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First, I want to thank Oregon’s Senator Ron Wyden for putting this Committee
Hearing together. Bringing interested parties together can implement positive
discussion seeking that illusive settlement on generational water conflicts.

In 2001, our community was united when water was shut off in the Reclamation
Project. U. S. Congressman Walden, along with over 15,000 citizens, helped with
buckets of water being pulled out of the Lake Ewauna, and poured into the “A”
Canal, protesting this action.

As a Klamath County Commissioner, I watch in total frustration, as our community
has been divided by the age old method of “divide and conquer.” As far as the dam
removal and KBRA is concerned, the great majority of the Klamath River Basin,
has been very consistent in the direction they DO NOT want to go.

The areas elections in the last four years have proven this beyond any doubt. All
three County Commissioners have been replaced, local State Senator Doug Whitsett
and State Representative Bill Garrard retained their seats. Gail Whitsett is a newly
clected State Representative. All these elections were won by a margin between 65-
73%. The common denominator was that the winners opposed dam removal and the
KBRA. Yes, there were other issues, but this was the most prominent issue that was
the main focus. Siskiyou County Measure G also passed opposing dam removal by
80%.

As we speak, irrigators in the upper basin are now being denied the irrigation water
needed to keep their crops and animals alive.

The Klamath River Basin is comprised of families of all shapes and sizes. Our
communities are full of families that love our Basin. They want, more than anything
else, to stay here, working and raising their families as the generations before have

done.
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this loss, our citizens continued on, refusing to give in or giving up. Our sometimes
harsh environment and numerous conflicts help create a very resilient people.
The true spirit of the “American Way” still prevails in the Klamath River Basin.
Often times, it seems as though the Klamath River Basin is “ground zero” for out
of control regulation on our ability to use our Natural Resources. What ultimately
happens here in the Klamath Basin will affect our entire nation.

So what is the next step?

In many ways, our Klamath River Basin is like a very large, extended family. We
have many diverse members, with different strengths, weaknesses, life
experiences, and desired outcomes for the issues facing all of us. Just because we
may not agree with one another 100% of the time, does not mean that we cannot
find common ground. Just like families do, we must focus on moving forward,
finding that elusive balance.

The KBRA itself began as a noble cause. Numerous improved relationships came
out of the KBRA process. Unfortunately, dam removal and the KBRA have
obviously, failed to deliver what is ultimately necessary for a true, comprehensive
settlement, embraced with Basin Wide and Congressional support. In its present
form, it cannot go anywhere!

There are numerous options that can address the water issues in the Klamath
Basin besides dam removal and the current KBRA. Unfortunately, all these viable
options were systematically ignored. Being forced to accept dam removal and the
KBRA as the absolute only option, ignoring all other directions is unacceptable.
Deep, Off stream storage, dredging Klamath Lake, juniper removal and the list
goes on and on.

We must regroup! We must keep striving ahead especially in these troubled
times. We must follow the example of our “Founding Fathers” in never giving up.






AN ALTERNATIVE PLAN FOR BASIN

WATER AND SPECIES MANAGEMENT

Neither the removal of the Klamath River Dams nor the implementation
of the KBRA will resolve Upper Basin conflicts because neither
agreement addresses the actual causes of the conflicts.

The core causes of the conflicts are issues of water quality and water
quantity. Neither water quantity nor water quality in the Upper Basin
has changed significantly during the past century. Average
precipitation has remained relatively constant. What have changed are
the demands on water quantity and water quality.

According to historical journals water quality was equally as poor when
European man first entered the area nearly 150 years ago. Virtually all
of the water quality issues including temperature, phosphorous,
nitrogen, organic solids and low oxygen levels have always been, and
continue to be, the result of geologic conditions. Meaningful
improvement in water quality cannot occur without changing the
geological conditions that cause the poor water quality.

Water quantity issues are largely the result of new and expanded
beneficial uses of a constant supply of available water. As each new
and expanded use occurs, the amount of water available for previous
beneficial uses is diminished. Western Juniper encroachment has
become a major use of available water and a major contributor to

reduction in water supply.

Control of Caspian Terns and Double Crested Cormorants that feast on
juvenile sucker fish, would boost populations to acceptable levels.
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CALIFORNIA - OREGON BI-STATE ALLIANCE

GOALS AND ORIECTIVES
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» To Save Taxpayers and Ratepayers over one billion dollars initial cost
associated with the Klamath River Hydro-electric Dams and facilities scheduled
for removals, and their replacement cost with green power under the
proposed Klamath Basin Restoration Agreement (KBRA}) and the Klamath
Hydro-electric Settlement Agreements {KHSA). This does not include the
additiona! long term Billions of dollar cost associated with the KBRA and KHSA
agreements. The Bi-State Alliance hereby introduces alternatives to save
taxpayers and ratepayers billions of dollars by preserving the green power
hydro- electric dams on the Klamath River while achieving other
environmental goals proposed by State and Federal Agencies.

e To Achieve the overriding environmental objectives set forth by the Federal
Energy Regulatory Commission (FERC) to meet their mitigation
recommendations for relicensing the four hydro-electric dams on the Klamath
River in Oregon and California.

a.) Provide anadromous fish passage around Iron Gate, Copco 1, and Copco 2
reservoirs to the pre dam 25 miles of native river habitat above Copco 1
Reservoir.

B.} Improve Klamath River water quality between the Shasta and Scott Rivers.
C.) improve Klamath River water quality between Upper Klamath Lake and
J.C.Boyle reservoir.

Proposed Projects:

e Implement the Shasta Nation Tunnel Unassisted Anadromous Fish Passageway
around lron Gate, Copco 1 and Copco 2 Reservoirs at a cost of 1/6" the cost
estimated for installing fish ladders.

e Establish additional reliable storage facilities within the Upper Klamath Basin
to satisfy the Klamath Project Water Users demands and to improve water
quality in the Upper Klamath River. Provide project farmer’s and rancher’s
irrigation water with poorer quality {high nutrient) Kiamath R. Water and
release a portion of the newly established stored better quality water to
improve Klamath River water quality. This will preciude another 2001 Yr.



episode of Federal Agencies allocation of water for endangered species and
depriving project irrigators their water which resulted in the loss of 1200
family farm homes.

Establish additional reliable storage facilities within the Scott and Quartz
Valleys, including increasing storage capacities of high-altitude lakes as
recommended in the October 1991 Department of Water Resources Study
entitled: SCOTT RIVER FLOW AUGMENTATION STUDY. These storage facilities
will augment late summer and fall in stream flows and suppiement agricultural
irrigation water.

Implement the 60,000 ac.ft. Klamath River/Shasta Valley Reserved Water Right
(A0169580), transfer canal and storage facilities to supplement Montague
Irrigation District’s irrigation water with (poor quality high nutrient) Klamath R.
water. This project augments current irrigation supplies, allows for additional
land to become irrigable, and replaces naturally impaired upper Kiamath R.
water with higher quality water. A portion of the reduced water demands
(good water quality) can be released by the District from Lake Shastina or from
their wells into the Shasta River, improving the water quality in both the
Shasta River and in the Klamath River below Iron Gate Reservoir per FERC
recommended requirements for relicensing. Ref: (CDFG Project No. P0310329)

Because PaciCorp is a signatory to the KBRA and KHSA, a negative one billion
dollar 2020 yr. worth value has been established for the Klamath River Hydro-
electric Dams scheduled for removals. The Bi-State Alliance proposes for the
Siskiyou County Flood Control and Conservation District acquisition of Iron
Gate, Copco 1, and Copco 2 Hydro-Electric Facilities. The sale of this 65 MW
green energy to the PP&L grid would generate an estimated S50 Million per
year to Siskiyou County which could be used for project financing and to
reduce electricity cost to farming and ranching operations and to all ratepayers
within the County.

Similarly, it is hereby proposed for an Oregon based PUC acquisition of
J.C.Boyle Hydro-Electric Facilities. The sale of this 98 MW green energy to the
PP&L grid would generate an estimated $75 Million per year to the PUC which
could be used for project financing and to reduce electricity cost to farming
and ranching operations and to all ratepayers within the PUC District. Also, a
Bi-State (PUC) could be formed to acquire all four hydro-electric facilities.



Other Benefits:

Save Iron Gate Fish Hatchery which is dependent on cool low level water
releases from fron Gate Reservoir, and releases over six million salmon and
steelhead fingerlings per year in to the Klamath River.

Save future Klamath River water demands by State and Federal Agencies from
the Scott and Shasta Rivers to satisfy requirements proposed in the KBRA for
environmental waters.

Save future Klamath River water demands by State and Federal Agencies from
the Klamath basin diversions into the Rogue Valley to satisfy requirements
proposed in the KBRA for environmental waters.

Preserves the sacred Shasta Nation Villages and Burial Sites beneath the
waters of Iron Gate and COPO Reservoirs.
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THE VIABILITY OF DREDGING UPPER KLAMATH LAKE TO MITIGATE DROUGHT
IMPACT: A COST-BENEFIT ANALYSIS
Abstract
by Nicholas A. Sheets M.S. Applied Economics
Washington State University
May 2011

Chair: Jonathan K. Yoder

This thesis reviews the cost-benefit of dredging Upper Klamath Lake in Southern Oregon
as a means to alleviate waler stresses in the area. Currently, agricultural users must forego
water use during low precipitation years and are compensated for losses by federal government
transfers. Curtailments on water use are due to Environmenial Protection Agency restrictions
on minimum lake level and downstream flow requirements. There are two types of benefits
assumed to arise from such a project; the firsi is that dredging the lake would provide additional
water storage for agricultural users during low precipitation years making government lransfers
unnecessary. The second is an improvement to water quality as a result of increasing lake depih.
Benefiis to recreational users of the lake are estimated through use of benefits transfer
techniques. Soil productivity rates and acreage (otals are used (o estimaie the value of having
available jrrigation water for agricultural users. The result of this study is a cosi-benefit
analysis table. The table gives a range of potential estimates based on varying project sizes,
interest rates, drought frequencies, and benefils transfer methods. The conclusion of the study is
that the net benefit of dredging Upper Klamath Lake would be advantageous in some scenarios

but not all.
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CHAPTER ONE

INTRODUCTION

Upper Klamath Lake is located in south central Oregon in an area known as the Klamath
Basin, The lake has a surface area of 232 km® and an average depth of 2.8 m. (Wood, 2002, p 1).
This size is large but relatively shallow compared to most western lakes. Among its many uses,
Upper Klamath Lake provides approximately 250,000 acre-feet of water to the Klamath
Irrigation Project. The Klamath Irrigation project supplies most of the Klamath Basin’s
agricultural producers with their irrigation water. The 250,000 acre-feet contributed represents
65% of the total water used in the project annually (Board, 2004, p 4).

The Upper Klamath Lake watershed is home to numerous indigenous species of fish and
fowl. In 1988 the U.S. Fish and Wildlife Service listed two of these fish as endangered species,
the Shortnose Sucker and the Lost River Sucker. In 1992, a drought year, the Fish and Wildlife
Service recommended a minimum lake elevation for the first time. The elevation was set at
4,139 feet during summer months but allowed provisions for the lake to drop to 4,137 feet four
times in a decade. The minimum elevation was set 1o help maintain stable habitats and protect
fish populations as called for by the Endangered Species Act (ESA). This would mark the first
time that curtailments were placed on the amount of water that could be used from the lake
(Klamath Bucket Brigade, 2009).

In the summer of 2001, the Klamath Basin experienced a severe drought due to a
decrease in overall snow-pack in the preceding winter. In response to the decline, the Bureau of
Reclamation issued a hait to water use in the Klamath Irrigation Project. Minimum lake

elevation was increased to 4,140 feet with no exceptions and downstream flow requirements



were also set (Kiamath Bucket Brigade, 2009). The Bureau cited the need to protect the Lost
River Sucker Fish, Short Nose Sucker Fish and also the downstream Coho Salmon when making
its decision. The result was a loss of availabie irrigation water that left many farmers without
sufficient water to maintain their crop rotations. The loss in agricultural revenues was estimated
in a study by William Jaeger at between $27 and $46 million for the year. In order to
compensate agricultural producers for their loss, emergency government transfers were made
totaling approximately $46 million (Jacger, 2004, p 167). Curtailments were also seen in 2010
but are not yet quantified (Coba, 2011).

With requirements for lake levels and in-stream flows demanding large amounts of
available water, it becomes important to develop contingency plans that will allow expectant
agricultural producers to rely upon irrigation during their growing season. Continued research
by Jaeger is being done to enable temporary ransfers of water use rights between parties as a
method to mitigate the losses accrued from droughts (Email communications with Prof. William
Jaeger, 2009). However, the federal government’s restrictions under the Endangered Species
Act create the potential for a complete loss of irrigation use in the future (Klamath Bucket
Brigade, 2009). Therefore investigation into alternative means of providing irrigation water in
low precipitation years is prudent. This thesis explores the viability of a large scale dredging
project on Upper Klamath Lake to increase storage capacity. There has been interest and
discussion of a dredging project but no substantive research into the idea (Woodley, 2010).

One of the potential benefits from increasing lake depth is an increase in water quality.
Upper Klamath Lake contains high levels of phosphorus loads and an extremely shallow average
depth that provides the light, nutrients and mild temperatures algae need for heavy growth

{(Department of Environmental Quality, 2010). Due to thesc algal blooms, the lake is an



undesirable site for water-sports such as swimming, water skiing or boating. Increasing the
depth of Upper Klamath Lake would reduce temperature and light availability; dilute the overall
nutrient availability and decrease phosphorus resuspension caused by wind gusts on a shallow
lake (Kirke, 2001, p 1 and lL.aenen, 1996).

Water quality improvements and concomitant reduction in algal blooms on the lake
would generate economic benefits in the form of increased visits and subsequent tourism dollars
spent in the area (Gibbs, 1969, p 2). To accurately quantify the economic impact of dredging on
recreation, a Jarge scale hydrologic study would be required to assess the project’s effect on algal
growth. Such a study is beyond the scope of this thesis. Instead, moderate water quality
improvements are assumed based on the introduction of algal growth limiting factors and the
paper focuses on quantifying the recreational benefits from such a change. Benefits transfer
techniques are used to determine the impact on recreational use. Values from a 1969 study by
Kenneth Gibbs regarding Upper Klamath Lake are used in transfer estimates.

Society is faced with an ever increasing demand for limited natural resources. This fact
makes it vital to determine efficient ways to use those resources. It is important to consider
alternative solutions to a problem and understand which provides the most benefit at the least
cost. This study considers the potential gains from eliminating the need for emergency transfers
to agricultural users following curtailments. These gains are examined in conjunction with gains
to outdoor recreation from water quality improvement. Two potential benefits that are not
calculated but should be considered are: the gains to housing values from improved water
quality and the non-use value of providing stable lake levels and downstream flows for

endangered species.



Cost-benefit analysis is utilized and is appropriate in this scenario because of the need for
government funding. To estimate the net benefits of dredging, several scenarios are projected.
Alternate sizes, benefits transfer methods, discount rates and drought frequencies are assumed in
order to increase the robustness and usefulness of the study. An alternative viewpoint might be
the utilitarian perspective in examining whether the perpetuation of these fish species is worth
the loss of human utilization of the water. In order to compare the benefits of each use the non-
use or option value of the endangered species must be compared with the value from irrigation
use of the water. Whichever value was greater would then be the appropriate use of the resource
in utilitarian framework.

The primary concern before beginning dredging would be for the safety and ongoing
maintenance of environmental factors important to the endangered species in the lake. It would
need to be determined whether intermittent disturbance of lake-floor sediment would have a
significant negative impact on the endangered species. The goal of such a project should be to
cause no net harm to the species in question. No net harm should be emphasized because
following completion of the project, increased water storage would help promote positive habitat
conditions through stability of downstream flows. Flow stability should be considered a non-use
benefit since large death tolls of Coho Salmon were believed to be the result of insufficient river
flows in previous years (Klamath Bucket Brigade, 2009).

The lake has approximately 486,800 acre-feet capacity with average inflows of 1,350,000
acre-feet per year (Bureau of Reclamation, 2010, p 2). These water inflows create the potential
for increased storage as a means to meeting the demand for irrigation water. The retention of
water reserves would occur during periods of increased precipitation, This would allow for

downstream flow requirements to be met without adversely affecting the ecology in those areas.



Downstream requirements are based upon temperature and dissolved load levels along with some
other factors (Bureau of Reclamation, 2010, p 2). This suggests that the amount of water that
will be storable will fluctuate based upon seasonal and yearly flows in order to comply with
standards set by the Environmental Protection Agency, (Environmental Protection Agency,
2011).

in order to determine the viability of dredging Upper Klamath Lake as a solution to water
shortages, a cost-benefit analysis will be used. The analysis will take into account minimum lake
levels and in-stream flows as required by the ESA. Any methodology attempting to detail the
costs and gains from such a project must first specify the parties to be considered. Agricultural
producers rely on the Klamath Irrigation Project for their water needs and have been denied
water during low precipitation years. QOutdoor recreational users and businesses related to
recreational use of the lake would stand to gain from an improvement to overall water quality.
The Environmental Protection Agency (EPA) has an interest in the long term health of the
endangered species residing in this watershed. Finally, governmental organizations paying
emergency transfers to agricultural producers would be free of these payments if water storage
were sufficiently increased.

Table 1.1 below depicts the timing of benefits and costs for each interested party. The

methodology to quantify benefits and costs are also outlined below.,



Table 1.1

Timing of Costs and Benefits to Stakeholders

Stakeholders Benefits Costs Timing Methodology
Available irrigation water Possible Fifty dredges would Direct benefits of
during low precipitation adjudication take five years to water via
years improves; contract costs from complete the project. | agricultural

. security with buyers, loan efforts to Benefits would not production.

Agricultural ) . D . .

Producers rates due to the reduction | approve and occur until additional | Indirect gains for
in uncertainty and a implement a storage capacity is agricultural users

reduction in planning costs,

dredging project
with legislators.

filled. Costs would
occur before
beginning the project.

are not calculated,

Improved water guality

No anticipated

Fifty dredges would

Functional or

increases the value of the costs for take five years to point benefits
. lake to recreational users. recreational complete the project. | transfer
Recreational ) ;
Users users. Benefits would not technigues.
occur until algae
levels are significantly
reduced.
Benefits accrue from no Government will | Fifty dredges would Direct
longer making emergency be the take five years to multiplicative
transfers to agricultural responsible body | complete the project. | calculations were
producers due to water for costs Once the additional made using soil
Federal curtailments. If drought associated with storage capacity was productivity and
scenarios occur every 6 (9) | the dredging filied, these benefits acreage to
Government . . ) '
years then benefits accrue | project. would be available. calcutate benefits,

every six (nine} years.

cost estimates
were provided by
a contracting
company.

As shown in table 1.1, agricultural producers would stand to gain from increased stability

in the availability of irrigation water. This is true despite receiving emergency transfers in the

event of drought. Loan rates, land values, contract negotiations with buyers and crop selection

would all be positively impacted by increased certainty of irrigation water. Costs to agricultural

producers would only be likely in the event of litigation fees. Individuals and businesses

interested in recreational use of the lake would benefit from improved water quality. Costs

would be negligible since recreational use would go uninterrupted during dredging due to the




large size of the lake. Finally governmental organizations would benefit from no longer making
emergency transfer payments and increasing downstream water flow stability for Coho Salmon.
Costs of the dredging project would be paid with federal funding.

It is important to conceive the scale of such a project. Upper Klamath Lake is one of the
largest lakes in the western United States. With a surface area of 232km” it is thirty miles long at
times. Dredging a lake of this size to any real effect would be a massive undertaking. The size
and cost of such a project make it critical to determine whether the anticipated results warrant
action. The thesis accomplishes this task in four steps. First, the benefit from no longer making
emergency transfers during drought is quantified using six year and nine year drought frequency
intervals. Second, the expected benefit from improvements to water quality is calculated using
point and functional benefits transfer methods. Third, the cost of dredging for project sizes of
250,000 and 350,000 acre-feet is calculated. Finally, these values are used to generate a net
benefit calculation for a 36 year time horizon and the results are discussed. Before this however,
the next section offers a preliminary overview of the benefits transfer methods used in later

calculations,



CHAPTER TWO

BENEFITS TRANSFER LITERATURE REVIEW

A brief fiterature review follows to summarize important aspects of benefits transfer
techniques that will be discussed throughout the thesis. In benefits transfer, the results of an
existing study are adjusted to estimate the value of the target site. Benefits transfer method is
used when time or money constraints do not allow for a full revealed or stated preference study.
The following articles were consulted when selecting the type of benefits transfer method to use
and an appropriate existing study.

The first article discussed is Rosenburger (2000). 1t focuses on outlining the body of
literature on benefits transfer research. [t describes how to conduct a variety of benefits transfer
estimate types. The article discusses the potential limitations of benefits transfer methods.
These limitations include the quality of existing studies, the consistency of statistical methods
used to obtain data between studies, and the importance of site similarity,

Rather than recommending a specific transfer type, the article suggests that the
appropriate method would be dependent upon the aims of the study and site specifications. The
Judgment of those conducting the study is purported to be very important to its accuracy,
Rosenberger (2000} suggests that determining which benefits transfer method is best suited to
site specific conditions contributes greatly to the overall validity of the value estimates produced.

The next article discussed is Colombo (2008) which explores methods to reduce errors in
benefits transfer estimates. In order to examine the accuracy of benefits transfer estimates, the
study generated benefits transfer estimates for the target site based on direct transfer, functional

transfer and pooled data methods. Four sites were studied using choice experiments to determine



revealed preference for each site. The revealed preference for a site was then used to generate
benefits transfer estimates for each of the other three sites. These predictions were compared
with the actual revealed preference values to determine the percentage error produced by the
benefits transfer technique.

There are several types of benefits transfer techniques that can be used, The first
examined by the study was the single point estimate transfer which uses a “unit” consumer
sutplus measure to predict the value for another site. The consumer surplus per individual that
was found for a revealed preference site is adjusted for differences in the socio-economic
characteristics between the two sites. This value is then multiplied by the expected change in use
for a study site to provide a value change estimate. Simply put, willingness to pay at a target site
is equal to the adjusted WTP from the study site (Colombo, 2008, p 130).

WTP, = WTPF,

The next transfer type is a demand function transfer. This type uses a demand function
that has been constructed and allows for the input of site specific values to account for changes
in characteristics. In the example below, WTP(5', X') is equal to the willingness to pay at the
target site estimated using the parameters of the benefit function of the study site (B*) and the X
values (site attributes, socio-economic characteristics, etc.) of the target site (Colombo, 2008, p
130).

WTP(B®, X') = WTP,

Finally, when several study site data sets are available meta-regression analysis can be
applied (Rosenberger, 2000). In this method data is pooled across study sites to produce a
benefits transfer model in such a way:

Bt’ = Bgyr = B



Where B, B; and By, are the parameters of the study, target and pooled regression
models respectively (Colombo, 2008, p 130).

The major implication of Columbo (2008) is the importance of site selection in reducing
transfer errors. Characteristics such as landscape features, socio-demographics and historical
usage directly influence the level of error received from a benefits transfer model. Utilizing a
site that is very similar to the target site is preferable to producing a pooled model based on
stacking information from several sites (Colombo, 2008, p 140). Adding site information in a
pooled form does not always increase the accuracy of the model especially if the added study
sites are dissimilar from the target site. Pooled models also increase the marginal costs of data
collection. In addition benefits function transfers are not shown to be any more accurate than
using a well-chosen point estimate (Colombo, 2008, p 146).

The last article considered is Johnston (2007). The article begins by expounding the
importance of site similarity in the benefits transfer literature. Johnston states that the
characteristics that are used to determine similarity between sites is critically important to
minimizing transfer errors. Context similarity should be considered a better indicator than
geographic proximity (Johnston, 2007, p 333).

The methodology of the study was to utilize choice experiment data from four
communities in Rhode Island regarding proposed land use options. The four communities were
selected specifically to stress similarities or dissimilarities in order to determine the effectiveness
of site similarity in reducing benefits transfer errors, Geographical proximity and context
similarity were the primary characteristics emphasized in site selection. The approach used was
to compare the data from the revealed values found in the choice experiment surveys to

determine the impact of site similarity characteristics on implicit price levels and utility
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measures. By measuring the impact of site characteristics on valuation inferences could be made
regarding these factors in a benefits transfer setting.

The study’s research supported site similarity as a method to reduce transfer error; with
context similarity providing a more accurate predictor than geographical proximity. Johnston
(2007) found that regardless of geographical proximity, those communities with similar
populations and land use characteristics were more likely to approximate one another in their
choice experiment values. Those two communities with the smallest degree of difference
between their valuations were those that matched most closely in both characteristic and
geographical terms (Johnston, 2007, p 349).

Based on this reading of the literature, the study selected for benefits transfer use for this
thesis is Gibbs (1969). The advantages in characteristic similarity and geographic exactness
gained by using a dated study are perceived to outweigh the drawbacks. Since data regarding
the target lake was available this lent support for use of the point and functional transfer methods
over that of the meta-analysis approach as detailed in Colombo (2008) and Johnston (2007). A
point estimate adjusted for consumer price index levels and a demand function transfer adjusted
for CPI and income changes were selected as the most appropriate benefits transfer methods.
Once each approach was estimated the two were compared and then utilized to estimate a net

present value change in recreational value for the next thirty-six years.



CHAPTER THREE

DATA AND METHODS

This thesis will consider two alternative project sizes for the dredging of Upper Klamath
Lake. Current estimates suggest that the lake is responsible for approximately 250,000 acre-feet
of the water supplied to the Klamath Irrigation Project annually. Therefore the first project size
considered will be 250,000 acre-feet to increase lake capacity by the average amount of
consumptive use by agriculture in a given year.

A proposed alternative to dredging the lake is the development of a reservoir site known
as Long Lake, which has a capacity of 350,000 acre-feet of water (Board of Supervisors, 2004, p
3). In order to make a cost comparison with the reservoir, estimations for 350,000 acre-feet will
also be made. With either project size, if a drought were to occur, sufficient water reserves
would be available to maintain original lake levels and in-stream flows while providing
uninterrupted irrigation use. It should be noted that this thesis does not calculate the recreational
benefits of Long Lake Reservoir. In order to receive recreational benefits Long l.ake would
incur costs in infrastructure and access development not applicable to Upper Klamath Lake.
Potential benefits would also be measured differently having no baseline for past Long Lake use
to compate against. These points are made {o show that the comparison is not a direct cost-

effectiveness comparison.

Method of Estimating Lost Irrigation Value
The methods for estimating agricultural losses due to irrigation interruption are

developed in this section. Data regarding the value from irrigation is developed in Jaeger (2004).
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The Klamath Irrigation Project Areas were broken into distinct regions and each region was then
broken down by soil class. The types of land found within the Kiamath Irrigation Project were
categorized into four distinct soil classes II through V. Estimates for the jong-run value of
irrigation water were then obtained by comparing the average productive values of irrigated and
non-irrigated lands within similar categories of soil class (Jaeger, 2004, 176-179). Table 3.1
below depicts total acreage by soil type for Klamath Irrigation Project arcas.  Table 3.2 depicts
the value of irrigation by soil type for Project areas. The values are the difference in crop
productivity from an acre of land which is irrigated versus non-irrigated in the same soil class.

These values were adjusted to 2010 levels from 2004 levels using a CPI index.

Table 3.1
Acreage by Irrigation Project Area and Soil Class
Klamath Irrigation Project Soil Soil Class | Soil Class | Soil Class Total
Areas (acreage) Class 11 111 AY \Y
Merriil-Malin 2,030 13,965 6,205 0 22,200
Poe Valley 4,424 5,873 6,562 0 16,859
Midland-Henley-Olene 7.625 18,555 11,890 0 38,070
Bonanza-Dairy-Hildebrand 2,569 3,635 3,596 0 9,800
Langell Valley 3,315 6.969 5,491 565 16,340
Lower Klamath Lake 211 14,021 941 23 15,195
Malin Irrigation District 300 2,905 120 0 3,325
Shasta View District 1,000 3,100 1,100 0 5,200
West of 97 to Keno 387 1,487 1,843 32 3,730
Tule Lake/California 13,244 40,000 20,000 Q0 73,244

Source: William Jaeger (2004, p. 171)
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Table 3.2

Increased Value of Production in Irrigated Versus Non-Irrigated Land (2010 Values)

Klamath Irrigation Project Soil Soil Class | Soil Class | Soil Class | Average
($/acre/year) Class Il 11 v \Y% (weighted)
Merrill-Malin $360 $268 $77 $43 $223

Poe Valley $343 $182 $77 $43 $184
Midland-Henley-Olene $343 $285 $77 $100 $232

Bonanza-Dairy-Hildebrand $357 $300 $67 $40 $230

Langell Vailey $279 $122 $67 $40 $133
Lower Klamath Lake $354 $184 $77 $29 $179
Malin Irrigation District $341 $281 $84 $36 $279
Shasta View District $345 $250 $244 $36 $268
West of 97 to Keno $238 $155 $60 $43 $115
Tule Lake/California $299 $244 $84 $29 $210

Source: William Jaeger (2004, p 175).

Table 3.1 shows the total number of acres broken down by soil type and district within
the Klamath Irrigation Project. Table 3.2 shows the difference in productive value of an irrigated
acre of land versus a non-irrigated acre of land for a given soil type and district. Put simply,
table 3.2 shows how much more an acre of crops are worth with irrigation water. These two
tables are used to estimate the cost of an emergency transfer in the event of a full curtailment.
To make this calculation, the value of irrigation for each district and soil type (table 3.2 value) is
muitiplied by the corresponding total number of acres in that district and the products are
summed (table 3.1 value). Table 3.2 has been adjusted to 2010 values as mentioned and both
project sizes are assumed to provide sufficient irrigation water to avoid any losses.

To show an example, the acreage total for the Merrill-Malin area under soil class 11 as
seen in table 3.1 is 2,030 acres. This figure is multiplied by an average loss of $360/acre/year,
which is the corresponding amount as seen in table 3.2. The product is $730,800 of lost net

profit that would be avoided under either dredging scenarios. These steps are repeated for each
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area and soil class and summing the results generates an estimated payment avoidance gain of
$42,155,312 for a full curtailment scenario.

Once a value for agricultural losses in a curtailment scenario is established, the next step
is to determine the frequency of curtailment scenarios. Two approaches are taken to estimating
curtailment frequency. The first technique is to determine the average frequency of drought
conditions. The second approach is to use existing curtailment patterns to assume a frequency
level.

The data available for rainfall levels in Klamath Falls was examined and condensed to
use years 1909 to 1997 for which data was most complete (Western Regional Climate Center,
2010). The average rainfall during this time was 13.48 inches with a standard deviation of 3.3.
Therefore it is assumed that a precipitation level less than 10.18 should be considered a drought
year. Under this assumption 14 years out of 89 would be considered drought years. Drought
years do not seem to happen in any predictable pattern, as they are in consecutive years at times
or could take as long as fifteen years between occurrences. Since there is need to establish the
frequency at which low water years occur an average is taken. The average yields drought level
rainfall with a frequency of 6.35 years. It is important to remember that this is a rough
consideration of drought circumstances. Near drought rainfall ievels could have a similar impact
on agriculture. In addition, population growth and changes in water management due to
endangered species law will continue to strain demand for Upper Klamath Lake as a water
resource (USGS, 2009, p 1).

The next approach was to examine existing curtailment frequencies. Thus far curtailment
years have occurred in 1992, 2001 and 2010, but seem unlikely for 2011(Klamath Basin Crisis

Organization). Operating under this information, this thesis will calculate emergency transfer



payment avoidance under two scenarios. The first scenario is that water will be curtailed every
six years as suggested by the rainfall data (Western Regional Climate Center, 2010). The other
scenario will suppose that curtailments occur every nine years reflecting the rate that
curtailments have occurred thus far, Expected droughts every nine vears will also provide
sensitivity on the rates that potential costs and benefits might accrue.

Operating under the assumption that curtailments occur either every six or nine years as
stated earlier, the net present value of avoided emergency transfer payments is calculated over a
thirty-six year horizon. A thirty-six year horizon is used in order to allow for a significant time
period with a common denominator between drought periods for ease of comparison. In addition
to this reason, on-going sediment removal is anticipated to ensure continued benefits of the
project. Sediment accumulation occurs at a relatively slow rate (.172 cm/year) and would only
require occasional dredging for which thirty six years is a suitable horizon (Colman, 2004).

To determine the net present value of avoided agricultural losses an interest rate must be
selected. For sensitivity the two interest rates of 4.375% and 8% were used when calculating
present values. A 4.375% rate was used to be consistent with the Department of the Interior’s
discount rate for federal water resources in 2010 (Department of the Interior, 2011). An 8% rate
was selected as consistent with the industry weighted average cost of capital (WACC) for
agricultural staples (McClure, 2010). The smaller interest rate values the future more closely
with the present. This results in higher net present values for avoided transfers for a 4.375%
interest rate. Ordinary discounting techniques are sufficient as sustainability is not a major
factor. In addition the Klamath Irrigation project is estimated to be 93% efficient in its use of
water resources, recycling run off and returning unsaturated water to in-stream flows (Jaeger,

2006, p 180).
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To use the interest rate in discounting, a discount rate is calculated by dividing one by one
plus the interest rate. The discount rate for a 4.375% interest rate is calculated in equation 3.1
and the discount rate for 8% is calculated in equation 3.2.

3.1 [/(1+.04375) = 9581

3.2 1/(1+.08) = 9259

These rates are used in the net present value calculation of avoided emergency transfer

payments over a 36 year time horizon as shown in equation 3.3 below,

3.3 NPV avoided emergency transfers = ¥, discount rate® ($42,155,312)

Where d = (0, 6, 12, 18, 24, 30, 36) or (0, 9, 18, 27, 36) for the respective drought

scenarios over a thirty-six year horizon. The first d set is used with the assumption of a six year

drought interval as indicated by rainfall data. The second d set is used with the assumption of a

nine year drought interval as evidenced by historical curtailment patterns. Using two sets for d

and two sets of discount rates yields four net present values of the expected savings from no

longer having to make emergency transfers to agricultural users. These net present values for the

36 year intervals are shown in table 3.3 below.



Table 3.3

NPV of Avoided Emergency Transfer Payments Due to Available Irrigation Water

Interest Rate Interval NPV

4.375% 6 Years $155,255,424
4,375% 9 Years $112,622,451
8% 6 Years $109,487,195
8% 9 Years $81,710,037

The table displays calculations of NPV for alternate curtailment frequencies and interest

rates. The interest rates reflect society’s time preference in regards to such a project. Alternate
curtailment frequencies demonstrate a range of values to compensate for uncertainty in weather

patterns. The highest value is for the most frequent curtailment interval at the lowest interest

rate. This is intuitive because a low interest rate values the future more closely with the present

and a shorter interval results in more frequently avoided transfers. Now that avoided transfer
benefits have been enumerated, the subsequent section will lay out the methodology for

recreational value estimates.

The procedure for estimating recreational values is summarized in four steps. The first

Procedures for Calculation of Recreational Value Estimates

step is to identify an appropriate study, with similar site characteristics to Upper Klamath Lake,

to transfer values from. The next step reviews the methodology used by the transfer study and
outlines the functions and values needed for benefits transfer. The third step is to adapt the

existing study’s values to reflect the target site of Upper Klamath Lake in 2010, Finally, net
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present values are calculated based on the benefits transfer estimates found. These steps are
explained below, beginning with the study site selection process.

The Gibbs (1969) paper was selected as the model to be used for benefits transfer. The
paper studied potential recreational benefits from an improvement to water quality on several
Oregon lakes including Upper Klamath Lake. The Gibbs paper was compared with three other
studies for desired site similarity characteristics. These studies were: Bouwes (1979), Yaping
(1997) and Soutukorva (1999). Each model was compared with the study site of Upper Klamath
Lake in the year 2010 to determine which would provide the highest degree of accuracy. This
was not a straightforward decision despite the location of the Gibbs model because of the amount
of time that had passed since the study. Gibbs (1969) is dated and therefore certain parameters
such as dollar values, had 1o be adjusted accordingly.

The most prominent site similarity issues are geographical and cultural traits that
distinguish consumers. Geographical proximity between sites is one of the most important
aspects of reducing benefits transfer error (Colombo, 2008, p 129). In this instance the Gibbs
(1969) model was a study done on Upper Klamath Lake making it extremely useful in reducing
error. The nearest alternative was the Bouwes study based in Wisconsin while the remaining two
were from China, (Yaping 1997) and Sweden, (Soutukorva 1997). Therefore geographically and
culturally speaking the Gibbs (1969) study is preferred over the alternative models.

It became apparent as each model was examined that time was an important factor to the
accuracy of the benefits transfer. Having to make adjustments for time differences creates
increased variability in a variety of ways. Statistical values will change due to the use of
consumer price indexes and depending on the accuracy of the index used, can create a great deal

of additional inaccuracy. Cultural tastes and trends influence the amount and types of



recreational use over the years. For instance, in one decade it might have been much more
popular to go swimming outdoors than in a following decade when municipal pools or water
parks had gained popularity. The demographics of an area can also change over time affecting
the types of recreation that are preferred. Keeping time limitations in mind the most recent of the
models was the Soutukorva making it the most attractive resource in this aspect of comparisons,

Lake similarity is another factor linked with accuracy in the benefits transfer literature.
Among the available studies the nearest approximation to Upper Klamath lake, other than the
Gibbs model, was provided by the Yaping model that studied a lake with an average depth of
2.18m and a surface area of 73 km? (Yaping, 1997, p 2). The lake’s poor water quality was due
to issues with algae production and general pollution consistent with those problems facing
Upper Kiamath Lake. By conirast the Bouwes model studied Wisconsin lakes as an amalgam of
all lakes sizes and locations compared against one another using a Lake Condition Index. The
Soutukorva paper focused on an Archipelago that was considered the most distinctly different
and employed visible depth as its quality component. It was concluded that the Gibbs and
Yaping models arc the most attractive choices with regards to lake similarity for these reasons.

The attitudes of recreational users at a study site should be similar to those of the transfer
site. Therefore one of the conditions considered was the primary recreational use types at each
site. In this instance, the Yaping lake was primarily used for swimming as was Soutukorva.
Upper Kiamath Lake is primarily used for boating and fishing activities. The Bouwes and Gibbs
study sites were the most similar of the available choices in this regard.

Given the characteristics of each site and its method of study, the Gibbs (1969) study was
selected as the most appropriate for benefits transfer modeling. Despite the shortcomings from

the time difference between studies, the literature regarding benefits transfer criteria make this
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study the clear choice. The Gibbs (1969) study is a strong benefits transfer fit in many regards.
It is common in benefits transfer studies to require adjustments to the models and time
adjustments were considered relatively simple compared with the adjustments necessary to
increase the accuracy of the other models. The next section outlines the methods used to

generate estimates of recreational value in the Gibbs (1969) study.

Methodology of Gibbs (1969)

The methodology used in the Gibbs (1969) study is outlined below. The procedures used
in this study are as follows. Gibbs collected survey information on recreational visits to several
lakes in south central Oregon. From this information he constructed a model of recreational
demand for each lake site. Gibbs adjusted the model for Upper Klamath Lake to reflect changes
th demand from an increase in water quality. This adjustment was made by assuming a moderate
increase in the recreational use intensity levels used to calculate demand. No assumptions were
made about the method of water quality improvement. The increase in demand with improved
water quality was compared to original demand levels to determine the value of water quality
improvements. A detailed description of this process follows.

The parameters used in Gibbs (1969) are summarized in table 3.4. Two parameters
needing further explanation are k which is the travel cost and p, representing site expenditures.
Travel cost (k) also includes the cost of food above what would have been spent at home (this
can be a negative number), the cost of lodging or camping fees and any other expenses incurred
while traveling to or from the lake. On-site expenditures (p1} are the cost per day while visiting
the site and includes lodging and camping, equipment rental, meal costs beyond those at home,

and any other expenditure incurred during the visit. Each variable was considered at the



individual level, therefore if a travel cost was obtained for a car of four people, the total cost

would be divided by four to obtain the cost per person. Table 3.4 summarizes information for the

relevant parameters from Gibbs (1969).

Table 3.4
Information Used in Recreational Value Calculations
Parameters | Parameter Values
Descriptions
Number of gl =e™.759 - .0064k* + .0064k + .0637pl* - .0637pl)
recreation days 1969 General demand function
per visit at Upper
] Klamath Lake ql =e™(.801-.0637pl)
q 1969 Simplified demand, no water quality improvements
gl =en(1.156 - .0637pl)
1969 Simplified demand with water quality improvements
Travel costs per | Average travel cost 1969 = $6.80
K visit/number of
individuals Average travel cost 2010 = $40.40
traveling
On-site costs Average daily on-site costs 1969 = $1.84
p!
Average daily on-site costs 2010 = $10.93
Critical travel k* =Kk*(pl,p2.y,1))
cost (maximum in
travel costs an kK* =9.132 +.002y + 10.435p1 = $55
k* individual would | no water quality improvements 1969
pay to utilize the
lake) k* = 60.426 + 002y +10.435p1 = $106.65
Improved water quality 1969
Critical on-site pl*=pl*k,y, p2, U)
cost {maximum in
on-site costs a pl*=353] +.269k - .004k2 + .000000017y2 = $5.54
pl* recreationist Unimproved water quality 1969

would pay to
utilize the lake

pt* =14.25 +.269k - .004k2 + .000000017y2 = $16.26
Improved water quality 1969




Information Used in Recreational Value Calculations

Average annual
family income

$8,900 in 1969

Y after taxes per
recreationist
Number of V =V(k.y, pop, Sw, Ws, B, F, C, Si)
individual visits
to the site per 146,491 visits to a non-improved lake
\Y year (if a family
of five comes to | 377,947 visits to an improved water quality lake
the lake once a
year v=3
Si Size of the lake in | 98,560
acres
Fishing intensity | Intensity levels were given discrete variables ranked 0
through 3, 0 meaning no use, 1 low use, 2 medium use and 3
r high use
Upper Klamath Lake estimates are:
No water improvements = 1, Water quality improvements = 2
Intensity of water | No water improvements = 0, Water quality improvements = 2
W skiing, swimming
and boating
Boating intensity | No water improvements = 1, Water quality improvements = 3
C Camping No water improvements = (, Water quality improvements = 0
infensity
p Popuiation of a 49,600 in 1969
op

county

Source: Gihbs (1969).

The theoretical model for an individual is expressed in three structural equations which

must be solved simultaneously. The parameter q; describes days of recreation per visit. The

parameter k* represents the critical travel cost and pi* is the critical on-site cost.

3.4

41

a1 [(K- k), (pi-pa)] for (k*-k), (pi-p1) = 0

k" = k*(Pi,Pzay' U)
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p1 = pi(k y, p, U)

Equation 3.3 represents the individual demand equation. Now that the individual
demand equation has been expressed, an aggregate model is obtained with the addition of the
total estimated visits per year, V. The appropriate aggregate demand model is expressed in

equation 3.5,

3.5 Vg = f[(k*- k), (pi- py)] for (k*-k), (p}-p1) = 0

*

K" = k"(py,p2,y, U)

*

P p;(kr Y P, U)

H

V is the total estimated visits per year. The value for V in equation 3.5, is a function of

the factors shown in equation 3.6,

3.6 V =V(k, y, pop, Sw, Ws, B, F, C, Si)

Equations 3.4 through 3.6 are general representations of the functional structure used in
Gibbs’ individual demand equation. The unique site conditions at Upper Klamath Lake were
utilized to construct a demand equation. Equation 3.7 expresses the individual demand for

recreation before water quality improvement in 1969,

3.7 k* = 9.132 +.002y + 10.435p,

pir¥ = 3.531 +.269k - .004k* + 000000017y
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qy = @759+ 0064k? + 006k + 063Tp1* - 0637p

The Gibbs model used survey and existing statistics to determine values for the modeled
variables. An average of 1.6 days per visit was estimated for Upper Klamath Lake, On-site
daily expenses per recreationist were $1.84. Average annual family income after taxes was
$8,900 per recreationist and $6.80 was allocated to travel costs on average. The critical travel
cost, k*, was $55 and the critical on-site cost p;* was $5.54,

In order to calculate the recreational value of the lake, the value per visit is multiplied by
the estimated number of visits per year (V). The value per visit is calculated by taking the
integral of the demand function from the average value of p; to the average value of pi*.
Equation 3.8 is the simplified demand equation for Upper Klamath Lake in 1969 before water
quality improvements. Equation 3.9 is the value per visit calculation for Upper Klamath Lake in

1969 before water quality improvements.

3.8 q=e 801 - 0637p!

3.9 Value per visit = ff;:(e'gm‘ 0637pydp,

The value per visit is calculated by taking the integral of the number of recreation days
per visit (q;) equation, from the values of p; ($1.84) to p;* ($5.54). The value per visit was then
calculated to be $6.37 in 1969 before water quality improvements. The value per visit was

multiplied by the predicted number of visits (V) for the site to obtain a total value for the site. V

was calculated using the function in equation 3.10.
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3.10 V=271,166.121 +7,141.764W + 19,825.384F + .6418i ~ 379.786k

The result of equation 3.10 was an estimated 146,491 visits per year, Multiplying the
number of visits by the value per visit resulted in a recreational value estimate of $933,148 for
Upper Klamath Lake 1969.

Next Gibbs estimated economic benefits from an improvement to water quality. He
anticipated two steps in improving the water quality and desirability of Upper Kiamath Lake.
His first step was to reduce the algae levels in the lake. The second step was to reduce the water
temperature in order to maintain lowered algae levels. Each step was expected to impact his W
(intensity of water skiing, swimming and boating) and F (fishing intensity) variables according to
his consultations with FWPCA Pacific Northwest Laboratory. No specific method of improving
water quality or lowering temperature was suggested by Gibbs (1969). This thesis will continue
to operate under the assumption that the impact of dredging the lake would lower both water
temperature and algae levels.

Because of improved water quality, the equations predicting critical values for travel and
on-site costs are adjusted to reflect changes in recreational use intensities. The updated
equations are shown in 3.11 below. Equation 3.11 is the updated Gibbs (1969) individual

demand model for Upper Klamath Lake once water quality improvements have been made.

3.11 k* = 60.426 + .002y + 10.435p,

pr¥ = 14.25 +.269k - .004k* + .000000017y*

qi = e.'.’59 - 0064k* + 0064k 4+ .0637p1* - 0637pi

26



Solving these equations for the individual parameters gives the following values. Critical
travel cost, k¥, has an increased value of $106.65. The critical on-site cost p;* is now $16.26.
On-site costs py remain at $1.84. The new k* and p;* values are used to calculate the increased
value per visit. First the q; equation is simplified as done before and the result is equation 3.12
below.

3.12 q = g 11156 - 0637pl

The simplified demand equation for recreation on Upper Klamath Lake in 1969 is shown
in equation 3.12. Equation 3.12 is used in the calculation of a new value per visit as shown in
3.13 below. The value per visit calculated from the integral in equation 3.13 is $26.72. This

value per visit reflects increased demand due to assumed water quality improvements.

3.13 Value per visit = f16'26(e 1156 0837P1y ¢y,

1.84
Expected visits (V) were increased to 377,947 per year due to increasing the recreational
use intensities g used to calculate equation 3.10. The new value of V was multiplied by per visit
value to obtain a total recreational value of the lake with water quality improvements of
$10,098,744. Recall the original value of Upper Klamath Lake before water quality
improvements was $933,148. The difference is an increase of $9,165,596. $9,165,596
represents the recreational value improvement from increased water quality in 1969 on Upper

Klamath Lake.
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Benefits Transfer Estimates of 2010 Recreational Values

The thesis will now utilize the Gibbs (1969) framework to make estimates for the 2010
value of water quality improvement on Upper Klamath Lake. Two benefits transfer estimates
are calculated, point transfer and functional transfer. The point estimate is generated by
adjusting the value of the original estimate for site specific differences (Colombo, 2008, p 130).
Recreational intensity levels in the Gibbs (1969) study, suggested low intensity recreational use
on Upper Klamath Lake. These estimates are consistent with 2010 recreational use therefore it is
assumed that only the timeframe of the sites are different. The Gibbs (1969) estimate for an
improvement in water quality is indexed to 2010 dollar values. The result is a 2010 water
quality improvement estimate of $53,034,785 (Bureau of Labor and Statistics).

In addition to a point transfer, a functional benefits transfer is estimated. This method
utilizes the existing Gibbs equations in 3.7 and 3.11 by indexing key values for inflation and
recalculating the estimate. The 1969 values adjusted for inflation to 2010 are on-site cost (p)),
travel cost (k) and average annual family income after taxes per recreationist (y). The adjusted
values of k, p; and y are $40.40, $10.93 and $52,880 respectively.

The adjusted values are inputted to equation 3.7 to solve for k* and p*. The resulting
value for k* is $228.95 and for p* is $55.40. Once k, k¥, p, and p,* are known, all four are
inputted into the q; equation in 3.7 to simplify q; into the form seen in 3.12. From there an
integration equation similar to equation 3.13 is constructed with the adjusted values. This
process is repeated to solve for the improved water quality values in equation 3.11. The value

for k* following water quality improvements increases to $280.24; while p,* is now $66.13.
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Once k* and pi* are found a new integration calculation is defined for value per visit in 2010
following water quality improvements (Colombo, 2008, p 130).

Equation 3.14 below shows the simplified q; (days per visit) equation for Upper Klamath
Lake in 2010 before water quality improvements. The associated integration calculation is
shown in equation 3.15. Equation 3.16 represents the simplified q, equation following water
quality improvements. Equation 3.17 is the integration calculation for value per visit following

water quality improvements.

3.14 q) = ¢ HO8126- 0637p1
3.15 Value per visit = [ (¢ 3:08126- 063701y
) P 10.93 P1
3.16 qi = ¢ 4306503 - 0637
3.17 Value per visit = f66-13(e 3.436505- 0637p1) g
' P 10.93 1

The original value per visit estimate of $6.37 {or an unimproved lake was increased to
$160.44 in equation 3.15. The original value per visit of $26.72 for an improved lake was
increased to $235.96 using equation 3.17. These estimates were then multiplied by their annual
visit numbers fo obtain a recreational value before and after water quality improvements.

Annual visit numbers were not adjusted due to the nature of equation 3.10. Because use intensity
characteristics are assumed to be alike for the lake in 1969 and 2010, the only number to adjust

in equation 3.10 is travel cost. Without recalculating the model and adjusting the intercept
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accordingly this adjustment is not appropriate. Therefore, visitation estimates for 1969 will
again be utilized in 2010.

Multiplying the appropriate value per visits with their visitation numbers yields
$23,503,016 as the current economic value without improvements to water quality and
$89.180,374 as the anticipated economic value after water quality improvements. Subtracting
these values yields a functional estimate of recreational benefits for a 2010 increase in water
quality of $65,677,358. The functional estimate is reasonably similar to the point estimate value
of $53,034,785.

Some additional discussion for the selection of visitation numbers is warranted. The
original estimate for the number of visits to Upper Klamath Lake before any water quality
improvements in 1969 was 146,491, The estimated increase in visits to the lake following a
water quality improvement led to a projection of 377,947 visits per year. Moderate growth has
occurred in Klamath County with an increase in population from 49,600 to about 66,000 (1S,
Census Bureau, 2010). It is logical to believe that increased population leads to increased
recreational visits however no specific data is kept for visits to Upper Klamath Lake because
state park or similar facilities that would keep such data are not present (Hay, 2011). An
estimation of the change in visits would therefore largely be speculative and is left out of this
analysis other than to note the growth.

The point and functional estimates will be used to generate four net present values for the
thirty-six year time horizon using the two discount rates of 4.375% and 8%. One difference in
these calculations from the emergency transfer avoidance calculations is that benefits are accrued

yearly rather than every six or nine years. The net present value is expressed in equation 3.18.
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3.18 NPV =}, Benefits Transfer Estimate*(discount rate™)

In equation 3.18 benefits transfer estimate refers 1o either the point or functional transfer
estimate. Discount rate is either the solution for equation 3.1 or 3.2. The variable r refers to a
set of years with values from zero to thirty six (0, 1, 2, 3..., 36). Table 3.5 below lists the net

present value for each possible scenario,

Table 3.5

NPV of Benefits Transfer Estimates Over a 36 Year Horizon

Interest Rate Benefits Transfer Type | NPV

4.375% Point $1.005,775,287
4.375% Functional $1,245.534.673
8% Point $674,453,586
8% Functional $835,231.,624

As expected the smaller interest rate yields larger estimates. The estimates seem
reasonable when considering contributing elements. The current condition of the lake makes it
undesirable to use for most recreational activities. It does seem plausible that significantly
increased demand would follow from strong water quality improvements as evidenced by the
success of other large western lakes such as Lake Tahoe or Lake Shasta. The large size of Upper
Klamath Lake provides many unique opportunities for recreationists that would not be available

at smaller alternative sites.
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Dredging Cost Estimates

The final step is to calculate a cost estimate for the dredging project. An estimate was
accomplished by contacting an established dredging company and requesting a breakdown of
costs for such a project. It is likely that such a large scale project would warrant a bidding war
between several companies to bring cost estimates down. However, the specific estimates
obtained are assumed to be reasonable approximations of the price range for such a project.

Input costs were obtained from Gregory M. Simmons, Senior Estimator at General
Construction Company. These costs include: mobilization and demobilization (the process of
transporting people and equipment to a job site), disposal preparation (the construction of a
disposal site), replanting disposal site (recovering moved sediment with grass), and the dredging
and disposal itself with considerations for profits and overhead. The estimates were considered
for project sizes of 250,000 and 350,000 acre-feet. Cost breakdown was separated into fixed and
variable costs.

In estimating the dredging costs, some assumptions are made that follow logical choices
in the execution of such a project. These assumptions include the use of a hydraulic dredge as
opposed to a mechanical dredge, and final grading and hydro-seeding of the lake shore and
disposal area. A hydraulic dredge is considered far more cost and time effective for large scale
projects. Hydraulic dredges are also more effective at removing loose sediment types consistent
with the agricultural runoff that predominates the bottom of this lake (Hudson, 2009, p 3). Since
the project accounts for the recreational value of improvements to the lake, it was considered
necessary to allow for final grading of the disposal arca and other *housekeeping” costs such as

hydro-seeding grass along the lake banks after completion.
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The project consists of fixed costs, incorporated regardless of the size of the project, and
variable costs that will be calculated for both 250,000 acre-feet and 350,000 acre-feet as
specified earlier. Most dredging estimates are calculated in cubic yards so the appropriate
conversions from acre-feet must first be made. One acre is equal to 43,5601t%. Therefore
43,5601t * 1t deep equals one acre-foot or 43,5601, Divide this figure by 3ft * 3ft * 3ft or
27t to obtain a measurement in cubic yards of | acre-foot is equal to 1,613.33 cubic yards
(Simmons, 2009). In terms of cubic yards our two dredging amounts are then 403,332,500 cubic
yards and 564,665,500 cubic yards.

There is an initial transportation cost of $20,000 to haul the necessary equipment to and
from the site, There is a $10,000 charge for use of a crane to assemble and disassemble the
dredge, another $10,000 for the processes ot assembly and disassembly. It costs and $5,000 to
setup and take down the hose that will deposit the removed sediment to the designated site,
$15,000 in costs are allocated to clear brush and ground cover and build dikes and a weir. Final
grading and planting of the disposal area once finished is estimated to cost another $2,500.

Summing these costs totals $62,500 per dredge location as shown below in table 3.6.

Table 3.6

Fixed Cost for Employing an Additional Dredge

Project Element Cost

Transportation $20,000
Crane Use 510,000
Assembly/Disassembly of Dredge 510,000
Hose Setup $5,000
Dike Construction $15,000
Grading of Disposai Area $2,500
Total Fixed Costs per Dredging Site $62,500

Source: Gregory Simmons, Senior Estimator General Construction Company
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The variable costs include: dredge time, hydro-seeding, project overhead and profit
margin, A twelve inch hydraulic dredge was selected as the most practical size for the majority
of pumping. This selection was made due to the shallow nature of Upper Klamath Lake.
Hydraulic dredges require certain minimum water depths to operate making larger dredges
impractical in many areas (Elicott Dredges, 2010).

A twelve inch hydraulic dredge will pump approximately 175 cubic yards/hour of solids
(Searles, 2010). Dredge time is estimated to cost $100/hr for the operation of the dredge unit,
$50/hr for the operation of a bulldozer at the disposal site, $150/hr for labor to operate each area
(Simmons, 2009). This totals $300/hr which, divided by the rate of removal, gives us
$1.71/cubic yard of sediment removed. Utilizing our calculation of cubic yards to acre-feet,
1,613.33%§1.71 = $2,758.80/acre-foot removed in variable costs. Now multiplying by our two
desired dredge amounts we receive estimates of $689,700,000 for 250,000 acre-feet and
$965,580,000 for 350,000 acre-feet for dredging and disposal costs.

Hydro-seeding is the next variable cost and a difficult one to estimate in this instance.
Hydro-seeding is the process of spraying grass seed over a wide area in order to stimulate ground
cover. Hydro-seeding will cost $500/acre and provide ground cover for disposal sediment sites
that require resurfacing. The difficulty lies in knowing how much of the sediment disposal will
be used in such a manner that it will require ground cover,

The sediment that is to be removed is largely the result of agricultural run-off and is
therefore nutrient rich in nitrogen and phosphorus (Wood, 2002, p 5). This type of soil makes
excellent fertilizer for farm land and with such an abundance created by the project, many
agricultural growers may choose to purchase it for use in their production. In addition, the areas

north and west of Upper Klamath Lake are sparsely populated; any destination site selected for
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the sediment may not require hydro-seeding if' it is located in a remote area where a sediment
disposal site would not create aesthetic issues. The acreage requiring hydro-seeding would also
be dependent on the manner in which the disposal site was graded. If you deposit the sediment
ten feet high, you would only need cover for the area exposed to the elements. One can think of
many other uses of the soil where grass would not be needed, in construction purposes and so
forth. These factors would all decrease the need for ground cover and in effect make it difficult
to estimate an accurate cost level.

An assumption of 100,000 acres of hydro-seeding is made. This is a relatively large
portion of the amount expected to be removed but this figure can easily be adjusted to desired
fevels. Multiplying by $500/acre the cost estimate is then $50,000,000 for hydro-seeding. One
advantage is that the government owns the majority of land surrounding the north and west sides
of Upper Klamath Lake. This land is primarily forest Jand included in the Fremont-Winema
National Forest tract. The availability of nearby land for sediment placement will greatly reduce
costs if this area is utilized. If this land is deemed unusable, large tand parcels will need to be
purchased. For the purposes of this study, the use of nearby federally owned lands will be
assumed and no additional cost calculated for net impact on the land or opportunity cost of land
use.

The next variable cost is a 15% charge for project overhead which accounts for:
supervision, job office costs, vehicles, temporary living expenses, phone, fax and internet.
Project overhead costs would be $110,964,375 for 250,000 acre-feet and $152,346,376 for
350,000 acre-feet. The final variable cost is a 10% charge of the direct costs added for the
dredging firm’s profit. Profit charges amount to $73,976,250 for the 250,000 acre-feet and

$101,564,250 for 350,000 acre-feet (Simmons, 2009). All of these calculations are outlined in
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table 3.7 with the resulting totals for variable costs of $924,640,625 for the small project and

$1,269,490,625 for the large.

Table 3.7

Variable Costs for Differing Project Sizes

Project Element Cost Calculation Method
Total Variable Costs Per Hour 5300 Dredge Operation + Bulldozer Operation
+ Additional Labor
Variabie Cost of Removal $1.71 Variable cost/Rate of Removal
Cost per Acre-Foot of Removal $2,758.8 Acre-yard*Variable Cost of Removal
Hydro-Seeding $50,000,000 Assumption based upon land availability

and project size

Dredging and Disposal {Small)

$689,700,000

Cost Per Acre-foot of Removal*250,000
Acre-feet

Dredging and Disposal {Large) $965,580,000 Cost Per Acre-foot of Removal*350,000
Acre-feet
Overhead {Small} $110,964,375 15% of (Dredging and Disposal + Hydro-

Seeding)

Overhead (Large)

$152,346,375

15% of {Dredging and Disposal + Hydro-
Seeding)

Profit (Small)

§73,976,250

10% of (Dredging and Disposal + Hydro-
Seeding)

Profit {Large)

$101,564,250

10% of {Dredging and Disposal + Hydro-
Seeding)

Total Variable Costs {Small) $924,640,625 Hydro-Seeding + Dredging and Disposal +
Overhead + Profit
Total Variable Costs (Large) $1,269,490,625 | Hydro-Seeding + Dredging and Disposal +

Overhead + Profit

Source: Gregory Simmons, Senior Estimator General Construction Company
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Estimating Optimal Dredge Numbers

The large scale of this project forces us to examine time considerations. At 175 cubic
vards per hour it would take one dredge team 263 years to accomplish this task. This timeframe
is unacceptable so considerations for multiple dredge sites must be taken into account.
Additional dredges would not alter the mathematics on the variable costs since 12 inch hydraulic
dredges have a constant removal rate and no other dredge size is used in calculations. Therefore
only the fixed costs for preparation and setup of additional sites would be increased,

The following equations were constructed to determine the optimal number of dredges to
be used. The equations were constructed with considerations for additional site costs as well as
foregone benefits from an increased timeframe. The benefits from the project will not be
attained until it is completed and the additional water storage space is filled. What this implies is
a reduction in NPV from increased project duration. It would follow that the optimal number of
dredges should be determined by a combination of their fixed costs and their contribution to
project expediency. Therefore equation 3.19 is constructed with J as a choice variable in order to

determine the optimal number of dredges to employ, table 3.8 describes the variables.

3.19 Cost = $62,500x + (NPV today — NPV))

403,332,500 yds? or 564,665,500 yds?
1,533,000 yds3x 1,533,000 yds3x

3.20 ) =
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Table 3.8

Explanation of Equation Variables

Values Description

J Number of years the project will take to

$62,500 Marginal cost of an additional dredge

X Number of dredges utilized

NPV today NPV of recreational benefits over 36 years beginning from today

NPV NPV of recreational benefits over 36 years beginning J years from today

403,332,500 yds® Number of cubic yards in the 250,000 acre-foot project

564,665,500 yds® Number of cubic yards in the 350,000 acre-foot project

1,533,000 yds® Rate of sediment removal per dredge per year

NPV today - NPV Loss in NPV due to the anticipated project length

The above is an ad hoc optimization equation. In equation 3.19 cost is minimized by
determining the optimal number of dredges. $62,500x represents the marginal cost per dredge.
It should be noted that this cost does not reflect increased costs from transportation distance of
available dredges. These costs were not included in the estimator’s calculations. It is assumed
additional fuel and labor costs would not alter the linearity of the equation leaving these
calculations valid. (NPV today — NPV?) represents the value fost from the time it takes to
complete the project. This value is lost because benefits cannot be gained until the project is
complete. Therefore each additional year the project takes, implies a reduction in NPV. By

th

subtracting the NPV of a completed project today by the NPV of the J™ year, we obtain the

difference in NPV from having the project extended an additional year. The equation was
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constructed so that a balance between the cost of transporting and mobilizing an additional
dredge could be weighed against its contribution to the expediency of sediment removal.

What the equation suggests is that each dredge added reduces the overall cost of the
project by increasing expediency. Put simply, the project should employ as many dredges as
possible. This is due to the large increase in savings from project expediency compared to the
relatively small marginal cost of transporting a dredge and preparing a disposal site. The large
surface area of Klamath LLake would allow for many dredges to be accommodated but there may
be difficulties in finding enough dredges within transportable distance. Since the optimization
equation recommends employing as many dredges as possible, it is best to make an assumption
on the number of dredges that might be attainable in such a project. A high end estimate of fifty
dredges is used as a compromise between availability and expediency (Searles, 2010). Since the
framework is available to recalculate fixed costs for a different number of dredges easily, this
value is adaptable. Fifty dredges would result in a fixed cost estimate of $3,125,000. Using fifty
dredges the project would take approximately five years to complete.

Something else to consider is whether dredging will interrupt any current recreational use of
Upper Klamath Lake. Interruption is unlikely due to the large size of the lake itself. Since the
lake is 232 km®, recreators will move to other areas of the lake not being dredged upon at that
time (Wood, 2002, p ). A benefit to local industries would also be expected from the project
since local workers and companies would be needed to execute the project and temporary
housing in the form of apartments or hotels would be utilized for those workers not originaily
living in the Klamath Basin, The results of all benefits and costs calculations will now be

discussed.
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CHAPTER FOUR

RESULTS

The results of all calculations are combined into an easily referenced format in Table 4.1,

Table 4.1 displays estimates for cach of the twenty four possible scenarios. Each option is

categorized by project size, the type of recreational benefits estimate used if any, curtailment

frequency and interest rate used. Table 4.1 enumerates the total benefits, total costs and net

benefits for each project scenario. Total benefits includes: the NPV of avoided emergency

transfers and the NPV of any benefits transfer estimates. Total costs includes: dredging costs

associated with project size and costs for setup of the assumed fifty dredged to be utilized. Net

benefits are the total benefits minus the total costs.

Table 4.1

Summary of Project Scenarios

Size of | Transfer | Drought | Interest | Total Benefits Total Costs Net Benefits

Project Type Intervals | Rate

250,000 | No Rec. 6 8% $109,487,195 $927,765,625 -$818,278,430
Benefits

250,000 | No Rec. 9 8% $81,710,037 $927.,765,625 -$846,055,588
Benefits

250,000 | Functional 6 8% $944,718,819 $927,765,625 $16,953,194

250.000 | Functional 9 8% $916,941,661 $927,765,625 -$10,823,964

250,000 Point 6 8% $783,940,781 $927,765,625 -$143,824,844

250,000 Point 9 8% $756,163,623 $927,765,625 -$171,602,002

250,000 | No Rec. 6 4375% | $155,255,424 $927,765,625 -$772,510,201
Benefits
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Summary of Project Scenarios

250,000 i Nao Rec. 9 4.375% | $112,622.,451 $927.765,625 -$815,143,174
Benelits

250,000 | Functional 6 4.375% | $1,400,790,097 $927,765,625 $473,024,472

250,000 ! Functional 9 4.375% | $1,358,157,124 $927,765,625 $430,391,499

250,000 Point 6 4.375% | $1,161,030,711 $627,765,625 $233,265,086

250,000 Point 9 4,375% | $1,118,397.738 $927,765,625 $190,632,113

350,000 1 No Rec. 6 8% $109.487.195 $1.272,615.625 -$1,163,128,430
Benefits

350,000 | No Rec. 9 8% $81,710,037 $1,272,615,625 -$1,190,905,588
Benefits

350,000 | Functional 6 8% $909,104,127 $1,272,615.625 -$363,511,498

350,000 | Functional 9 8% $885,045,212 $1,272,615,625 -$387,570,413

350,600 Point 6 8% $769,284.862 $1,272,615,625 -$503,330,763

350,000 Point 9 8% $745,225.947 $1,272.615,625 -$527.389.678

350,000 | No Rec. 6 4375% 1 $155.255,424 $1,272,615,625 -$1,117,360,201
Benefits

350,000 | No Rec, 9 4.375% | $112,622.45] $1.272,615,625 -$1,159,993,174
Benefits

350,000 | Functional 6 4.375% | $1.400,790,097 | $1,272.615.625 $128,174,472

350,000 | Functional 9 4.375% | $1,358,157,124 | $1.272.615,625 $85,541,499

350,000 Point 6 4.375% | $1,161,030,711 | $1,272.615,625 -$111,584.914

350,000 Point 9 4.375% | $1,118,397,738 | $1.,272.615,625 -$154,217.887

Table 4.1 outlines the potential benefit-cost scenarios for the dredging project. There are

a wide range of potential outcomes with the most optimistic projecting a positive value of $473

million and the most pessimistic projecting a value of -$1,191 million. Table 4.1 shows the

positive effect a lower interest rate and functional benefits transfer have on overall benefit-cost.
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Of those scenarios with a positive benefit-cost value, the majority utilize the lower of the two
interest rates. The table is meant to be a useful guide to aid in the consideration of different
potential project types.

A comparison of projects is made with the Long Lake reservoir. Long Lake was
estimated to cost $690,000,000 and would provide an additional 350,000 acre-feet of water
storage (Board of Supervisors, 2004). 1t is assumed that Long Lake would solve the need for
emergency agricultural payments in a similar manner to dredging. This would generate an
anticipated 36 year NPV of between $81 and $155 million, just as dredging would. Factoring in
these benefits, Long Lake has a projected net benefit without recreational considerations of
between -$609 million and -$535 million. This range compares favorably with net benefits of
dredging that do not include increases to recreational values. However, it should be reiterated
that the most important advantage of a dredging project is the immediate potential for
recreational benefits without significant investment toward infrastructure. Long Lake would
have no initial housing, roads or recreational access making potential recreational gains relevant,

Non-use values for improvement of habitat stability and increased value to lake-side
homeowners were not calculated. Each of these values would require substantial research in
their own right and were beyond the scope of this paper. It is entirely possible that the
incorporation of these values could positively impact some smaller negative benefit-cost
scenarios by enough to make them positive.

Table 4.1 can also provide a comparison with the option of no action taken. The value of
benefits in scenarios listed “No Rec. Benefits™ include only the estimated value of avoided
emergency transfers. The total benefits in these scenarios quantify the NPV of emergency

transfers over a 36 year horizon. These values therefore represent the benefit-cost of no action
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given differing interest rates and curtailment frequencies. The benefit-costs range from -$81 to -

$155 million and are readily comparable with any other net benefits scenario.
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CHAPTER FIVE

CONCLUSIONS

Whether or not this project is advantageous from a benefit-cost standpoint depends upon
several factors as evidenced by table 4.1. Of those factors, the interest rate at which society
values the future and the size of the project seem to create the most significant changes in value.
It is immediately apparent that without recreational benefits, none of the potential scenarios are
worth pursuing from a benefit-cost standpoint. The type of benefits transfer estimate used also
has significant bearing on the overall value of the project with functional estimates generating
larger value estimates. Although no clear determination can be made on the socictal value of this
project, the thesis provides a framework for decision making once certain assumptions are made.

Those with the potential to gain the most from dredging are recreational users as well as
those with ties to recreational service industries including, hotels, boating rentals or sales, fishing
stores, etc. Agricultural producers would gain from increased stability to production values and
contract negotiations. The losers are dependent on where funding for the project would be
secured from, the most likely source is a federal works project meaning American taxpayers
would be the paying party. The state and local governments have already been in talks for
several years now in an attempt to find a long term solution (Woodley, 2010). A project of this
size would most certainly require federal funding. This would be in the government’s self-
interest since they supply emergency transfers when irrigation water must be discontinued.

Whether or not to act on a proposal such as this would be considered by a county and
then state committee in conjunction with the federal agencies responsible for monitoring lake

levels and other necessities for the endangered species. If a plan of action was devised amongst

44



these groups it would be voted on at a state or local level if taxes were required to fund the
project at those levels. Alternately a bill could be proposed in the house or senate to procure
funds federally for such a project and would be voted on and changed in that avenue.

The costs of dredging are expressed as a single payment but must be considered in the
context of a project that would constitute many years of work. The anticipated project length
under assumed dredge numbers is approximately five years. In addition, water reserves must be
stored over several years in uncertain amounts due to downstream flow requirements. This
project should therefore be considered a long term solution to the problem of water availability.

Before any dredging might be done, it would be of greatest importance for governmental
agencies to ensure that no net harm would be done to the endangered species living in the lake
and river systems. Net harm should be the focus of such inquiries since it is likely that increased
water storage would promote habitat stability downstream. Additionally the lake’s potential to
increase in depth with current water demands and supplies must be critically examined.

New contingent valuation research is needed to determine the potential recreational gains
from improvement to the lake as well as any additional gains such as those to home values near
the waterfront or non-use values from stabilizing downstream flows and in-lake levels for
endangered species. Finally, it is very important to quantify the impact on algal growth from an
increase in storage capacity. Without an increase in water quality, this study suggests that
benefit-cost measures would not be satisfied to pursue dredging. Ethical policy should not affect
this project once the safety of the endangered species is ensured. Politically speaking the goal is
to stabilize a valuable agricultural commodity in a cost effective way that will resolve the issue

over the long term and dredging has the potential to accomplish this.
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INTREGDUCTION

JThe Klamath Basin, in which the Clear Lake Unif lies,'ﬁosseﬁaes
the potential for further land and»water resource development for
varioué purposes. At present irrigation, power, rish, wildlile and
yecreation share the use of the rescurces thet have beenAdevaloped
and seek lo participate more extensively in the use of those which
may ﬁe_developed in the future, Various plans of development are
pessible depending upon physical factors, the emphasis which is
placed on various possible purposes, and judgments of the relative
contribution which these purposes will make to the growth and wel-
fare of the local area, the State and the Nation.

This report ssts forth & possible plan dealing with power,
irrigation, fish &nd‘recreation, which provides reconnalssance
estimates of tha costs and effects if reservoir storage wvere added
on Lost River for these purposes. Bxpansion of the Klamath Project
to include thege works would depend upon securing rights to use +the
additional water suppiiss that could be developed. Also, it would
be dependent upén the land and water policies adopted in the basin,
The Bureau of Sport Fisheries and Wildlife, for example, recommends
that storage be pfovided Tor additional waler Tor Tule Lake Sump
and diversions be made from Klamath River for Tule Lake and the
Lower Klamath Nabtional Wildiife Refuges in addition toc the plans
discussed jn this report.

The report presents informaticn on engineering and economic

studigy useful in guiding fubure actions vhich may be taken in
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T AREA

Existing Trrigation Development

The Klamath Erojec? WS orig;ually auﬁhorizedfin 18C5. Clear
lake Dam, on Lost River, ong of the project’s first features, wﬁs
coppleted in 1910. The dam is an earth and rockfill structure about
ho feet high and 840 feet long. Clear Take Reservoir has a total
capacity OT_EET{QOO acre~feet,  The TeSErvVoLir Was orig}nally devel- -
oped for two purposes: to atore waler for irrigation use in
Laﬁgall Valley, and to help prevent flood water from entering Mule
Lake--the naturai terminus of Tost River. Then in 1911, by Executive
Order, (ear Lake National Wildlife Refuge was esfablishe& and
includedlwitbin'ité houndaries, Clear Lake Regervolr.  CGerber Danm,
completed in 1925, is lecated on Miller Creek, a ﬁr;butary.of Tost ]
River, Tt, too, was constructed to provide storage for irrigation
in Lapgell Valiey and $o.reduge flood runoff that would enter Tule
Lake. Gerber Dam, a concrete arch structure aboub 90 feet high with
a crest.length of 485 feet, createﬁ a reservpolr with a totsl capac-
ity of 94,300 avre-Teet,.

The Xiamzth Project has developed gver the years unbil it now. -
ineludes about‘QEO,QOO acree of jrrigated famm iand in the Upper
Klamath River Basin. UThe existing features of the Klamath Project
'are shown, and described in wore detail on plate 2. A major.-part of
the water ;upply of the project is obtained from the Klamath River.

However, much of the projecit is served by diversicns from Lost River,



The Area

arez and on Link‘River in the project ares. Existing Klamasth River
plants ineinde Copco One, Copeo Two, John O. Boyle (formerly Big
Bend ), and'Iron Gate. The two Ligk_ﬂiver plants, Bast Side and
West Side, a?e<loaated upstream from the conflﬁénce 6f +the Kiémath
River ang Lest River Diversion Chamnsl and would not be difectly
affectéa by &a future development on Logt River. The company'ﬁas
plans to add to its Klamath Rivér hydroeieétrié systém.by constirue-
tiom of plants at Salt Caves, Keno, Bear Springs, and Warm Springs.
The gmmpaﬁ; cxpects This ?rogram‘to be completed in about lQ yeérs;
| or about 1972. Total ingtalled capaeitj ﬁf the exlsting Klamath
River ﬁlants is abeut 160,500 kilowatts.__ﬁdditional capacity of
the pew plants to be construetéd is anticipated to be about
190,000 kilowatis.

Need for Additional Development

The néed for additionel storage on Lost River has long bean
recognized. With present irrigation dmvelopﬁent, a severe‘anﬁ pro-
1ongéd pericd of drought, such as the oﬁe vhich occurred.in the
1920's and early 103%30's, would seriously affect ifrigaﬁed ferming in
Langell Valley. In recent dry yesars sjm;e 1958, the need.for addli-
tional wailer supply development has beén'emphasized} particularly in
the Lang311 Va1ley service areas vhich are fully dependent upon
direct‘reléaSe of pltorage from Gerber and Clear Lake Raservoirs.

Cleay Lake Reservolr, which covers a Jarge ares and is relatively
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numpers of people,  Logal residents and visitors from the heavy
population centers, both north and scuth of the basin, use its
hunting and fishing areas. ‘Ainticn&i stqrage dev@lmpmgnt would
ereste ﬂeﬁ tecreational and fishery qpportuniﬁies to help relieve

the pressure on existing facilities.



Engineering. Plan

Lake Reservelr woyld be reduced. By operating the twg reservolirs in
éénjunction with the medified Clear Lak@'Reservmir, the ﬁotal firm
arnmual yiel& of the upper Lost River stwragé sysfem woulq he
increased to a total of 84,000 acre feal, OF this total, 6?,OOQ aCre-
feet would be reguired to meel the existing #rrig&t}on ﬁeecs and ‘
provide the new supplement@l water supply. The remaining 17,000 dcre-
fest would be available for sale for power gen@raﬁian.

Th@lﬁT,OOO acre-feel would be sufficient to meet the optimanm
annual requiremanﬁs of the langell Valley Irrigation District'and
the Lost River Warren Act contraetorsg, apd to meet the other dpwn-
stream contractual obligations suck as Those of the HOrsefly Irriga-
ticn Distriet. This guentity of water would climinate theAprevipusly
described ireigation ghortages ot the [ange;l Valley Irrigation
Matrict and Werren Act contrachbers in all years of record. The
additional firg ANNua.L yield, 17,000 acrefeet, could bs conveyed
to the Klamseth River via Ghe Lest River Diversion Chanpel and sold
te the Pacilfic Pover & Light Company Tor power generation, probably
during the period Ocfober through Dec;mber, As the releasgs could
he scﬁeduled after the irrigatioﬁ.éeason, they would not interfere
with irrigatiqn pperations of the Lost River gystem,

In addition to the firm vields described above, the Clear Lake
Unit could also develop wgter that would be available only part of
the fime, feliowing seascons of high runoff. This surplug water,

averaging about 12,000 acre~feet per year, could also be scheduled
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would rrevent water that enters the east side of the regervoir from
flowing into the lower west side and being lost Lo evaporation and
Beepage . Thus; the east side would bg used.for temporary starage
and as a.means for‘diverting.rundff through. Clear Lake Dam for hold-
over stqrage in,{hg deeper Boundary Resewvoir,

Some water would flow into the west si@e of Clear -Lake Reservoir
in most years‘ffom the minor watershed directly tributary thercto.
During season$.of1great runofl, water would sccumilate in both ceils
to elevations thaﬁ would submerge the low dike, On the other hand,
during an exte;ded or severe drought perlod, the water level in the
west side would he lowered by evaporation and seepage and, over a
period of several ysars, the area might be aompl@tely &ry during gome
summer months, During such drought.periods) gven though. water
would not spill from the east to the west gide, runolf from the area
upsiream from the dike would accumulate in the west side every
spring. Under this development plaﬁ, much of the west side of the
Clear lake Reservoir conld be used for grazing and wildlife purposes
as is now done in many years when the reservoir ievel is Low.

Natural gragses and cover could be grown bte the extent. that they
could be SUHtaineleithOUt an artificial water supply. - As. a possible
Tuture improvement, 1t may be found desirable to develop a simple
drainage sysfem on the west side that includes a punping plant to
transfer accumulated water from the west to the sast side. Al though

thig might meke possible an improved wild meadow development for
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CHAPTER III

ECONGMIC AND FINANCIAL ANALYSES

Thizs chapter presents information on the sconomic Justification
#na financial.feasibility of the pofentlal project, 1The economic
Juestification is tested by comparing the costs of the developmgnt
with thg bepefits that would be atitributable o the devqlopment.
The financial feasibility is appraispd by demanstyatiﬂg a method by

which coste of the developmeni could he repaid,

Beonemic Jusvification

Benefits resulting from the development of the plan described
herein would acorue from four sources: drrigation, commercial power,
reareétion, and warm-water fishery.

Irrigation benefits.--TIrrigation benelits have been evalusted

for 16,000 acres of irrigapad lend within the langell Valiey Irriga-
tlon District and 1;800 acres irrigated i; the southern part of
Langell Valley‘upder Warren Act combtracts. The irrigation bepefits
would acerue from elimination of water deficiencies presently
engountergd by irrigation water users. Bepefits were measured by the
Farm budget method, based on reconnaiqsance stand@rda. These bene~
fits, both direct and indirect, are ggt;mated at about $65,000

annually.

FPower b@nefits.~uPowex venefits could accrue from the sale of

vater, which, without the development, would be lost from Clear lake
Rgservelr by evaporation or seepage, or wasted to the Klamath River

at a time when 1t would nqﬁ‘be wsable for power generation. The
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Buregan of Reciamation. Buch an estimate is considered 4o be satis-
féotgry'ror the purposeg of evaluating The general magnitude of the
regreation function of a potential development. It would not, how-
ever, be satisfactory for more detailed feasibility studies,

The gstimated ammual visitor-day use for the +wo reservoirs. of
the potential, storage system is 155, Q00; 85,000 tor Gerber Reservolir,
and 70,000 for Boundary Reservoir. On the basis of a value of $1.60
pex.doy, as used by the Fational Park Service, gross recreational
benefbits would amount to $248,000 annually,

Total anpual benelits, ~-The total ammal new benefits that

could result from the potential Clear Lake Unit development are Sum-

marized in the following tabulation:

Annuval benelits

Function
Irrigation~--direct and indireoct. $ 65,000
Fower--firm and surplus 167,000
Fighepry . 100,000
Recreation _ 248,000
Total annual benefits 4580, 000

ther potential benefits.--In additicn to the above desceribed

banefits, others may posslbly accrue, Tﬁey have not been é%&idated
8inge they would represent a refinement that would nét matériaily‘
affect findings indicatéd herein. .
'Iﬁ iz 1ikely that ﬁhe Horsefly Irrigation-District and water
useré in Upper Poe Valley would belbenefited by the development of

& more fiym water supply in Langell Valley. This benefit would
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As previeusly mentionad, the division of Clear TLake Reservoir
into two cells might provide an opportunity to develop the west side
of the reservoir for grazing and wildiife purposes. Previcus studies,
hovever, have indicated that such development would have marginal
egononic justification and shoulid be limited to a simplé ér&in&ge
system because the costs of a more elaborate development program
would probably exceed the assouiated benefits.

Benefit-cost aralysis.,--DBoth benefits and coshs are converted

to-annual equivalent values over a common time period to facilitate
their difect comparison, termed the benefit-cost ratic. Since all

of the evéluatgd henefits have been estimaté& ag annual values over
the whole @eriod of analysis, the anpual and anmual eduivalent

vglies are considered to be the same. 2As previously ihdinated, total
venefitas amount to $580, 000 annually.

Total annval edyivglent costs include B capital cost and intersst
during congtruction amortization component,'and the annual operafion,
meintenance, and replacement expenses. The folal annual equiﬁalent
costs, computed over a 100-year period at an interest rate of 2—1/2
parcénﬁ are estimated to he $359,000,

Comparing the anmual equivalent benefits of $580,000 with
annual eqiivalent costs of $359,000 yields a benetit-cost r@tio'of
1.6 tﬁ,l.o, demoﬁstrating that the potential multiple-purpose

development is economically Justified,
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reﬁaymenﬁ period. This would leave a balance of $1,405,000 of the
irrigation allogation to be repaild from other sources, This assist-
ance could be provided by surplus power‘revenues.

A dndicated earlier, 17,000 acre-fect of firm.water and 12,000
acre—leet of surplus water are estimated to be gvallable annually for
power production. For this anslysis, unit revemues of $7 and $4% per
acre~foot for-firm and surplus water, respectively, have heen used to
indigate the repayment potential of the power function. The total
estimated revenues ffom this source would be $167,000 per year, Over
a pO-year repayment period,. this would be sufficient to pay: {1) the
allocated power investment including interest during construction;
(2) anmal operation, maintenance and replacement, costs associated
with the power fﬁnction; an@ (2) interest on the unpaid balance of the
power allocatlion at 2—1/2 percent per anmum.  In addition, the power
revenues wonld be sufficient o provide the needed gssistance to
irfigation-allocation and return about $613,000 in surplus reveres

by the end of a 50-year repayment perioed.



CHAPTER TV
CONCLUSIONS AND RECOMMENDATIONS
Cone ,1;1,_1‘:; ions

This report shows that pew, multiple-purpose development on
Lost River is needed and could be economiceally justified. The Dlan
outlined in this report is ndt necessarily the best plan or the only
plan far.developmgnt of Lost River. It was selected to demonstrate
the possitilities for such a development. To formulate more specific
plans and to fully svaluate the mitiple -purpose aspects and-aiterna~
tives of any proposed plan, further studies and rgsolution of gues-
Vtiona of conflicting interests would be required. Mater rights -
definition and resolution of refuge needs and their effects on the
existing and potential project are among the significant matters of
Turther study,

In Its attached report, the. Buresu of Sport Fisheries and
Wildlife indicates substantial Tisghery benefits resulting from
Boundary and enlarged Gerber Reservoirs., I% TAPLESBRE coneern,
howevar, aebout the effect the potential development would have on the
availability of water for the Klamath Refuge system.  Since the
potential develupm;nt is based on conserving water that now is lost
by non-beneficial seepage and evaporation, or thal wastes into the
Klsmath River, the water supply of‘the.refuges will not be adversely
affected. In Tact, the supply might be somewhal enhanced by return -
flews to the refuges being sustained in dry vears due to & firm

irrigation yigld in the upstream aresas.
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in & new development would reguire analyses of possible a;ternative
sources of supply, particulafly'to the extent that water needed for
the refuges is not used consumptively and could be salvaged for other
Project uses, or BOVEX. New supplies for the refuges would sub-
stantially affect the existing project and would Likely recuire addi-
tional chamel and outlet pumping capacities. Before refuge ernhance-
ment can be included in the new development, it would be necessary
Tor the Bureau of‘ﬁport ¥isheries and,ﬁildlifelto furnish Reclamation
with tentative engihéering data and criteria concerning the refﬁge
éreas to be developéd, the types of development anticipated, points
of water delivery, and water delivery scheduies. Such information
would have to be furnished for more than one level of development
Lor plan formulétion'purposes. This and other aspects of new
development could be affected by pendingllegislation,

Recommendations

1. Tt is recommended that no Purther investigations of the
Clear Take Unit bé made at this time,

2. Tt is also recommended that ﬁny Tuture studies be made ag
a combined effort of the Bureau of Sport Fisheries and
Wildlife and the Furean of Reclamation, and that the two
agencies share the cost of the studies;

3. Finally, it is recommended that pridr to any Tuture studies,

the following cenditions be metb:
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UNTTED STATES
DEZARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICH
BURFAU OF SPORT FISEERIES AND WILDLIFE (1.-RB)
1002 ¥. B. Holladay Street
P, 0. Box 3737
Portland 8, Oregon

Augngt 6, 1962

Mr. Hugh P. Tugan, Regional, Director
Bureau of Reclamation .

P. 0. Bpx 2511

Bacramento, California

Dear Mr. Dugan:

This 1g & reconnaissence report of the Bureau of Sport Fisheries and
Wildlife on effects the proposed Clear Lake upit, Langell Valley. divisicn,
Klamath project, Celifornia and Oregon would have on fish and wildlife
resources. It has been prepared in accordance with the Fish snd Wildlife
Cocrdination Act (48 Btat. 401, as amended; 16 U.S.C. 661 et seq. ). It
supersedes our repert of June 13, 1962, relative to this project. Projsct
date were obtained from vyour office in Klamath Falls, Oregon, pricr to
April 18, 1962. Biological data were obtained in cooperation with Oregon .
State Game Commigeion, and Celifornia Department of Fish and Game. .

Oregon Btube Game Commission and California Department of Fish and Came
have reviewsd, and concur with this report as irdicated in the atlached .
copies of letlers received from Director P. W. Schneider of Qregon State
Game Commigsion, dated May 23, 1962, and from Director W. T, Shannon, of
the Celifornia Deparitment of Figh and Game, also dated May 23, 1062,

Clear Lake unit would involve four separate, but related, areas in Upper
Klamath basin., These are: (lear Lake Reservoir, located in north-dentral
‘alifornis; Boundsry Reservoir slte, located in north-central. California
and south-central Oregon; Langell Valley; and Gerber Reservoir located

in south-central Oregon.

The purpose of the projesct would be to provide supplemental water to
about 18,000 acres of irrigated land in Lengell Valley, provide firm
water supply for pover generation at downsbrean locations, and to
enhapce fish habitat and fishing in propesed Boundary Reservolr and
Gerber Reservoir.

Clear Lake Reservolr. Clear Lake Reservoir is located approximately 16
air miles southeast of Tulelake, California. The reservoir iz within the
Frecutive Order Boundary of Clear Lake National Wildlite Refuge., C(Clear
Lake Reservoir has a maximum surface area of aboul 25,000 acres, and




Operation of Boundary Reservoir would invelve annual releasesn off 32,000
acre-Teet of water during the summer for irrigation in Langell Valley, and
& total of 17,000 acre-feet of water during October, November, and December
Tor power generation at existing powsr developments on Klamath River.
Water releasged for irrigation would te conveyed via Lost River and the
existing network of canals in Tangell Velley. Water released for power
generalion would flow to Klamath River via Lost River (40 miles) and
Lost River Diversion Canal (8 miles).

Boundary Reservolr would be kept full through the sumreer as long as water
was available for release from Clear Lake Reservoir. However, such
releages would nsuaelly terminate sbout the end of Septermber. In the
winter, wless Boundary Reservoir was quite low, the outlet gates of
Clear Leke Reservolr would remain closed, since Boundary Reservoir would
uswally £ill with flows of tributeries below Clear ILake Dam.

Langell Valley. Laogell Valley is locdted sbout 25 alr miles southeast
of Klamath Falls. The valley extends some 15 miles southeasterliy from
Bonangza, Oregen, to tle Oregon-California dtate line. Principal land use
involves production of small grains, alfalfa, improved pastvre, and
potatoes.  Small untillable tracts are scattered throughout this ares.
Irrigation water for Langell Valley is now oblained from Clear Lake and
Gerber Reservolrs. . .

No development is proposed in Tangell Valley with the project, as increased
volumes of irrigation waler would be conveyed by means of exisbing canals.
No changes in land use in this ares are anticipated with the project.

Gerber Reservolr. Gerber Reservoir. is located sbout 30 alr miles east of
Klemath Falls, Oregon, on Miller Creek. Development of Clear Take unit
would involve construction of a new dam immediately downsiream rom
existing Gerber Dam to increase storage capacity in the reservoir. The
dam would be an earthill structure, 600 feet long and 130 feet high.
Maximum reservoir depth would be 80 feet. Reservoir capacity would bhe
Inereased from‘QH,OOO acrg~feet to 200,000 acre~feet with a maximum
surface area of 6,300 acres., Average reservoir pool would be 80,000
acre-feet. Date indicate that without the project, Gerber Reservoir will
be d¥y during or at the end of the irrigation season 10 years out of 100.
With the projeet, the reservelr will not be dry because s minimum con-
servation pool of 1,000 acre-feet will bhe established.

Inereased storage with the project wonld provide additional irrigation
weter for Langell Valley lands now served by North Canal. Approsimately
35,000 scre-feel would he releaged annuelly for this purpose. Water
would continue to be routed via Miller Creek to North Caral and distri-
buted 4o project lands in existing canals,



oD entelope Inhabilt the refuge and adjecent area. Drainage of Lthe west
portion of the reservoir could create a shortage of water for big game.
However, with development of livegtock walering facilities &% planned
for this area, the project would not be detrimentsl to big game. 1t igs
pessible that vegetation of value to big game would develop on exposed
lands. ’ :

Upland game of the refuge consisghe primarily of mourning doves, sage
grouse, chukars, and California quails. Approximately 1,000 doves, 300
sage grouse, 200 chukars, and a few quails use the refuge, The project
is not expected to affect vpland game resources significantly. Water
which would he made available for livestock wouid azlso sustain'existing
-populations of game birds in the refuge area.

Beavers and raccoons are found in the general area around (lear Leake
Reservolr, hut populations are low and Trapping is not permitted on the
refuge. Project development is not expected to have = glignificant effect
em fur enimals, .

Clear Take Reservoir provides aguatic and semiaguatic enviromment fer a
yariety of nongame birds, outstanding of which is the white pelican.
About 3,000 pelicans utilize an island in the western portion of the
regervolr as a nesting site, and anpually produce about 1,000 young.
Dralpage of the west side of the reservoir would render this nesting
area unusable. Tt Is possible that the pelicans would relocate alse-
where in the basin or on islands in the eastern portion of Clear Lake
‘Reservoir. - These islands should be reserved for such usé,

Clear Take Reservoir serves ag a resting area Tor waterfowl dvring the

fall and early winter. Principal waterfowl are mallerds, pintalls,. |
Amgrican widgeons, and Canada, sno. and white ~-Cronted geese. An average
apmual. population of about 12,000 geese and 1,300 ducks have been chzerved
‘on the reservoilr during the years 1957 through 1961. The area is used for
molting by about 1,000 Csnada geese during the summer months. Approximately
LOO geese and 200 ducks are produced emually in the area. With the pro-
Ject, production of geese and ducks would be reduced, and some reservoir
area used by moliing geese would be destroved.

It is probable, howsver, that some of these geese would use nearby areas,
ineluding Boundary Reservoir for molting.

At present, Tthe Bureau of Reclamationg's plan of development for (lear

Lake Reservolr has not been finalized. When such plans are completed, we
expect 1o conduct detailed studies in cooperation with Celifornis Department
of Fish and Came and to provide development plans for wildlife and cost
estimates ag required. o



Gerber Reservoir. Gerber Reservelr is lecaled within the migralion route
of muie deer comprising the California-Oregon interstate herd.. Deer
manting is intenslve in the region adjacent to the regervelr. Project
features weuld not significently affect deer populations.

Principal upland gmme of the reservolr ares is the mourning dove. Popu-
lations are low, however, and little hunting ccenrs. A few sage grouse
are found in the area. Proposed project development would inundate uplend
game habitbet inciluding a sage grouse strutting srea.

Water fluctuations and phoreline feabures create unfavoreble habitalt for
fur animale in Gerber Reservoir. Beavers, muskrats, and minks arve found
in the general vicinilty, but they do not regulariy enter the reservoir
area. The project would not be detrimental to fur animals.

Waterlfowl using Gerber Reserveir include mallards and Cenade geese. The
reservolr 1s an imporiant resting area for Cansde geese. Some hunting
oceurs within the regervoir site, bul Inwter effort is low. Development
of Clear Leke unit would not he detrimental to waterfowl use or restrich
hunting on Gerber Reservoir., Establishment of & minimum pool for con-
servation of fish and wildlife resources would prevent loss of waterfowl
Juse and hunting value during years of drought when the reservolr would
normally be dry., ‘ -

Conelusion

The Bureau of Sport FTisheries and Wildlife has long recognized the value
of maintaining wildlife hebitat in Klamath Basin. In April 1956, the
Fish and Wildiife Service submitted a report to the Secretary of the
Intericor entitled "Plen for Wildlife Use of Federal Lands in Upper Klsmath
Rasin." This plan recommended that certain Federal lands of lthe basgin

be mapaged primerily in the interest of wildlife. Our Buvean strongly
gupports & comprehensive plenning approach Tor development of upper
Klamath Pssin for wildlife. However, we do not belisve that your pro-
posed plsns for Clear Lake unil would reduce opportunities Tor Inciuding
Figh and wildllfe in a compreliensive plan for the upper Klemath basin.

Because of the preliminsry nsture of the studics described in this report,
the ceilings in evaporation, transpiration, scepage, and other water
Llosses resulting from the changes in impoundment are not definitely known.
Slnce the project contemplates additionsl water uses for appliéaﬁion, the
amommt available for use on the Tulelake and Klamath Fetional Wildlife
Refuges cannot be definitely determined. However, there is a parsmount
need for & firm waler supply for these important waterfowl areas. We
recommend, therefore, that Boundary Dam be desgigned to provide storage for
186,000 acre-feet of water for delivery to Tuleluke Sump. As &n auxiliayy
to Clear Lake unit, we recommend [further that 32,000 acre-feet of water

be mede available for diversion from Klamaih River For delivery to Tulelake




THE RESCURCES AGERCY QOF CALIFCORNIA
DEPARTMENT OF FISH AND GAME
Te2 Capitol Avenue
Sacramento 14

May 23, 1962

Mr. Pacl F. Quick, Regional Pirector
Bureau of Sports Fisheries

U. 8y Fish and Wildlife Service

P. 0. Box 3737

Portland 8, Oregon

:Peay Mr. GQuick:

We have reviewed the Fish ang Wildlife Service Reconnaissance Report
on Clear Jake Unit, Langell Yalley Divigion, Klamath project,
California and Oregon, and genernlly coneur with the findings comn.-
tained therein.

We suggest, however, Lhat more enmphasis be placed on wildlife losses
in the report. The Boundary Reservoir site is an important component
of the winter range for deer apd antelope. The Burean of Reclamation
should be made aware that mitigation of wildlife losses must be acoom-
modated in the development of thelr proposed project.

Boundary Reservoir should furnish & good sport fishery for warmwater
specias, as does nearby Gerber Ressrvoly.

Thank you for the opportunity to review thig report.
Sincerely,

/s/ W. T, Shannon

Jhrector



STATE OF OREGON
ORECON STATE GAME COMMISSION
1634 8. W. Alder Street
P. O. Box 4136
Portland 8

May 23, 1962

Regional Director

. 8. Fish and Wildlife Bervice
Burean of Sport Fisheries and Wildliife
P, 0. Box 3737

Portland 8, Oregen

Dear Sir:

We have roviewed the draft of your letler report to the Bureau
of Reclsmetion concerning the effects that the proposed Clear
Take Unit, Langell Vallsy Divlgion, Klamath Broject, Californis
and Oregon, would have on fish and wildlife resources. We
concur wibth your comments.

It must be understood bhat our concurrence does not constitute
a delegation of responsibility for the mansngement of the resources
under the jurisdiction of the State of Oregon.

We appreciate this opportunity to review your reconnalssance
report in draft form and meke these comments upon it.

Sincerdly yours,

P. W. SCHNBIDER
DIRECTOR

By

(lark Walsgh
Asslstant Director

a0
California Dept. of Fish & Gane
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