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Chapter 1: Introduction 

In the wake of policies catalyzing settlement through agrarian-based land 

‘improvement’, private property rights absorbed water resources through Western water law.  

Consequently, these dominant user regimes and the doctrine of prior appropriation allocated 

nearly 80 percent of freshwater resources to agricultural use (Benson 2004, Bricker & Filippi 

2000, Moore et al. 1996, Aylward 2008, Neuman 2004, Boyd 2008).  As policy reflects the needs 

of citizens and motives of governing entities, acts promoting settlement sought to reduce risk 

and encourage economic development.  Environmental policies of the 1970s, exemplified 

through the Endangered Species Act (ESA), illustrate a shift in societal needs and governing 

perspectives; acknowledging the intrinsic values of non-human species and natural systems 

they depend upon (USFWS 2013).  Following enactment of the ESA agricultural water users and 

the federal government were set on a collision course.  Environmentalists heralded the ESA as a 

‘regulatory hammer’ incorporating ecological values into traditional land management and 

natural resource use.  To the contrary, those whose livelihoods were born from settlement-

based policies were threatened by the ESA, as private property was now subject to regulatory 

imposition (Benson 2004, Bricker and Filippi 2000, Rasband 2003, Parobek 2003, Cassuto & 

Reed 2010, Estes 1992). 

Within Western states water bodies contiguous to private agrarian lands host the 

majority of aquatic species listed under the ESA (Moore et al. 1996).  This observation is 

corroborated by correlations established between agricultural practices and aquatic ecosystem 

degradation (Benson 2004, Moore et al. 1996, Cassuto and Reed 2010, Parobek 2003, Bricker 

and Filippi 2000).  The biological component of these ecosystems, namely populations of 

freshwater and anadromous fish, represents some of the most imperiled species within the 

West (Parobek 2003, Moore et al. 1996).   Of all the effects associated with agricultural water 

use, streamflow depletion constitutes the primary source of species imperilment. Customary 

irrigation practices often dewater streams completely or render aquatic habitat inhospitable 

(Moore et al. 1996, Cassuto and Reed 2010, Parobek 2003, Bricker and Filippi 2000, Neuman 

2004).   
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Early renditions of the ESA sought to enforce direct actions ‘taking’ listed species.  

Consequential to Babbitt v. Sweet Home, indirect actions resulting in adverse habitat 

modification became bona-fide means for violation.  Following this precedent, the ESA’s 

definition of “harm” within “take” includes streamflow depletion as it increases water 

temperature, decreases dissolved oxygen content, and reduces pollution abatement capacity.  

These corollary affects upon habitat quality imperil aquatic species and impede essential 

behaviors at all life stages (NOAA 1999, USFS 1998, TSID 2010, UDWC 2012, ODEQ 2008, Swift 

2003).    Streamflow depletion alone may, or may not, constitute adverse habitat modification.  

Regardless, it opens the door for potential violations where agricultural withdrawals are linked 

to ‘taking’ through proximate cause (Bricker & Filippi 2000, Cassuto & Reed 2010, Estes 1992).  

ESA violations can be met with criminal and civil penalties, though courts often enjoin private 

property use upon adverse habitat modification.  Consequently, curtailment of water use is 

increasingly sought during enforcement (Rasband 2003, Cassuto & Reed 2010, Benson 2004, 

Filippi 2002, Estes 1992, Aiken 1989).   

Encounters between ESA regulation and impositions upon agricultural water use are 

largely reactionary, litigious, and costly; this begs the question of remedy.  Responses attending 

to the matter indicate collaborative and precautionary measures as prospective solutions.  

Within the context of streamflow-based habitat modification the answer consistently indicates 

transactional mechanisms reallocating water to instream use.  While nuances of this solution 

are complex, proliferation of such mechanisms demonstrates their potential utility (Aiken 1989, 

Benson 2004, Frasier et al. 1999, Filipi 2002, Bricker and Filippi 2000, Boyd 2008, Moore et al. 

1996, Estes 1992, Cassuto & Reed 2010, Turner & Perry 1997, Aylward 2008, Newman 2004).  

Transactional mechanisms such as leasing and sales are reliant upon supply of willing 

sellers/lessors and available water.  Such methods will inevitably lose momentum as these 

supplies are depleted.   To the contrary, conservation projects serve to increase supply by 

capturing water that would otherwise be ‘irretrievably lost’ (Green & Hamilton 2010, Aylward 

2008). 
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As states govern water use within their boundaries, the state is the entity charged with 

facilitating streamflow restoration.  Within the context or Oregon water law, instream flow was 

first protected during the mid-1950s.  Though laudable in intent, these measures proved 

unsuccessful in light of dominant user regimes established during settlement.   The state’s 

commitment to restoring streamflow was further exemplified through the Instream Water 

Rights Act of 1987.  This Act acknowledged instream flow as a ‘beneficial use’, enabling the 

creation of instream water rights.  From this Act the Conserved Water Program was born.  

While general purposes of the statute seek to restore streamflow through conservation, it 

provides a multitude of incentives for irrigators as well (Neuman 2004, Aylward 2008, Amos 

2008, Honhart 1995, Boyd 2008).  

Has the Conserved Water Program worked?  To answer this question, the analysis 

within this paper focuses upon conservation projects undertaken in Oregon’s Whychus Creek to 

avoid ESA regulation.  To date there is a paucity of material analyzing the effects that conserved 

water projects have upon streamflow restoration.  Establishing correlation between conserved 

water projects and augmented streamflow is necessary to determine both the efficacy of this 

statutory mechanism and success of conservation efforts undertaken within the Whychus 

watershed to date.  Further, the relationship between conserved water transfers and instream 

right reliability requires consideration, as this determines the presence of streamflow within 

the prior appropriation framework. 

This paper explores events both creating and mitigating conflicts between agricultural 

water use and the ESA.  Understanding the nature of these encounters necessitates review of 

policies associated with settlement as user regimes and laws governing them were born from 

these events.  Chapter 2 attends to the establishment of Western water law through settlement 

policy and litigious proceedings.  Chapter 3 concerns formation of Oregon’s Water Code and 

statutory mechanisms restoring streamflow as efforts undertaken through these mechanisms 

are analyzed in later Chapters.   

Chapters 4 and 5 set the stage for conflicts between agricultural water use and ESA 

regulation.  Chapter 4 describes and discusses environmental policies enacted in the 1970s.  
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The ESA is covered in detail, as latter material applies this regulatory mechanism to events 

within the Deschutes Basin and Whychus Creek.  Chapter 5 concerns linkages between 

agricultural streamflow depletion and habitat modification through summary of legal disputes 

defining the landscape.  Recent events unfolding within the Klamath Basin are detailed as they 

exemplify this topic’s contentious nature. 

Attending to the question of remedy, Chapters 6 and 7 illustrate successful efforts 

undertaken to avert regulatory intervention.  Chapter 6 sets the stage for looming ESA 

regulation within the Deschutes Basin detailing settlement, water use, and the reintroduction 

of listed species.  This chapter concludes with discussion of restoration efforts undertaken 

within the Whychus Creek watershed.  Chapter 7 analyses a particular set of instream 

transactions undertaken in Whychus Creek through the Conserved Water Program.  As material 

examining results of these projects is scarce, the analysis serves to determine instream 

presence of conserved water allocations.  
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Chapter 2: Water in the West 

Settlement left an indelible mark upon the West.  Policies promoting settlement 

stipulated land modification, or “improvement”, through irrigation as the primary means for 

acquiring property held by the federal government.  Streamflow depletion resulting from 

fulfillment of agricultural demands resulted in large-scale degradation of aquatic ecosystems 

and decline of species inhabiting them (Crafasi 2009, Getches 2004, USFS 2012).  Climatic 

conditions inherent to the arid West exacerbated these competing demands.  West of the 

100th meridian, the climate is characterized by limited precipitation and seasonal variability.  

Natural supplies of water are not adequate to meet environmental and anthropogenic 

demands.  As a result, hydrologic systems have been modified to subdue the variability in water 

supply through stream-channel alterations and impoundment (Benson 2004, Bricker & Filippi 

2000, Parobek 2003, Honhart 1995, Neuman 2004). 

Understanding the nature of water resource issues within the Western U.S. requires a 

review of policies associated with settlement, as user regimes, governance, and noteworthy 

conflicts stem from these events.  The discussion below accounts for the development of water 

law in light of historic perspectives, influential policies, and litigious proceedings. The section 

begins with federal policies catalyzing Western settlement then moves to dominant principals 

of water land and use within the U.S. 

2.1 Federal Settlement Policy  

2.1.1 Homestead and Desert Lands Acts 

Enacted in 1862, the Homestead Act served as the initial strategy to encourage Western 

settlement.  Under the Act citizens could acquire up to 160 acres (one legal quarter) of 

“unimproved” surveyed land.  Conditions set upon settlers stipulated “improvement” of these 

lands through construction of residential dwellings and agricultural development for a period of 

five consecutive years.  Upon fulfilling these obligations lands were essentially granted as free 

to the homesteader, barring a small registration fee.  If one wished to forgo the 

aforementioned requirements, title ownership could be expedited to a 6-month period with 

payment of $1.25 per acre.  The Act proved to be unsuccessful as most citizens did not have 
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capital to make such improvements.  Much of the lands acquired through provisions of the 

Homestead Act were held by speculators instead of small farmers (Allen 1991, USFWS 2012, 

Ganoe 1931). 

Responding to low adoption of the Homestead Act, Congress passed the Desert Lands 

Act in 1877 furthering interests of economic development through Western settlement.  As 

similar to the Homestead Act, acquisition of federal lands was contingent upon “improving” or 

“reclaiming” the desert landscape through agricultural development.  While espousing to focus 

upon individual farmers, the new Act encouraged proliferation of privately managed irrigation 

companies charged with developing and managing elaborate delivery systems (Ganoe 1937, 

Landstrom 1954).  Land could not be acquired for free as provided through the Homestead Act, 

though allotments were doubled to 320-acre parcels and pricing reduced to $.25 per acre.  

Additionally, irrigation requirements relaxed as appropriators could delay such land 

‘improvements’ for up to three years (Allen 1991, US 2014a, US 2014b).  

Beyond relaxing land acquisition requirements and promoting large-scale agricultural 

projects, a pivotal piece of water law came from the Act.  The Desert Land Act severed water 

from the public domain bestowing individual states the authority to regulate waters residing 

within their boundaries.  This concept was reinforced by California-Oregon Power Co. v. Beaver 

Portland Cement Co. in 1935 as the federal government relinquished their sovereign authority 

over U.S. waters allowing states to select their regulatory framework.  Most Western states 

elected the doctrine of prior appropriation as the Act mandated allocation of water through the 

priority-driven framework (Ferrey 2010, Johnson & DuMars 1989, Garrick et al. 2009, Estes 

1992, Ganoe 1931, Parobek 2003).   As per §321 of the Desert Lands Act:  

“the right to the use of water by the person so conducting the same, on or to any 
tract of desert land of three hundred and twenty acres shall depend upon bona 
fide prior appropriation; and such right shall not exceed the amount of water 
actually appropriated, and necessarily used for the purpose of irrigation and 
reclamation; and all surplus water over and above such actual appropriation and 
use, together with the water of all lakes, rivers, and other sources of water supply 
upon the public lands and not navigable, shall remain and be held free for the 
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appropriation and use of the public for irrigation, mining, and manufacturing 
purposes subject to existing rights.” 

 
2.1.2 Carey Act 

As settlement encouraged by the Homestead and Desert Lands Acts continued 

throughout the late 1800s access to water became problematic.  Settlers found ‘improving’ 

large parcels risky and economically burdensome as lands adjacent to water bodies had been 

claimed. Elaborate conveyance projects emerged as irrigators partnered to increase water 

deliveries and share the cost of infrastructure development.  Private irrigation companies 

(districts) formed with the purpose of allocating diverted water to multiple users.  

Understanding many individual settlers did not have the capacity to develop such 

infrastructure, Congress supported privately held irrigation districts enacting the Carey Act in 

1894 (USDA 1919, Ostrom 2011). 

Under the Carey Act, states received large tracts of federal lands “suitable” for 

irrigation.  States were to contract construction to development companies who, in turn, 

released their interest to district ‘patrons’ through fee simple title.  Prior acts discouraged 

small-scale farming, requiring development of excessively large parcels.  Attainment of lands 

under the Carey Act was eased as parcels between 20 to 100 acres became available; only an 

eighth of the parcel required irrigation.  Further, the Act stipulated district ‘patrons’ were to 

acquire title of the lands and water rights appurtenant to them upon completion of settlement 

(Wiel 1910).   The Carey Act produced mixed success as various projects realized infrastructure 

improvements and financial risk reduction, whereas other projects were deemed structurally 

unfit and went bankrupt (Ostrom 2011, Hall 1994). 

2.1.3 Reclamation Act 

As settlement continued it was clear that climactic conditions and hydrological regimes 

would not support ever-increasing demands upon water resources.  The magnitude of this 

demand increasingly resulted in overappropriated stream bodies, discouraging further 

settlement.  Water was available, but its location and timing of accessibility wasn’t compatible 

with agricultural demands.  In response, Congress passed the Reclamation Act in 1902.  As 
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similar to the Desert Lands Act, its purpose was to “reclaim” arid lands for economic 

development. Soon after its inception the Secretary of the Interior established the U.S. 

Reclamation Service within the United States Geological Survey (USGS).  Upon severing the 

Reclamation Service from USGS in 1907 an independent bureau within the Department of 

Interior was created, i.e. the Bureau of Reclamation (BOR) (Parobek 2003, Johnson & DuMars 

1989, Getches 2004). 

The Reclamation Act manifested itself through large-scale run-of-river projects 

predominantly associated with storage infrastructure, i.e. dams and reservoir development.  

Though many irrigation districts were established under the Desert Lands and Carey Acts, the 

Reclamation Act further encouraged their development through financing co-managed 

projects.  Key provisions within the Reclamation Act required irrigators benefiting from projects 

to repay the government investments.  Unfortunately, inadequate project implementation and 

unproductive agricultural endeavors hindered repayment.    At present, many district and 

project recipients are still repaying the BOR (Parobek 2003, Johnson & DuMars 1989, US 

2014d).   In additional to furthering settlement, the Reclamation Act reinforced state 

governance over water resources and the doctrine of prior appropriation through §8: 

“Nothing in this Act shall be construed as affecting or intended to affect or to in 
any way interfere with the laws of any State or Territory relating to the control, 
appropriation, use, or distribution of water used in irrigation, or any vested right 
acquired thereunder, and the Secretary of the Interior, in carrying out the 
provisions of this Act, shall proceed in conformity with such laws, and nothing 
herein shall in any way affect any right of any State or of the Federal Government 
or of any landowner, appropriator, or user of water in, to, or from any interstate 
stream or the waters thereof: Provided, That the right to the use of water 
acquired under the provisions of this Act shall be appurtenant to the land 
irrigated and beneficial use shall be the basis, the measure, and the limit of the 
right." 
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2.2 Establishment of Western Water Law 

Water law has established itself in markedly different ways across the United States.  

Variations in climactic conditions constitute the primary factor influencing development of 

water laws and user regimes from east to west.  Further, paradigms of water utilization in light 

of available supply is significantly different between the east and west, as the former often 

perceives ‘waste’ as unnecessary use while the latter associates ‘waste’ with water left 

instream (Parobek 2003, Boyd 2008). 

2.2.1 Riparian Doctrine 

Water law in the United States is derived from English common law established in the 

mid-17th century under the rule of King Charles II.   Through this legal regime, water resources 

appurtenant and adjacent to property were available to the land owner, though common law 

only proscribed its use.  The water itself was held by the King in trust for his citizens.  Following 

the establishment of English colonies in the United States, the consistent availability of water in 

the northeast led to retention of this system, known as the riparian doctrine (Cassuto & Reed 

2010, Ferrey 2010, Bricker & Filippi 2000).   

Several tenants dictate the operation and establishment of riparian rights.  First, 

‘reasonable use’ must take place, meaning one’s utilization of water must not come to the 

detriment of other riparian right holders.  Riparian right holders have a ‘correlative duty’ to 

share the resource and one cannot use the water in a manner ‘materially injuring’ interests 

held by others (Cassuto and Reed 2010, Ferrey 2010).  In times of shortage this correlative duty 

calls for all riparian right holders to share the burden of scarce supply though pro-rata 

reductions in withdrawal (Bricker & Filippi 2000).  Second, as per precedents established under 

common law, riparian rights are usufructuary; they must be utilized for a purpose, e.g. fishing, 

drinking, hydroelectricity, industrial and commercial activities, etc.  Third, under the modern 

riparian system water can be utilized for both consumptive and non-consumptive uses., i.e. 

consumptive uses are defined by practices rendering waters irretrievable, such as containment 

within an end product and/or being lost to evaporative processes; non-consumptive uses are 

generally associated with leaving the water instream for fishing and boating purposes (Cassuto 

and Reed 2010, Ferrey 2010). 
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2.2.2 Doctrine of Prior Appropriation 

While abundant water supply in the Eastern U.S. allowed riparian water law to persist, 

relative scarcity and variability in the water supply of Western states necessitated a different 

framework for allocation.  Water users required a system mitigating the risks of settlement, 

ensuring their federally-mandated investments would not diminish.  As those who first voyaged 

westward eased future development, they needed assurance that resource allocations would 

prioritize their accomplishments.  Accordingly, the foundation of Western water law, the 

doctrine of prior appropriation, came to serve this task (Honhart 1995, Filippi 2002, Bricker & 

Filippi 2000, Parobek 2003).   

The concept of prior appropriation evolved from mining law established during the Gold 

Rush.  Enacted by Congress in 1866, the Mining Act permitted U.S. citizens to “explore for, 

discover, and purchase certain valuable mineral deposits on those Federal lands that are open 

for mining claim” (US 2014e).   The Mining Act established the concept of appropriative rights, 

evoking the principal of “first in time, first in right”.  This framework acknowledged those who 

first established a claim held priority over subsequent miners for a given mineral deposit 

(Johnson and DuMars 1989, Estes 1992, Ferrey 2010, Parobek 2003).  Miners extended the 

principal to water bodies employed in hydraulic excavation, claiming usufructuary priority 

(Cassuto & Reed 2010, Honhart 1995).   As early as 1855 the California Supreme Court 

recognized ‘miner’s water rights’ as prior appropriation rights, reflecting preferences to this 

system of allocation (Cassuto & Reed 2010, Bricker & Filippi 2000) 

Further establishment of prior appropriation within Western water law can be traced to 

precedents set by Colorado’s Coffin v. Left Hand Ditch in 1880; as with most water-related 

conflicts, it commenced upon inadequate supply.   To restore water supply during low-flow 

conditions irrigators, historically diverting from Left Hand Creek, began conveying water from 

the St. Vrain River.  As demands upon the system increased, withdrawals eventually dewatered 

the river below the new diversion.  Conflict ensued as the St. Vrain irrigators cited ‘material 

injury’ though riparian law, whereas Left Hand Ditch irrigators summoned prior appropriation 

under the Mining Act.  Coffin v. Left Hand Ditch eventually made its way to the Supreme Court 
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in 1882 where prior appropriation was upheld.  Henceforth appropriation-related conflicts in 

the arid West would be subject to the date water was first diverted and put to ‘beneficial use’. 

Further, all subsequent irrigators within the same reach would yield their diversions to assure 

fulfillment of senior needs when supply is inadequate to meet all demands. (Hess 1916, Bricker 

& Filippi 2000, Filippi 2002, Parobek 2003, Huffaker et al. 2010, Coffin v. LHD 1882, Amos 2008) 

Water uses established under the prior appropriation framework are subject to further 

stipulations.  First, as with the riparian doctrine, water is held in trust by the state.  One does 

not own the water but merely owns a usufructuary right for ‘beneficial uses’. Second, water use 

is subject to beneficial use without ‘waste’.  While there are a myriad of beneficial uses 

established state-by-state, some are arguably more ‘beneficial’ than others.  Historically, 

proving-up beneficial use of water entailed the development of diversion and conveyance 

infrastructure, indicating that out-of-stream uses were the only uses to be fulfilled (Filippi 2002, 

Johnson & DuMars 1989).  The subject of waste is rather contentious as irrigators are allowed 

to flood irrigate and utilize other means of inefficient application measures.  Third, once a 

water right is permitted or certificated, the owner must utilize the entirety of the right for a 

period defined by the state, promoting a “use it or lose it” perspective (Boyd 2008, Honhart 

1995 Johnson & DuMars 1989). 

As Western water law was established by settlement-based policies, its development 

and employment serve to protect time-honored uses predominantly associated with 

agriculture.  Further, the doctrine of prior appropriation has prioritized uses dependent upon 

water withdrawal above all others.  While these laws protect the interests of settlers, their 

inflexible and dominant nature has come at great environmental expense.  Accordingly, federal 

environmental policies conflicting with agricultural use serve to derail this historic preference.  

State governance of these resources is also changing as the voice of the ‘people’ (echoed 

through legislation) acknowledges values inherent to instream use.    
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Chapter 3: State Water Governance  

Chapter 2 demonstrated how early structures for governance of Western water 

resources were born from settlement-based policies and litigation resulting from user conflicts.  

The Mining Act of 1872 and rulings from Coffin v. Left Hand Ditch in 1880 solidified use of prior 

appropriation’s allocative framework.  Further, apportionment of available supply reflects 

prioritization of ‘beneficial uses’ associated with ‘reclaiming’ and ‘improving’ lands through 

agricultural development.  State authority over waters within its boundaries was established 

through similar mechanisms.  The Desert Lands Act of 1877 and precedents set through 

California-Oregon Power Co. v. Beaver Portland Cement Co. in 1935 severed water from the 

public domain, granting management of water to individual states through the public trust 

doctrine and 10th Amendment sovereign authority.   

In light of state authority and regulatory function, the following section concerns 

administration and evolution of Oregon water law.  Discussion begins with the implementation 

of Oregon Water Code in 1909 and a statutory summary of water rights administration.  It 

proceeds with Oregon’s recognition of instream flow as a ‘beneficial use’ and establishment of 

instream water rights.  The section concludes with a description of the Conserved Water 

Program as a means for restoring streamflow. 

3.1 Oregon Water Code 

Upon the fiftieth anniversary of statehood, Oregon implemented its water code (law) in 

the wake of failing state and federal efforts to govern water resources.  Under the 1909 Act, 

Oregon Revised Statute (ORS) 537.110 and Oregon Administrative Rule (OAR) 690.410.0070, 

the Oregon Legislature declared fiduciary responsibility to hold waters in trust for its citizens. 

Allocation through prior appropriation stems from ORS 537.120 and OAR 690.250.0100.  

Oregon water law is managed through (OAR) 690 and (ORS) 536-554. Under OAR 

690.400.0000(2) and ORS 536.220 the state authorizes the Water Resources Commission to 

develop, implement, and enforce water resources policy and law which “promote[s] the 

maximum beneficial use of the waters of the state.”  Under the authority of the Commission 

and codified in ORS 536.039(1), the Oregon Water Resources Department (OWRD) was created 
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to manage all water resources within the state under the primary directive to, “protect 

streamflows and watersheds in order to ensure the long-term sustainability of Oregon’s 

ecosystems, economy, and quality of life.”  

While instream flow receives an honorable mention under OWRD directives, ORS 

536.220(1)(a) prioritizes economic development and general welfare of its citizens as the 

dominant concepts governing water use within the state.  As economic development is often 

associated with out-of-stream use, namely agriculture, ORS 536.220(1)(b) attends to the matter 

of inequitable allocation in light of dominant use regimes.  Further, ORS 536.220(2)(a) seeks to 

reconcile this inequitable allocation based upon historic preferences: 

“The economic and general welfare of the people of this state have been 
seriously impaired and are in danger of further impairment by the exercise of 
some single-purpose power or influence over the water resources of this state….”   

“It is in the interest of the public welfare that a coordinated, integrated state 
water resources policy be formulated and means provided for its enforcement… 
shall give proper and adequate consideration to the multiple aspects of the 
beneficial use and control of such water resources with an impartiality of 
interest except that designed to best protect and promote the public welfare 
generally.”   
 

3.2 Water Right Administration  

Water rights within the Western U.S. commonly fall into three categories reflecting the 

time-frame of initial utilization and mechanisms leading to the establishment of the water right.  

Vested or ‘grandfathered’ status indicates utilization of water dating back to the time of 

settlement.  Within Oregon, these rights reflect ‘beneficial use’ prior to enactment of state 

code in 1909.  Consequently, these rights often hold the most senior priority dates within the 

state and receive significant protection through ORS 537.120 and 539.010.   

With exception of exempt uses defined by ORS 537.040, 537.141 and OAR 

690.340.0010, all rights established after 1909 are subject to permitting and certification 

requirements under ORS 537.130 and OAR 690.310-330.  While detailed accounting of 

permitting and certification processes are outside scope of this paper, a basic understanding of 
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these processes is required.  Those looking to appropriate state waters must apply for a permit 

through ORS 537.150 and OAR 690.310.  Upon OWRD’s granting of the permit (permitted right) 

under ORS 537.211, the applicant shall ‘prove-up’ beneficial use though terms specified in ORS 

537.160.  Upon completion of beneficial use and fulfillment of ancillary obligations specified by 

the Department, water rights are certificated (producing a certificated right) through ORS 

537.250 and OAR 690.330.0010, essentially creating a private property right.  At this point the 

OWRD may not amend attributes of the right or cancel its use unless it is subject to 

abandonment, forfeiture, or transactional activity.   

Additional to vested and post-1909 water rights, states must acknowledge federal 

reserved rights.  These rights present a unique case as they are implied and created upon 

designation of federal reservations. In light of a multitude of rights developed at different 

times, for different purposes, and under varying authorities, OWRD is tasked with their 

accounting through the adjudication process through OAR 690.028.  As post-1909 permitted 

and certificated rights are solely established by OWRD, this accounting has taken place.  For 

vested and reserved rights the process of adjudication is undertaken in an effort to 1) account 

for all rights within a particular basin and, 2) reconcile the occurrence of over-appropriation.   

Whether rights are considered vested, reserved, permitted or certificated by the state, 

they hold a common series of descriptive attributes.  As per the prior appropriation framework, 

water rights receive a priority date.  For vested rights, this date reflects claim of the first 

occurrence of diversion and subsequent beneficial use as per ORS 539.015 and OAR 690.028.  

Post-1909 priority reflects the date of application submission as per ORS 537.140 and OAR 

690.310-330.   Federal reserved rights carry a priority date of the reservation’s creation.  

Implications of prior appropriation indicate vested rights will realize seniority over post-1909 

and federal reserved rights though, on rare occasion, tribal reservations may receive senior 

priority following the adjudication process.   

In addition to ones’ priority date, beneficial use is the other prevailing attribute as it 

determines other, ancillary characteristics of the right under ORS 540.610 and 537.160.  For 

out-of-stream uses, beneficial use reflects the state-determined purpose for which water has 
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been diverted and subsequently applied.  Following establishment of such uses OWRD 

determines the rate (CFS) and duty (CFS/acre) of diverted waters.  Other attributes are held 

within a right specify the source, legal description of appurtenant lands, season of use, etc.  

 

3.3 Instream Flow 

3.3.1 Declaration 

Through provisions declared by ORS 536.220(3)(a), Oregon Legislature calls for a balance 

among water uses.  OAR 690.410.0030(1) and OAR 690.077.0015 declares instream flow 

protection a State priority and acknowledges historic prioritizing of out-of-stream uses: 

“Benefits are provided by water remaining where it naturally occurs. Protecting 
streamflows which are needed to support public uses is a high priority for the 
state. The long term goal of this policy shall be to establish an instream water 
right on every stream, river and lake which can provide significant public benefits. 
Where streamflows have been depleted to the point that public uses have been 
impaired, methods to restore the flows are to be developed and implemented. 
These activities shall be consistent with the preservation of existing rights, 
established duties of water, and priority dates, and with the principle that all of 
the waters within the state belong to the public to be used beneficially without 
waste.”  
 
 “The implementation of the instream water rights law is a means of achieving an 
equitable allocation of water between instream public uses and other water uses. 
When instream water rights are set at levels that exceed current unappropriated 
water available the water right not only protects remaining supplies from future 
appropriation but establishes a management objective for achieving the amounts 
of instream flows necessary to support the identified public uses.” 
 

3.3.2 Instream Flow as a Beneficial Use 

Oregon’s prioritization of instream use commenced upon the Minimum Perennial 

Streamflow Act of 1955.   Addressing concerns of over-appropriation and diminished instream 

flow the Act sought to abate pollution and support aquatic species through establishing 

minimum streamflow levels (USFS 1998, Amos 2008).  The Act was more of a prohibitive 

measure as it restricted further appropriation through reserving water for instream uses (Amos 

2008).  While the formation of this Act held good intentions, the policy realized little 
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effectiveness as instream reservations were not afforded the same legal protection as out-of-

stream rights (Neuman 2004). 

In an effort to better achieve purposes espoused under the Act of 1955, the Oregon 

Legislature signed the Instream Water Rights Act into law during 1987.  Recognizing 

environmental flow as a ‘beneficial use’, the Act allowed instream water rights to be 

established through a variety of means (Neuman 2004, Amos 2008).  Specifically, instream flow 

is considered a benefit to the public for uses of recreation, maintenance and restoration of 

habitat for aquatic and terrestrial species, pollution abatement, and navigation as per OAR 

690.077.0000(3) & ORS 537.332(5).  Importantly, water rights established through the Act are 

afforded the same legal status as out-of-stream uses as per ORS 537.350 (Amos 2008, Aylward 

2008).   

3.3.3 Instream Water Rights 

Under OAR 690.077.0015(5) instream rights may only be applied for by state agencies, 

which hold them in trust for public benefit.  Through ORS 537.336(1-3) and OAR 

690.007.0020(1) the Oregon Departments of Fish and Wildlife, Environmental Quality, and 

Parks and Recreation have standing to apply for instream rights for the purposes of habitat 

maintenance/restoration for aquatic and terrestrial species, pollution abatement, and 

recreation/amenity uses respectively.  Additionally, instream rights may result from the 

conversion of minimum perennial stream flows (MPSF).  Mechanisms via ORS 537.346(1) and 

OAR 690.077.0054 convert MPSFs established prior to June 25, 1988 to instream rights.  As with 

all post-1909 water rights, priorities of new instream rights and MPSF conversions reflect the 

application date.  Hence, junior standing of these instream rights put them at a disadvantage in 

light of prior appropriation (Turner & Perry 1997, Neuman 2004, Aylward 2008, Amos 2008).   

Additional to establishing new instream rights and MPSF conversion, Oregon has 

developed other transactional mechanisms for increasing streamflow.  ORS 537.348(1) and OAR 

690.077.0065 allow ‘persons’ to either purchase, receive as a gift, or lease either a portion or 

the entirety of an active water right for instream use.  Beneficial uses for new and converted 

water rights are determined during the application process.  Alternatively, utilization of 
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transactional mechanisms requires amendments to beneficial uses reflected through a 

“transfer” under ORS 540.520 and OAR 690.380.220.  The ability to transfer water from one 

beneficial use to another is the primary mechanism for reallocating water from out-of-stream 

to instream use.  While the prior means for establishing new or converted water rights are 

generally subject to low priority, these mechanisms contain a stipulation not always found in 

other states.  Under ORS 537.348(1-2) instream transfers retain priority dates of the water 

rights involved within the transaction.  As such, instream rights established through transfer 

mechanisms realize a higher level of reliability than that of their counterparts derived from new 

applications and conversions (Neuman 2004, Aylward 2008).   

3.4 Conserved Water Program 

Additional to gifting, sale, and lease of water rights another statutory mechanism, 

unique to Oregon, functions to restore streamflow, i.e. the Conserved Water Program (CWP).  

As other transfer-based mechanisms serve to reallocate water instream, their contributions are 

limited by the supply of willing sellers and buyers, facilitating policies, water right standing, and 

basin adjudication status.  The CWP serves to rectify the former limitations promoting 

conservation and essentially ‘freeing’ water lost through inefficient conveyance and application 

methods (Aylward and Newton 2006, Aylward 2008, DWA 2006b).   

3.4.1 Statutory Purpose 

Purposes of the CWP within OAR 690.018.0010(1-3) and ORS 537.460 seek to achieve 

mutually beneficial outcomes for both the environment (instream use) and appropriators (out-

of-stream use).  Former benefits are realized through pollution abatement, erosion prevention 

and augmented streamflow through instream transfers.  Latter benefits are realized through 

attaining additional supply through increased conveyance and application efficiency.  Additional 

benefits for appropriators are provided by the ability to sell, lease, or apply water to a different 

use as per ORS 537.490(1).  Further, this is the only statutory mechanism allowing for the 

expansion of irrigated lands.  As per ORS 537.455(1) and ORS 537.455(2) “conservation” and 

“conserved water” are defined as:  
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“the reduction of the amount of water diverted to satisfy an existing beneficial 
use achieved either by improving the technology or method for diverting, 
transporting, applying or recovering the water or by implementing other 
approved conservation measures.” 

“[the] amount of water that results from conservation measures, measured as 
the difference between: (a) The smaller of the amount stated on the water right 
or the maximum amount of water that can be diverted using the existing 
facilities; and (b) The amount of water needed after implementation of 
conservation measures to meet the beneficial use under the water right 
certificate.”   
 

The first portion of the equation references maximum diversion rates allowed by a right 

whereas the latter indicates potential changes in system capacity resulting from conveyance or 

application modification undertaken after the original water right was certificated.  The second 

portion of the equation reflects available supply necessary to fulfill beneficial use reflected by 

diverted volume.  Within the context of irrigation, beneficial uses are generally derived from 

crop type.  The amount of water needed to fulfill beneficial uses is related to application 

efficiency and crop evapotranspiration.   For example, suppose that an appropriator’s right 

allows diversion of 10 CFS.  While the diversion facility was designed to withdraw 10 CFS, their 

conveyance and application infrastructure realizes only 70 percent efficiency due transmission 

loss. Therefore, the available supply applied to beneficial use is 7 CFS.  If this appropriator were 

to implement efficiency measures resulting in 90 percent efficiency, the 2 CFS gain in available 

supply is the amount of ‘saved’.   

3.4.2 Statutory Mechanics  

The mechanism for achieving mutually beneficial outcomes resides within ORS 

537.470(3) and OAR 690.018.0012(1).  Water ‘saved’ through conservation projects is divided 

amongst instream flow and appropriators.  ‘Conserved’ water refers to the portion allocated to 

instream use, whereas ‘retained’ water attends to the portion of available to the appropriator.  

Apportionment of retained and conserved water is a function of both funding-based statutory 

requirements and voluntary actions.  At a minimum, appropriators and the environment alike 

will receive 25 percent of water saved as per ORS 537.470(3) and OAR 690.018.0012(1).  To 
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elaborate, a scenario in which private financing represents 75 to 100 percent of total project 

cost results in a minimum instream allocation of 25 percent, allowing the appropriator to retain 

75 percent.  A scenario, in which the project is financed by (non-repayable) public funding 

exceeding 25 percent of the total project cost requires an instream transfer proportional to the 

percentage of public funding.  In any case, the appropriator will receive a minimum of 25 

percent unless voluntarily providing a larger instream allocation.  Like other transaction-based 

mechanisms, both the retained and reallocated portions of saved water preserve the priority 

date of rights affected by the project as per ORS 537.485(1) and OAR 690.018.0012(2).  More 

accurately, two water rights are issued, i.e. the appropriator’s right associated with retained 

water and a secondary right associated with the instream transfer.   

While initial adoption of the CWP was hampered by overly burdensome documentation 

and analysis requirements, and uncertainty for applicants, amendments instituted in 1993 and 

collaborative efforts have enabled the program to realize more potential (Aylward 2008, 

Honhart 1995, Boyd 2008).  Further, the proliferation of agrarian-based settlements in the arid 

West holds a plethora of opportunities to conserve water.   This is particularly true in light of 

large-scale conveyance regimes implemented under the Carey Act, which produced complex 

networks of open, unlined ditches and canals. Within the Deschutes Basin, many of these 

ditches reside upon porous soils and permeable sub-surface geology resulting in transmission 

efficiencies as low as 50 percent, the bulk of which is derived from seepage loss (Aylward 2008, 

DRC 2009, DWA 2006b).  Consequently, appropriators often divert volumes in excess of that 

which is applied on-farm, exacerbating the occurrence of streamflow depletion.   
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Chapter 4: Federal Environmental Policy 

Policies reflect paradigms of citizens and motives of government.  Moving forward to 

the 1970s, the Endangered Species Act (ESA) and Clean Water Act (CWA) exemplify a shift in 

societal and governing perspectives recognizing the intrinsic value of non-human species and 

natural systems upon which they depend.  The ESA and CWA are regulatory machines, as one 

section cannot operate without another.   Hence, a mechanical approach is appropriate to 

describe functions amongst their interrelated components.  While the CWA is not a principal 

focus, its relevance concerns state obligations to identify streams of impaired water quality and 

isolate sources of said impairment as latter chapters reference these determinations.  On the 

other hand, this paper predominantly involves interactions between ESA regulation and 

agricultural water use, compelling a contextual, in-depth account of regulatory mechanics.  The 

discussion below begins with a general description of the CWA and attends to state water 

quality assessments.  Following the CWA, the ESA is accounted for in detail in light of following 

discussions of federal obligations and indirect actions potentially violating the Act.  

4.1 Clean Water Act 

4.1.1 Formation and Purpose 

Signed into law in 1972, the CWA expanded upon the Federal Water Pollution Control 

Act of 1948.  The Act of 1948 established programs for mitigating and eradicating pollution 

within U.S. waters in light of conserving water for domestic supply, recreation, agricultural and 

industrial use, and aquatic species.  At a basic level, amendments under the CWA sought to 

police water quality through regulating quality standards and various sources of pollution.  

Through purposes declared in §101(a), the CWA seeks to “restore and maintain the chemical, 

physical, and biological integrity of the Nation’s waters”, and attain quality conducive to, 

“protection and propagation of fish, shellfish, and wildlife.”  ‘Restoration’ is a guiding concept 

within the CWA as it echoes necessity to counter degradation inflicted upon the Nation’s 

waters thus far.  Through the Act, the Environmental Protection Agency (EPA) is charged with 

developing control programs for point source pollution within the U.S.  Individual states must 

manage nonpoint source pollution through establishing and regulating quality standards for 
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waters within their boundaries.  Point sources pertain solely to pollutants conveyed by an 

identifiable source, whereas nonpoint sources cannot be identified easily and are often 

associated with biologically important parameters such as temperature, dissolved oxygen, 

nutrients, etc. (CWA 1972).  

4.1.2 State Obligations 

CWA §302(a) and §303(a) obligates states to institute quality standards for waters 

within their boundaries.  If a state forgoes the opportunity to establish such standards, the EPA 

will fulfill this duty.  Further, §303(c) requires “beneficial uses” attributed to a given water body 

to guide determination of quality standards.  The term “beneficial uses” differs from that 

associated with water rights as they are narrowly defined as recreation, navigation, domestic 

use, hydroelectricity, aesthetics, irrigation, stock water, and aquatic life.  Finalization of quality 

standards reflects the ‘most sensitive’ parameter of the ‘most sensitive’ beneficial use (CWA 

1972). 

CWA §303(d)(1)(A) holds the key mechanism for regulating nonpoint source pollution 

requiring states to identify waters within their boundaries for which effluent limitations are not 

stringent enough to meet standards instituted under §303(a).  Under §303(d)(1)(C)  states must 

determine total maximum daily load levels (TMDLs) for effluent necessary to meet standards 

established under §302(a).  Quality criteria attending to aquatic species is addressed specifically 

though §303(d)(1)(B), mandating listing of water bodies for which temperature levels exceed 

that which is necessary to protect aquatic life and requiring determination of thermal TMDLs 

(CWA 1972).   

4.2 Endangered Species Act 

4.2.1 Formation and Purpose 

Enacted in 1973, the ESA explicitly sought to conserve plant and animal species and 

reverse trends leading to population decline and extinction (USFWS 2013).   The Act epitomizes 

policies shifting land and natural resource use from exploitive economic development to a more 

biocentric approach, often polarizing communities when these competing paradigms collide 

(Benson 2004, Cassuto & Reed 2010, Filippi 2002, Estes 1992, Moore et al. 1996).  Under 
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vigilant watch of the Secretary of the Interior via U.S. Fish and Wildlife Service (USFWS) and the 

Secretary of Commerce via National Marine Fisheries Service (NMFS), listed species and their 

habitat are afforded strong legal protection through restriction of federal, state, and private 

actions (Aiken 1989, Cassuto & Reed 2010, Filippi 2002).   While the goals of the ESA are to halt 

species population decline, at present, beneficial results are predominantly realized though 

protection and restoration of habitat (Benson 2004, Cassuto & Reed 2010, Estes 1992)  

Congress explicitly acknowledges environmental impacts resulting from of economic 

development and intrinsic values held by aquatic and terrestrial species within the first 

declaratory section of the Act, proclaiming through §(2)(a)(1-4): 

“fish, wildlife, and plants in the United States have been rendered extinct as a 
consequence of economic growth and development untempered by adequate 
concern and conservation; other species of fish, wildlife, and plants have been so 
depleted in numbers that they are in danger of or threatened with extinction;  
these species of fish, wildlife, and plants have of aesthetic, ecological, 
educational, historical, recreational and scientific value to the Nation and its 
people; the United States has pledged itself as a sovereign state in the 
international community to conserve to the extent practicable the various 
species of fish or wildlife and plants facing extinction…”   

Although Congress promotes protection and recovery of “endangered” and 

“threatened” fish, wildlife and plants on a species-by-species basis, goals proclaimed in §2(b) 

clearly identify habitat, or ‘ecosystem’ conservation as the  mechanism for protection.  

Purposes stated in §2(b) seek to “provide a means whereby the ecosystems upon which 

endangered and threatened species depend may be conserved…”  §2(c) initiates federal 

obligations, calling upon all departments to utilize their authority in furtherance of purposes 

declared by the Act (ESA 1973). 

4.2.2 Listing Species 

Under §4(a)(1)(A-E) Congress requires the “Secretary”, defined in §3(15) as either the 

Secretary of the Interior (USFWS) or the Secretary of Commerce (NMFS), to determine if a given 

species is either endangered or threatened resulting from current or potential habitat 

destruction or modification, overutilization, sickness or predation, inadequate regulatory 
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protection, and/or any other anthropogenic factors.  Listing species as either “endangered” or 

“threatened” stems from definitions within §3(6) and §3(20) respectively.  “Endangered” 

species are defined as, “any species which is in danger of extinction throughout all or a 

significant portion of its range…”, whereas “threatened” species are defined as, “any species 

which is likely to become an endangered species within the foreseeable future throughout all or 

a significant portion of its range”.  Upon listing, ecosystem protection is established through 

designation of critical habitat.  The ESA §4(a)(3)(A) requires the Secretary to designate “critical 

habitat”, defined in §3(5)(A-B) as “the specific areas within the geographical area in accordance 

within section §4 of this title, on which are found those physical or biological feature (1) 

essential to the conservation of the species and (2) which may require special management 

considerations or protection…” (ESA 1973). 

4.2.3 Federal Agency Obligations 

The ESA §7 establishes obligations additional to §2(c) directives requiring federal 

agencies to conduct operations in furtherance of the Act.  §7(a)(1) requires agencies to formally 

consult with the Secretary to assure federal actions promote the conservation and restoration 

of listed species.  Further, §7(a)(2) requires agencies in consultation with the Secretary to 

determine and assure that any “action authorized, funded, or carried out by such agency… is 

not likely to jeopardize the continued existence of any endangered species or threatened 

species or result in the destruction or modification of habitat… determined to be critical” (ESA 

1973). 

Whenever federal agencies are involved with public or private projects potentially 

effecting listed species or their habitat, §7(c)(1) mandates determination of listed species 

presence and critical habitat within the project area.  Further, agencies are required to develop 

a “biological opinion” addressing potential impacts of the given project.  Upon receiving the 

biological opinion the Secretary must determine whether or not “agency actions” will 

jeopardize listed species under §7(b)(3)(A).  If said actions potentially jeopardize listed species, 

the Secretary provides “reasonable and prudent alternatives” to the action under scrutiny; the 

agency can proceed as planned or adopt these alternatives (ESA 1973). 
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4.2.4 Prohibited Actions 

The ESA §9 holds the regulatory mechanism from which all other sections stem, i.e. 

prohibitions for ‘unlawfully taking’ endangered species.  Under §9(a)(1) Congress declares that, 

“with respect to any endangered species of fish or wildlife listed pursuant to section [§4] of this 

title it is unlawful for any person subject to the jurisdiction of the United States to…”, as per 

§9(a)(1)(B), “take any such species within the United States or the territorial sea of the United 

States…”   While this section solely addresses “endangered” species it is necessary to summon 

§4(d) concerning “take” of “threatened” species.  §4(d) authorizes the Secretary to issue 

regulations associated with “threatened” species, “Whenever any species is listed as a 

threatened species pursuant to [§4(c)], the Secretary shall issue such regulations as he deems 

necessary and advisable to provide for the conservation of such species.”  “The Secretary may 

by regulation prohibit with respect to any threatened species any act prohibited under 

[§9(a)(1)] of this title, in the case of fish or wildlife…”  Therefore, any threatened species listed 

under §4(d) may receive the same protection afforded to endangered species (ESA 1973). 

In consideration of ‘direct’ and ‘indirect’ actions leading to ESA violations, further 

discussion of “take” is essential.  Under §3(19) “take” is defined as, “to harass, harm, pursue, 

hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct.”  

Components of this definition constitute direct actions resulting in a “take”.  Consequential to 

legal proceedings challenging violations through indirect actions, specifically habitat 

modification, the definition of “harm” within “take” was broadened by the USFWS and NMFS.   

USFWS defines “harm” within “take” through 50 CFR 17.3 as, “an act which actually kills 

or injures wildlife.  Such act may include significant habitat modification or degradation where 

it actually kills or injures wildlife by significantly impairing essential behavioral patterns, 

including breeding, feeding, or sheltering.”  As USFWS’s definition mainly, though not 

exclusively, attends to terrestrial species NMFS has promulgated an expansion of “harm” 

specifically for aquatic species.  Through 50 CFR 222.102 NMFS defines “harm” within “take” as, 

“an act which actually kills or injures fish or wildlife. Such an act may include significant habitat 

modification or degradation which actually kills or injures fish or wildlife by significantly 
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impairing essential behavioral patterns, including, breeding, spawning, rearing, migrating, 

feeding or sheltering”.  These expanded definitions establish that “habitat” within “harm” is not 

limited to the §(3)(5) definition of critical habitat. Henceforth, alterations to any habitat under 

50 CFR 17.3 and 50 CFR 222.102 impairing “essential behavioral patterns” constitute a take.  

Upon determining unlawful take violators are subject to a series of civil, criminal, and injunctive 

penalties through §11(a)(1), §11(b)(1) and §11(g)(1)(A) respectively  (ESA 1973, 50 CFR 17.3, 50 

CFR 222.102).    

4.2.5 Exemptions 

The ESA §10 affords several means for insulating against §9 violations.  Specifically, 

§10(a)(1)(A) authorizes the Secretary to assign, for scientific and propagation/survival 

enhancement purposes, a third listing status to species populations non-essential to the 

recovery of threatened or endangered populations.  These “experimental populations” are 

defined under §10(j) as, “any population (including any offspring arising solely therefrom) 

authorized by the Secretary for release under [§10(j)(2)(A)], but only when the population is 

wholly separate geographically from non-experimental populations of the same species.”  

Designation of experimental populations holds implications for species protection pursuant to 

§9 violations resulting from habitat modification as the Secretary may temporarily de-list an 

endangered or threatened species to accommodate restoration efforts potentially resulting in a 

take (ESA 1972, Filippi et al. 2011). 

While the ESA contains multiple mechanisms for protecting listed species, federal 

obligations and the establishment of habitat modification as a means of “harm” within “take” 

guide discussions within the following chapters.   Within the context of agricultural water use, 

NMFS’s expanded definition of “harm” applied to aquatic species holds severe consequences in 

light of time-honored land uses and practices promoted through settlement-based policies.  

Explicitly, agricultural practices resulting in streamflow depletion may evoke impositions upon 

private property use realized through curtailment of water rights. 
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Chapter 5: Agricultural Water Use v. ESA 

Upon enactment of the ESA, irrigators and the federal government were set on a 

collision course.  Environmentalists heralded the ESA as a ‘regulatory hammer’ incorporating 

ecological values into traditional land management and natural resource use.  Those whose 

livelihoods depended on extracting and modifying natural resources perceived the ESA as a 

threat to time-honored lifestyles; private property was now subject to regulatory imposition 

(Benson 2004, Bricker and Filipi 2000, Rasband 2003, Parobek 2003, Cassuto & Reed 2010, Estes 

1992). 

The follow chapter concerns ESA-driven impositions upon agricultural water use.  It 

begins with an expanded discussion of habitat modification within the context of agricultural 

withdrawals as streamflow depletion increasingly falls within the bounds of ESA violation.  The 

other side of the encounter concerns remedy, i.e. claims of 5th Amendment taking.  Discussion 

continues with summaries of regulatory-based legal proceedings as they set the tone for future 

litigation and discussion within the following chapter.  In conclusion, detailed attention is given 

to the Klamath Basin as contentious events in this basin continue to shape the regulatory 

landscape. 

5.1 Streamflow Depletion as Harm 

5.1.1 Habitat Modification  

The aforementioned ‘regulatory hammer’ resides within the prohibition of taking 

endangered species via §9(a)(1)(B), threatened species via §4(d), and enforcement under §11.  

As §9(a)(1)(B) and  §4(d) primarily attend to direct actions resulting in a “take”, indirect actions 

addressed through “harm” within “take” should be revisited.  NMFS CFR 222.102 expands upon 

“harm” within the context of aquatic species as, “an act which actually kills or injures fish or 

wildlife. Such an act may include significant habitat modification or degradation which actually 

kills or injures fish or wildlife by significantly impairing essential behavioral patterns including 

breeding, spawning, rearing, migrating, feeding or sheltering.”  Further, NMFS CFR 222.102 

identifies streamflow depletion amongst activities potentially violating the ESA, “Removing 
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water or otherwise altering streamflow when it significantly impairs spawning, migration, 

feeding or other essential behavioral patterns…”  

In light of “harm” resulting from “habitat modification”, consideration of precedents set 

by Babbitt v. Sweet Home is required.  While the Secretary is required to designate critical 

habitat for a given species upon listing, habitat modification resulting in “take” is not reliant 

upon this designation (Cassuto & Reed 2010, Rasband 2003, Estes 1992).  Additionally, 

enforcement is contingent upon ‘actual’ versus ‘speculative’ taking.  The difference resides 

through determination of proximate cause, i.e. existence of a foreseeable, logical chain of 

events leading to the “take”.  Enforcement of indirect taking for aquatic species under 

§9(a)(1)(B) and §4(d) violations hinge upon the following tests: 1) was there “harm” as defined 

by NMFS and, 2) is there proximate cause? 

5.1.2 Streamflow Depletion 

Agricultural activities depleting streamflow (withdrawal and subsequent irrigation) may 

fall within the definition of “harm” when proximate causation is established between 

streamflow depletion and taking of listed species (Rasband 2003).  Ascertaining proximate 

causation requires examining the definition of aquatic habitat, its attributes, and effects of 

streamflow depletion.  While contemporary dialog predominantly attends to streamflow within 

the realm of designating critical habitat, elements of the discussion may be applied to habitat in 

general given the lack of delineation within NMFS CFR 222.102 “harm”.  

Definitions and corresponding attributes for aquatic habitat primarily result from 

salmonid listing within the Pacific Northwest (PNW).  NMFS 50 CFR 226 defines critical habitat 

for PNW salmonids as, “waterways and substrates below longstanding, naturally impassable 

barriers (i.e., natural waterfalls in existence for at least several hundred years) and several 

dams that block access to former anadromous habitats…”  Barring the existence of natural or 

long-standing passage barriers, all freshwater bodies currently or historically occupied by a 

given species may constitute habitat.  Further, NMFS declares streamflow as an attribute when 

designating critical habitat for PNW salmonids (NOAA 1999, Estes 1992).   
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Streamflow depletion alone may, or may not, constitute adverse habitat modification.  

Regardless, this opens the door to potential violations where depletion can be linked to habitat 

modification and subsequent ‘taking’ (Bricker & Filippi 2000, Cassuto & Reed 2010, Estes 1992).  

The focus upon streamflow levels as an essential component of aquatic habitat pertains to 

corollary effects imperiling salmonid mortality and impeding essential behaviors at all life 

stages.  Specifically, inadequate streamflow is correlated with increased water temperature, 

decreases in dissolved oxygen content, and reduced pollution abatement capacity (NOAA 1999, 

USFS 1998, TSID 2010, UDWC 2012, ODEQ 2008, Swift 2003).     

 

5.2 Enforcement and Recourse 

5.2.1 Enforcement of ESA Violations 

Violations under §9(a)(1)(B) and §4(d) can be met with criminal and civil penalties, 

though courts often restrict private property use through injunctive relief when streamflow 

depletion adversely modifies habitat.  From an enforcement standpoint the federal government 

has authority to restrict use of private property.  Accordingly, curtailment of water rights is an 

available response to ESA violations (Rasband 2003, Estes 1992, Cassuto & Reed 2010, Benson 

2004, Filippi 2002, Estes 1992, Aiken 1989).  While §2(c)(2) requires Congress and Federal 

agencies to cooperate with States to resolve issues relating to state water management, it does 

not relinquish the superiority of federal regulations established by the Supremacy Clause 

(Bricker & Filippi 2000, Benson 2004, Filippi 2002, Parobek 2003).    

5.2.2 5th Amendment Taking  
Recourse for those subject to water right curtailment is found through claims of 5th 

Amendment taking (Filippi 2002, Parobek 2003, Cassuto & Reed 2010, Bricker & Filippi 2000, US 

2013).  Under the 5th Amendment private property shall not be, “taken for public use, without 

just compensation”; this statement reflects the delicate balance sought between achieving 

societal needs and impositions upon private property use.  This standard is held to federal and 

state governments during instances of both physical and regulatory taking.  Determination of 

physical taking consistently results in compensation, but is contingent upon the magnitude of 

imposition.  If the taking is deemed permanent, the property owner will be compensated 
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proportionately.  If temporary, duration of the occupation and land owners’ ability to influence 

the imposition are taken into account when determining compensatory action (US 2013, 

Parobek 2003).   

Establishing regulatory taking is more involved.  Any regulatory measures restricting 

private property use must enforce a legitimate public interest, hold an essential nexus between 

private property limitations and espoused public interests, and consider extent of economic 

burden imposed upon the property.  For compensation to occur, impositions must result in 

‘over-regulation’ depriving property of all economically beneficial uses and/or removal of all 

monetary value.  In determining compensatory outcomes, the nature of property interests 

reflected in the original title and presence of distinct investment-backed expectations are 

contemplated, i.e. imposition must affect the original purpose behind property investments 

(DOJ 2013, Parobek 2003).  The 5th Amendment claims resulting from ESA-driven impositions 

predominantly attend to the latter category, as they are regulatory in nature.  Recourse sought 

by irrigators often comes to no avail in light of stringent compensatory prerequisites.  Some 

examples exist as well, in which courts sympathetic to irrigators have successfully sought 

compensation invoking the robust defense of physical taking (Parobek 2003, Filippi 2002, 

Cassuto & Reed2010).   

5.3 Legal Precedent 

5.3.1 Tennessee Valley Authority v. Hiram Hill et al., (1978) (TVA v. Hill)  

Stringent enforcement of the ESA first came about in TVA v. Hill as large-scale 

development and imperiled species finally stood upon equal ground.  During the early-1960s 

TVA proposed to convert 30 miles of the Little Tennessee River into a reservoir through 

constructing the Tellico Dam.  As this project predated enactment of the ESA, Federal agencies 

involved with the project were not beholden to obligations under §2(c) and §7.  In 1975 a tiny 

silver fish, the snail darter, became listed as endangered.  Coincidentally, the Little Tennessee 

River was within this the bounds of critical habitat designated to this species. Upon determining 

its presence within the project area, litigation ensued to enjoin the Dam’s construction.  Under 

pressure of prior construction and investments to the tune of 80 million dollars, Congress 
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subsequently amended §7 establishing the “God Squad”, under §7(e).  This seven member 

committee has the power to grant exception to federal projects imperiling, or ‘jeopardizing’ 

listed species.  While this was a strike against ESA enforcement, environmentalists viewed TVA 

v. Hill as a near success representing Congress’s willingness, at least facially, to enforce federal 

requirements under §2(c) and §7. (TVA v. Hill 1978, Cassuto & Reed 2010, Benson 2004)  

5.3.2 Babbitt, Secretary of the Interior v. Sweet Home Chapter of Communities for a Better 

Oregon, (1995) (Babbitt v. Sweet Home) 

Babbitt v. Sweet Home concerns concepts of indirect taking.  Specifically, adverse 

habitat modification ‘actually’ injuring, killing, or impairing essential behavior patterns of listed 

species was incorporated into the definition “harm” within the definition of “take” (US 2013, 

NOAA 1999).  As TVA v. Hill attends to scenarios were single entities modify habitat, Babbitt v. 

Sweet Home looks to the community at large.  Upon the ‘threatened’ listing of red-cockaded 

woodpeckers and northern spotted owls, private property owners were restricted from logging 

and developing their lands, after USFWS determined such actions would adversely modify 

habitat occupied, and potentially occupied, by these species.  Plaintiffs challenged the ESA 

claiming indirect harm resulting from habitat-altering land uses were not within the bounds of 

congressional intent promulgated through the ESA.  The court majority held that “harm” is both 

the result of direct and indirect actions, primarily habitat modification (Parobek 2003, Cassuto 

& Reed 2010).  Further, the courts determined that enforcement of indirect taking requires 

establishment of proximate cause, i.e. there must be a clear, logical chain of events between 

the actions actually resulting in harm.  (Rasband 2003, Benson 2004, US 2013,) 

5.3.3 Riverside Irrigation District v. Andrews (1985) (Riverside v. Andrews) 

Riverside v. Andrews further exemplifies §2(c) and §7 federal obligation safeguards.   

The Riverside Irrigation District proposed to dam and impound waters of the South Platte River 

requiring a dredge and fill permit to be issued by the Army Corps of Engineers under CWA 

§404(e).  ESA §(7)(c)(1) required the Corps to determine presence of listed species within the 

project area and establish to what extent the dam would affect said species.  Upon determining 

that reduced streamflow would adversely impact downstream habitat occupied by the 
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endangered whooping crane, the Corps withheld the permit.  The District contended the Corps 

did not have authority to deny the permit, claiming interference with state water right 

utilization.   However, courts upheld the Corps’ decision to protect instream flows necessary to 

conserve whooping crane habitat (Parobek 2003, Cassuto & Reed 2010, Aiken 1989, Estes 

1992). 

5.3.4 Tulare Lake Basin Water Storage Dist. v. United States (2001) (Tulare Lake) 

To date, Tulare Lake v. United States represents one of the strongest and most 

successful deflections of ESA regulation through claims of 5th Amendments taking (Rasband 

2003, Filippi 2002).  After a prolonged, multi-year drought, biological opinions developed by 

NMFS, BOR and California Water Resources Department correlated agricultural withdrawals 

with streamflow depletion rendering the Sacramento River inhospitable for ESA-listed winter-

run chinook and delta smelt.  Additionally, NMFS determined these actions led to the taking of 

listed chinook.  In response, pumping limitations were imposed upon the State Water Project 

and Central Valley Project serving Tulare Lake and Kern Counties.  After continued drought and 

ensuing pumping limitations, citizens of Tulare Lake and Kern Counties brought suit against the 

Federal government claiming deprivation of water rights led to uncompensated taking of 

private property.  In an interesting turn the presiding judge ruled limitations upon water right 

utilization constituted a physical versus regulatory taking.  This determination relied upon the 

usufructuary nature of water rights and their private property status.  Specifically, volumes of 

water entitled to patrons were essentially ‘taken’.   Consequently, the federal government 

essentially paid to put water in stream (Parobek 2003, Tulare Lake 2001, Cassuto & Reed 2010, 

US 2013). 

 
5.4 Klamath Basin  

5.4.1 The Klamath Project 
As with many encounters involving the ESA and agricultural water use the conflict can 

be traced to federal policies catalyzing Western settlement. The Klamath Basin case began in 

1905 when Congress, under the Reclamation Act, authorized construction of the Link River Dam 

and other facilities impounding and redistributing waters of the Klamath Basin for agricultural, 
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hydropower, and flood control purposes (Spain 2007).  In 1917, the BOR and California Oregon 

Power Company (COPCO) entered into a contract in which COPCO received authority to 

construct the Link River Dam and manage the Klamath Project (Project).  At this time lands 

served by the Project became available for homesteading under the Carey Act.  Settlement 

continued through 1949 resulting in the establishment of nearly 200,000 cultivated acres (Swift 

2003).   

After significant reductions in available habitat and diminished water quality resulting 

from inadequate volume in Klamath Lake, USFWS listed both the Lost River and short nose 

suckers listed as endangered in 1988 (Swift 2003, Estes 1992).  In 1997, the population of coho 

salmon occupying the Klamath River and its tributaries downstream of the Project were listed 

as endangered by NMFS (Boehlert & Jaeger 2010).  While Project management affected water 

quality downstream of Klamath Lake, impasse and inadequate streamflow resulting from 

agricultural and hydropower demands contributed substantially to salmonid imperilment.  

Timing of coho spawning further jeopardized the species as their return to the river and its 

tributaries occur during later portions of the irrigation season when surface water is limited 

(Swift 2003).  Ultimately, conflicts between the environmental requirements for both species 

stems from maintaining adequate lake volume for suckerfish while simultaneously delivering 

adequate streamflow to coho salmon below the Project.   

5.4.2 Oregon Natural Resources Council v. U.S. Bureau of Reclamation, (1994) & Klamath 
Water Users Protective Association et al. v. Roger Patterson et al. (1999) 

Conflicts came about during the 1990s when the Oregon Natural Resources Council filed 

suit against BOR claiming withdrawals from Klamath Lake jeopardized listed sucker fish.  In 

response, USFWS issued a biological opinion requiring establishment and maintenance of 

volume conducive to sucker fish habitation; the BOR subsequently amended the Project’s 

operational program (Spain 2007, Swift 2003).  Following public hearings and multiple 

renditions of operational proposals, Pacific-Corp (COPCO’s successor) refused to meet BOR’s 

requirements citing Federal Regulatory Energy Commission (FERC) obligations to provide 

environmental flows for downstream salmonids.  Following BOR’s requirements finalized in 

1997, Pacific-Corp relinquished their opposition.  Enter the agricultural interest; in response to 



33 

 

 

BOR’s requirements irrigators filed suit claiming Pacific-Corp’s obligation to fulfill water rights 

superseded ESA-driven mandates.  Further, irrigators claimed a breach of contract asserting 

third-party beneficiary status in light of the BOR’s contract with Pacific-Corp.  The court sided 

with BOR and Pacific-Corp at the expense of the Klamath irrigators and coho salmon (Cassuto & 

Reed 2010, Estes 1992, ONRC v. US 1994, Klamath v. Patterson 1999).   

 
5.4.3 Pacific Coast Federation of Fishermen's Association v. U.S. Bureau of Reclamation, 
(2000) 

In 2000 the BOR was under fire again.  While agricultural water diversions were reduced 

to provide minimum lake volume, reductions in discharge jeopardized the downstream coho 

population (Spain 2007, Swift 2003).  The Bureau was brought to suit by the Pacific Coast 

Federation of Fishermen’s Association claiming failure to comply with federal requirements 

under §2 and §7(a)(2).  Further, the Association sought to enjoin BOR from allocating water to 

agricultural demands until a biological assessment under §7(c)(1) determined the Project’s 

effects upon downstream coho.  Ruling the BOR had violated requirements under §7, the court 

granted injunction sought by the Association solidifying priority of listed species over irrigators 

within the Klamath Basin (Swift 2003, Spain 2007, PCFFA V. US 2001).   

 

5.4.4 Kandra v. United States & Klamath Irrigation District v. United States, (2001) 
During the winter of 2000-2001 low precipitation paved the way for a challenging water 

year.  As of spring, snowpack levels and corresponding water availability represented a fraction 

of supply necessary to fulfill demands.  Acknowledging these shortages, BOR conducted 

another round of biological assessments.  These studies concluded Project management under 

the status quo would jeopardize all aforementioned species within the Basin.  In response, BOR 

curtailed nearly 90 percent of its agricultural water right deliveries in the Basin during spring of 

2001 leaving hundreds-of-thousands of acres of without water (Boehlert & Jaeger 2010).  While 

many farmers received no water some fortunate irrigators acquired water through emergency 

abstraction and supplemental storage.  Other irrigators whose rights were fully curtailed had 

adapted to shortages as holders of junior priority water rights (Spain 2007).  Regardless of 

contingency and reactionary measures mitigating economic loss, reports of the ensuing impact 
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were significant conveying estimates ranging from two-million to one-billion dollars (Parobek 

2003, Swift 2003).  Recent estimates of loss convey more modest figures ranging from twenty-

seven to forty-six million dollars (Boehlert & Jaeger 2010).  Ironically, later analyses of 

snowpack and corresponding demand analysis determined that, after curtailing agricultural 

water rights, available supply would not meet biological needs for the listed species.  Upon this 

determination BOR delivered small quantities of water to appease agricultural demands during 

portions of the late season, but the damage had been done (Parobek 2003, Filippi 2002, Swift 

2003).  

Reactions from irrigators following water curtailment were severe.  Thousands of 

community members established bucket brigades passing water from Klamath Lake to bone-dry 

irrigation ditches.  Many irrigators unlawfully released water from locked weirs until the federal 

government regulated conveyance facilities as local police refused to do so.  More litigation 

ensued through attempts to enjoin restriction of agricultural deliveries and de-list aquatic 

species through appeals to the ‘God Squad’, but to no avail.  Irrigators then turned their 

attention to precedents set by Tulare Lake v. United States in hope of recovering losses.  To 

their disappointment, courts ruled the Project was being operated within the bounds of its 

federally mandated requirements. As of November 22, 2013, the 2001 lawsuit filed against the 

federal government on behalf of the Klamath Irrigation District seeking compensation for 

‘taking’ of private property is still being litigated (Parobek 2003, Benson 2004, Swift 2003, Spain 

2007, Klamath Irrigation District v. US 2001).   

The tables turned on coho salmon in July of 2002 as record high temperatures, below-

average precipitation, and pro-irrigator Project management reduced streamflow below the 

Lake.  In September of 2002 record numbers of returning chinook and coho salmon attempted 

to spawn in the Lower Klamath and its tributaries.  The BOR belatedly released water 

attempting to mitigate for low-flow conditions downstream, but it was too late.  Consequently, 

a massive fish kill commenced claiming nearly 30,000 salmon returning to spawn within 

streams below the Project.  Though much of the kill was attributed to disease, streamflow 
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depletion exacerbated the toll upon the returning population (Benson 2004, Swift 2003, CDFG 

2004).  

The Klamath Basin case reflects the reactionary nature of such conflicts exemplifying 

lose-lose scenarios bred from polarizing perspectives of natural resource use.  As climate trends 

point to ever-decreasing spring snowpack and yearly precipitation, conflicts between 

agricultural water rights and ESA enforcement will undoubtedly increase.  This raises the 

question of how scenarios such as the Klamath Basin catastrophe can be averted in the future.  

To many, the answer resides in collaborative measures producing benefits for agricultural water 

right users, aquatic habitat, and species dependent upon its natural function.    
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Chapter 6: Whychus Creek Restoration 

The preceding discussion of conflicts between the ESA and utilization of agricultural 

water rights prompts questions of remedy.   As with many encounters between regulation and 

private property, the response to regulation is largely reactionary and litigious.  Collaborative 

and precautionary measures have been proposed as potential solutions to such conflicts.  

Within the context of takings resulting from streamflow-based habitat modification, the answer 

consistently indicates employment of transactional mechanisms reallocating water to instream 

use.  While the nuances of this solution are complex, the proliferation of such mechanisms 

demonstrates their usefulness for mitigating and insulating against ESA regulation (Aiken 1998, 

Benson 2004, Frasier, Filipi 2002, Bricker & Filippi 2000, Boyd 2006, Moore et al. 1996, 

Estes1992, Cassuto & Reed 2010, Turner & Perry 1997, Aylward 2008, Newman 2004).  Others 

reflected upon the Klamath Basin experience citing the potential for water right transactions to 

alleviate both environmental and economic impacts befalling the area in 2000 and 2001 

(Boehlert & Jaeger 2009, Jaeger 2004, Garrick et al. 2009, Newman 2004).   

While an array of transactional mechanisms exists, Oregon’s Conserved Water Program 

provides a mutually beneficial solution for mitigating ecological distress and restrictions 

imposed by ESA regulation (Aylward 2008, Aiken 1989, Newman 2004, Bricker & Filipi 2000).  

Initial adoption of such measures was minimal as early renditions of the statute imposed 

uncertainty and unwieldy requirements upon applicants (Aylward 2008, Honhart 2005).  

Following amendments to statutory language implemented in 1993 adoption has increased 

within the state; the majority of these projects are associated with large-scale piping projects 

implemented by irrigation districts (Aylward 2008, Amos 2008).  Other transactional measures 

such as leasing and sales are reliant upon the supply of willing sellers/lessors and available 

water.  Consequently, such methods for bolstering streamflow will inevitably lose momentum 

as such supplies are depleted.   In contrast, conservation projects serve to increase supply by 

capturing water ‘irretrievably lost’ (Green & Hamilton 2000, Aylward 2008).  From a mutually 

beneficial perspective, projects implemented through Oregon’s Conserved Water Program 



37 

 

 

provide several incentives as water retained may be sold, leased, applied to new lands, or 

employed to supplement existing water rights.    

The utility of conserved water transfers can only be determined though illustration in 

case studies.  Accordingly, the discussion below focuses upon the utilization of conserved water 

as a means for averting ESA regulation within Central Oregon’s Whychus Creek.  This is an 

appropriate case study as it exemplifies proactive measures producing tangible environmental 

benefits.  The following section provides a brief description of the larger study area, i.e. the 

Deschutes Basin, then moves to a detailed explanation of the Pelton-Round Butte salmonid 

reintroduction and corresponding responses within Whychus Creek undertaken to restore 

aquatic habitat. 

6.1 Deschutes Basin  

6.1.1 Physical Setting 

Beginning in the alpine slopes of the Central Oregon Cascades and flowing northward, 

streams within the Deschutes Basin bring water and life to the arid, eastern side of the Cascade 

Range.  The Basin contains several large streams, most notably the Deschutes River, which 

spans approximately 200 miles from Little Lava Lake to its convergence with the Columbia River 

near Celilo.  Waters flowing from Little Lava and Cultus Lakes immediately reach a series of 

impoundments established by the Bureau of Reclamation to fulfill agricultural demands.  The 

primary impoundment of Wickiup Reservoir essentially controls all Upper and Middle 

Deschutes flows until these streams converge at Lake Billy Chinook (DWA 2006a, DWA 2006b) 

In its entirety, the Deschutes Basin and its tributaries encompass an expansive area 

approximately 10,500 square miles contained within Deschutes, Jefferson, Crook, Sherman and 

Wasco counties as observed in Figure 1 (Nehlsen 1995, CTWS & PGE 2006, DWA 2006a).  Near 

river mile (RM) 100 the Crooked, Metolius and Deschutes Rivers converge at Lake Billy Chinook, 

an impoundment resulting from the Pelton-Round Butte complex (PRB) constructed during the 

late 1950s through early 1960s.  In its natural state, the river produced relatively stable year-

round flows as the volcanic rock aquifers store vast amounts of groundwater, supporting late-
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season baseflow upon the reduction of spring-fed surface runoff (Nehlsen 1995, CTWS & PGE 

2006).  Upon construction of diversions located between Lava Falls and the city of Bend, the 

majority of natural flow in the Upper Deschutes has been withdrawn for agricultural use 

(Nehlsen 1995, Turner & Perry 1997, DWA 2006b).  Not until Lake Billy Chinook do flows in the 

river increase as the convergence with tributaries, including Whychus Creek, and groundwater 

discharge augment flows (Figure 2) (DWA 2006a, Aylward & Newton 2006).   

6.1.2 Settlement History 

Euro-American settlement within the Basin predominantly occurred during the late 

1800s to early 1900s as federal land grants provided by the Homestead, Desert Lands, and 

Carey Acts allocated public lands conditionally upon ‘improvement’, i.e. cultivation.  Oregon’s 

adoption of the Carey Act in 1901 is of primary importance as it apportioned large swaths of 

lands to agricultural developments held by irrigation companies tasked with managing 

allocation of available water supply (Stuemke 2009).  Following settlement, aquatic ecosystems 

were subjected to extensive modification and degradation through agricultural water 

withdrawals and development of run-of-river infrastructure (Nehlsen 1995, DWA 2006a, DWA 

2006b).  By the time Oregon water code was established in 1909 vested rights had well been 

established within the area.  Accordingly, the combination of vested and permitted rights led to 

over-appropriation of existing water supplies on paper, requiring OWRD to withdraw the 

middle and upper Deschutes from further appropriation in 1913 (Nehlsen 1995).   
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Figure 1: Figure displays all major streams within the Basin.  Irrigation districts and impoundments denoted in key 

 
Aylward & Newton 2006 
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Figure 2: Deschutes River hydrology, displays dewatering due to withdrawals within the Middle Deschutes above PRB 

OWRD (1998) 

6.2 Pelton-Round Butte Complex 

6.2.1 Establishment 

Prior to construction of PRB the Deschutes River and its tributaries were productive 

fisheries below the natural impasse of Big Falls at RM 130.  Steelhead, chinook, sockeye, bull 

and redband trout, and Pacific lamprey were among the most abundant species inhabiting the 

area (Nehlsen 1995, CTWS & PGE 2006, Baker-Jud 2006).  Construction of PRB began in 1951 

upon Federal Power Commission and the Oregon Hydroelectric Commission acceptance of 

Portland General Electric’s (PGE) application to construct the Pelton Hydroelectric Project 

(Project).   Following construction of the Project, its downstream reregulation dam, and 

upstream Round Butte expansion in 1964, anadromous fish passage between the lower and 

middle Deschutes was essentially severed (Figure 3) (Filipi et al. 2011, Baker-Jud 2006).   Early 

attempts to provide passage through the Project resulted in the 3-mile long ladder 
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supplemented by piping and trucking individual fish caught in skimmers.  Passage through the 

Round Butte facility to Lake Billy Chinook was established through the use of an aerial tramway 

(CTWS & PGE 2006).  As these efforts proved unsuccessful, passage was replaced by a hatchery 

program in 1968 (Filipi et al. 2011, Baker-Jud 2006).   

Figure 3: Pelton-Round Butte complex, impoundment of Metolius, Crooked, and Deschutes Rivers   

 
  PGE, Deschutes Passage 
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6.2.2 FERC Relicensing  

In 2001 PGE’s 50-year operating license for PRB was set to expire, requiring relicensing 

through the Federal Regulatory Energy Commission (FERC), though PGE was not the only party 

involved with this process as the Confederated Tribes of Warm Springs (tribes) owned the 

reregulation dam.   Given that FERC wasn’t required to extend new licenses to prior licensees, 

the tribes declared intent to apply for the entire operational license.  Consequently, both the 

tribes and PGE continuously filed competing applications beginning in 1999.  Recognizing utility 

in partnership, the tribes and PGE jointly applied for the license in 2001 which was 

subsequently granted by FERC in 2005.  Upon the relicensing settlements reached between 

PGE, the tribes, and an extensive suite of government agencies and private interests, a series of 

obligations were imposed upon the complex; notably, requirements to mitigate impacts upon 

aquatic species and their habitat (Baker-Jud 2006, CTWS & PGE 2006, FERC 2005, Filipi et al. 

2011).  While this recovery plan is multi-facet in nature, the following discussion concerns 

reintroduction of anadromous species to the middle Deschutes River.   

6.2.3 Salmonid Reintroduction 

Under requirements mandated by ESA §2(c) and §7, federal agencies must operate in 

furtherance of the Act, i.e. projects involving federal agencies in any manner must not 

“jeopardize” the recovery or continued existence of any listed species.  As such, FERC could not 

re-issue a license until fulfilling these requirements under the ESA.  Under ESA §7(c)(1) FERC 

must determine presence of listed species and their critical habitat within the project area, and 

develop a “biological opinion” assessing potential impacts the project may have upon them.  

Further, FERC must commence interagency consultation with NMFS and USFWS when carrying 

out actions which may affect listed species through ESA §7(a)(1).  Upon receiving the “biological 

opinion” presented by FERC, NMFS and USFWS issue ‘jeopardy opinions’ via ESA §7(b)(3)(A) 

determining the impacts of projects operations and provided “reasonable and prudent 

alternatives” to the ‘agency actions’ under examination (FERC 2005, US 2014f, US N.D.).   

Additional to obligations imposed by ESA §2(c) and §7, licenses issued by FERC are 

subject to requirements stipulated by the National Environmental Policy Act (NEPA) of 1969 
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and (amended) Federal Power Act (FPA) of 1935.  The re-licensing process produced an 

interesting exchange between the three Acts.  First, as similar to the aforementioned ESA 

“Biological Opinion”, NEPA requires FERC to determine environmental impacts resulting from 

project operations through an “Environmental Impact Statement” (EIS).  The ESA and NEPA 

worked in unison as elements of the EIS were contained within FERC’s “Biological Opinion”.  

Second, the FPA §10(j) requires FERC to consult with federal and state fish and wildlife 

agencies, and incorporate their recommendations pertaining to restoration and conservation of 

fish and wildlife within the project area.  Upon completion of the EIS, FERC determined project 

operations would adversely affect listed aquatic species.  Consequently, recommendations 

provided by NMFS and the tribes mitigating for these adverse effects, including the 

aforementioned fish reintroduction, were incorporated into the ESA §7(a)(1) consultation 

process (FERC 2005, US 2013f, US N.D.).  

FERC’s determination of listed  species presence under ESA §7(c)(1) revealed two 

threatened aquatic species existed within the project area, i.e. Columbia River bull trout (bull 

trout) and Middle Columbia River steelhead (MCR steelhead) (FERC 2005, ODFW & CTWS 2008, 

ODFW 2009).  Although bull trout have retained threatened status since 1999, noteworthy 

developments have taken place concerning two interrelated populations of MCR steelhead, i.e. 

the native Ecologically Significant Unit (ESU) population and PRB hatchery population.  Prior to 

2005, NMFS determined hatchery populations were not essential for rehabilitation and 

continued existence of native species.  Accordingly, the PRB hatchery population wasn’t subject 

to the same listing status.  In an interesting turn of events beginning with Alsea Valley Alliance 

v. Evans in 1998, hatchery populations fell under criteria employed for determining listed 

species.  As such, the PRB hatchery population was listed as threatened in 2005.  While the 

presence of listed species in the middle Deschutes and its tributaries was inevitable upon the 

new passage at Lake Billy Chinook, the 2005 listing held severe consequences as this hatchery 

population was to be utilized for the reintroduction program.  As many agricultural water use 

and restoration projects were upstream of Lake Billy Chinook, the amended listing held all 

governmental and non-governmental entities involved with these projects responsible for 

taking PRB MCR hatchery species under ESA §9(a)(1)(B) and §4(d).  Realizing that such an 
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amendment could impede said restoration efforts, NMFS re-listed the hatchery population as 

“experimental” under ESA §10(j)(1) in 2011 (NMFS pers. comm. April 4, 2014, Filippi 2002, 

Filippi et al. 2011).    

6.3 Whychus Creek Watershed 

6.3.1 Physical Setting 

Originating within the eastern Three Sisters Wilderness, Whychus Creek meanders its 

way northward for nearly 42 miles through Park Meadow’s Cascadian terrain, the historic City 

of Sisters, Camp Polk meadow, and some of the oldest agricultural land in Central Oregon until 

its convergence with the Deschutes River near Lake Billy Chinook.  While primarily fed by 

Broken Top’s Bend Glacier, Pole Creek, Snow Creek, Indian Ford Creek and Alder Springs 

contribute streamflow throughout various portions of the year (DWA 2006a, USDA 2010, USFS 

1998, DRC 2010).   The Whychus Basin encompasses nearly 250 square miles and descends 

8,000 feet from its origins to the Deschutes River (Figure 4).  Precipitation within the Basin 

varies significantly with elevation as the upper portions receive over 100 inches per year, 

whereas lower elevations in the agricultural plains receive approximately 14 inches; the 

majority of which accumulates from late fall through early spring (DWA 2006a, WPN 2009, USFS 

1998, DRC 2010).   Headwater contributions reflect the seasonal nature of glacially fed systems, 

as the bulk of discharge begins in late spring, plateaus during early-to-mid summer and resides 

significantly from late summer to early fall.  Further, this hydrologic system is subjected to more 

variable or ‘flashy’ flows resulting from glacial input and frequent rain-on-snow events (Nehlsen 

1997, USFS 1998).  On average, streamflows discharge from the headwaters range between 80 

to 150 CFS (Steumke 2009).  
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Figure 4:  Whychus Creek watershed denoted by blue fill.  The Creek flows northeast until its convergence with the 
Deschutes River near Lake Billy Chinook.  TSID’s conveyance infrastructure denoted in green 

Dengel 2013 

6.3.2 Settlement History 

Prior to Euro-American settlement, Native Americans, primarily the Molala and 

Northern Paiute, occupied the Whychus Basin, though historic accounts are somewhat 

convoluted as occupation of indigenous populations dates back more than 10,000 years.  Upon 

ceding of land by Native tribes through treaty and the establishment of the Warm Springs 

Reservation in 1855, exploration and settlement began with the Camp Polk military camp in 

1865.  From 1869 through 1871, settlers began irrigating lands with waters diverted from 

various segments of Whychus Creek.  By 1895 agricultural water use expanded at an 

exponential rate due to lands grants provided by the Desert Lands Act, Carey Act, and 

subsequent development of the Squaw Creek Irrigation Company (Three Sisters Irrigation 

District) (USFS 1998, Nehlsen 1997, Stuemke 2009, Hall 1994).   
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6.3.3 Fisheries and Current Stream Condition 

Historically Whychus Creek was one of the most productive native steelhead and 

chinook fisheries in the Deschutes Basin (Baker-Jud 2006, UDWC 2009, CTWS & PGE 2006).  In 

addition to anadromous species redband and bull trout inhabit the Creek (USDA 2010, DWA 

2006a).  Upon Euro-American settlement and ensuing habitat modification, aquatic species 

within Whychus Creek have suffered tremendously.  As of 1912, water right over-allocation and 

corresponding agricultural demand completely dewatered Whychus Creek during the mid-to 

late irrigation season until flows were bolstered by Alder Springs near the Deschutes 

convergence as displayed in Figure 5 (Nehlsen 1997, USFS 1998, Stuemke 2009, UDWC 2009, 

DWA 2006a).    

State and Federal agencies have identified streamflow depletion as the primary factor 

degrading ecological and biological functions within Whychus Creek.  As required by CWA 

§303(d), the Oregon Department of Environmental Quality (ODEQ) has included Whychus Creek 

among its list of “water quality impaired” streams within the state (USDA 2010, ODEQ 2008, 

UDWC 2009, TSID 2010).  Further, ODEQ identifies high temperature and low dissolved oxygen 

levels as the primary pollutants within the Creek, correlating these impairments to streamflow 

depletion and riparian habitat modification (USFS 1998, ODEQ 2008, DWA 2006a, USGS 2000, 

USDA 2010).  Studies of streamflow in Whychus Creek and elsewhere demonstrate 

relationships between streamflow levels, temperature and dissolved oxygen, i.e. streamflow 

depletion reduces dissolved oxygen levels and increases temperature (ODEQ 2008, Swift 2003).  

For example, temperatures levels below the upstream diversions are well in excess of ODEQ’s 

64°F TMDL standard established to protect salmonid spawning and migration (TSID 2010, ODEQ 

2008).    
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Figure 5:  Whychus Creek hydrology (above Sisters).  TSID (SCID) withdraws the majority of Whychus Creek streamflow 

OWRD (1998) 
 

6.3.4 TSID History 

While an assortment of agricultural diversions occur along Whychus Creek, the largest 

withdrawals take place above the city of Sisters.   Within this reach resides the Creek’s primary 

diverting entity, i.e. the Three Sisters Irrigation District (TSID).  Predating the Reclamation Act of 

1902, TSID was incorporated within the State of Oregon in 1891 and federally acknowledged in 

1895 following the passing of the Carey Act (Hall 1994).  Upon determining snowpack and 

corresponding water availability would allow for additional water rights to be granted, the 

District augmented its service area under the Carey Act during the early 1900s (Stuemke 2009, 

Hall 1994).  Following implementation of Oregon water code in 1909 adjudication of rights 

within the Whychus Basin commenced and was completed in 1914.  This process concluded 

that all rights established on, and prior to, 1895 had fully allocated all available supply.  

Accordingly, the Federal government recommended no further land grants and water right be 

approved junior to this priority.  Proceeding against this recommendation, OWRD and the 

federal government granted lands and water rights junior to 1895.  Further expansion of the 
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District began in 1935 as the Cloverdale Irrigation Company and its service area were absorbed 

by TSID.  To date, approximately 8,000 irrigated acres are serviced within the District (TSID 

2014, TSID 2010).   

6.3.5 Water Rights and Use in Whychus Creek 

Diversion rights held on Whychus Creek exceed average streamflow by nearly 2:1 and 

base-flow by nearly 4:1.  Accounting undertaken by OWRD in February 2014 reveals that 

diversion rights held on the Creek approach 236 CFS; of this amount 230.5 CFS reside above the 

City of Sisters and nearly 72 percent (166 CFS) are held by TSID’s water right portfolio.  Water 

rights held by the District are roughly equivalent to average headwater discharge (available 

supply) during May through June and are in excess of discharge from July forward (OWRD pers. 

comm. February 15, 2014).  

Fulfillment of agricultural water rights has frequently dewatered Whychus Creek over the 
past 100 years.  While historic documentation of this occurrence is abundant, data attending 
to streamflow below upper Whychus diversions were not available until OWRD installed the 
Sisters gage in 2000.  A primary factory motivating construction of the station stems from 
monitoring 20 CFS of instream rights setting target flows for aquatic species.  

Figure 6 displays typical low-flow conditions for the 2000 to 2004 pre-restoration period, 

whereas Figure 7 displays attainment of target flows for the 2005 to 2012 streamflow 

restoration period.  Target flow fulfillment from 2000 forward is a direct result of looming ESA 

regulation, state and federal policies facilitating streamflow restoration, and watershed 

management (Aylward 2008, DWA 2006a, TSID 2010, TSID 2014, OWRD pers. comm. February 

15, 2014)   
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Figure 6:  2000-2004 stream gage comparison, represented in CFS.  Streamflow is heavily depleted from July through October 

 

Figure 7: 2005 - 2012 stream gage comparison, represented in CFS.  Streamflow achieves ODFW target from July through 
October 

 

6.3.6 Streamflow Restoration 

Accustomed to relatively unfettered agricultural water use TSID and other diverters on 

Whychus Creek saw the ‘writing on the wall’ in the late 1980s and early 1990s, as societal 

norms within and outside of the local community began to acknowledge environmental values 

and the impacts of agrarian-based development (TSID 2014).  Reduction in available supply 

resulting from declining snowpack and precipitation events provided additional signals that 

traditional water management would not meet the needs of both time-honored and newly 

established instream uses.    
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Demand for instream use within Whychus Creek was established through two instream 

water rights granted to OWRD in 1990 for purposes of maintenance and restoration of habitat 

for aquatic species.  Certificates 73224 and 73223 hold stepped flow rates acknowledging 

biological necessities of aquatic fish species throughout the upper and lower portions (above 

and below the City of Sisters) of Whychus Creek, respectively.  While these stepped rates 

should dictate instream flow requirements throughout the year, on-the-ground management 

reflects protection of single-rate ‘target flows’, i.e. 20 CFS for the upstream section and 33 CFS 

for the downstream section (DWA 2006a, DRC pers. comm. February 27, 2014, OWRD pers. 

comm. February 25, 2014).   Presence of instream rights within Whychus Creek reflects 

prioritization of ecological and biological demands, though this priority is not reflected through 

fulfillment as they are of high unreliability in the face of prior appropriation (Turner & Perry 

1997, Neuman 2004, Aylward 2008, Amos 2008).  

Consequential to NMFS and USFWS establishing habitat modification as a means for ESA 

violation and surmounting occurrences of regulatory imposition, the impending PRB steelhead 

reintroduction prompted conservation and restoration efforts among all diverters within the 

Whychus watershed (DWA 2006a, TSID 2010, UDWC 2009, DRC 2010, Aylward & Newton 2006).  

The District was presented with a choice, i.e. proceed under the status quo and take 

reactionary measures upon regulation or manage water use proactively.  To the benefit of both 

TSID and Whychus Creek, the District chose the latter initiating what has become nearly sixteen 

years of conservation efforts (TSID web, TSID pers. comm. January 16, 2014, UDWC pers. 

comm. January 20, 2014, Aylward & Newton 2006).   

Overall, a multitude of laudable streamflow restoration and riparian habitat projects 

have been implemented within Whychus Creek.  Non-District instream transfers began in 1999 

and 2001 resulting in the first senior rights held within Whychus Creek, followed by additional 

transfers in 2011 and 2012 through the purchase of the Lazy Z Ranch and subsequent transfer 

of appurtenant rights to instream use.  Temporary instream transactions (leasing) beginning in 

2006 contributes substantial streamflow flow.  Further, leasing serves an ancillary purpose 

protecting water associated with instream transfers awaiting final order.   
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Acknowledging the need to insulate itself from forthcoming regulation TSID faced 

several options to increase streamflow.  These options follow distinctions regarding water ‘use’, 

i.e. consumptive use from evapotranspiration and conveyance evaporation, and seepage losses 

resulting from on-farm application and conveyance inefficiency.   Actions reducing consumptive 

use generally require on-farm management, e.g. fallowing or reducing irrigated acreage, 

switching to lower water use crops, deficit irrigation, and limiting the irrigation season.  

Seepage ‘use’ requires alterations through on-farm application and conveyance systems.  The 

former results from scheduling modifications and improved application efficiency, whereas the 

latter is derived from modifications to the point of diversion (POD), water source, and 

improving conveyance efficiency (Aylward 2008, DWA 2006b).   

Prior to 2005, TSID realized transmission efficiencies as low as 63 percent resulting from 

antiquated conveyance infrastructure composed of open, unlined canals constructed in 

permeable volcanic rock.  Accordingly, the District was incentivized to pipe these canals as it 

would produce the largest quantities of ‘saved’ water (Aylward & Newton 2006, Aylward 2008, 

DWA 2006b).  Employing such projects within the bounds of Oregon’s Conserved Water 

Program was advantageous given funding opportunity and ability to spread, sell, and/or 

supplement existing water rights.  Realizing the potential of this option, the District 

implemented two, small-scale pilot projects in 1998.  Upon determining these projects 

successful, large-scale projects commenced in 2005.   As of 2012 conserved water projects 

implemented by the District have transferred nearly 23.5 CFS instream.   The allocation of 

‘conserved water’ associated with said projects has surpassed ‘target-flows’ of 20 CFS specified 

by OWRD certificate 73224 and serves to provide flows for downstream certificate 73223.   

Instream rights held within Whychus Creek share an interesting relationship with rights 

established through TSID’s conserved water transfers.  OWRD final orders approving allocations 

of conserved water require each resulting water right (upon the completion of a project or 

project phase) to replace a portion of OWRD’s instream right on a 1:1 basis, whereas instream 

contributions derived from leasing and sales are additive to OWRD instream rights.  For 

example, Final Order CW 44 approving the allocation of conserved water declares, “The 
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instream water right shall be for a total 1.20 CFS, with a 1895 priority date, and shall replace a 

portion of instream water rights established pursuant to ORS 537.341 or 537.346…”  This 

stipulation reflects the retention of priority promulgated under ORS 537.485(1) and OAR 

690.018.0012(2).  Recalling that OWRD certificate 73224 holds 1990 priority, conserved water 

transfers serve to incrementally replace this certificate with rights of more senior standing, 

increasing the priority on instream rights within the Creek. 

  



53 

 

 

Chapter 7: Whychus Water Right Analysis 

To date, few studies have analyzed the effects that conserved water transfers have 

upon streamflow restoration.  Establishing correlation between conserved water transfers and 

augmented streamflow is necessary to determine the efficacy of this statutory mechanism and 

conservation efforts undertaken within Whychus Creek.  Further, the relationship between 

conserved water transfers and instream right reliability requires consideration as this 

determines the presence of streamflow within the prior appropriation framework. 

The analysis below audits instream and diversion water use within Whychus Creek.  It is 

guided by the concept of reliability, which dates back to the establishment of prior 

appropriation.  The literature predominantly examines reliability within the context of 

inequitable allocation, i.e. advantages and disadvantages attributed to priority standing 

(Neuman 2004, Crafasi 2009, Aiken 1980, Honhart 1995).  In applying the concept to 

streamflow restoration, contemporary discussions are spearheaded by those involved with 

water policy and management within the Pacific Northwest working within and around rigid 

Western water law (Aylward 2008, DWA 2006a, Garrick et al. 2009, Bricker & Filipi 2000, Frasier 

1999, Benson 2004, Filippi 2002).   

7.1 Water Right Reliability 

Reliability serves as a measure of water right utility compelling two ancillary concepts, 

i.e. “paper water” and “wet water”.  The former refers to the maximum allowance of flow or 

volume stated under a water right, while the latter refers to the availability and subsequent 

diversion of supply fulfilling the water right.  Therefore, reliability is the ratio of “wet water” to 

“paper water” represented by streamflow available for diversion (in priority) at a particular 

point in time (Aylward 2008, Wurbs 2005).   

In a simplified example, a stream provides 23 CFS of flow early in the season.  Two 

irrigators hold rights to divert from the stream at 15 CFS and 5 CFS with priorities of 1868 and 

1875, respectively.  At 23 CFS water rights held by both irrigators are 100 percent reliable and 3 

CFS is left instream.  Later in the summer inflows are reduced to 18 CFS.  Under prior 
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appropriation the 15 CFS of 1868 is still 100 percent reliable, while the remaining 3 CFS is left to 

fulfill the 1870 right.  Consequently, the 1875 right is 60 percent reliable until the senior 

irrigator reduces their diversion or inflows increase.  Additionally, this latter scenario induces 

complete dewatering of the stream when both irrigators call upon available supply. 

Extending this concept to instream rights established in Oregon, one is to understand 

their lack of fulfillment in light of priority.  As the majority of rights within Oregon allocate 

water to agricultural uses holding mid-1800 to early 1900 priorities, instream rights created 

through the 1955 Minimum Perennial Streamflow Act and beyond are simply unreliable.  Unless 

transactional mechanisms reallocate senior rights instream, streamflow will remain subservient 

to diversion rights. 

7.2 Data Collection and Employment 

7.2.1 City of Sisters Diversion Data  

From 2000-2012 the OWRD commissioned the Sisters Public Works Department to 

collect daily, instantaneous diversion data from all points of diversion (POD) above the stream 

gage in Sisters.  Utility of these data became suspect upon review as numerous reporting errors 

and questionable collection methodologies were identified.  The low levels of accuracy in the 

data were confirmed upon reports that employee turnover occurred frequently during the 

collection period (OWRD pers. comm. January 12, 2014).  All entries within the dataset required 

verification and amendment as explained in subsequent sections.     

Electronic and paper copies of original records were provided by the City of Sisters and 

DRC upon request.  Upon acquisition, I re-tabulated each entry for years 2000 through 2012 

and amended these data in the presence of reporting error (Table 1).  In many cases decimals 

had been placed improperly representing values an order of magnitude larger than actual 

diversion.   Additionally, a number of records were categorized under the wrong POD.  Upon re-

tabulation missing periods were closed though linear interpolation; in most instances data gaps 

occurred within two to five-day periods.  Though still questionable in accuracy, these data 

remain pivotal to the analysis.  During developmental stages, early proposals sought to 
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generate diversion data based upon available supply flowing through the headwater gage, 

transmission loss, and the allocation of water rights held by each POD.  Upon acquisition, these 

data enabled reliability and utilization analyses for each POD.  Further, it provides a check 

against instream water right transactions affecting the upper stream reach.   

Table 1: Excerpt from Lazy Z’s diversion data (D) collected by the City of Sisters, represented by instantaneous diverted flow 
(wet water) in CFS 

 

7.2.2 Diversion Water Right Inventory  

Determining demands upon Whychus Creek flows required accounting for all water 

rights held within the Creek.  While this inventory reflects rights held on paper, confirmation of 

use was necessary for determining both levels of diversion utilization and reliability.  During the 

accounting process ‘phantom’ water rights were identified, i.e. water rights likely subject to 

forfeiture through non-use.  Discrepancies between phantom and active rights produced a 

significant hurdle during the reliability analysis, as all diversions house inactive water rights to 

various degrees.  Extensive collaboration with OWRD was necessary to reconcile and update all 

active water rights held within the upper reach.  These results were primarily derived through 

comparing time-lapse Google Earth imagery to place of use (POU) polygons provided by 

OWRD’s water rights mapping system. 

Date D-2000 D-2001 D-2002 D-2003 D-2004 D-2005 D-2006 D-2007 D-2008 D-2009 D-2010 D-2011 D-2012

5/4/00 6.60 3.46 6.00 6.40 6.00 5.24 4.15 3.14 4.86 5.19 3.04 2.90 0.24

5/5/00 6.60 4.60 5.81 6.50 6.61 5.05 4.24 3.06 4.95 5.19 3.00 3.69 0.22

5/6/00 6.60 4.60 5.71 6.57 7.12 5.05 4.33 3.06 5.09 5.67 2.67 4.06 0.20

5/7/00 6.40 4.60 5.71 6.67 7.53 5.14 4.59 3.06 5.33 5.91 3.26 4.06 0.18

5/8/00 6.20 4.60 5.57 6.67 7.43 5.05 4.59 2.76 5.62 6.20 3.84 4.05 0.14

5/9/00 6.00 5.27 5.47 6.70 7.43 4.95 4.50 2.46 5.67 5.53 4.46 4.03 0.09

5/10/00 6.10 5.93 5.47 6.70 7.22 4.95 4.50 2.19 5.57 5.15 4.46 3.98 0.04

5/11/00 6.20 6.60 5.52 6.70 7.12 4.95 4.50 2.23 5.47 4.77 4.64 3.95 0.00

5/12/00 6.20 6.60 5.62 6.67 6.91 5.05 4.68 2.23 5.57 4.95 4.77 3.93 0.00

5/13/00 6.20 6.60 5.81 6.63 6.71 4.95 4.77 2.12 5.71 5.14 4.73 4.06 0.00

5/14/00 6.20 6.60 6.10 6.60 6.50 4.95 4.77 2.02 5.71 5.10 4.68 4.56 0.00

5/15/00 6.20 6.70 6.30 6.60 6.40 4.86 4.68 2.17 5.81 4.96 4.92 5.08 0.00

5/16/00 6.27 6.60 6.30 6.60 6.60 4.86 4.68 2.46 5.90 4.73 5.18 5.50 0.00

5/17/00 6.37 6.50 6.20 6.60 6.91 4.77 4.77 2.75 6.00 4.68 5.23 5.59 0.00

5/18/00 6.57 6.20 6.20 6.60 7.12 4.68 4.86 2.75 6.00 4.96 4.77 5.62 0.00

5/19/00 6.60 6.10 6.10 6.60 7.32 4.92 4.86 2.67 6.00 5.20 4.46 5.57 0.00

Lazy Z Diversion Data
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All active rights by POD were reconciled against the inventory of past and current 

transactions as OWRD’s accounting of water rights does not reflect reductions resulting from 

leasing and protected instream transfers awaiting OWRD finalization.  All rights were grouped 

by priority for the analysis, i.e. 1869-1894 being senior, 1895 being 1895, and 1896-1913 being 

junior.  The rationale for this grouping stems from the actual quantity of CFS for each group 

relative to the other and resulting reliability.  As displayed in Table 2, these groups account for 

33%, 58% and 9% of active rights within the upper reach, respectively.   

Table 2: Active diversion rights for PODs above the Sisters stream gage, represented by paper water in CFS 

 

7.2.3 Instream Water Right and Transaction Inventory 

Instream right accounting drives the instream reliability analysis as an assortment of 

transactional activities, both temporary and permanent have occurred.  While permanent 

transactions began in 1999 with TSID’s pilot projects, widespread adoption of temporary 

(leasing) transactions commenced in 2006 (Figure 8).  Instream leasing is reliant upon available 

lessors; accordingly, leasing activity is highly variable from year-to-year as represented in Figure 

8.  As the DRC facilitated all leases within Whychus Creek, their databases were employed for 

these analyses.  Knowing that other, permanent, transactions were conducted by entities other 

than the DRC, all transactions within the upper reach were verified through the OWRD’s online 

Water Right Information System (WRIS).   

Upon verifying accuracy and accounting for differences between instream flow and 

reductions in paper water, the updated leasing dataset facilitated a year-to-year amendment of 

active water rights by POD.  All leases present in the database were organized by POD and 

sequentially by year.  In some instances both the instream flows and corresponding reductions 

in paper water changed throughout the irrigation season.  The timing of these instream 

contributions and corresponding reductions in paper water were aligned to prevent overlap.   

Plainview Leithauser Edgington Sokol Lazy Z TSID Total % of Total

Junior 24.91            -                    1.59              1.69              3.81              34.02            66.02            33%

1895 -                    -                    -                    -                    0.80              114.33          115.13          58%

Senior -                    1.12              0.68              3.30              1.44              10.46            17.00            9%

Total 24.91            1.12              2.27              4.99              6.05              158.81          198.15          100%
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Accounting for instream transfers proved to be more complicated (Figure 9).  Leases 

often serve to protect instream flows associated with pending transfers.  Upon the OWRD’s 

finalization of said transfers, leasing will end and the transfer’s instream presence will begin.  

Accounting for timing in which TSID’s conserved water increments would be observable 

instream also required further research, as the District manager would protect these 

increments instream prior to OWRD finalization.  Accordingly, conserved water would be 

observable instream prior to the commencement dates reported on final orders.  The following 

analyses reflects timing by which conserved water transfers were observable at the lower gage 

as reported by the DRC (DRC pers. comm. February 16, 2014 ) 

Figure 8: Whychus Creek instream leasing activity, represented by paper water in CFS during the season of use.  Observed 
variability is due to lessor behavior  

 

Figure 9:  Whychus Creek instream transfers resulting from all water right transactions, represented by paper water in CFS.  
Pilot projects commenced in 1999-2004, primary piping projects commenced in 2005 
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7.2.4 OWRD Gage Data 

OWRD has installed and maintains streamflow gage stations above, between and 

directly below the upper reach (Figure 10 and  

 

Figure 11).  Mean daily flow (MDF) figures provided by these gages were collected for the 2000 

through 2012 analysis period and organized yearly by irrigation season (4/1-10/31).  Gage 

14075000 resides above the upper-most POD on Whychus Creek, serving as a proxy for 

available supply provided by the headwaters.  MDF reported at this gage was incorporated into 

the analysis assessing changes in OWRD’s instream right reliability resulting from conserved 

water transfers.  Gage 14076050 is located directly below the last POD within the upper reach, 

indicating fulfillment of instream water rights.  The instream reliability analysis employs these 

data in lieu of diversion figures as instream rights are attended to in the same manner as 

diversion rights, i.e., MDF figures are divided by instream rights to determine reliability.  

Additionally, these MDF figures are employed during the streamflow accounting analysis as it is 

summed along with all of the diversion figures for comparisons against the headwater 

hydrograph. 

Gage 14076000 resides between the upper and lower gages at the TSID POD providing 

more accurate diversion figures than the Sisters dataset.  The dataset was compromised during 

construction and operation of the District’s new diversion facility.  As a result, the Sisters 

dataset was employed to complete the time series from 10/1/2008 through 9/30/2010.  Gage 

data are available from 10/1/2010 through 9/30/2011 and for the entirety of the 2012 

irrigation season, though backflow issues from the new diversion structure inflated withdrawal 

figures. 
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Figure 10: OWRD stream gage locations and District infrastructure representation.  OWRD #14075000 resides above all PODs, 
#14076000 at the District’s diversion, and #14076050 at the City of Sisters 

 
Dengel (2013) 

 
 
Figure 11:  OWRD stream gage representation in average MDF from 2000-2012 during the irrigation season. TSID’s diversion 
represents the primary withdrawals from the system 
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7.3 POD Methods and Analyses 

The following analysis seeks to determine whether PODs are exercising diversions within 

their legal limitations and verify the accounting of “active water rights” from Table 2.  Results 

from this analysis are also utilized to determine the reliability of senior, 1985, and junior water 

right priority batches.  Further, the incorporation of transactional activity (temporary and 

permanent) reveals whether or not diverting entities are conducting their operations within the 

bounds of these transactional restraints. 

Diversion and instream water rights residing between the upstream and downstream 

gages are subject to the following utilization and reliability analyses contained within the 

“Analysis by POD” Excel workbook.  As PODs are unique by means of their water right and 

transactional portfolio, the following methodology in Sections 7.3.1-3 attends to general 

approaches guiding the reliability and utilization analyses.  Analysis of TSID’s POD and instream 

water rights required a more complex approach as transactional activity has significantly 

amended each water right portfolio.  These analyses are expanded upon following the general 

methodology.   

7.3.1 Input Data  

Diversion Data  

City of Sisters diversion data smoothed by a 3-day moving average (Appendix B) 

Active Water Rights  

All active water rights by POD reside in two locations within each worksheet.  A table containing 

active rights by certificate number, priority, and active period (a function of transaction-based 

alterations) serves as reference cells for the calculated “Active Water Rights” table.  Figures 

within the “Active Water Rights” table are organized separately by priority date and repeated 

daily for the ‘expanded’ irrigation season (4/1 through 10/31).  When a particular diversion 

right is subject to instream leasing or transfer reductions, its priority is split by the applicable 

yearly range (Appendix C). 
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WRs for Charts  

Each POD worksheet contains a reference column for each reliability and utilization analyses.  

The 1895 and junior columns reflect the aggregation of more senior rights to properly reflect 

where the diversion figures reside in relation to each priority grouping.   

7.3.2 Reliability Tables  

Reliability  

All rights within the “Active Water Rights” tables are grouped by priority status, i.e. senior, 1895 

and junior.  “Reliability” output tables display daily diversion figures divided by active water 

rights contained within each priority group.  Figures from these tables are employed for two 

visual outputs; a scatter plot displaying reliability relative to available supply (headwater gage), 

and a line chart displaying utilization (diverted flow in CFS) relative to active water rights and 

available supply for the 4/1 through 10/31 irrigation season (see Lazy Z example below).  The 

following calculations for both instream and diversion reliability assumes each priority group 

has been fulfilled under the prior appropriation framework, i.e. senior rights are met prior to 

1895, which are met prior to junior rights.  This assumption may not reflect on-the-ground 

water right utilization as water management within the reach may not strictly adhere to 

allocation under prior appropriation (Appendix D). 

Senior diversion reliability (daily) = diverted flow in CFS at POD / senior water rights held by 

POD 

1895 diversion reliability (daily) = (diverted flow in CFS by POD - senior water rights held by 

POD) / 1985 rights held by POD 

Junior diversion reliability (daily)= (diverted flow in CFS by POD – (senior + 1895 water rights 

held by POD)) / junior rights held by POD 

7.3.3 Illustration: Lazy Z 2004  

Figure 12 and Figure 13 display results from Lazy Z Ranch POD analysis.  In this example, 

diversion figures are plotted against paper water conveying a visual interpretation of utilization 

and reliability.  As observed in the Figure 12, senior water and 1895 rights are 100 percent 
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reliable from early June through late August.  The area between the junior water right and 

diversion lines reflect assumed reliability of junior rights, which averaged 61 percent for the 

year.  Reductions in diversion result from varying causes, e.g. decreased availability and 

demand, precipitation, etc.  Therefore, it cannot be assumed that reductions in 1895 reliability 

prompted the decrease observed in early September, as determining this requires further 

investigation. Figure 13 displays Lazy Z’s junior right reliability for the 2000 through 2012 

period.  Junior reliability is contingent upon fulfillment of senior and 1895 water rights, and 

headwater inflow.  Reliability and headwater inflow share a positively correlation reflected by 

observable increases in reliability as inflows exceed 100 CFS. 

Figure 12:  2004 Lazy Z utilization and reliability, represented in CFS.  Senior, 1895, and junior lines reflect paper water, 
whereas diverted flow and headwater inflow reflect wet water.  Senior and 1895 realize 100% reliability from 5/5 through 
9/2, while junior rights average 55%-65% during the same period.   Left y-axis holds the scale for diversion and water rights, 
right y-axis holds the scale for headwater inflow 

 

Figure 13: 2000-2012 Lazy Z junior right reliability, represented by diversion (wet water)/junior rights (paper water) relative 
to headwater inflow.  Representation reflects allocation under prior appropriation as reliability increases relative to 
available supply at the headwater gage 

 



63 

 

 

7.4 TSID Methods and Analyses 

Due to TSID’s complex and considerable influence upon flow rates within Whychus 

Creek this POD analysis relies upon ancillary analyses within the Excel workbook, i.e. “TSID IST 

and WRs” and “TSID ISL”.  Instream transfers resulting from conserved water projects have 

successively amended TSID’s water right portfolio for the 2000-2012 research period.  Instream 

leases further complicate the matter as they often serve to protect transfers prior to OWRD 

finalization.  Therefore, all transactions had to be reflected within TSID’s yearly water right 

portfolio and temporary/permanent transactions had to be reconciled against one another to 

properly reflect contributions observable instream.  The following section describes the former 

supplementary analysis, which accounts for all District water rights and subsequent alterations 

resulting from instream transfers associated with conserved water (CW) projects (Appendix E).  

The latter analysis is described in the leasing section below.   

7.4.1 Allocation of Conserved Water 

CW Projects by Year 

All CW projects undertaken by the district to date are contained within this table.  Each CW 

entry is associated with a priority date, CFS, instream year, and code representing the priority 

date and year the transaction is measurable instream.  As the code is a repeating value, a 

summary (pivot) table was composed to aggregate CFS by each unique code value.   

Vlookup from CW Projects Pivot 

This table contains all priority dates associated with rights held by the district under certificate 

74135, i.e. rights held by the District affected by conserved water projects.  Each priority date is 

repeated for the 2000 though 2012 period and concatenated by year to generate the same 

vlookup codes located in the ‘CW Projects Pivot”.  A search (vlookup) function returns the CFS 

associated with each instream year and priority date. 

Yearly CW Pivot 

All ‘observed’ instream flows associated TSID’s instream transfers are held under priority date 

and organized by year as provided in the aforementioned search (vlookup) table.   
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Active Instream Transfers (Automated) 

Contains all instream transfers from “Yearly CW Pivot” aggregated by year.  This table is linked 

to the pivot table in the event that a project’s instream presence needs alteration (Table 3). 

Active Diversion Rights (Automated) 

All active rights under certificate 74135 as of 2000 are held within this table.  Each yearly 

reduction in paper water resulting from instream transfers in the “Active Instream Transfer” 

table drives the aforementioned reductions.  All “Active Water Right” entries within the “TSID” 

POD analysis worksheet are linked to this table (Table 4). 

7.4.2 Instream Leasing Activity 

All paper water associated with instream leases held within the upper reach is 

aggregated by year and priority group.  Unlike less complex PODs containing yearly water right 

adjustments, TSID’s “Active Water Rights” table is linked to District leasing activity within “TSID 

ISL”.  Both the “TSID ISL” and “Non-TSID ISL” worksheets are linked to the “Active Water Rights” 

columns within the “Instream as POD” worksheet for the instream reliability analysis (Appendix 

F).   

Figure 14 displays the visual output of TSID’s water right utilization and reliability 

following amendments resulting from leasing and transfer activity.  As 1895 and junior rights 

were leased in 2009, the observable stepped-rates reflect reductions in their water right 

portfolio. 

Table 3:  TSID conserved water transfers, represented as paper water in CFS.  The representation is aggregated on a yearly 
basis, resulting in a total of 23.34 CFS of conserved water transferred to instream use as of 2012 

 

Priority 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

1869 -             -             -             -             -             -             -             -             -             -             -             -             -             

1885 -             -             -             -             -             0.28           0.28           0.28           0.28           0.28           0.28           0.28           0.28           

1887 -             -             -             -             -             -             -             -             -             -             -             -             -             

1889 -             -             -             -             -             -             -             -             -             -             -             -             -             

1893 -             -             -             -             -             -             -             -             -             -             -             -             -             

1895 -             -             -             -             -             1.50           1.50           1.50           3.90           8.30           11.50         15.50         17.50         

1899 -             -             -             -             -             -             -             -             0.06           0.12           0.15           0.15           0.15           

1900 -             -             -             -             -             0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           

1901 -             -             -             -             -             -             -             -             -             -             -             -             -             

1903 0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           

1904 3.35           3.35           3.35           3.35           3.35           3.35           3.35           3.35           3.91           4.47           4.75           4.75           4.75           

Totals 3.68           3.68           3.68           3.68           3.68           5.79           5.79           5.79           8.81           13.83         17.34         21.34         23.34         

Senior -             -             -             -             -             0.28           0.28           0.28           0.28           0.28           0.28           0.28           0.28           

1895 -             -             -             -             -             1.50           1.50           1.50           3.90           8.30           11.50         15.50         17.50         

Junior 3.68           3.68           3.68           3.68           3.68           4.01           4.01           4.01           4.63           5.25           5.56           5.56           5.56           

Active Instream Transfers (Automated)
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Table 4:  TSID water right portfolio, represented as paper water in CFS.  The representation reflects reductions in TSID’s 
water right portfolio resulting from reallocation of diversion rights to instream use through conserved water transfers 

 

Figure 14:  2009 TSID utilization and reliability, represented in CFS.  Senior, 1895, and junior lines reflect paper water, 
whereas diverted flow and headwater inflow reflect wet water.  Senior and 1895 rights realize 100% and 60% reliability 
respectively from 4/15 through 10/15, while junior rights receive no allocation (0% reliability).   Left y-axis holds the scale for 
diversion and water rights, right y-axis holds the scale for headwater inflow 

 

 

7.5 Instream Flow Analysis 

The following analysis seeks to determine the effects conserved water transfers have 

upon streamflow.  Accordingly, correlation between conserved water transfers and streamflow 

restoration on a yearly basis is to be determined.  Additional to the correlation analysis, 

assessing changes in water right reliability is imperative as it establishes the priority and 

corresponding presence of instream flow within the prior appropriation framework. 

Cert Priority 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

74135 1869 0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           0.96           

74135 1885 1.58           1.58           1.58           1.58           1.58           1.30           1.30           1.30           1.30           1.30           1.30           1.30           1.30           

74135 1887 3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           3.00           

74135 1889 4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           4.03           

74135 1893 0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           0.79           

74135 1895 114.33       114.33       114.33       114.33       114.33       112.83       112.83       112.83       110.43       106.03       102.83       98.83         96.83         

74135 1899 2.18           2.18           2.18           2.18           2.18           2.18           2.18           2.18           2.12           2.06           2.03           2.03           2.03           

74135 1900 1.08           1.08           1.08           1.08           1.08           0.75           0.75           0.75           0.75           0.75           0.75           0.75           0.75           

74135 1901 0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           0.45           

74135 1903 6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           6.88           

74135 1904 14.06         14.06         14.06         14.06         14.06         14.06         14.06         14.06         13.50         12.94         12.66         12.66         12.66         

58391 1880 0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           0.10           

88253 1904 0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           0.09           

88254 1904 0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           0.25           

2173 1918 0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           

45616 1914 0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           0.20           

74136 1912 4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           4.59           

74136 1913 0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           0.36           

155.13 155.13 155.13 155.13 155.13 153.02 153.02 153.02 150.00 144.98 141.47 137.47 135.47

10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

114.33 114.33 114.33 114.33 114.33 112.83 112.83 112.83 110.43 106.03 102.83 98.83 96.83

30.34 30.34 30.34 30.34 30.34 30.01 30.01 30.01 29.39 28.77 28.46 28.46 28.46

Active Diversion Rights (Automated)

Totals

Senior

1895

Junior
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Accounting for all factors contributing to streamflow below diversions in the upper 

reach, i.e. OWRD’s instream certificates, instream transfers, and leasing activity described in 

the preceding sections frontloaded this analysis.  As diversion is synonymous with water right 

utilization; streamflow data reported by the Sisters gage are employed in the same manner as 

diversion data within the POD analyses (Figure 15).  Additional to the reliability and utilization 

analyses, the instream flow analysis attends to differences between the upper and lower gages 

through diversion accounting ( 

 

 

Figure 16).    Tables and visual analysis unique to this worksheet are as follows: 

7.5.1 Instream Right Utilization 

All Diversions (daily)  

Sum of all diverted flow + transmission loss  

Streamflow Accounting Charts  

Compares streamflow headwater gage 14075000 to the sum of the Sisters gage (“Diversion”) 

and “All Diversions” as a check against additional transmission loss and accuracy of diversion 

data. 

Figure 15:  2009 instream right utilization and reliability, represented in CFS.  Senior, 1895, and junior lines reflect paper 
water for all transactions, whereas stream gage flows (“Diversion”) reflect wet water.  Senior and 1895 realize 100% 
reliability throughout the entire season, while junior rights realize 90% on average.  Left y-axis holds the scale for instream 
flow and water rights; right y-axis holds the scale for headwater inflow 
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Figure 16: 2007 streamflow accounting, represented by in CFS.  “Diversions” represent aggregate withdrawals from all PODs.  
“Diversion + Instream Flow” represent aggregate withdrawals for all PODs combined with streamflow reported at the Sisters 
gage.  The observed gap between “Diversion + Instream Flow” and “Headwater Inflow” reflects reporting/accounting error 
within the analysis 

 

7.5.2 Streamflow and Conserved Water Transfers 

As mechanisms within the Conserved Water Program reallocate water to instream use, 

increased streamflow at the Sisters Gage should be observable.  To confirm this concept 

statistical correlation is employed to verify changes in streamflow resulting from TSID’s 

conserved water transfers.  The analysis correlates the cumulative instream presence of 

conserved water to streamflow observed at the Sisters gage from 2000 through 2012.  The 

abundance of instream transactions beyond conserved water transfers substantially influences 

streamflow at the Sisters gage, incorporating noise into the correlation analysis.  The presence 

of these transactions was removed by determining wet water outside of conserved water 

transfers and subtracting it from flows reported by Sisters gage (see “Calculations” below).  

Conceptually, a positive correlation should exist between the yearly increase in streamflow and 

the yearly accumulation of instream water rights derived from conserved water transfers.   

Streamflow Gage Adjustment 

Senior non-CW instream reliability (daily) = Instream flow at Sisters / senior instream rights 
without conserved water transfers 
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1895 non-CW instream reliability (daily) = (Instream flow at Sisters - senior instream rights 
without conserved water transfers) / 1895 instream rights without conserved water transfers 

Junior non-CW instream water right reliability (daily) = (Instream flow at Sisters – (senior + 1895 
instream rights without conserved water transfers) / junior instream rights without conserved 
water transfers  

Adjusted flow at Sisters gage (daily) = Instream flow at Sisters – (wet instream water for all 
priority batches without conserved water transfers) 

Results 

 Figure 17and Figure 18 compare the upper and lower hydrographs during 2002 and 

2009.  Both periods are representative of average water years, i.e. 60th to 50th percentile of 

headwater inflow.   Figure 17 reflects conditions in 2002 prior to the implementation of large-

scale conservation projects and water right transactions, whereas Figure 18 and Figure 19 

reflect the presence of all instream transactions as of 2009.  Upon review of Figures 18 and 19, 

the OWRD 20 CFS target flow is attained for the majority of the season in 2009.  Of particular 

interest is the late-season period (July through September) where supply becomes scarce and 

instream transactions have likely protected streamflow. 

 Figure 17: 2002 stream gage comparison, represented in CFS.  OWRD target flows are only attained during the peak glacial 
runoff period  
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Figure 18:  2009 stream gage comparison, represented in CFS.  OWRD target flows are met for the majority of the season 

 

Figure 19: 2009 instream rights utilization and reliability, represented in CFS.  Senior rights realize 100% reliability, whereas 
1895 and junior rights realize 95% and 59% reliability respectively due to reductions in available headwater inflow from July 
through mid-October 

 

While the preceding charts indicate instream transactions may have an effect upon 

streamflow presence, isolating the effect of conserved water is more difficult.  As these 

transactions represent an array of priorities held within a watershed potentially managed 

outside the bounds of prior appropriation, it is better to look at the cumulative presence of 

conserved water transfers as opposed to each priority group.  Figure 20 displays unadjusted 

Sisters gage data in 2002.  Figure 21 displays “adjusted flow” for 2009 representing the 

combination of remaining headwater inflows, cumulative conserved water transfers, and 

watershed management prioritizing instream flow.  Though presence of instream flow cannot 

be isolated to conserved water transfers, correlation may exist between such transfers and 

increased streamflow relative to available headwater inflow. 
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Figure 20: 2002 streamflow at the Sisters gage, represented in CFS.  Instream flow does not attain OWRD target flow outside 
of the peak glacial runoff season 

 

Figure 21: 2009 conserved water, represented in CFS.  Sisters gage data has been adjusted to reflect instream flow derived 
from conserved water transfers (“adjusted flow”).  OWRD target flows attained only during peak glacial runoff season 

 

In further effort to establish correlation between instream transactions and streamflow 

restoration, streamflow and instream right data were employed in the following correlation 

analysis.  The first data array represents streamflow reported at the Sisters gage from 2000 - 

2012; the second data array represents the accumulation of instream water rights during the 

same period.  The correlation test was run for all days throughout the 4/1 - 10/31 irrigation 

season. 

Figure 22 displays the correlation test between all cumulative instream transactions 

from 2000 - 2012 and unadjusted flows at Sisters during the same period.   Figure 23 displays an 

identical test between cumulative conserved water transfers 2000 - 2012 and “adjusted flow”, 
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reflecting the assumed contribution of conserved water transfers to instream flow.  Lower 

correlation coefficients observed from April through early July likely result from peak glacial 

runoff and lower agricultural demand.  As glacial runoff subsides in late July into early August 

and agricultural demands represent a higher percentage of available inflow, the correlation 

coefficient increases until agricultural demands are reduced in mid-October.  Conclusively, both 

tests convey significant correlation when supply is scarce and demand is high. 

Figure 22: Correlation test between all cumulative instream water rights and Sisters gage flows from 2000-2012. High 
correlation coefficients from early-July through late-September significantly correlate the two data arrays 

 

 

Figure 23: Correlation test between instream water rights resulting from conserved water transfers and “adjusted flow” at 
the Sisters gage from 2000-2012. High correlation coefficients from early-July through late September significantly correlate 
the two data arrays 
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7.5.3 Changes in Instream Right Reliability 

In 1990, OWRD applied for a 20 CFS instream right (certificate 73224) in the upper reach 

of Whychus Creek for the purpose of restoring salmonid habitat.  While any right with a 1990 

priority is simply unreliable within Whychus Creek, the relationship between the Conserved 

Water Program and instream rights serve to rectify this disadvantage.  Final orders associated 

with TSID’s conserved water transfers stipulate resulting instream rights are to fulfill 

streamflow established under certificate 73224, incrementally replacing certificate 73224 with 

rights of more senior standing.  Improvements to OWRD’s instream right reliability are 

addressed through an analysis observing changes in reliability relative to available streamflow 

at the headwater gage.  To isolate changes in reliability to OWRD’s instream right resulting from 

conserved water transfers, wet water within the reliability equation is represented by “adjusted 

flow” at the Sisters gage.  The denominator of the equation, paper water, is set at 20 CFS 

reflecting the target flow established under certificate 73224. 

Reductions in demand associated with on-farm efficiency projects in conjunction with 

prioritization of instream flow likely increase the reliability of instream rights.  Accordingly, the 

following analysis seeks to identify changes in reliability for the entire range of priorities held 

under certificate 73224.  Further, the analysis has been limited to the July through September 

period in light of correlations uncovered within the preceding analysis.  Due to natural flow 

responses between the upper and lower hydrographs, reliability is observed relative to inflow 

reported by the headwater gage.  While it is impossible to remove all sources of noise 

influencing instream right reliability, observations of yearly increases in reliability for the 2005 

through 2012 period are expected.   

Calculations 

Adjusted flow at Sisters gage (daily) = instream flow at Sisters – (wet instream water for all 
priority batches without conserved water transfers) 

OWRD 73224 reliability (daily) = (“adjusted flow” at Sisters gage / 20 CFS) 
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Results 

Figure 24 displays the reliability of certificate 73224 from 2000 to 2004, the period prior 

conserved water transfers.  Conceptually, linear regressions should remain slightly static in 

terms of slope and elevation from year-to-year during 2000 to 2004 as certificate 73224’s 

priority portfolio did not change.  Nevertheless, there appears to be a slight upward trend 

within the scatterplot.  This likely results from on-farm conservation projects reducing water 

demand and changes in watershed management prioritizing streamflow.  Reliability relative to 

available inflow is much lower during this period in comparison to 2005 through 2012, further 

indicating the seniority of agricultural water rights and corresponding reductions in streamflow.   

Linear regressions in Figure 25 display a variable increase in reliability observed through 

upward shifts throughout the period.  Additionally, the slope and positions of these regressions 

appear to group data by water year.   2006, 2009, and 2010 display a lower average reliability 

as these water years range between the 30th to 50th percentiles of headwater inflow.  In 

contrast, average reliability figures for 2008, 2011, and 2012 appear higher as their water years 

fall between the 70th to 100th percentiles of headwater inflow.   One might expect to observe a 

steepening slope rather than an upward locational shift throughout the period.  To elaborate, 

conserved transfers replacing certificate 73224’s priority portfolio are primarily comprised of 

1895 and junior water rights.  Thus, reliability during lower inflow levels should be rather 

consistent, whereas reliability should increase along with available flow resulting in a steeper 

slopes as the years progress.  This is predominantly observed during lower-flow years, 

potentially indicating competition between instream and agricultural demands.   

In conclusion, reliability of OWRD’s target flows appear increase upon allocation of 

conserved water.  Therefore, instream flows will represent a larger portion of demands upon 

Whychus Creek than before and will remain present during times of scarce supply.  These 

results speak to the utility of the Conserved Water Program as a means for establishing 

streamflow while simultaneously providing irrigators with a multitude of benefits.  Analyzing 

benefits realized by the irrigators would be the next logical step in addressing results of projects 

undertaken through the Program.   For example, assessing the change in water right reliability 
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resulting from newly acquired ‘retained water’ would complement this analysis.  Conceptually 

additional supply would undoubtedly increase the reliability ratio through enlarging ‘wet 

water’.  Unfortunately, such data were not available for the Whychus watershed. 

Figure 24:  OWRD target flow reliability against headwater Inflow (2000 - 2004). The pre-project period realizes low reliability 
and prioritization of agricultural water use.  2004 may indicate a change in management prioritizing streamflow 

 

Figure 25:  OWRD target flow reliability against headwater inflow (2005-2012).  The 2005-2012 project period realizes an 
increase in reliability from year-to-year observed through rising elevation of regressions between 50 and 100 CFS  
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Chapter 8: Conclusion 

Dominant user regimes and water governance resulting from settlement-based policies 

left an indelible mark upon the Western landscape.  Stipulation of land ‘improvement’ was 

realized through proliferation of agrarian-based development.  Resultant demands upon 

aquatic systems have significantly diminished their ability to function in a natural state.  

Consequently, many species dependent upon these systems are extinct or in danger of meeting 

a similar fate. 

Acknowledging the effects of economic development upon natural systems and its 

inhabitants, federal policies enacted during the 1970s sought to rectify this imbalance of 

priorities.  Accordingly, the ESA surfaced to conserve populations of species by means of habitat 

protection.  As the majority of aquatic species listed under the ESA inhabit waters adjacent to 

privately-held agricultural lands, conflicts between irrigators and the ESA were inevitable.  The 

establishment of streamflow depletion as a means for ESA violation opened the door for private 

property imposition through water right curtailment.  Consequently, these encounters proved 

to be litigious, reactive, and costly for all parties involved. 

As states hold authority over water resources within their boundaries, they are charged 

with rectifying historic preferences in allocation.  Accordingly, many states have acknowledged 

the values of instream flows from an environmental, biological, and economic perspective.  The 

recent history of water governance within the state of Oregon reveals early efforts to protect 

instream flows through statutory mechanisms.   

Both temporary and permanent transactions catalyzed by these mechanisms are shown 

to modify irrigator behavior and contribute to streamflow restoration within Whychus Creek.  

While the presence of instream flows within Whychus Creek have been correlated with water 

right transactions, environmentally minded management likely increases its presence.  Looming 

ESA legislation provided a substantial disincentive to operate under the status quo.  

Accordingly, a significant increase in instream water right transactions commenced upon the 

steelhead reintroduction in 2005. 
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Oregon’s Conserved Water Program provides a unique mechanism for restoring 

streamflow.  Within the context of Whychus Creek, conserved water transfers have effectively 

increased the reliability of instream flows through establishing senior water rights.  Explicitly, 

senior water rights have been acquired, reallocated to instream use, and are currently being 

fulfilled.  This concept is imperative for prioritizing instream flows throughout the Western 

states as agricultural water users predominantly hold senior water rights.   

Collaborative streamflow restoration efforts provide hope for irrigators and aquatic 

species alike.  The case study of Whychus Creek exemplifies proactive measures undertaken to 

avert looming ESA regulation.  While various transactions can augment streamflow on a 

temporary basis, the establishment of reliable, senior instream rights is essential for robust 

streamflow in systems managed under the doctrine of prior appropriation.    
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Appendix 1- Glossary of Acronyms 

Acronyms 
CFS- Cubic Feet per Second 

BOR- Bureau of Reclamation 

CFR- Codified Federal Regulation 

COPCO- California Oregon Power Company 

CTWS- Confederated Tribes of Warm Springs 

CW- Conserved Water 

CWA- Clean Water Act 

CWP- Conserved Water Program 

DRC- Deschutes River Conservancy 

DWA- Deschutes Water Alliance 

EIS- Environmental Impact Statement 

EPA- Environmental Protection Agency 

ESA- Endangered Species Act 

ESU- Ecologically Significant Unit 

FERC- Federal Energy Regulatory Commission 

ISL- Instream Lease 

MCR- Middle Columbia River 

MDF- Mean Daily Flow 

MPSF- Minimum Perennial Streamflow 

NEPA- National Environmental Policy Act 

NGO- Non-governmental Organization 

NMFS- National Marine Fisheries Service 

NOAA- National Oceanic and Atmospheric Administration 

OAR- Oregon Administrative Rule 

ODEQ- Oregon Department of Environmental Quality 
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ORS- Oregon Revised Statute 

OWRD- Oregon Water Resources Department 

PGE- Portland General Electric 

PNW- Pacific Northwest 

POD- Point of Diversion 

POU- Place of Use 

PRB- Pelton-Round Butte 

RM- River Mile 

TMDL- Total Maximum Daily Load 

TSID- Three Sisters Irrigation District 

UDWC- Upper Deschutes Watershed Council 

USDA- United States Department of Agriculture 

USFS- United Stated Forest Service 

USGS- United States Geological Survey 

WRs- Water Rights 
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Appendix B- City of Sisters Diversion Data 

 

 

Date D-2000 D-2001 D-2002 D-2003 D-2004 D-2005 D-2006 D-2007 D-2008 D-2009 D-2010 D-2011 D-2012

4/1/00 19.28 59.52 8.22 0.00 37.52 0.00 7.83 32.93 18.00 0.00 0.00 0.00 1.51

4/2/00 22.00 54.21 12.52 0.00 37.74 0.00 8.75 30.77 18.00 0.00 0.00 0.00 3.38

4/3/00 24.72 48.90 16.82 0.00 37.95 0.00 9.67 28.62 18.00 0.00 0.00 0.00 5.26

4/4/00 20.60 42.00 15.10 0.00 36.67 4.80 12.00 23.33 18.00 0.00 0.00 0.00 5.10

4/5/00 30.33 41.00 26.67 0.00 39.00 7.87 12.00 24.67 18.00 0.00 0.00 0.00 7.80

4/6/00 36.33 35.00 34.67 0.00 40.00 17.93 12.00 25.33 18.00 0.00 0.00 0.00 12.67

4/7/00 41.00 26.67 37.00 0.00 39.00 29.67 12.00 22.33 18.00 0.00 0.00 0.00 15.67

4/8/00 42.33 18.67 39.33 8.33 39.00 39.33 12.00 17.33 18.00 0.00 0.00 0.00 16.00

4/9/00 43.33 15.33 41.67 21.67 39.00 42.00 14.33 14.00 18.00 0.00 0.00 0.00 16.00

4/10/00 35.33 15.00 43.67 35.67 39.00 42.67 19.00 13.00 18.00 0.00 0.00 0.00 16.00

4/11/00 21.00 15.00 45.00 41.33 40.33 42.00 23.67 13.00 18.00 0.00 0.00 0.00 16.00

4/12/00 6.20 15.00 47.67 42.33 45.00 41.67 26.00 14.33 18.67 0.00 0.00 0.00 16.00

4/13/00 14.54 15.00 51.33 42.67 51.33 38.00 26.00 16.33 20.67 9.37 0.00 0.00 15.33

4/14/00 37.20 15.00 53.67 42.00 57.67 30.67 26.00 19.33 22.67 18.73 0.00 0.00 14.67

4/15/00 59.67 15.00 49.33 39.00 61.67 27.00 26.33 25.67 24.00 28.10 0.00 0.00 14.00

4/16/00 68.00 15.00 44.33 36.00 62.67 29.67 26.33 33.33 24.00 28.10 0.00 0.00 14.00

4/17/00 68.00 15.00 41.67 34.00 60.00 37.33 26.33 40.00 26.00 31.40 0.00 0.00 18.33

4/18/00 68.00 15.00 45.67 33.67 54.33 39.33 26.00 42.00 28.33 36.93 0.00 0.00 25.67

4/19/00 67.00 15.00 49.67 33.33 49.67 37.67 26.00 42.00 31.00 46.70 0.00 0.00 33.00

4/20/00 61.33 16.67 53.33 33.00 47.33 34.67 26.00 42.00 31.67 54.40 0.00 0.00 36.67

4/21/00 56.67 19.00 55.00 33.00 47.00 33.33 26.00 42.00 32.00 59.87 0.00 0.00 38.00

4/22/00 53.00 21.33 56.00 33.33 45.33 33.00 28.67 42.00 31.67 61.10 0.00 0.00 38.00

4/23/00 54.00 22.00 56.67 33.67 42.67 33.00 32.67 42.00 31.33 56.40 0.00 0.00 41.33

4/24/00 54.00 24.00 60.00 34.00 40.00 33.33 36.67 42.00 31.00 50.93 0.00 0.00 43.00

4/25/00 53.67 27.33 65.00 34.33 39.00 33.67 39.00 42.33 31.00 44.70 0.00 6.67 48.67

4/26/00 55.67 32.33 70.00 34.67 39.00 34.67 41.00 42.67 31.00 41.23 0.00 16.67 46.67

4/27/00 55.33 39.33 73.00 35.67 40.67 36.67 43.33 44.33 31.00 38.03 0.00 27.00 46.67

Diversion Data
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Appendix C- Active Water Rights (TSID Senior) 

 

  

Date P-2000 P-2001 P-2002 P-2003 P-2004 P-2005 P-2006 P-2007 P-2008 P-2009 P-2010 P-2011 P-2012

4/1/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/2/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/3/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/4/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/5/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/6/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/7/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/8/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/9/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/10/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/11/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/12/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/13/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/14/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 10.18 10.18 10.18 10.18 10.18

4/15/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/16/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/17/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/18/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/19/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/20/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/21/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/22/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/23/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/24/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/25/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/26/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/27/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

4/28/00 10.46 10.46 10.46 10.46 10.46 10.18 10.18 10.18 9.92 9.92 9.92 9.92 10.18

Active Senior Water Rights
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Appendix D- Water Right Reliability (TSID 1895) 

 

  

Date R-2000 R-2001 R-2002 R-2003 R-2004 R-2005 R-2006 R-2007 R-2008 R-2009 R-2010 R-2011 R-2012

4/1/00 8% 43% 0% 24% 0% 20% 7% 0%

4/2/00 10% 38% 2% 24% 0% 18% 7% 0%

4/3/00 12% 34% 6% 24% 0% 16% 7% 0%

4/4/00 9% 28% 4% 23% 0% 2% 12% 7% 0%

4/5/00 17% 27% 14% 25% 0% 2% 13% 7% 0%

4/6/00 23% 21% 21% 26% 7% 2% 13% 7% 3%

4/7/00 27% 14% 23% 25% 17% 2% 11% 7% 6%

4/8/00 28% 7% 25% 0% 25% 26% 2% 6% 7% 6%

4/9/00 29% 4% 27% 10% 25% 28% 4% 3% 7% 6%

4/10/00 22% 4% 29% 22% 25% 29% 8% 2% 7% 6%

4/11/00 9% 4% 30% 27% 26% 28% 12% 2% 7% 6%

4/12/00 0% 4% 33% 28% 30% 28% 14% 4% 8% 6%

4/13/00 4% 4% 36% 28% 36% 25% 14% 5% 9% 0% 5%

4/14/00 23% 4% 38% 28% 41% 18% 14% 8% 11% 8% 5%

4/15/00 43% 4% 34% 25% 45% 15% 14% 15% 13% 18% 4%

4/16/00 50% 4% 30% 22% 46% 17% 14% 22% 13% 18% 4%

4/17/00 50% 4% 27% 21% 43% 24% 14% 28% 15% 21% 9%

4/18/00 50% 4% 31% 20% 38% 26% 14% 30% 17% 26% 17%

4/19/00 49% 4% 34% 20% 34% 24% 14% 30% 20% 36% 24%

4/20/00 44% 5% 37% 20% 32% 22% 14% 30% 20% 43% 28%

4/21/00 40% 7% 39% 20% 32% 21% 14% 30% 21% 49% 30%

4/22/00 37% 10% 40% 20% 31% 20% 16% 30% 20% 50% 30%

4/23/00 38% 10% 40% 20% 28% 20% 20% 30% 20% 45% 33%

4/24/00 38% 12% 43% 21% 26% 21% 23% 30% 20% 40% 35%

4/25/00 38% 15% 48% 21% 25% 21% 26% 30% 20% 34% 0% 41%

4/26/00 40% 19% 52% 21% 25% 22% 27% 31% 20% 31% 7% 39%

4/27/00 39% 25% 55% 22% 26% 23% 29% 32% 20% 27% 18% 39%

4/28/00 40% 32% 55% 24% 29% 25% 31% 34% 20% 25% 19% 36%

4/29/00 40% 38% 53% 26% 34% 28% 35% 39% 22% 26% 19% 36%

1895 % of Fulfillment



 

 

88 

Appendix E- TSID Conserved Water Transfers 

 

  

Priority 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

1869 -             -             -             -             -             -             -             -             -             -             -             -             -             

1885 -             -             -             -             -             0.28           0.28           0.28           0.28           0.28           0.28           0.28           0.28           

1887 -             -             -             -             -             -             -             -             -             -             -             -             -             

1889 -             -             -             -             -             -             -             -             -             -             -             -             -             

1893 -             -             -             -             -             -             -             -             -             -             -             -             -             

1895 -             -             -             -             -             1.50           1.50           1.50           3.90           8.30           11.50         15.50         17.50         

1899 -             -             -             -             -             -             -             -             0.06           0.12           0.15           0.15           0.15           

1900 -             -             -             -             -             0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           

1901 -             -             -             -             -             -             -             -             -             -             -             -             -             

1903 0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           0.33           

1904 3.35           3.35           3.35           3.35           3.35           3.35           3.35           3.35           3.91           4.47           4.75           4.75           4.75           

Totals 3.68           3.68           3.68           3.68           3.68           5.79           5.79           5.79           8.81           13.83         17.34         21.34         23.34         

Senior -             -             -             -             -             0.28           0.28           0.28           0.28           0.28           0.28           0.28           0.28           

1895 -             -             -             -             -             1.50           1.50           1.50           3.90           8.30           11.50         15.50         17.50         

Junior 3.68           3.68           3.68           3.68           3.68           4.01           4.01           4.01           4.63           5.25           5.56           5.56           5.56           

Sum of CFS Column Labels

Row Labels 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

1869 0 0 0 0 0 0 0 0 0 0 0 0 0

1885 0 0 0 0 0 0.28 0 0 0 0 0 0 0

1887 0 0 0 0 0 0 0 0 0 0 0 0 0

1889 0 0 0 0 0 0 0 0 0 0 0 0 0

1893 0 0 0 0 0 0 0 0 0 0 0 0 0

1895 0 0 0 0 0 1.5 0 0 2.4 4.4 3.2 4 2

1899 0 0 0 0 0 0 0 0 0.06 0.06 0.03 0 0

1900 0 0 0 0 0 0.33 0 0 0 0 0 0 0

1901 0 0 0 0 0 0 0 0 0 0 0 0 0

1903 0.33 0 0 0 0 0 0 0 0 0 0 0 0

1904 3.35 0 0 0 0 0 0 0 0.56 0.56 0.28 0 0

Grand Total 3.68 0 0 0 0 2.11 0 0 3.02 5.02 3.51 4 2

Active Instream Transfers (Automated)

Yearly CW Pivot
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Appendix F- Yearly Instream Leasing (TSID) 

 

  

2006 2007 2008 2009 2010 2011 2012 2006 2007 2008 2009 2010 2011 2012

Senior Senior Senior Senior Senior Senior Senior 1895 1895 1895 1895 1895 1895 1895

4/15 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/16 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/17 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/18 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/19 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/20 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/21 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/22 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/23 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/24 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/25 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/26 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/27 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/28 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/29 0 0 0.256 0.256 0.256 0.256 0 0 6.88 3.902 3.586 3.683 4.404 3.501

4/30 0 0 0.256 0.256 0.256 0.256 0 0 6.88 5.552 3.586 3.683 4.404 3.501

5/1 0.697 0 0.256 0.256 0.256 0.256 0 16.542 6.88 5.552 3.586 3.683 4.404 3.501

5/2 0.697 0 0.256 0.256 0.256 0.256 0 16.542 6.88 5.552 3.586 3.683 4.404 3.501

5/3 0.697 0 0.256 0.256 0.256 0.256 0 16.542 6.88 5.552 3.586 3.683 4.404 3.501

5/4 0.697 0 0.256 0.256 0.256 0.256 0 16.542 6.88 5.552 3.586 3.683 4.404 3.501

5/5 0.697 0 0.256 0.256 0.256 0.256 0 16.542 6.88 5.552 3.586 3.683 4.404 3.501
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Appendix G- Analysis Calculations 

 
POD Water Right Reliability Calculations 

Senior diversion reliability (daily) = diverted CFS / senior paper CFS 

1895 diversion reliability (daily) = (diverted CFS - senior paper CFS)/ 1895 paper CFS 

Junior diversion reliability (daily) = (diverted CFS – (senior + 1895 paper CFS))/ junior paper CFS 

 

Instream Water Right Reliability Calculations 

Senior non-CW instream reliability (daily) = observed flow at gage 14706050 / senior non-CW WRs 

1895 non-CW instream reliability (daily) = (observed flow at gage 14706050 – non-CW senior WRs) / non-CW 1895 WRs 

Junior non-CW instream water right reliability (daily) = (observed flow at gage 14706050 – (non-CW senior WRs + non-CW 1895 WRs)) / 
non-CW Jr WRs 

Adjusted flow at gage 14076050 (daily) = observed flow at gage 14706050 – (senior non-CW WRs*reliability + 1895 non-CW WRs* 
reliability + junior non-CW WRs* reliability) 

OWRD 73224 reliability (daily) = (adjusted flow at gage 14076050 / OWRD certificate 73224 CFS) 


