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Attachment 1: Diamond Lake Restoration Purpose & Need & Proposed Action

DIAMOND  LAKE  RESTORATIO N

This Environmental Impact Statement (EIS) documents the effects on the human environment that may
occur from implementing the proposed action or an alternative to the proposed action for the Diamond
Lake Restoration Project.  This analysis is tiered to the Final Environmental Impact Statement for the
1990 Umpqua National Forest Land and Resource Management Plan (LRMP), as amended by the 1994
Record of Decision (ROD) for Amendments to Forest Service and Bureau of Land Management Planning
Documents Within the Range of the Northern Spotted Owl (Northwest Forest Plan) and its amendments.
This analysis also incorporates by reference the Diamond Lake/Lemolo Lake Watershed Analysis (USDA
1998). Desired conditions for the planning area as described by the various plans, rules, and policies that
govern management of the lake.1

PURPOSE OF AND NEED FOR THE ACTION

The Forest Supervisor of the Umpqua National Forest finds there is a need for improvement of Diamond
Lake’s water quality and recreational fishery. Eradication or control of the existing tui chub2 (Gila
bicolor) population is considered essential for accomplishing these objectives3.

The difference between the existing conditions and the desired conditions defines the purpose and need
for action in terms of elements that can be measured and analyzed. These elements are:

Element 1 - Water Quality

Diamond Lake currently does not meet State water quality standards, LRMP Management Area goals, or
support the “beneficial uses” of the lake. Diamond Lake is included in the Oregon Department of
Environmental Quality’s (ODEQ) 303(d) list of “water quality limited” water bodies for the parameters of
pH and algae (ODEQ 1998). The “beneficial uses” for Diamond Lake that are currently negatively

                                                  
1 Umpqua National Forest Land and Resource Management Plan (LRMP) as amended by the 1994 Record of
Decision For Amendments to Forest Service and Bureau of Land Management Planning Documents Within the
Range of the Northern Spotted Owl (Northwest Forest Plan)(USDA 1990, USDA/USDI 1994);
Oregon Administrative Rules (OAR), Department of Environmental Quality, Water Pollution Division 41 State-Wide
Water Quality Management Plan; Beneficial Uses, Policies, Standards, and Treatment Criteria For Oregon; (OAR
340-41-0001); OAR Department of Fish and Wildlife, Chapter 635 Mini-Management Plans, Policies, and Objectives,
Diamond Lake (OAR 635-500-0703) and Management Alternatives, Basic Yield (OAR 635-500-0115).
2 Tui chub are fish in the minnow family that are not native to Diamond Lake.
3 Approximately 95% of fish sampled in Diamond Lake in August 2002 were tui chub; this estimate does not include
the large number of young-of-the-year tui chub less than 2 cm in length (Eilers and Gubala 2003). It is believed that
the tui chub population is negatively impacting water quality at Diamond Lake through its impacts on the aquatic food
chain. Diamond Lake has experienced a loss of large zooplankton species over the last decade (Eilers and Kann
2002). Tui chub eat zooplankton. Large zooplankton eat phytoplankton, such as the blue green “algae” Anabaena
flos-aquae which “bloomed” at Diamond Lake in 2001 & 2002. It is believed that the expanding tui chub population
has “overgrazed” large zooplankton species in Diamond Lake and effectively eliminated the “biological control” that
previously limited these algae populations (Eilers et al. 2001). This concept will be discussed in detail later in this
document.

PURPOSE AND NEED FOR ACTION
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impacted by these water quality exceedances include: resident fish and aquatic life, water contact
recreation, aesthetics, and fishing (OAR 340-41-0282).

Annual monitoring data by ODEQ and others demonstrates that pH values exceeded standards4 during the
summer season every year from 1992-2002. Similarly, annual monitoring data from 1992-2002 indicate
that State standards for algae5 are not being met at Diamond Lake (JC Headwaters 2003).  In the summers
of 2001 and 2002, Diamond Lake experienced severe blooms of the cyanobacteria (blue-green “algae”)
Anabaena flos-aquae. This type of algae produces a neurotoxin that in high concentrations is harmful to
humans and other animals6. To protect public health and safety, the Umpqua National Forest, in
cooperation with the Douglas County Health Department, closed Diamond Lake to some public uses
(wading, swimming, water skiing, and boating) during portions of both summers. Changes in lake
ecology associated with overpopulation of the lake by tui chub are believed to be major contributing
factors influencing the development of toxic algae blooms at Diamond Lake7.

Diamond Lake is identified in the LRMP as a special management area (MA-2). As such, the lake is to be
managed for concentrated developed recreation, favoring activities such as resort use, camping,
picnicking, visitor information services, boating, fishing, interpretation and developed and dispersed
winter sports (LRMP 1990, pgs. 110, 153). Summer-time lake closures which occurred during 2001 and
2002 due to degraded water quality are not compatible with MA-2 goals, are disappointing to some
summer recreationists, and have negative economic impacts to some local businesses.

The desired condition for Diamond Lake is water quality that supports the beneficial uses of the lake and
meets MA-2 goals. The existing water quality conditions do not meet State standards, do not support
beneficial uses of the lake, and do not meet recreation management goals. Therefore, there is a need for
improvement of water quality at Diamond Lake.

Measures

Quantitative and qualitative models will be used to characterize physical, chemical, and biological
processes in Diamond Lake using past water quality data.  Modeling results will be used to predict future
water quality conditions in Diamond Lake under each alternative. Water quality improvement would be
demonstrated post-project by movement toward the following water quality goals:

pH: Less than 10 percent of summer water samples have pH values that exceed 8.5 (or the pH
value determined attainable in the Total Maximum Daily Load (TMDL) calculations).

Algae: The average value of primary production8 (chlorophyll a9) for all samples collected during
a three month summer sampling period is less than or equal to 0.01 mg/l  (or the level determined
attainable in the TMDL calculations).

Neurotoxin production: Anabeana flos-aquae levels remain below 15,000 cells/ml indicating that
the waters of Diamond Lake are safe for water contact recreation.

                                                  
4 The applicable water body specific pH standard for Cascades Lakes is 6.0 to 8.5 (OAR 340-41-0285(2)(d)(C) ).
Early water quality data indicate pH values exceeded this standard for most of the 1970’s as well, probably due to the
high densities of aquatic macrophytes (algae and aquatic plants) (JC Headwaters 2003).
5 Development of fungi or other growths having a deleterious effect on stream bottoms, fish or other aquatic life, or
which are injurious to health, recreation, or industry shall not be allowed (OAR 340-41-0285(2)(h) ). A three-month
(summer) average chlorophyll a value exceeding 0.01 mg/l (for natural lakes) shall be used to identify water bodies
where phytoplankton (floating algae) may impair recognized beneficial uses (OAR 340-41-150(a) ).
6 Human health guidance levels derived from Yoo et al. (1995) and Chorus and Bartram (1999) indicate that when
quantities of Anabeana flos-aquae contained in water samples reach 15,000 cells/ml it is appropriate to restrict public
access for water contact recreation.  In 2001, quantities of Anabeana flos-aquae reached approximately 600,000
cells/ml and 35,974 cells/ml in 2002.
7 Eilers et al. (2001a,b) showed a strong correlation between historical changes in the lake and changes in the
fisheries.  In particular, the greatest increases in Anabaena akinetes (spore-like structures produced by this algae)
were associated with increases in the tui chub population in both the 1940s/1950s and the 1990s.
8 Primary production is the quantity of new organic material created by photosynthesis, or the stored energy this
material represents.
9 Chlorophyll a:  Chlorophyll is the green pigment in plants. Chlorophyll a is the “master pigment” in bluegreen algae
and higher plants that is responsible for photosynthesis. It is often used as a surrogate measure for the amount of
phytoplankton (microscopic floating plants-algae, diatoms, etc) in a water sample (Mandaville 1997).
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Element 2 - Recreational Fishery

The Diamond Lake recreational fishery does not currently meet State management objectives or LRMP
Management Area goals. For several decades, Diamond Lake has supported a large and popular
recreational trout fishery that is important to the local and regional economy. No natural trout
reproduction occurs in the lake, so the Oregon Department of Fish and Wildlife (ODFW) traditionally
maintained the fishery in a cost-effective manner, primarily by stocking the lake each year with about
400,000 fingerling rainbow trout.

In recent years, the recreational fishery at Diamond Lake has declined dramatically from a high annual
average harvest rate of about 270,000 trout averaging approximately 12 inches in size during the 1963-
1978 time period to a 1999 low annual harvest rate of 5,000 trout averaging less than 10 inches in length
(ODFW, Unpublished Creel Data). Failure of the formerly successful recreational fishery is attributed
largely to changes in the ecology of the lake caused by overpopulation by tui chub (Eilers et al. 2001a;
ODFW 2002).

The desired condition for the recreational fishery at Diamond Lake as described in applicable State
regulations10 is:

Diamond Lake shall be managed for hatchery production under the basic yield alternative of
Oregon’s Trout Plan (OAR 635-500-0703), which in summary states that the waters use their
natural productivity to grow trout to a harvestable size with or without the addition of fingerling
or yearly hatchery trout (OAR 635-500-0115).

Specific fish stocking strategies and harvest goals associated with these regulations are generated through
an adaptive management process11. Appropriate numeric goals for out-year stocking would be determined
by ODFW using existing data and knowledge, ecological indices of lake health (i.e., zooplankton12 and
benthic invertebrate13 populations), annual fish monitoring data and guidance provided in ODEQ’s
pending TMDL publication.

LRMP MA-2 goals for the Diamond Lake fishery are general in nature and simply identify that fishing is
a recreational activity that should be supported through management activities at the lake (LRMP 1990,
pgs. 110, 153). Many members of the public have expressed dissatisfaction with the current recreational
fishing opportunities at Diamond Lake (Personal observation, Sherri L. Chambers, 2003 Early Public
Involvement Process).

The desired condition for Diamond Lake is an ecologically sustainable14 recreational fishery that meets
State standards and LRMP MA-2 goals. The existing fishery does not meet State standards and does not
meet recreation management goals. Therefore, there is a need for improvement of the recreational fishery
at Diamond Lake.

Measures

Because overpopulation of the lake by tui chub is believed to be the primary limiting factor in managing
Diamond Lake for an ecologically sustainable recreational fishery, elimination or reduction of the tui
chub population will be used as a predictive measure of progress toward the desired future condition.
Scientific research and professional judgment will be used to predict and evaluate changes in tui chub
populations under each alternative.

                                                  
10 Guidelines are described in detail on pg * in Chapter 3 of this document.
11 An adaptive management process refers to the practice of implementing a management strategy, monitoring the
results, and then adapting the strategy as needed before implementing again.
12 Zooplankton are small animals that are suspended in the water column and have limited powers of locomotion.
Freshwater zooplankton are dominated by four major groups: protozoa, rotifers, and two subclasses of Crustacea,
the cladocerans and copepods (Mandaville 1997).
13 Benthic invertebrates are invertebrate organisms such as worms, leeches, and snails that live in or on the
sediments at the bottom of the lake (Mandaville 1997).
14 An ecologically sustainable fishery refers to the concept that fish stocking would be based on ecological indices
such as phytoplankton, zooplankton, and benthic invertebrate populations.
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Improvement of the recreational fishery would be demonstrated post-project by movement toward the
following goals:

Ecological Indices of Lake Health: Monitoring data (zooplankton and benthic invertebrate
population numbers and community compositions) indicate recovery of the Diamond Lake food
chain is adequate to support a recreational fishery without compromising progress toward
achieving water quality standards.

Tui chub: Tui chub are absent from Diamond Lake or if illegally reintroduced are present in
numbers believed small enough to control using limited mechanical methods (nets, seines15,
disruption of breeding, etc) or stocking with predacious fish.

Trout: Annual harvest rates for legal-sized trout increase. Trout stocking is primarily fingerling-
based.

PROPOSED ACTION

The Umpqua National Forest, in cooperation with multiple state and federal agencies, proposes to
implement a series of actions that will meet the need for improvement of water quality and the
recreational fishery at Diamond Lake. Proposed activities include: canal reconstruction, a fall/winter lake
draw down, mechanical fish removal and utilization, a September rotenone (fish toxicant) treatment to
eradicate tui chub, fish carcass removal and utilization, water management during lake refill period,
monitoring, fish restocking, educational activities, and contingency measures for controlling tui chub if
they are reintroduced to Diamond Lake in the future. Proposed activities are described in detail below in
the order in which they would be implemented:

Canal Reconstruction

There is an existing earthen canal (ditch) in the northwest corner of Diamond Lake adjacent to Lake
Creek.  In its original condition, this canal was used to lower Diamond Lake prior to the rotenone
treatment that occurred in 1954.  The canal extends approximately 300 yards from the lakeshore
southward into Diamond Lake.  The canal is interrupted or filled in at the Dellenback Bike Trail and US
Forest Service Road 4795 crossings, but continues northward, parallel to Lake Creek for about 350 yards
before it terminates next to Lake Creek.  The canal has not been used since about 1954 and soil, debris,
and aquatic plants have partially filled  the canal, thereby reducing its flow capacity.

This project would reconfigure the existing canal to its original dimensions. From the lakeshore to the
canal outlet into Lake Creek, the canal would be excavated to its original configuration.  The
reconstructed canal would be a native surface (soil and bedrock) channel with a head-gate structure to
control flow of water from the lake.  Specific actions necessary to accomplish this would include: 1)
removal of the fill from the bike trail and Road 4795 where they cross the canal, 2) removal of the
existing headgate water control structure, 3) reshaping the canal to its original dimensions, 4) installing a
new headgate water control structure, and 5) if necessary, construction of new bridges or culverts to
maintain access to the bike trail and summer cabins.  Excavated material would be placed in an approved
location where there is no risk of erosion.

From the lakeshore into the lake (to the original canal initiation point), the canal would be dredged to its
original depth and configuration.  Specific actions associated with this portion of the project would
include: 1) Removal of material from the existing canal using a floating suction dredge, and 2) Utilizing
the dredge spoils to expand an existing wetland located within the northwest corner of the lake.  Dredge
spoils (approximately 1500 cubic yards) would be pumped into an area adjacent to an existing wetland
that would be fenced off using silt fence.  This fence would keep the dredge spoils in place until wetland
vegetation colonizes and stabilizes the site.  Following this, the fence would be removed.

                                                  
15 Seines are a type of fishing net that usually hang vertically in the water.
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Fall/Winter Lake Draw Down

Using both the reconstructed canal and Lake Creek for water transport, this project would lower the water
level in Diamond Lake by eight feet from its normal summer level16.  The lake draw down would begin
on or around September 15th in the year prior to chemical treatment.  A gravity-driven draw down would
occur at a discharge rate approximating a bankfull17 flow in Lake Creek (roughly 110 cubic feet per
second).  The total volume of water removed from the lake would be approximately 20,100 acre-feet18.

The draw down would be accomplished as follows:  1) At the beginning of the draw down, over a period
of seven days, flows within Lake Creek would be gradually increased to a bankfull flow level, 2) Once a
bankfull flow is achieved, this flow level would be maintained until the lake level reached the desired
eight foot reduction, and 3) Only naturally induced storm flows (from large rain events) would be allowed
to exceed the bankfull flow. The speed at which the lake drains is highly dependant upon the weather
patterns for that given year.  Therefore, predicting the exact date when the draw down would be complete
is impossible.  However, the target date for achieving the 8 foot draw down is April 1st in the year of
treatment. Once the desired level is achieved, it would be maintained throughout the summer and fall of
that year.

This lake draw down would accomplish multiple objectives:
•  The draw down would temporarily de-water the marshes at Silent Creek and the northwest end of

the lake, leaving only open water to be chemically treated, thereby increasing the likelihood of a
complete fish kill.

•  The draw down would concentrate the fish population and reduce the total amount of rotenone
needed.

•  The draw down would temporarily dry up the Lake Creek outlet, preventing rotenone treated
waters from flowing downstream into the North Umpqua River subbasin.

•  Timing the draw down in the fall and winter months would minimize potential downstream
nutrient and other water quality affects associated with transporting additional lake water through
the system.

•  Designing the draw down to occur in the fall and winter months would allow for the lake to be
lowered by the desired eight feet prior to the onset of higher spring snowmelt flows.  During
spring snowmelt, runoff would flow out the canal and into Lake Creek under the naturally
occurring flow regime.

PacifiCorp would be notified in advance of canal opening and closure and would adjust their water
schedules accordingly. Temporary docks or boat ramp extensions (described in detail in the rotenone
treatment section) would be installed to facilitate boat access to the lake following the draw down.

Mechanical Fish Removal and Utilization

Several methods would be used to reduce fish biomass in Diamond Lake prior to a chemical treatment:

•  During the year of a chemical treatment, the Oregon Department of Fish and Wildlife
(ODFW) would not stock Diamond Lake and would liberalize catch limits on fishing.

•  During the summer prior to a chemical treatment, ODFW crews would use nets and
seines to harvest fish from the lake.

•  For approximately one to four weeks in the summer or early fall prior to a chemical
treatment, professional commercial fishing operations would be used to harvest fish from
the lake. Fish carcasses would be converted to an organic fish emulsion product on site
(lake shore) or trucked to an off-site plant for utilization as fertilizer.

                                                  
16 Normal summer water level refers to the midsummer maximum pool level (about 68,100 acre -feet) with boards
regulating water flow from Diamond Lake into Lake Creek. ODFW has existing water rights that allow them to raise
the water level in Diamond Lake by placing wooden boards across the Lake Creek outlet.
17 In general terms, the bankfull stage refers to the stream flow that just fills the channel to the top of its banks and at
a point where the water begins to overflow onto a floodplain (Rosgen 1996).
18 An acre-foot is equivalent to a volume of water 1 foot deep over 1 acre of land (Viessman and Lewis 1996).
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The objective of live fish removal would be to reduce the quantity of fish biomass available for
conversion into nutrients following a chemical treatment.19 Recycling of fish as fertilizer would reduce
waste and the necessity to utilize landfills.

September Rotenone Treatment

The powdered formulation of the fish toxicant rotenone (Pro-Noxfish� ) would be applied to Diamond
Lake in September when water temperature and chemistry reached conditions considered optimal for
achieving a complete fish kill. Rotenone would be administered according to label instructions at the
necessary amounts based on water volume, temperature, and chemistry in Diamond Lake at the time of
application.

To determine the minimum appropriate rotenone concentration levels, prior to application, site-specific
bioassay tests20 would be conducted on tui chub utilizing rotenone from the stock to be used in lake
treatment and water from Diamond Lake. However, in general, according to current recommended
application rates, a minimum and maximum range of active rotenone concentration of 0.025 and 0.10
parts per million (ppm) would be needed to achieve the treatment goal (Finlayson et al. 2000).

For example, based on a predicted water volume of 48,000 acre-feet following the drawn down, mean
temperature and pH observed in Diamond Lake in September, and a mean active rotenone concentration
of 0.05 ppm21, it is estimated that about 130,000 pounds of rotenone would be needed to eradicate the tui
chub population.

All of the following detailed plans would be completed according to recommendations and examples
provided in the “Rotenone Use in Fisheries Management: Administrative and Technical Guidelines
Manual” prior to project implementation: rotenone application plan, site safety plan, site security plan,
and a spill contingency plan (Finlayson et al. 2000). However, in general, handling and application of
rotenone would be accomplished as follows.

After September 1 in the year of treatment, rotenone would be transported by truck directly to the
Diamond Lake site via State Highway 97.  Rotenone would be stored at three operational sites:
the north end dock facilities, Mt. Thielsen Campground and Broken Arrow Campground.
Security would be provided 24 hours/day at each site while rotenone is present on site. Rotenone
would be stored in the delivery trucks. Enough potassium permanganate (rotenone neutralizer) to
neutralize the largest container of rotenone would also be stored on site.

Temporary docks would be needed at all three operational sites to facilitate loading rotenone onto
boats or barges. National Guard temporary bridge facilities or ribbon bridges22 would be used as
temporary docks, if available. If these structures are not available, then the existing boat ramps
would be extended by constructing a gravel “road” to allow the use of loading booms to move
rotenone containers onto barges.

Certified pesticide applicators would be responsible for all phases of rotenone application. Outlets
would be closed and locked using control gates so treated water would not escape down the
reconstructed canal or Lake Creek. Diamond Lake would be closed to the public during rotenone
application and reopened when safety concerns were eliminated. Application of rotenone to
Diamond Lake proper would be conducted systematically from boats and/or barges using high-
pressure pumps and emulsification techniques similar to those used in mixing fire retardant.
Treatment of the lake would take one to three days.

                                                  
19 Although mechanical removal of fish carcasses following a rotenone treatment is proposed, it is expected that
some fish would sink to the bottom and would not be retrieved (“sinkers”). These carcasses would contribute to
nutrient loading in Diamond Lake. Removal of fish prior to treatment would reduce the number and biomass of
potential “sinkers” and thus reduce potential nutrient loads.
20 A bioassay is a common laboratory test used to determine toxic levels of substances for a given species (Royce
1984).
21 This treatment concentration would be met by applying 1 ppm of the Pro-Noxfish rotenone formulation (Finlayson
et al. 2000).
22 Ribbon bridges are bridges created by placing sections of tread together on a floating pontoon.
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Concurrently, due to the potential presence of tui chub in these areas, sections of the two major
inlet streams to Diamond Lake, Silent Creek and Short Creek, would be treated with rotenone.
Because the lake level would be drawn down prior to application, only sections of the streams
located at or below normal summer lake level would be treated. The liquid rotenone formulation
Noxfish 23 would be used at an active rotenone concentration level of about 0.10 ppm 24.
Rotenone would be applied at drip stations along the stream channels. Additionally, impassable
barriers to upstream movement by tui chub would be constructed in these creeks and other
smaller inlets during the lake draw down period. These barriers would prevent fish from escaping
above the treatment area prior to and during the application of rotenone.

Diamond Lake outlets (Lake Creek and reconstructed canal) would remain closed until tests indicated that
rotenone, rotenolone25, and all semi-volatile and volatile organic compounds26 associated with the
chemical treatment had dissipated to non-detectable levels in both the water column and lake bottom
sediments (approximately one to two months).

Mechanical Fish Carcass Removal & Utilization

A commercial fishing or professional fish mortality recovery and recycling operation would be employed
to collect fish carcasses as soon as logistically feasible following a chemical treatment of the lake.
Harvested fish carcasses would be converted to an organic fish emulsion product through on-site
processing and then trucked off-site, or carcasses would be trucked to an off-site plant for utilization as
fertilizer.

Removal and utilization of fish carcasses would accomplish multiple objectives:

•  A reduction in the level of nutrients (from decaying fish) that would be added to Diamond Lake
and later transported downstream.

•  A reduction in the negative aesthetic impacts (visual and odor) associated with large quantities of
accumulated dead fish.

•  A reduction in the waste and environmental impacts associated with disposal of large quantities
of fish into a landfill.

Water Management During Lake Refill Period

As Diamond Lake begins refilling, the following water management strategy would be implemented to
limit the length of time that Lake Creek is reduced to no or very low flows. When water in Diamond Lake
becomes suitable for release (about November), canal headgates would be opened to allow approximately
10 cubic feet per second (cfs) of water to flow into Lake Creek and through the North Umpqua River
system.  The outlet would be periodically adjusted to maintain this flow as Diamond Lake refills with
inflow exceeding the 10 cfs outflow.  The rate of refill would depend largely on precipitation patterns
during the refill period, but could be complete by the following summer.  Once the lake level reaches the
Lake Creek outlet, the canal would be closed and surface flow through the Lake Creek outlet would be
restored.  As during the draw down, PacifiCorp would be consulted prior to any flow changes so that they
could schedule the routing of water through Lemolo Lake during the refill period.

It is recognized that during the year of treatment, ODFW would be unable to store water in Diamond
Lake to satisfy their downstream water right.  Thus, if treatment occurred during a dry year, the Rock

                                                  
23 Finlayson et al. (2000) state that liquid rotenone is the only effective formulation for treating flowing waters.
Noxfish  is the recommended liquid rotenone product for use at Diamond Lake because it does not contain Piperonyl
Butoxide, an additive in some liquid products that may persist in treated water for several months.
24 Very cold streams like Silent and Short Creek require utilization of higher concentrations of rotenone to effectively kill fish.
25 Rotenolone is the metabolite (by product) of rotenone (Finlayson et al. 2000).
26 The liquid rotenone formulation Noxfish  contains inert emulsifiers, solvents, and carriers that are important in
ensuring the solubility and dispersion of rotenone in water. Waters treated with Noxfish  may contain rotenone,
rotenolone, and volatile (xylene, trichlorethylene, toluene, and trimethylbenzene) and semi-volatile (naphthalene, 1-
methyl naphthalene, and 2-methyl naphthalene) organic compounds. These volatile and semi-volatile organic
compounds dissipate in treated water before rotenone and rotenolone (Finlayson et al. 2000).
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Creek Hatchery summer water supply could be compromised.  PacifiCorp would coordinate with ODFW
to route water as efficiently as possible during this time.

Monitoring

A variety of monitoring activities would occur before, during and after project implementation.
Monitoring results would be used to verify assumptions, evaluate project success, and formulate
appropriate lake management strategies utilizing an adaptive management process. Proposed monitoring
activities and general timeframes include, but are not limited to:

•  Stream flows, channel morphology, and water quality in Lake Creek would be monitored
periodically throughout all phases of project implementation and post-project.

•  Water quality in Lemolo Lake and the North Umpqua River would be monitored periodically
throughout all phases of project implementation and post-project.

•  Diamond Lake water quality would be monitored for a minimum of five years post-project.
•  Phytoplankton, zooplankton and benthic invertebrate populations would be monitored for a

minimum of five years post-project.
•  Extensive monitoring for tui chub presence in Diamond Lake would be conducted for a minimum

of five years post-project.
•  Trout populations and annual harvest rates would be monitored for a minimum of five years post-

project.

Fish Restocking Strategy

ODFW would utilize monitoring data and adaptive management to determine an ecologically appropriate
fish stocking strategy for Diamond Lake for the years following a rotenone treatment. In general,
Diamond Lake would be managed for hatchery production under the basic yield alternative of Oregon’s
Trout Plan (OAR 635-500-0703 and OAR 635-500-0115). However, appropriate numeric goals for
annual fish stocking and harvest post-project would be determined by ODFW using existing data and
knowledge, ecological indices of lake health (i.e., zooplankton and benthic invertebrate populations),
annual fish monitoring data and guidance provided in ODEQ’s pending TMDL publication.

Under this stocking strategy, it is expected that conservatively small numbers of fingerling Oak Springs
rainbow trout and legal sized predacious fish species (Eagle Lake rainbow trout, brown trout, or spring
Chinook) would be introduced into Diamond Lake as soon as the food chain recovered adequately to
support them without compromising progress toward water quality goals. Annual stocking rates would be
expected to increase as the food chain and water quality continued to recover. ODFW would develop a
new implementation plan for management of the Diamond Lake fishery when sufficient monitoring data
becomes available to predict ecologically sustainable stocking levels.

Education

A number of educational measures would be considered for implementation to reduce the likelihood of tui
chub reintroduction into Diamond Lake, including but not limited to:

•  A required “angler stamp” for persons desiring to fish at Diamond Lake. Stamps would be free to
the public (or low cost) and would come with an educational brochure documenting the
ecological and economic costs associated with the past introduction of the tui chub into Diamond
Lake.

•  Interpretive signs documenting the history of the tui chub at Diamond Lake.
•  Distribution of interpretive brochures to campers and visitors.
•  Boat inspections to detect presence of tui chub in live wells or occurrence of aquatic weeds that

could contain viable tui chub eggs (or other invasive organisms). Distribution of educational
messages and materials during inspections.

•  Interpretive signs and brochures at Lemolo Lake describing recommended or required practices
for boaters moving from Lemolo to Diamond Lake (i.e. boat cleaning).

Tui Chub Contingency Plan
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Because it is recognized that tui chub may be illegally reintroduced into Diamond Lake, several actions
designed to control tui chub populations would be implemented:

•  An extensive monitoring program would be conducted to facilitate early detection of tui chub
presence in the lake. Population control measures are more likely to be effective if there are low
numbers of tui chub present.

•  ODFW plans to stock Diamond Lake with predacious fish species following a rotenone treatment.
These fish would be present in the lake to prey upon chub. If tui chub were detected in the lake,
ODFW would substantially modify their stocking strategy to include more predacious fish.

•  Mechanical treatments including, but not limited to: netting, seining, trapping, electro shocking,
and disruption of spawning would be used to limit tui chub population growth.

Project Area Overview

The area being analyzed in the Diamond Lake Restoration Project EIS encompasses Diamond Lake, Lake
Creek, Lemolo Lake, and the North Umpqua River (Figure 1). The project area is Diamond Lake proper,
located on the Diamond Lake Ranger District, Umpqua National Forest within the Umpqua River Basin
(Figure 2). The project area is bounded to the North by the North Umpqua River, to the South by Crater
Lake, to the East by Mt. Thielsen, and to the West by Mt. Bailey.  The project area includes all or portions
of sections 30 through 32, T27S, R6E; sections 25 and 36, T27S, R5E; sections 4 through 9 and sections
16 through 21, T28S, R51/2E, and sections 1 and 12, T28S, R5E Willamette Meridian, Douglas County,
Oregon.

Diamond Lake is a natural lake located at about 5,191 feet elevation. It has a surface area of
approximately 3,031 acres and is relatively shallow, with a maximum depth of 48.5 feet and an average
depth of 22.5 feet (Eilers and Gubala, 2003). Diamond Lake drains into Lake Creek, which empties into
Lemolo Lake, an impoundment on the North Umpqua River. Two other impoundments are located
downstream from Lemolo Lake-Toketee Lake and Soda Springs Reservoir. The flow of water from
Lemolo Lake and the other impoundments is regulated by PacifiCorp, a public utilities cooperation.

Diamond Lake is a high use destination recreation area27 considered important to the economy of southern
Oregon. Originally fishless, the lake has been managed as a recreational trout fishery since 1910. Tui
chub were introduced into the lake in the mid-1940’s and rapidly overpopulated the lake. In 1954, the
Oregon Game Commission constructed a canal near the Lake Creek outlet, lowered the lake level, and
treated Diamond Lake with rotenone to eradicate tui chub. The lake was restocked with trout following
the rotenone treatment and a thriving fishery was maintained for several decades. In 1992, tui chub were
again discovered in Diamond Lake and have since overpopulated the lake for a second time. Associated
negative impacts on the recreational fishery and on water quality in Diamond Lake and down stream
prompted multiple local, state, and federal agencies to work cooperatively in the exploration of restoration
solutions for the lake28.

                                                  
27 Estimates for recreation use at Diamond Lake are approximately 700,000 Recreation Visitor Days per year
(meaning continuous or intermittent recreational use for 12 hours by an individual)(USDA 1998).
28 In December 2002, all of the following parties signed a formal Memorandum of Understanding (MOU) to cooperate
on the restoration of Diamond Lake: Oregon State Representative Susan Morgan, US Fish and Wildlife Service, US
Forest Service, US Environmental Protection Agency, Douglas County, Oregon Department of Fish and Wildlife,
Oregon Department of Environmental Quality, Oregon Water Resources Department, Oregon Economic and
Community Development Department, and Oregon Division of State Lands. (Although not parties to the MOU
representatives of the National Oceanic and Atmospheric Administration and PacifiCorp also work cooperatively with
MOU partners).


