	 Oregon	State	University	Extension	Service,	“2011	Oregon	County	and	State	Agricultural	Estimates”		Special	
Report	790-11,	April	2011

“What is not always 
clear to all parties is 

the importance of the 
improvements to the 

infrastructure and 
efficiency of irrigated 
agriculture that the 
hydropower projects 

fund.”
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Provides community members the opportunity to understand power generation, the • 
issues and concerns around power generation, and the need to be conscious of power 
use.
Production of enough low-impact, low carbon power to supply 4,120 homes each year • 
(based on a per household average use in Oregon of 11,892 kWh per year) or nearly half 
the population of Hood River County.

Watershed health is important to all communities and community members. Too often, the 
competing needs of humans and ecosystems drive a wedge between water users and resource 
agency representatives whose job it is to protect and promote watershed health. In the case 
of the Hood River Watershed, the hydropower projects have provided a valuable infusion of 
capital that has helped FID and MFID become extremely efficient with the water they divert and 
effectively address fish passage and screening to eliminate entrainment. Bonnie Lamb, Natural 
Resources Specialist with the Oregon Department of Environmental Quality, has worked in the 
Hood River Basin for 15 years. She feels that the money that the hydropower projects at FID and 
MFID generate contributes to the ability of those districts to lessen the impact of their operations 
on the environment through efficiency improvements and restoration projects.70  

Negative Impacts

As stated in both case studies, the only negative impact to the Hood River Basin that is solely 
attributable to the hydropower projects is winter diversion of water. The question of negative 
impacts was specifically asked of representatives from Oregon Department of Fish and Wildlife, 
Oregon Department of Environmental Quality, the United States Forest Service, the Confederated 
Tribes of the Warm Springs, the Hood River Watershed Group, Farmers Irrigation District, and 
Middle Fork Irrigation District in separate interviews. A few interviewees mentioned the Clear 
Branch Dam, summer flows, and water quality issues with return flows as negative impacts, but 
all of those would exist without the hydropower projects and, as shown in the case studies, would 
actually be worse without the hydropower projects due to the capital that has been provided for 
system improvements. The only negative impact attributable to hydropower production alone, as 
mentioned by almost every interviewee, is winter water withdrawal and the potential impacts of 
those withdrawals on fish species that spawn in the late fall and early winter.71  

70	 Bonnie	Lamb,	Oregon	Department	of	Environmental	Quality,	Interview,	February	15,	2013
71	 Information	sourced	from	8	interviews	conducted	in	January	and	February	of	2013
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Summary

The hydropower projects at Middle Fork Irrigation District and Farmers Irrigation District have had 
a net positive affect on the Hood River Watershed. There are negative impacts to the watershed 
associated with irrigation water withdrawals, but those should not be confused with the impacts 
of the hydropower projects. The reality is that the negative impacts from irrigation withdrawals 
have been steadily ameliorated over the nearly 30 years that these hydropower projects have 
been in place. This outcome is directly attributable to the hydropower projects and the social, 
political, and economic change that these projects helped bring about. One does not have to look 
far to find a basin where irrigation interests and environmental interests are at loggerheads with 
little hope for compromise. But, in the Hood River Basin, where there are many threatened and 
endangered aquatic species, and where agriculture is the backbone of the economy, collaboration 
is the norm, and watershed restoration is the common goal. Low-impact, locally controlled, 
owned, and operated hydropower projects are an integral part of the Hood River Watershed 
success story.

Highly efficient micro-sprinklers in operation in an orchard in the Hood River Valley. 
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Conclusion

Irrigated agriculture feeds most of the world and is a key part of the US economy. Applying water 
to crops at the right time and in the proper quantity is essential to producing a marketable crop. 
At the same time, having the right amount of water at the right temperature in-stream for aquatic 
species is essential to their survival. In order to keep our agricultural economy strong and produce 
enough food to feed our nation and world while ensuring the survival of important threatened 
and endangered species, we need to be as efficient as possible with water resources.  

The problem is that most of our irrigation infrastructures were built 50 to 100 years ago. These 
irrigation systems are generally inefficient, and they were not designed or constructed with 
comprehensive watershed health or the species that live there in mind. The cost to modernize this 
infrastructure is extraordinary, and conflict over a limited resource is virtually certain.  Watersheds 
all over the western United States struggle with how to implement projects to address this issue. 
Often, funding is the limiting factor.

As shown in the examples of Middle Fork Irrigation District and Farmers Irrigation District, 
hydropower projects operating within irrigation infrastructure can be a viable method of providing 
funding to implement system upgrades that lead to improvements in watershed health. An added 
benefit is the production of base load, low impact power in rural communities that is distributed 
across the landscape.

As a society, we have to recognize that all forms of power generation have an impact on the 
environment; this is an inescapable reality. Hydropower as a whole does not have a large carbon 
footprint, nor does it pollute the air or consume finite resources. The typical concerns with 
hydropower are with fish passage, temperature and flow issues in by-pass reaches, interruption 
of natural river processes, and entrainment or other direct impacts on aquatic species. This list 
of concerns are the same for irrigation diversions that are already in place all over the landscape. 
When hydropower is installed in these existing systems, a pathway to improved irrigation efficiency 
and watershed health is created, and many of the environmental concerns over water diversions 
can be mitigated.

Uncertainty of future rain and snowfall patterns due to climate change (whether human caused 
or part of a natural cycle) exacerbates the issues surrounding water resources. Solutions need to 
be implemented in the near term to mitigate these impacts in the long term. There is no silver 
bullet, but hydropower plants installed in irrigation systems can be part of the solution.  

To be successful in the long run, development of hydropower projects within irrigation infrastructure 
needs to be done responsibly and with clear guidelines that minimize any additional impacts 
to watersheds, while ensuring financial stability that allows for investment in infrastructure 
improvements over time.  
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Key Points

A few key points to consider that could facilitate ultimate project success are:

In-stream Flows 
Most river systems in the west are fully allocated or over-allocated in the late spring through 
early fall. A new project should not increase demand on an already limited resource during these 
months, and should therefore only utilize flows that are already diverted during the irrigation 
season.

Winter Rights
Winter rights are becoming increasingly difficult to secure as the importance of winter flows 
to aquatic species is increasingly recognized. Unfortunately, winter power production is often 
essential for a hydropower project to be financially feasible. Both project proponents and natural 
resource managers need to recognize the need to compromise on this point. Curtailing winter 
diversion, or not diverting water for power production at all for specific, high priority and species 
specific time periods, is a potential solution that could allow for some power production in the off-
season while still protecting important species. The key word here is compromise. Both producers 
and regulators need to recognize that there is a bigger picture here and that a balance can be 
reached.

Fish Passage and Screening
For projects being developed within existing infrastructure, this can be a difficult issue to address. 
In Oregon, fish passage and screening are required when developing a hydropower project on 
existing infrastructure. Ultimately, this is an important issue, but for some projects, flexibility or 
other mechanisms might make more sense. In some cases, the cost for the required screening 
and passage structures causes the project to lose its financial feasibility. In other instances, an 
incremental improvement agreement might make more sense wherein an operator is compelled 
to meet certain improvement milestones over a specified timeline. Sometimes, this approach 
offers the best chance to get passage and screening established on an existing diversion. Without 
a hydropower project, there may not be the financial ability or the political will within the 
organization to address the passage and screening issues; the situation can become a Catch 22.
Finally, there are also some instances where analysis might show that passage and screening on 
a particular site is not as crucial as in others such that payment into a mitigation bank to address 
higher priority restoration concerns could have a higher return on investment for the watershed 
as a whole. Overall, collaboration, flexibility, and an eye on the bigger picture are the keys to 
success.

Clear Restoration Targets
In order to ensure that a hydropower project developed within irrigation infrastructure is beneficial 
for both the power producer and the watershed, a watershed community must establish clear 
and objective project targets that are both realistic and financially feasible. For instance, both 
the project proponent and the regulators need to look at the specific irrigation system within the 
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context of the specific watershed and then identify points of improvement that a hydropower 
project could address over time. Targets for in-stream flows, water conservation, barrier removal, 
inter-basin transfers, and on-farm efficiencies are just a few of the areas for collaboration and 
compromise that could lead to clear improvements over time for both a watershed and an 
irrigation district.

Lastly, there are impediments to project development that have nothing to do with potential 
impacts to the environment. The process for developing small hydro projects within irrigation 
infrastructure is extremely complex and contains many impediments that can ultimately keep a 
good project from being built.

PURPA
The Public Utility Regulatory Policy Act of 1978 (or PURPA) defines how public utilities must work 
with small producers that are considered Qualified Facilities (or QF’s). The Act is quite complex 
and cedes the actual creation of specific guidelines and rules to individual states.  What we have 
now is a system that varies widely from state to state. Some states have rules that are conducive 
to small project development, and some effectively prevent any small projects from coming on 
line. In some cases, the PURPA guidelines create a financial disincentive from the Public Utility 
perspective. Ultimately, these projects can be good for Public Utilities too, but only if the financial 
model makes sense for both small producers and Public Utilities.

Wheeling Costs
In many instances, hydropower projects within irrigation systems are fairly remote, and the local 
power supplier is an Electric Co-Op or a PUD. The Co-Ops and PUD’s frequently own and operate 
the only means to get the electricity produced by the hydro project to a market that is interested 
in purchasing the power. The power that is produced by the hydropower project typically must 
move from the site, through a Co-Op or PUD’s infrastructure, and then on to the purchaser of the 
power (typically a Public Utility). A Co-Op or PUD will charge what is called a “wheeling cost” to 
move the power through their system. There is not a consistent rate amongst utilities and Co-Ops 
nor is there a regulatory guideline regarding wheeling charges. Early relationship building and 
buy-in from the owner of the infrastructure is essential to project success and negotiating an 
appropriate wheeling charge.  A solution that makes sense for the Co-Ops and PUD’s as well as 
the producer must be negotiated early in the project development to ensure a financial model 
that keeps the project solvent and moving forward.

Renewable Energy Certificates
Renewable Energy Certificates (RECs) might ultimately prove to be the key to success for small, 
low-impact projects. So called ”avoided cost rates,” the driving force for establishing power 
purchase agreement rates, are presently very low and expected to remain low due to low natural 
gas prices and a newly discovered wealth of natural gas supply. A healthy and robust REC market 
could provide the added revenue per kilowatt-hour that a project needs to become financially 
viable while at the same time incentivizing environmental stewardship.
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Expertise
Developing, owning, and operating a hydroelectric facility is complex, stressful, and requires a 
different skill set than managing an irrigation district solely concerned with delivering irrigation 
water. While there are professional networks and organizations providing support to small 
hydropower producers, many irrigation districts will need more support on the front end of the 
process in order to succeed. In many cases, the complexity of the process is more than an irrigation 
district is able to take on. Expertise for preliminary development that includes practical knowledge 
of operating a hydropower facility while delivering irrigation water is essential in designing 
projects that work well for both activities. Creating realistic expectations for irrigation districts 
in terms of owning and operating hydroelectric facilities is important and can make a project 
operate efficiently from the start. Options for outside operation and maintenance contracts could 
make a hydroelectric project more attractive to an irrigation district. Again, accurate information 
and practical experience derived from the operators of presently installed projects will make the 
development process for new projects more efficient and will lead to better projects in the long 
run.

Study implications for public discourse

As a society, we must recognize our basic needs. Food and water are at the top of the list, and, 
realistically, electrical power is not far behind. We need water to grow food. We need healthy 
watersheds to provide clean water. Fish need water to live. We need power for nearly every 
aspect of our daily lives. Hydropower projects within irrigation infrastructure are firmly rooted in 
all these basic needs. If developed properly, these projects can provide avenues for solutions that 
otherwise might not be possible. Future success of these projects will rely on the ability of both 
producers and regulators to look at the big picture and be willing to compromise in ways that 
ultimately benefit entire watersheds for the common good.
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Glossary of Terms and Acronyms

Acre-foot:  The volume of water that will cover 1 acre of land with water to a depth of 1 foot 
(equivalent to 43,560 cubic feet).

Anadromous:  An anadromous fish, born in fresh water, spends most of its life in the sea and 
returns to fresh water to spawn. Salmon, smelt, shad, striped bass, and sturgeon are common 
examples.

Avoided Cost:  The cost a utility escapes by purchasing power for resale from a qualifying facility 
instead of building a new generation facility. It consists of capital and operating costs of the 
foregone generation facility and is currently based on the cost of generation using natural gas.

Base Flow: The usual, reliable, background level of a river, maintained generally by seepage from 
groundwater storage.

Basin:  The catchment area of a particular river and its tributaries.

BEF:  Bonneville Environmental Foundation

BOR:  Bureau of Reclamation (United States)

BPA:  Bonneville Power Administration

By-pass Reach:  The section of a river system beginning at the point of water diversion and ending 
at the hydropower plant tailrace where the diverted water re-enters the river system.

CFS:  Cubic Feet per Second.  A measurement of flow in terms of volume (cubic feet) passing 
through a given point in a ditch or pipe in one second.

CTWS:  Confederated Tribes of the Warm Springs

CWA:  Clean Water Act 

DID:  Dee Irrigation District

Distributed Generation:  Decentralized generation of electricity, generally made up of smaller 
generation facilities distributed across a large geographic area.

Diversion:  A channel made to divert the flow of water from one course to another. Typically 
associated with water withdrawn from a river or stream to be used for irrigation, power production, 
or other human needs.
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DOE:  Department of Energy (US)

EFID:  East Fork Irrigation District

Electric Co-Op:  A cooperative organization dedicated to the delivery of electricity to its member 
patrons and typically found in rural areas.

End-spill:  The water that overflows at the terminus of a ditch. In order to constantly supply 
adequate water for all users of an open ditch system, water must continually flow past the last 
user.

Entrainment:  The process by which a water diversion captures aquatic species (typically fish) 
thereby removing them from the river system and their natural habitat.

ESA:  Endangered Species Act

ETO:  Energy Trust of Oregon

FCA:  Farmers Conservation Alliance

FERC:  Federal Energy Regulatory Commission

FID:  Farmers Irrigation District

Fish Ladder:  A structure that facilitates the natural migration of fish around an artificial barrier 
(such as a dam) in a river system.

Fish Screen:  A structure that is designed to safely prevent fish from being entrained in water 
diversions while supplying debris free water for human use such as irrigation, hydroelectric 
generation, and domestic needs.  

Floodplain:  Low land adjacent to a stream or river that experiences flooding or inundation during 
periods of high flows or discharges.

Flow: (Specifically volumetric flow rate) the volume of fluid which passes through a given area per 
unit time, as in cubic feet per second or CFS.

Francis Turbine:  A type of water turbine developed by James B. Francis. An inward flow reaction 
turbine that combines radial and axial flow concepts. It is the most common type of turbine in 
use today.

Glacial Till: The mass of rocks and finely ground material carried by a glacier, then deposited 
when the ice melts. Creates an unstratified material of varying composition. 
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Generator:  A device that converts mechanical energy into electrical energy. In the case of 
hydropower, water drives a turbine which in turn drives a generator, converting the mechanical 
energy from the turbine into electrical energy.

Head:  The elevation difference (or distance in vertical feet) that a given water source has to fall 
to the point where power is generated. See potential energy definition. 

Inter-basin Transfer:  The physical movement of water from one river to another using a 
constructed conduit or re-channeling. In irrigation, this typically consists of end-spills being 
returned to a different river or stream than it was originally drawn from.

Irrigation District:  A cooperative, self-governing public corporation set up as a subdivision of the 
State government, with definite geographic boundaries, organized, and having taxing power to 
obtain and distribute water for irrigation of lands within the district; created under the authority 
of a State legislature with the consent of a designated fraction of the landowners or citizens.

Kilowatt:  Equal to 1,000 watts.  Abbreviated as kW.

Kilowatt Hour:  A unit of energy equivalent to 1 kilowatt of power expended for 1 hour of time. 
Abbreviated as kWh. Typical billing unit for energy delivered to consumers.

Kinetic Energy:  The energy which an object possesses due to its motion.

Lahar: A moving, fluid mass composed of volcanic debris and water.

LIHI:  Low Impact Hydropower Institute

Mechanical Energy:  The sum of potential energy and kinetic energy. It is the energy associated 
with the motion and position of an object.

Megawatt:  Equal to 1 million watts or 1,000 kilowatts.  Abbreviated as MW

Megawatt Hour:  A unit of energy equivalent to 1 megawatt of power expended for 1 hour of 
time.  Abbreviated as MWh

MFID:  Middle Fork Irrigation District

Micro-sprinklers:  A type of sprinkler designed to deliver lower volumes of water in a very targeted 
and efficient manner.

Net Metering:  An electricity policy for consumers who own renewable energy facilities, and 
allows them to use generation whenever needed, instead of just when generated. “Net”, in this 
context, is used in the sense of meaning “what remains after deductions” — in this case, the 

52



deduction of any energy outflows from metered energy inflows. Under net metering, a system 
owner receives retail credit for at least a portion of the electricity they generate.

NMFS:  National Marine Fisheries Service

NOAA:  National Oceanic and Atmospheric Administration

NRCS:  Natural Resource Conservation Service

NTU:  Nephelometric Turbidity Units

OAR:  Oregon Administrative Rules

ODEQ:  Oregon Department of Environmental Quality

ODFW:  Oregon Department of Fish and Wildlife

ODOE:  Oregon Department of Energy

OWEB:  Oregon Watershed Enhancement Board

OWRD:  Oregon Water Resources Department

Passage Barrier: An obstruction (such as a dam) in a river or stream that blocks upstream or 
downstream migration of fish species.

Pelton Turbine:  A water impulse turbine invented by Lester Allan Pelton. Pelton turbines are 
typically used for hydropower systems with high head and low flow and can be found in a wide 
range of outputs.

Penstock:  An enclosed (typically higher pressure) pipe that delivers water to hydroelectric 
turbines.

Piezometer:  An instrument for measuring the change of pressure of a material subjected to 
hydrostatic pressure.

PIT Tag:  Passive Integrated Transponder tags are devices that are inserted into fish to allow 
detection of individual fish as they pass PIT tag readers which are installed in places such as fish 
ladders at dams. 

Potential Energy:  The energy possessed by a body by virtue of its position relative to others, 
stresses within itself, electric charge, and other factors.
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PRV:  Pressure Reducing Valve.  A structure designed to reduce pressure in an enclosed water 
distribution system.
Public Utility:  An organization that maintains infrastructure for a public service such as delivery of 
power. Public Utilities can be publicly or privately owned and are regulated by the Public Utilities 
Commission.

PUD:  Public Utility District. A special purpose district that supplies public services (such as 
electricity or water) to the residents of that district.

PURPA:  Public Utility Regulatory Policy Act

QF:  Qualifying Facility. Generating facilities that fall under the PURPA guidelines.

REC:  Renewable Energy Certificates. Tradable, non-tangible energy commodities that represent 
proof that 1 megawatt hour (MWh) of electricity was generated from an eligible renewable energy 
resource.

RPS:  Renewable Portfolio Standard. A regulation that requires the increased production of energy 
from renewable energy sources.

Run-of-River:  A type of hydroelectric installation whereby little or no water storage is provided 
and the generation is subject to seasonal river flows.

Salmonids:  The term salmonids refers to Salmonidae  which are a family of ray-finned fish, the 
only living family currently placed in the order Salmoniformes. It includes salmon, trout, chars, 
freshwater whitefishes and graylings. The Atlantic salmon and trout of genus Salmo give the family 
and order their names. All salmonids spawn in fresh water, but in many cases, the fish spend 
most of their lives at sea, returning to the rivers only to reproduce. This life cycle is described as 
anadromous. They are predators, feeding on small crustaceans, aquatic insects, and smaller fish.

SCADA:  Supervisory Control and Data Acquisition. A type of industrial control system that utilizes 
computers with programmable logic that monitors and controls multiple sites (such as control 
gates, flow measurement devices, generators, etc.) potentially covering large distances.

SUP:  Special Use Permit

SWCD:  Soil and Water Conservation District

Tailrace:  The flume or channel that carries water away from a hydropower turbine after the 
water has performed the work of turning the turbine. This is the discharge end of a hydroelectric 
system.

Transmission:  (electric) Electric power transmission is the bulk transfer of electrical energy, from 
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generating facilities to electrical sub-stations located near demand centers.

Turbine:  A rotary mechanical device that extracts energy from a fluid flow and converts it into 
useful work.

USFS:  United States Forest Service

USFW:  United States Fish and Wildlife (Service)

Watershed:  An area or region drained by a river, river system, or other body of water, consisting 
of both ground and surface water.

Wheeling:  The transportation (movement) of electric power over transmission lines.

WMCP:  Water Management and Conservation Plan
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