Chapter 3 - Affected Environment and Environmental Effects

CHAPTER THREE

AFFECTED ENVIRONMENT AND
ENVIRONMENTAL EFFECTS

INTRODUCTION

This chapter describes the components and scope of the human environment that may be
affected by implementation of the alternatives outlined in Chapter 2 and discloses the
potential consequences of implementing each alternative including the mitigation measures,
watershed best management practices and management requirements associated with each
alternative. The description of the affected environment centers primarily on the issues
outlined in Chapter 1, but it also briefly discusses other resources that may potentially be
affected. A complete description of each alternative is found in Chapter 2. This chapter
presents the scientific and analytic basis for the comparison of alternatives. The effects' are
discussed in terms of social and environmental changes from the current situation and include
quantitative assessments where possible as well as qualitative assessments. All discussions
are tiered to the Umpqua National Forest Plan Final Environmental Impact Statement, as
amended.

ACTIVITIES THAT CONTRIBUTE TO CUMULATIVE EFFECTS:

Potential cumulative effects are analyzed by considering the proposed activities in the
context of past, present, and reasonably foreseeable actions. For this project activities are
considered in the entire Diamond Lake Fifth Field Watershed and in Lake Creek, Poole Creek,
and Calamut Lake Sixth Field Subwatersheds of the Lemolo Lake Fifth Field Watershed. These
are the areas where cumulative effects have occurred or may occur. In addition, some
activities have an influence that may extend downstream of the project area boundary
through the North Umpqua River system as far as Rock Creek. This broad area is referred to as
the “cumulative effects analysis area” and in general all alternatives are considered in the
context of relevant past, present, and reasonably foreseeable activities in this area”.

The following past management activities have occurred in the cumulative effects analysis
area (Table 9).

Table 9. Past Management Activities in the Cumulative Effects Analysis Area.

! Direct effects are the immediate environmental changes that occur as a result of implementing project activities.

Indirect effects are environmental effects that are caused by the action at a later time or occur in a different place (i.e.

downstream from the project area), but are reasonably certain to occur. Cumulative effects are effects that are

caused by other projects and activities in the same area as the project being considered. Cumulative effects are

analyzed by considering the proposed activities in the context of past, present, and reasonable foreseeable actions.
However, cumulative effects are analyzed at scales most appropriate for individual resources.
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Activity Time Period Location (5, 6" Field) Description and Extent of Activity
Sheep Grazing 1880s - 1943 | Diamond Lake and Lemolo | Unregulated grazing occurred prior to 1908. After
Lake 5" Field Watersheds | 1908, the McGowan, Kelsay Valley, and Dog
in their entirety. Prairie Allotments allowed for regulated grazing
within the analysis area. Associated activities and
structures included camps, cattle guards, water
systems, drift fences, corrals, loading chutes, and
stock driveways.
Federal Land 1893 and Diamond Lake and Lemolo | Cascade Range Forest Reserve designated in 1893,
Designation 1908 Lake 5" Field Watersheds | which included the analysis area. The Umpqua
in their entirety. National Forest was established in 1908. Road
building and access increased as a result of
National Forest designation.
Telephone Line 1909 - 1965 Diamond Lake and Lemolo | A system of telephone lines was installed
Installation Lake 5" Field Watersheds | connecting Big Camas Ranger Station with the
in their entirety. outlying guard stations and lookouts, including
Diamond Lake, Mount Bailey, Kelsay Valley,
Cinnamon Butte, and Windigo Pass.
Fish Stocking, 1910 - 1939 | Diamond Lake, Kamloops rainbow trout fry stocked. 1 or 2 million
Diamond Lake Diamond Lake per year, 32 million total.
1940 - 1949 | Diamond Lake, Kamloops rainbow trout fry stocked. 2 - 4 million
Diamond Lake per year, 21.3 million total. No fish stocked in
1949.
1950 - 1959 | Diamond Lake, Kamloops rainbow trout legals and fry stocked.
Diamond Lake 32 - 49,000 legals stocked per year, 177,000 total.
250,000 - 1.014 million fry stocked per year,
3.094 million total. No fish stocked in 1954.
1960 - 1969 | Diamond Lake, Kamloops rainbow trout fry and mixed fingerlings
Diamond Lake stocked. 1.063 - 1.175 million fry on select years,
2.238 million total. 400 - 500,000 fingerlings on
select years, 3.62 million total.
1970 - 1979 | Diamond Lake, Oak Springs rainbow trout fingerlings stocked.
Diamond Lake 300 - 450,000 stocked per year, 4.82 million total.
1980 - 1989 | Diamond Lake, Oak Springs rainbow trout fingerlings stocked.
Diamond Lake 350 - 400,000 stocked per year, 3.9 million total.
1990 - 1999 | Diamond Lake, Oak Springs rainbow trout fingerlings, Cape Cod
Diamond Lake rainbow trout legals, Williamson rainbow trout
fingerlings, and Kamloops rainbow trout trophies
stocked. 350 - 475,000 Oak Springs fingerlings
stocked per year, 3.85 million total. 5 - 14,000
Cape Cod legals stocked on select years, 64,700
total. 12 - 50,000 Williamson fingerlings stocked
on select years, 162,000 total. 5,000 Kamloops
trophies stocked, 1999.
Fish Stocking, 2000 - 2002 | Diamond Lake, Oak Springs rainbow trout fingerlings, Cape Cod

Diamond Lake

Diamond Lake

rainbow trout legals, Kamloops rainbow trout
trophies, and North Umpqua Spring Chinook
fingerlings and legals stocked. 50 - 60 thousand
Oak Springs fingerlings stocked per year, 160,000
total. 26 - 38,000 Cape Cod legals stocked on
select years, 95,000 total. 15,000 Kamloops
trophies stocked per year, 45,000 total. 40,000
chinook fingerlings and 24,000 chinook legals
stocked in 2002.
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Activity

Time Period

Location (5, 6" Field)

Description and Extent of Activity

Diamond Lake 1919 - 1949 | Diamond Lake, Hatchery building constructed on Lake Creek with
Fish Hatchery Diamond Lake egg-taking stations constructed on Short and
Construction Silent Creeks. The Lake Creek facility burned and
was reconstructed in 1949.
USFS Camps 1920 - 1965 | Diamond Lake, Campgrounds were established and in use by
Diamond Lake 1920. Facilities eventually included developed
campsites, pit/vault toilets, and potable water
from springs.
Diamond Lake 1922 Diamond Lake, A road was constructed around the north, west,
Shoreline Road Diamond Lake and south shores of Diamond Lake. The road was
completed in 1922 and graveled in 1928.
Diamond Lake 1922 - 1965 | Diamond Lake, Special use permit issued to Diamond Lake
Improvement Diamond Lake Improvement Company to build a resort at the
Company North end of Diamond Lake. The improvements
consisted of a lodge, a store, and several tents.
Permitted 1923 - 1959 | Diamond Lake, Diamond Lake Boy Scout Camp, 1923 - ‘38.
Camps Diamond Lake Civilian Conservation Corp Camp, 1933 - ’42.
Latter Day Saints Camp, permit terminated in
1959.
Diamond Lake 1924 - Diamond Lake, Permits were issued between 1924 - mid-1950s for
Recreation present Diamond Lake a total of 102 cabin sites and associated
Cabins improvements.
North Umpqua 1939 Diamond Lake, The original road connecting Roseburg and
Road Diamond Lake Diamond Lake was completed in 1939, based on
Construction Lemolo Lake, an old Indian trail. The surface was originally dirt
Lake Creek and rock. East of Copeland Creek, the North
Umpqua Road was located south of the current
Highway 138 route.
Mechanical and 1946 - 1953 | Diamond Lake, Seining and spot rotenone treatments of shallow
Chemical Diamond Lake water areas were implemented to reduce the
Control of Tui chub population. Control activities were carried
Chub out annually and resulted in the removal of
millions of tui chub.
Lemolo 1 1952 - 1955 | Lemolo Lake, The Lemolo 1 project was a portion of the North
Hydroelectric Poole Creek Umpqua Hydroelectric Project. Physical project
Project structures included Lemolo Dam, Lemolo
Reservoir (454 acres), 16,705 feet of waterways
(canals), 7328 feet of penstock, a power plant,
and a substation. Associated improvements
included maintenance/access roads,
transmission/distribution lines, crew camps, and a
school. The plant began operation in June 1955.
Rotenone 1953 - 1954 | Diamond Lake, Physical improvements constructed in 1953
Treatment of Diamond Lake included a canal (spanning 1000 feet on land and
Diamond Lake 900 feet into the lake at a depth of eight feet)
and a flow control structure. The rotenone
treatment occurred in September 1954 and
involved 100 tons of powder rotenone and 275
gallons of liquid rotenone. An estimated 32
million chub that totaled 400 tons were killed.
Fish Stocking, 1955 - 1972 Lemolo Lake, Brown trout, rainbow trout, kokanee salmon, and

Lemolo Lake

Calamut Lake
Poole Creek
Lake Creek

brook trout were stocked in Lemolo Lake and its
tributaries. All of the above species, with the
exception of rainbow trout, established wild
populations, although brown trout are the most
common species.
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Activity

Time Period

Location (5, 6" Field)

Description and Extent of Activity

Area
Improvements

Diamond Lake East

Diamond Lake South

Diamond Lake West
Silent Creek
Lemolo Lake,
Lake Creek

Timber Harvest 1950 - 1959 | Lemolo Lake, A total of 141 acres of regeneration harvest were
Lake Creek completed. Associated activities included road
Poole Creek building and slash treatment.
1960 - 1969 | Diamond Lake, A total of 351 acres of regeneration harvest were
Diamond Lake West completed. Associated activities included road
Lemolo Lake, building and slash treatment.
Lake Creek
Poole Creek
1970 - 1979 | Diamond Lake, A total of 862 acres of regeneration harvest were
Diamond Lake South completed. Associated activities included road
Diamond Lake West building and slash treatment. A portion of these
Silent Creek sales was for salvage of timber killed by a
Lemolo Lake, mountain pine beetle outbreak in the mid-1970s.
Lake Creek This outbreak occurred mostly south of Diamond
Poole Creek Lake and posed a significant fire hazard to the
Diamond Lake area facilities.
1980 - 1989 | Lemolo Lake, A total of 518 acres of regeneration harvest were
Lake Creek completed. Associated activities included road
Poole Creek building and slash treatment.
1990 - 1999 | Lemolo Lake, A total of 292 acres of regeneration harvest were
Lake Creek completed. Associated activities included road
Poole Creek building and slash treatment.
Lemolo Lake 1963 - 1984 | Lemolo Lake, A Special Use Permit was issued in 1963 for the
Area Poole Creek Lemolo Lake Resort. Initial facilities included a
Improvements restaurant, store, four cabins, and a marina, but
more cabins, a gas station, and an RV park were
added over the years. Poole Creek Campground
was issued a water right in 1963 and 40 sites with
associated facilities existed. Major reconstruction
began in 1982, which included paving, vault
toilets, a new well, hydrants, waterlines, a boat
launch, and a group campsite. Reconstruction
efforts ended in 1984.
Highway 138 1964 Diamond Lake, Highway 138 was completely paved from Roseburg
Improvements Diamond Lake East to Highway 97.
Diamond Lake South
Lemolo Lake,
Lake Creek
Diamond Lake 1965 - Diamond Lake, A special use permit was issued by the USFS to
RV Park present Diamond Lake create a privately operated RV park near the
southwest corner of Diamond Lake.
Pesticide Use Mid-1960s - Diamond Lake 5" Field in | Douglas County officials, permittees, and later the
for Mosquito 1982 its entirety USFS used malathion and MLO-FLIT for mosquito
Abatement abatement in the Diamond Lake area. Chemicals
were applied to South Shore Marsh and to areas
around the lakeshore.
Diamond Lake 1968 - 1972 Diamond Lake, Major water and sewer facilities were constructed

to reduce water quality impacts to Diamond Lake.
Improvements included: deep wells and storage
for potable water supply, 13 miles of water lines,
flush restrooms and fire hydrants, 11 miles of
underground electrical lines, sewage pump
stations and treatment lagoons, and fish cleaning
and trailer dump stations. Diamond Lake Resort
and RV Park connected to the sewage treatment
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Activity

Time Period

Location (5, 6" Field)

Description and Extent of Activity

system at this time also. Diamond Lake Resort
also began full year operation in 1968, increasing
winter recreation opportunities in the area.

Water Rights 1970s Diamond Lake, Water rights were issued to Diamond Lake Resort,
Issued Diamond Lake Diamond Lake RV Park, and the US Forest Service
of not more than 0.30 cfs for domestic use,
emergency use, and use in the campgrounds.
Oregon Dept. of Fish and Wildlife was issued a
right to hold up to 5800 acre-feet of water in
Diamond Lake to mitigate the effects of the Rock
Creek Hatchery diversions.
Sediment Coring 1972 and Diamond Lake, Sediment coring was done in Diamond Lake to
1996 Diamond Lake assess water quality changes over time.
Highway 138 1977 - 1978 Diamond Lake, A bypass was constructed so that traffic on Hwy
Reconstruction Diamond Lake East 138 would not be congested due to recreational
Diamond Lake South activities at Diamond Lake. The result of the
Lemolo Lake, construction effort is present day Highway 138.
Lake Creek Pit Lake #1, near Lake Creek, was excavated to
provide rock for this project. The “pit”
eventually filled with water and was stocked by
ODF&W with 200 rainbow trout fingerlings in
1979. Stocking levels increased and continued
over time. The related Pit Lake #2 was excavated
in 1982.
Herbicide Use 1980 - 1983 Diamond Lake, Herbicides were used by Douglas County officials
for Road Diamond Lake East along Highway 138 to clear vegetation from road
Maintenance Diamond Lake South shoulders. Chemicals used included Cimizine, 2, 4
Purposes Dichlorophenol, and Trichlopyr.
Snowcat Skiing 1981 - Diamond Lake, A snowcat skiing operation was created to offer
present Diamond Lake West expert skiers the finest backcountry skiing
Silent Creek experience in the Northwest.
Herbicide Use 1982 Lemolo Lake, Herbicides were used by the USFS to reduce
for Silvicultural Lake Creek competition between conifers and early
Purposes successional plants. Hand application of
glyphosate on seven acres in Cinnamon Butte
Timber Sale Unit #1.
Diamond Lake Mid-1980s - Diamond Lake 5th Field in | Over three million dollars of improvements were

Area
Improvements

early-1990s

it’s entirety

made to meet demands, afford resource
protection, and upgrade campgrounds and
facilities. Improvements included: paving all
campground roads, paving and improving boat
ramps and South Shore Picnic Area, construction
of the paved Dellenback Bike Trail, adding two
shower facilities and an amphitheater, improving
handicapped accessibility, removing some
lakeshore campsites, reducing the total amount of
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Activity Time Period Location (5, 6" Field) Description and Extent of Activity
roads, and adding barriers to keep vehicles in
designated areas. Diamond Lake Resort also
increased the size of its facility at this time by
adding more cabins and expanding the main
lodge.

Diamond Lake 1995 Diamond Lake, The Diamond Lake Loop Road was widened and
Paving Project Diamond Lake South paved all the way around the Lake.
(Phase 1) Diamond Lake West
Silent Creek
Lemolo Fuels 1998 - 2002 Lemolo Lake, A fuels reduction project was completed by the
Reduction Calamut Lake Diamond Lake RD Fire Staff. A total of 1,432
Project Lake Creek acres were treated on Bunker Hill and along roads
Poole Creek #2610, 2614, 2612, and 60.
Diamond Lake 1998 - 2002 Diamond Lake, A fuels reduction project was completed by the
Fuels Reduction Diamond Lake Diamond Lake RD Fire Staff. A total of 876 acres
Project (Phase were treated in the vicinity of Diamond Lake,
1) mostly focusing around the campgrounds, the
Lodge, the RV Park, and Summer Homes.
Mechanical 2000 Diamond Lake, A commercial herring seiner was contracted to
Removal of Tui Diamond Lake remove tui chub from Diamond Lake for four days.
Chub A total of 40,000 chub (1,200 pounds) were
removed from the lake and destroyed. Carcasses
were buried off-site. The cost of the project was
approximately $25,000.

Lake Use 2001 - 2002 Diamond Lake, Various restriction levels were imposed due to

Restrictions Diamond Lake particularly large blooms of Anabaena
phytoplankton. Restrictions ranged from posting
information to no boating or water contact.

There are multiple ongoing activities that may contribute to cumulative effects for the
Diamond Lake Restoration project. Table 10 displays relevant present activities within the
cumulative effects analysis area.

Table 10. Present Management Activities in the Cumulative Effects Analysis Area.

Activity

Location (5%, 6" Field)

Description and Extent of Activity

Diamond Lake
Fuels Reduction
Project

Diamond Lake,
Diamond Lake

An ongoing fuels reduction project is being completed by the
Diamond Lake RD Fire Staff. The project will total 876 acres
of treatment in the vicinity of Diamond Lake, mostly focusing
around the campgrounds, the Lodge, the RV Park, and

Summer Homes.

Diamond Lake
Paving Project

Diamond Lake,
Diamond Lake South

A paving overlay is planned for the south end of the Diamond
Lake Loop Road and at the Lake Creek crossing.

(Phase II) Silent Creek

Lemolo Lake,

Lake Creek
Fire Camp Diamond Lake, Improvements were made to the Broken Arrow Campground
Improvements Diamond Lake South Overflow Area to provide a site for expanded fire camps.

Improvements included rocking existing roads, spreading

62




Chapter 3 - Affected Environment and Environmental Effects

Activity

Location (57, 6" Field)

Description and Extent of Activity

woodchips on high use areas, and clearing areas for parking.
The fire camp area was used for the Kelsay Fire in 2003.

Fishery Monitoring

Diamond Lake,
Diamond Lake
Lemolo Lake,
Lake Creek

ODF&W is monitoring the Diamond Lake fishery in several
ways: trap netting on Diamond Lake, creel surveys at
Diamond Lake, a screw trap at the outlet of Diamond Lake,
and a Passive Integrated Transponder (PIT) tagging system to
monitor the migration of spring chinook salmon through Lake
Creek.

Fish Stocking,
Diamond Lake

Diamond Lake,
Diamond Lake

The “Experimental Fish Stocking Plan” was developed by
ODF&W and is being implemented. It involves stocking
60,000 spring Chinook, 24,000 Eagle Lake rainbow trout,
27,000 Fishwich rainbow trout, 15,000 Kamloops rainbow
trout, and 50,000 Oak Springs rainbow trout per year.

Hazard Tree
Removal

Diamond Lake and Lemolo
Lake 5% Field Watersheds in
their entirety

A Title Il (PAYCO) funded project is being implemented in
Fall, 2003. This project will remove approximately 2,000
trees in the Diamond Lake area. Hazard trees will continue
to be removed from areas of high recreational use and when
localized events (blowdown, bugkill, fire, etc.) require tree
removal for safety and/or structure protection purposes.

Herbicide Use for
Noxious Weeds

Diamond Lake,
Diamond Lake East
Diamond Lake South
Lemolo Lake,

Lake Creek

Poole Creek

The herbicide Pickloram is being used by the Oregon
Department of Agriculture along roadsides to control spotted
and diffuse knapweed populations. Pickloram is spot-sprayed
on individual plants or groups of plants.

Hydrologic
Monitoring of
Diamond Lake

Diamond Lake,
Diamond Lake

Various monitoring activities include: primary productivity
(1x/month), nutrients, chemical profile, algae, and
zooplankton (3x/month), secchi disk (daily), secchi disk and
chemical profile (weekly), fish netting (intermittently), algae
and toxins (as needed), temperature and light intensity
profile (continuous), aeration test (as needed), and gas
sampling (as needed).

Hydrologic Diamond Lake, Groundwater monitoring is being assessed at 18 sites on a

Monitoring of Diamond Lake East weekly basis. Monitoring includes drilling to the water table

Groundwater Diamond Lake South then documenting stage, temperature, and major ions and
Diamond Lake West nutrients.

Hydrologic Lemolo Lake, Lake stage, temperature, and discharge are monitored

Monitoring of Lake
Creek

Lake Creek

continuously.

Hydrologic
Monitoring of Silent
and Short Creeks

Diamond Lake,
Diamond Lake

Nutrient load, field chemistry, major ions, and discharge are
monitored three times per month.

Lake Use
Restrictions

Diamond Lake,
Diamond Lake

Various restriction levels were imposed due to particularly
large blooms of Anabaena phytoplankton. Restrictions
ranged from posting information to no water contact.

Lemolo Lake Fuels
Reduction Project

Lemolo Lake,
Calamut Lake
Lake Creek
Poole Creek

An ongoing fuels reduction project is being completed by the
Diamond Lake RD Fire Staff. The project will total 1,432
acres of treatment on Bunker Hill and along roads #2610,
2614, 2612, and 60.
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Activity Location (57, 6" Field) Description and Extent of Activity
Maintenance Diamond Lake and Lemolo Maintenance activities are ongoing. Maintenance is required
Activities Lake 5" Field Watersheds in | for trails, roads, culverts, buildings, water and sewer

their entirety systems, campground facilities, and signs.
PacifiCorp Lemolo Lake, Lemolo 1 project is a portion of the North Umpqua
Operations Poole Creek Hydroelectric Project. Physical project structures include

Lemolo Dam, Lemolo Reservoir (454 acres), 16,705 feet of
waterways (canals), 7328 feet of penstock, a power plant,
and a substation. Associated improvements include
maintenance/access roads and transmission/distribution
lines.

Recreational Use

Diamond Lake and Lemolo
Lake 5% Field Watersheds in
their entirety

Recreational use in the area is down from historic levels, but
is the highest on the Umpqua National Forest. USFS
campgrounds, Diamond Lake Resort, Diamond Lake RV Park,
and the Summer Homes have a total capacity of 780 available
units. The most common recreational activities include
sightseeing, hiking, camping, fishing, bicycling, boating,
swimming, hunting, backcountry skiing, and snowmobiling.

Water Rights

Diamond Lake,
Diamond Lake
Lemolo Lake,
Lake Creek

Water rights issued in the past are being utilized. Water
rights were issued to Diamond Lake Resort, Diamond Lake RV
Park, and the US Forest Service of not more than 0.30 cfs for
domestic use, emergency use, and use in the campgrounds.
Oregon Dept. of Fish and Wildlife was issued a right to hold
up to 5800 acre-feet of water in Diamond Lake to mitigate
the effects of the Rock Creek Hatchery diversions. The
Oregon Department of Transportation continues to utilize
water from Lake Creek, not to exceed 0.01 cfs, for shop uses
and sanitary facilities.

Reasonably foreseeable actions in the analysis area can also contribute to cumulative effects
(Table 11). No private land is located in the Diamond Lake or Lemolo Lake Watersheds. For
the Umpqua National Forest, the following activities are likely to occur over the next five

years.

Table 11. Reasonably Foreseeable Management Activities in the Cumulative Effects

Analysis Area.

Activity Time Period | Location (57, 6" Field) Description and Extent of Activity

Boat Ramp 2004 Diamond Lake, Boat ramp improvements for the South

Improvements Diamond Lake Shore Boat Ramp are scheduled to occur
in 2004. Improvements will involve
adding fill to the shoreline to access
deeper water for the ramp. The project
is funded but does not yet have a signed
decision.

Campground 2004 - 2009 Diamond Lake and Lemolo Campground improvements will be made

Improvements Lake 5 Field Watersheds in | as funding from PAYCO, Fee Demo,

their entirety PacifiCorp, and other sources becomes

available. The area occupied by the
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Activity

Time Period

Location (57, 6" Field)

Description and Extent of Activity

current facilities will not increase as a
result of improvements.

Diamond Drive 2005 - 2009 Lemolo Lake, The project will involve a paving overlay
Calamut Lake on the 2610 and 2614 roads. There is
Lake Creek currently no signed decision for this
Poole Creek project.
Diamond Lake Fuels 2004 - 2007 | Diamond Lake, Approximately 500 acres are planned to
Reduction Project Diamond Lake be treated for hazardous fuels.
(Phase II) Treatment will likely involve mechanical
thinning, chipping, and handpiling.
Project areas are to include stands north
of the Hilltop Shop and south and west of
Broken Arrow Campground.
Diamond Lake 2005 Diamond Lake, A Scenic Byway Enhancement Project is
Viewpoint Diamond Lake East planned to allow visitors a place to enjoy
the scenery and rest, picnic, etc. The
Environmental Assessment has been
sighed and the project is funded.
Fire Camp 2004 - 2009 Diamond Lake, The recently improved South Diamond
Diamond Lake South Firecamp will be used if large fires occur
in the area and extensive suppression
efforts are applied.
Fishery Monitoring 2004 - 2006 | Diamond Lake, ODF&W will monitor the Diamond Lake
Diamond Lake fishery in several ways: trap netting on
Lemolo Lake, Diamond Lake, creel surveys at Diamond
Lake Creek Lake, a screw trap at the outlet of
Diamond Lake, and a Passive Integrated
Transponder (PIT) tagging system to
monitor the migration of spring chinook
salmon through Lake Creek.
Fish Stocking, Diamond | 2004 - 2006 Diamond Lake, Fish stocking activities are largely
Lake Diamond Lake dependant on the outcome of the
Diamond Lake Restoration Project. The
current plan involves stocking 60,000
spring Chinook, 24,000 Eagle Lake
rainbow trout, 27,000 Fishwich rainbow
trout, 15,000 Kamloops rainbow trout,
and 50,000 Oak Springs rainbow trout per
year.
Fish Stocking, 2004 - 2006 Lemolo Lake, Fish stocking will continue with rainbow
Lemolo Lake Calamut Lake trout hatchery catchables, as needed, to
Lake Creek provide a recreational fishery during the
Poole Creek mid-summer months when brown trout
are hard to catch.
Hazard Tree Removal 2004 - 2009 Diamond Lake and Lemolo Hazard trees will continue to be removed
Lake 5% Field Watersheds in | in the future from areas of high
their entirety recreational use and when localized
events (blowdown, bugkill, fire, etc.)
require tree removal for safety and/or
structure protection purposes.
Herbicide Use for 2004 - 2009 Diamond Lake, Herbicides will continue to be used by

Noxious Weeds

Diamond Lake East

Diamond Lake South
Lemolo Lake,

Lake Creek

the Oregon Department of Agriculture
along roadsides to control spotted and
diffuse knapweed populations. The
chemical used in the past has been
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Activity

Time Period

Location (57, 6" Field)

Description and Extent of Activity

Poole Creek

Pickloram and has been spot-sprayed on
individual plants or groups of plants.

Hydrologic Monitoring 2004 - 2005 Diamond Lake, Various monitoring activities include:

of Diamond Lake Diamond Lake primary productivity (1x/month),
nutrients, chemical profile, algae, and
zooplankton (3x/month), secchi disk
(daily), secchi disk and chemical profile
(weekly), fish netting (intermittently),
algae and toxins (as needed),
temperature and light intensity profile
(continuous), aeration test (as needed),
and gas sampling (as needed).

Hydrologic Monitoring 2004 Diamond Lake, Groundwater characteristics will be

of Groundwater Diamond Lake West monitored at 18 sites, on a weekly basis.

Silent Creek Monitoring includes stage, temperature,
Lemolo Lake, and major ions and nutrients.
Lake Creek

Hydrologic Monitoring 2004 - 2009 Lemolo Lake, Lake stage, temperature, and discharge

of Lake Creek Lake Creek will be monitored continuously.

Hydrologic Monitoring 2004 - 2005 Diamond Lake, Nutrient load, field chemistry, major

of Silent and Short Diamond Lake ions, and discharge will be monitored

Creeks three times per month.

Lake Closures 2004 - 2009 Diamond Lake, Lake use restrictions will continue to be

Diamond Lake implemented if conditions warrant
potential safety concerns.

Lemolo Watershed 2004 - 2009 Lemolo Lake, The Lemolo Watershed Projects involve

Project Activities Calamut Lake several timber sales and associated road

Lake Creek building and restoration. The proposed

Poole Creek action would harvest timber on 1617
acres, construct or reconstruct 49.1 miles
of road, decommission 10.7 miles of
road, build 3.5 miles of temporary road,
subsoil 232 acres, and treat fuels on 282
acres. In addition to the proposed
action, a wide range of alternatives
exists. An environmental impact
statement is currently being prepared for
these projects. Work is scheduled to
begin in 2004 or 2005.

Maintenance Activities 2004 - 2009 Diamond Lake and Lemolo Maintenance activities will continue at
Lake 5% Field Watersheds in | current levels. Maintenance activities
their entirety include trails, roads, culverts, buildings,

water and sewer systems, campground
facilities, and signs.

PacifiCorp Operations 2004 - 2009 Lemolo Lake, Lemolo 1 project is a portion of the North

Poole Creek

Umpqua Hydroelectric Project. Physical
project structures include Lemolo Dam,
Lemolo Reservoir (454 acres), 16,705 feet
of waterways (canals), 7328 feet of
penstock, a power plant, and a
substation. Associated improvements
include maintenance/access roads and
transmission/distribution lines.
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Activity Time Period | Location (57, 6" Field) Description and Extent of Activity

Recreational Use 2004 - 2009 Diamond Lake and Lemolo Recreational use in the area is likely to
Lake 5% Field Watersheds in | continue at or above current levels,
their entirety which is the highest on the Umpqua

National Forest. USFS campgrounds,
Diamond Lake Resort, Diamond Lake RV
Park, and the Summer Homes have a
total capacity of 780 available units. The
most common recreational activities
include sightseeing, hiking, camping,
fishing, bicycling, boating, swimming,
hunting, backcountry skiing, and
snowmobiling.

Water Rights 2004 - 2009 Diamond Lake, Water rights issued in the past will
Diamond Lake continue to be utilized. Water rights
Lemolo Lake, were issued to Diamond Lake Resort,
Lake Creek Diamond Lake RV Park, and the US Forest

Service of not more than 0.30 cfs for
domestic use, emergency use, and use in
the campgrounds. Oregon Dept. of Fish
and Wildlife was issued a right to hold up
to 5800 acre-feet of water in Diamond
Lake to mitigate the effects of the Rock
Creek Hatchery diversions. The Oregon
Department of Transportation will
continue to utilize water from Lake
Creek, not to exceed 0.01 cfs, for shop
uses and sanitary facilities.
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GEOLOGICAL ENVIRONMENT

Information on the geologic environment enhances understanding of many of the watershed
processes described in other sections of this document.

The Diamond Lake project planning area straddles the crest of the High Cascades
physiographic sub-province® (Peck et al. 1964) and is underlain by layers of young and
relatively unaltered lava flows that lie atop older, deeply weathered Western Cascades
volcanic deposits. The initial pulse of High Cascade volcanic activity in the Diamond Lake
area began about 2 million years ago and is noted by voluminous outpourings of highly fluid
lava that emanated from a series of north-south-trending broad, gently sloping volcanoes.
Overlapping lava flows of basaltic andesite (a type of volcanic rock) constructed a broad
plateau above the older Western Cascades. About 300,000 years ago, a more explosive phase
of volcanic activity in the region formed the modern day steep-sided volcanoes atop this
plateau. The snow-capped and glacially sculpted peaks of Mt. Theilsen, Crater Lake caldera
(ancestral Mt. Mazama) and Mt. Bailey encircle Diamond Lake to the east, south and west,
respectively (Sherrod 1991; Priest et al. 1983). The most recent volcanic event of
significance to occur in the Diamond Lake area is the climatic eruption of Mt. Mazama some
7,500 years ago, altering the physical appearance of the landscape in the region (Bacon 1983).

Sherrod (1991) surmised that Diamond Lake came into existence when Mt. Mazama erupted,
causing a massive ash-flow that swept down its flanks burying and extensively altering existing
stream networks within surrounding lowland valleys. According to this hypothesis, a lobe of
the ash-flow choked and blocked a section of stream channel that had once previously flowed
through a broad valley now occupied by Diamond Lake. As the newly formed lake began to
fill, a natural bedrock-controlled spillway became established several hundred yards east of
the ancestral stream channel. The outlet to Diamond Lake is now controlled by this bedrock
ledge, which today, is Lake Creek.

Sherrod (1986, 1991) describes the bedrock and surface geology of the High Cascades volcanic
terrain in west-central Oregon, including the area encompassing Diamond Lake. Figure 32 in
the Groundwater section of this chapter displays the various geologic map units found in the
area. In geologic time, the High Cascades is a youthful landscape that is characterized by a
very low-density drainage network and minimal amount of landscape dissection. The young,
relatively gentle landscape makes for a low density of stream channels compared to other
landscapes. In other words, the youthful landscape has not had time to erode deep canyons.

The Soil Resource Inventory (USDA 1976) characterized the landform and soil characteristics
of the Diamond Lake vicinity. The depth of the ash cap from Mt. Mazama varies from two to
six meters, a depth that in most places exceeds the rooting depth of plants. Recent glacial
action scoured the land surface down to bedrock on the upper slopes of mountain sides and

® Physiographic province is a contiguous region, in which all parts are similar in geologic structure with a unified
geologic and geomorphic history, and whose topography and landforms differ appreciably from that of adjacent
regions.
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valley walls, leaving a bedrock surface that was covered with Mazama ash since the retreat of
the last glaciers. At the same time, the recent glaciation (10,000 to 1 million years ago) that
scoured the landscape left few buried soils at this elevation, soil materials that might
otherwise store water. In valley bottoms and on the concave foot slopes of valley walls, the
glaciers deposited till and sediments. Many of these deposits were compacted by the weight
of the ice leaving a surface that today is impermeable to the water that percolates through
soils. In fact, this impermeable, compact till perches the water table and is often the
foundation for springs and seeps on the lower slopes of mountain sides as well as in valley
bottom wetlands. The wetlands at south end of Diamond Lake may be an example of a water
table perched on glacial materials.

The hydrology of the Diamond Lake area is strongly influenced by the underlying bedrock
substrate as well as the local cover of Mazama air-fall and ash-flow deposits. Sherrod (1995)
characterized the highly porous and permeable volcanic rocks that underlie the headwaters of
the North Umpqua River as a principal factor controlling a stable and abundant groundwater
flow. Numerous fractures in the lava flows allow for the storage of vast volumes of ground
water. Furthermore, these fractures provide for the slow and steady passage of ground water
through the rock mass. Snowmelt is the primary source of groundwater recharge (Ingebritsen
et al. 1994; James and Manga 2000). The upper horizon (top three feet) of the Mazama ash-
flow is highly porous with substantial infiltration capacity (this is the foundation of a shallow
unconfined aquifer). Below this zone the Mazama ash-flow appears to be much denser and
less permeable with a considerably lower infiltration capacity. The upper horizon of the
Mazama ash-flow functions as a highly porous sponge that dampens the effects of runoff
during sizable storm events (Sherrod 1995; Ingebritsen et al. 1994).

The immense bedrock aquifer underlying the Diamond Lake area contributes greatly to the
outstanding water quality characteristics of the North Umpqua River, such as sustained
summer base flows, coldness, and clarity due to low levels of dissolved solids (Ingebritsen et
al. 1994; Grant 2002).

AQUATIC ENVIRONMENT

WATER QUALITY REGULATIONS AND BENEFICIAL USES

The state of Oregon has established water quality standards set out in Chapter 340, Division
41 of the Oregon Administrative Rules. Water bodies that do not meet state water quality
standards are termed “water quality limited” and are placed on a list in accordance with
Section 303(d) of the federal Clean Water Act (303(d) list). Table 12 documents relevant
water quality limited streams within and downstream of the project area boundary.

In 1998, Diamond Lake was added to the Oregon Department of Environmental Quality’s
303(d) list of water quality limited water bodies for the parameters of pH and algae.
Diamond Lake remains on the most recent 303(d) list (2002). The list serves as a guide for
developing water pollution control plans and ensures that “beneficial uses” of water are
protected. The beneficial uses for Diamond Lake that are currently negatively impacted by
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water quality below current standards include: resident fish and aquatic life, water contact
recreation, aesthetics, and fishing (OAR 340-41-0282).

The applicable pH standard for Diamond Lake is 6.0 to 8.5 (OAR 340-41-0285(2)(d)(C)).
Annual monitoring data by the Oregon Department of Environmental Quality (ODEQ) and
others demonstrates that pH values have not met water quality standards during the summer
season every year from 1992-2002. Historic water quality data indicate pH values did not
meet this standard for most of the 1970s as well.

Similarly, annual monitoring data from 1992-2002 indicate that state standard for algae are
not being met at Diamond Lake. Specifically the standard states that 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)). The water quality standard requires that a three-month (summer) average
chlorophyll a value exceeding 0.01 mg/l (for natural lakes) be used to identify water bodies
where phytoplankton (free-floating algae) may impair recognized beneficial uses (OAR 340-41-
150(a)).

To address water quality problems, ODEQ calculates pollution load limits, known as Total
Maximum Daily Loads (TMDLs) for each pollutant entering a body of water. TMDLs specify the
amount of pollution that can be put into a water body while maintaining water quality
standards and supporting beneficial uses. Efforts are currently underway to produce TMDLs
for Diamond Lake. A final TMDL report for Diamond Lake is expected to be released by ODEQ
in the spring of 2004.

Table 12. Water Quality Limited Streams and Water Bodies Within and
Downstream of the Project Boundary (ODEQ, 2003).

AEEENE | UELETE Sub-Basin Rl\_/er Parameter| Season
ID Name Mile
(Within Project | Boundary)
Diamond Aquatic
Lake/Diamond|NORTH Weeds Or
5452 |Lake UMPQUA 0to 3.7 |Algae
Diamond
Lake/Diamond|NORTH
5562 |Lake UMPQUA 0to 3.7 |pH Summer
NORTH 0.9 to
5337 |Lake Creek |UMPQUA 11.5 Temperature Summer
NORTH 0.9 to
5704 |Lake Creek |[UMPQUA 11.5 Temperature | Year Around
Lemolo
Lake/North  [NORTH 91.8 to
5563 |Umpqua River|UMPQUA 93.5 pH Summer
(Dow;;lstrea Project | Boundary)
North NORTH Total
5709 |Umpqua River|UMPQUA 77 to 78 |Dissolved Year Around
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AEEENE | UELETE Sub-Basin Rl\_/er Parameter| Season
ID Name Mile
Gas
Total
North NORTH 86.9to  [Dissolved
5710 |Umpgqua River|UMPQUA 87.4 Gas Year Around
Total
North NORTH Dissolved
5711 |Umpqua River|UMPQUA 75t0 75 |Gas Year Around
North NORTH
5713 |Umpqua River|UMPQUA 771078 |pH Summer
North NORTH 75.5 to
5724 |Umpqua River|UMPQUA 83.3 Temperature Summer
North NORTH 34.8 to
5725 |Umpqua River|UMPQUA 65.9 Temperature [Spring/Summer
North NORTH 68.3 to
5842 |Umpqua RiverlUMPQUA 72.3 Temperature Summer
Total
North NORTH Dissolved
5862 |Umpqua RiverlUMPQUA 75t0 75 |Gas Year Around
North NORTH
8094 |Umpgqua River|UMPQUA 35 to 52 |Arsenic Year Around
North NORTH

8160 |Umpqua RiverlUMPQUA 0 to 47.7 |Temperature Summer

AQUATIC CONSERVATION STRATEGY

The Aquatic Conservation Strategy (ACS) was developed to restore and maintain the
ecological health of watersheds and aquatic ecosystems contained within them on public
lands (NWFP 1994). The ACS strives to maintain and restore ecosystem health at watershed
and landscape scales to protect habitat for fish and other riparian-dependent species and
resources and restore currently degraded habitats. Complying with ACS objectives means that
an agency must manage the riparian-dependent resources to maintain the existing condition
or implement actions to restore conditions. Improvement relates to restoring biological and
physical processes within their ranges of natural variability. All of the alternatives are
evaluated for consistency with ACS objectives in the Aquatic and Terrestrial Environment
sections of this chapter.

SURFACE WATER - LAKE ECOLOGY

Lake ecology is relevant to all issues (significant and other) identified in scoping. However,
this section primarily focuses on information pertaining to the issue of water quality. The
remaining issues are addressed throughout this document. Scoping identified a concern about
the effects of a lake draw down on down stream water quality. This issue is tracked under the
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titles water chemistry, primary production and phytoplankton and is also tracked under the
title water quality in the stream ecology section. There is a concern about the effects of the
rotenone treatment and subsequent fish stocking on the short-term and long-term condition
of water quality in Diamond Lake proper. This issue is tracked throughout the section.

BACKGROUND AND LIMNOLOGICAL INVESTIGATIONS

Diamond Lake has been classified by scientists who study lakes (limnologists) as a highly
productive water body due to the availability of nutrients that support the growth of aquatic
plants. Periods of high algae abundance in the water (algae blooms) at Diamond Lake have
been observed since the 1930s (Hughes 1970). Prior to the 1920s, developments at Diamond
Lake consisted primarily of unimproved campgrounds. More extensive development began in
the 1920s and included construction of a resort and lakeside residences. The construction of
residences continued until the mid 1950s and expansion of the campground facilities
continued up to 1972. Visitor use of the area has increased dramatically since the area was
first developed. By the mid-1960s, Forest Service officials were concerned that nutrient-rich
sewage and other wastes generated by Diamond Lake visitors could contribute to an increase
in the growth of aquatic plants (eutrophication). Visitor use projections and possible health
and aesthetic concerns led officials of the Forest Service to evaluate the waste collection and
treatment needs of the Diamond Lake area and a plan was developed for an improved
sanitation system (Burgess 1966). The system was designed to accommodate approximately
15,000 lake-visitors per day, including people using the resort, the south-shore area, the
trailer court and various picnic sites and campgrounds (USDA Forest Service 1970). The
private residences on the western shore of the lake were not included in the waste collection
system. These residences rely primarily on septic systems and simple pit toilets for sewage
disposal. As part of the waste water diversion system, sewage waters were diverted to waste-
stabilization ponds (lagoons) located outside the lake’s watershed. In some cases, septic-tank
drainfield systems and simple pit-toilets were replaced by vaults which temporarily store
wastes until they can be hauled away. The first use of the new facilities occurred in 1970 and
by December 1975 all planned connections to the waste water diversion system were
completed (Lauer et al. 1979). The Forest Service continues to operate and maintain these
sewage diversion and treatment facilities up to the present time.

In 1971, the Forest Service and US Environmental Protection Agency (EPA) signed a
Memorandum of Agreement to systematically study Diamond Lake and assess the effectiveness
of nutrient diversion on the condition of the lake (Lauer et al. 1979). From 1971 to 1977 the
EPA conducted a research program on Diamond Lake to collect limnological information and
identify changes that could be attributed to the nutrient diversion. Following this period of
study, EPA concluded that the lake’s eutrophication rate had not been affected to any
significant degree by sewage diversion, and nutrients from human sources represented a
minor portion of the lake’s total nutrient load. These researchers reported that nutrient
enrichment in Diamond Lake was primarily a natural phenomenon, with the majority of
nutrients derived from natural sources (Lauer et al. 1979).

Other investigators (Davis and Larson 1976; Meyerhoff et al. 1978; Salinas and Larson 1995;

Eilers et al. 1997; Eilers et al. 2001b) reached a different conclusion implicating human
activities as major sources of nutrient enrichment which has accelerated eutrophication.
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Eilers et al. (2001a) concluded that Diamond Lake has experienced significant deterioration in
the 20™ century and these changes are associated to some extent with shoreline development
but correspond more closely with changes in the introduced tui chub (Gila bicolor)
population.

The Forest Service has implemented a monitoring program at Diamond Lake to collect
limnological and water-quality information. During the summers of 2001, 2002 and 2003,
blooms of the toxin producing blue-green algae (cyanobacteria) Anabaena flos-aquae occurred
at Diamond Lake. The high abundance and associated public health risks of this planktonic
(microscopic free-floating) blue-green algae prompted the Umpqua National Forest in
cooperation with Oregon Health Division and Douglas County Health Department to close the
lake to water contact activities for periods of time during each of these summer seasons.

LAKE MORPHOMETRY AND SEDIMENTS

AFFECTED ENVIRONMENT
Morphometry’

Diamond Lake is a large, relatively shallow natural lake with an elliptical shape. The lake
bottom slopes gradually to the deepest portion located slightly north of the center (Figure 5).
The maximum depth is 48.5 feet (14.78 m) and the mean depth is 22.5 feet (6.85 m). The
majority of the lake area is relatively shallow with greater than 80 percent of the lake area
being less than 36.1 feet (11 m ) deep (Figure 6). The estimated time to refill the lake if it
were emptied (hydraulic residence time) is 1.6 years (Johnson et al. 1985). The surface level
of Diamond Lake is artificially elevated during the summer by controlling the flow at the
outlet. The elevated level in the summer is approximately 2 feet (0.61 m) higher than levels
during other seasons. Table 13 presents a summary of lake morphometry data.

The shallow nature of Diamond Lake significantly influences its ecological characteristics.
Among the factors affected by the relatively shallow water is the ability of light to penetrate
to the bottom of a large portion of the lake contributing to the growth of an extensive
macrophyte® population. Also in shallow lakes, surface turbulence can mix particles including
nutrient rich sediments into the water.

4 Morphometry is the measurement of shape. For lakes, morphometric data include length, depth, volume, etc.
5 Macrophytes are aquatic plants.
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Figure 5. Diamond Lake Bathymetric Map (Source: JC Headwaters, Inc.).
(contour lines are shown in feet)

Table 13. Morphometry of Diamond Lake

Attribute Metric English
Elevation* 1580 m 5183 ft
Lake Area** 1226 ha 3031 ac
Watershed Area* 136 km? 55 mi’
Maximum Depth** 14.78 m 48.5 ft
Mean Depth** 6.85 m 22.5 ft
Volume** 84.00 hm? 68,099 ac-ft
Precipitation® 140-165 cm 55-65 in

* Source: Johnson et al. 1985

** Source: Eilers and Gubala 2003
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Figure 6. Diamond Lake area by depth (modified from JC Headwaters, Inc. 2003 data).

Sediments

The sediment in the littoral zones® of Diamond Lake has been described as flocculent’, light
brown, and often containing rooted aquatic plants (Lauer et al. 1979). The sediments near
the center of the lake were described as typically flocculent, gray to brownish organic silt.
The organic-rich sediments were observed to provide a habitat highly suitable for
macroinvertebrates (Lauer et al. 1979). Eilers et al. (1997) described the sediment profile as
relatively uniform, with a high water content, and high organic component. Concentrations
of nitrogen, phosphorus, and silicon are high in the sediments.

Davis and Larson (1976) and Meyerhoff et al. (1978) reported an increase in total organic
matter in the sediments of Diamond Lake corresponding with an increase in human activities
in the watershed. In addition, these investigators observed changes in the planktonic diatom
remains in the sediments suggesting an increase in the productivity of the lake associated
with an increase in human use. Eilers et al. (2001b) reported an increase in the sediment
accumulation rate from approximately 0.01 g/cm/yr around the beginning of the century
(~1900) to a rate of approximately 0.03 g/cm/yr from the 1950s through the 1960s and a

® The littoral zone is the relatively shallow near-shore area.
" A fine, fluffy mass formed by the aggregation of small insoluble particles that will settle to the lake bottom over time.
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similar increase again in the late 1980s to mid-1990s (Figure 7). These investigators
concluded the sediment accumulation rate has increased approximately four-fold over the
long-term baseline values and at least two-fold over values from near the beginning of the
century. Although a small portion of the increase in the sediment accumulation rate was
associated with watershed development, Eilers et al. (2002b) reported the majority of
sediment originated within the lake and corresponds with two time periods of high tui chub
abundance®.
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Figure 7. Sediment accumulation rate (Eilers et al. 2001a).

ENVIRONMENTAL EFFECTS ON MORPHOMETRY AND SEDIMENTS

Direct Effects:

Alternative 1 and Alternative 4 would have no direct effect on lake morphometry or sediments
since these alternatives do not propose altering the lake level, canal dredging, or wetland
expansion. Alternatives 2 and 3 would result in the redistribution of some lake sediments, the
greatest effect occurring in the area dredged for canal re-construction and in the wetland
expansion area.

Historically and under current operating procedures, the surface of Diamond Lake is
artificially elevated during the summer and lowered by 2 feet (0.61 m) during the fall and
winter. Under implementation of either Alternative 2 or 3, the surface level of Diamond Lake
would be 8 feet (2.45 m) lower than the usual summer level following the fall/winter draw

8 Although the increase in the sediment accumulation rate occurred during a period of warmer than normal air
temperatures, these climatic variations likely accounted for only a small part of the observed increase because the
rate did not return to background values during cool weather periods.

76



Chapter 3 - Affected Environment and Environmental Effects

down period estimated to take 4 to 6 months. At the point of maximum draw down during
the winter under these alternatives, the lake level would be 6 feet (1.83 m) lower than the
usual seasonal water level. The surface area of the lake at the time of maximum draw down
would be reduced by 13 percent compared to the normal summer water level and expose
approximately 400 acres of sediments along the shoreline. Due to the gently sloping gradient
of the southern most portion of the lake bottom, the edge of the water would recede the
greatest distance from the normal water edge along this portion of the shoreline. Figure 8
displays the approximate area that would be exposed during the period of maximum draw
down. The draw down of the lake surface would be a short-term effect. After the rotenone
treatment, the lake would be refilled to the usual seasonal levels.

Alternatives 2 and 3 include excavation of a drainage canal near the current lake outlet. The
dredge spoils from the canal construction would be used to expand a wetland along the
northwest shore of the lake. Excavation of the drainage canal and the area of wetland
expansion on the northwest shore would be a long-term alteration of a small portion of the
lake bottom. High-resolution mapping of the lake bottom by Eilers and Gubala (2003)
revealed that the canal excavated in 1953 to lower the lake level still exists to a significant
degree. By following the route of the original canal excavation, the volume of dredge spoils
from within the lake would be reduced to a large extent.

Dredging of the outlet channel under Alternatives 2 and 3 would result in reduced water
quality in the lake from an increase in turbidity due to disturbance of bottom sediments
during the dredging operation. Although these alternatives include the installation of a
sediment screen fence around the wetland expansion area, a portion of the fine sediment
particles in suspension would be expected to pass through the enclosure and could potentially
increase turbidity levels over the entire lake. Due to the limited clay’ content in the
sediments and the relatively low degree of exposure to wind generated turbulence, elevated
turbidity levels from dredging and wetland expansion activities would be highest in the
northwest portion of the lake and would likely subside quickly after completion of the these
activities.

Under either Alternative 2 or 3, the operators of the Diamond Lake Resort would request a
permit to remove accumulated sediment and trash and repair docks at the resort marina
during the low water period following the lake draw down. In addition, the resort operators
would conduct similar work to remove old dock structures and moorage material from areas
near the South Shore Store. This work would be accomplished using heavy equipment and
would affect an area approximately 2/3 of an acre in size. Approximately 750 to 1,000 cubic
yards of material would be hauled to an approved waste disposal site. Due to the small area
impacted by these activities and no in-water work, no significant direct effects are
anticipated from these connected actions.

® Fine textured clay particles tend to stay suspended in water for extended periods of time.
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Figure 8. Area of exposed sediment (shown in gray) at time of maximum draw down.

The area of wetland expansion would be relatively small compared to the size of the lake and
would affect an area estimated to be approximately 0.6 acres. Turbidity levels in the lake
could remain above normal during the draw down operation due to wave action along the
shoreline mobilizing and suspending sediments normally under water. However,
hydroacoustic data of the lake indicates that the majority of the area exposed to an increase
in wave action is composed of relatively hard sediments (Eilers and Gubala 2003). These
relatively hard surfaces would be less susceptible to sediment mobilization by wave action
reducing the severity of the potential turbidity increase.

The sediment accumulation rate would be affected outside of the wetland expansion area as

sediments are disturbed by wave action within the draw down zone and due to settling of
suspended sediment originating from activities associated with the dredging and wetland
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expansion. Following the rotenone treatment under Alternatives 2 and 3, there would be a
temporary increase in the rate and quantity of organic material deposited in the sediments as
organisms susceptible to the toxic effects of rotenone (primarily fish and zooplankton) die and
settle to the lake bottom. Short-term increases in sediment accumulation rates represent a
minor negative impact on the ecology of the lake.

Indirect Effects:

The sediment accumulation rate is also considered to be an indirect effect due to its long-
term nature. Since an increase in the sediment accumulation rate has been found to be
associated with high tui chub abundance and all alternatives except Alternative 1 would
eliminate or severely reduce the tui chub population, the sediment accumulation rate would
likely be reduced to some extent by implementation of any of the action alternatives; the
reduced sediment accumulation rate would more closely resemble the natural (pre-
management) rate and would be viewed as a positive impact. This reduction would likely
occur after a period of approximately 3 years under Alternatives 2 or 3. A reduction in the
sediment accumulation rate under Alternative 4 would be expected to occur within
approximately 6 years from the time mechanical fish removal begins. Alternative 4 may be
less effective in reducing the sediment accumulation rate compared to the other action
alternatives in the long-term due to difficulties associated with mechanically maintaining
reduced tui chub populations.

Differences between Alternatives 2 and 3 could occur due to the different fish stocking
strategies implemented. Under Alternative 2, the feeding behavior typical of the type of
trout proposed for stocking has a higher potential to impact the zooplankton population
(particularly large bodied species) and bottom dwelling invertebrates of the lake. High
predation of large bodied zooplankton combined with bottom feeding behavior of fish has the
potential to affect nutrient distribution and cycling rates and increase overall phytoplankton
abundance, possibly leading to an elevated sediment deposition rate. Alternative 3 proposes
annual stocking of the lake during the angling season with a type of domesticated rainbow
trout. This type of fish would be expected to have a low impact on potential food sources
and would not be expected to survive harsh winter conditions. The low feeding rates of these
fish would more likely result in conditions favoring high numbers of large zooplankton
contributing to an overall reduction in phytoplankton density and a lower sediment deposition
rate (see sections Aquatic Biology - Phytoplankton, Zooplankton, and Fisheries for a more
complete explanation). Fish stocking strategies under any action alternative would be closely
monitored to ensure fish populations levels are not contributing to adverse effects on the
water quality of the lake'®.

Under any of the action alternatives a reduction in the sediment accumulation rate would be
closer, but not likely equal to the rate before the lake was altered by human activities
(positive effect). Under Alternative 1 the sediment accumulation rate would likely remain
elevated above rates that existed before the lake was populated with large numbers of tui
chub (negative effect).

Cumulative Effects:

' An ecologically-based index for guiding fish stocking decisions in Diamond Lake has been developed (Eilers
2003a); components include water chemistry, phytoplankton, zooplankton, and benthos.
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Past management activities that were the primary contributors to a cumulative effect on
morphometry and sediment accumulation in Diamond Lake were described in the affected
environment (i.e. 1950s canal construction, lake-side developments, etc.). Ongoing and
reasonable foreseeable actions are not expected to result in adverse effects on these
resources.

Under Alternatives 1 and 4, the remains of the previously constructed canal would be filled by
sediment deposition over time and no wetland expansion would occur.

Although implementation of Alternatives 2 and 3 include dredging of bottom sediments and
wetland expansion, none of the action alternatives propose to expand the dimensions of the
canal beyond the size of the original canal constructed in 1953. The sediment deposited in
the wetland expansion area would cumulatively add to the natural sediment accumulation in
that area and would be an addition to the small quantities of sediment originating from
human activities in the watershed. In the majority of the lake, a small increase in the
sediment deposition rate could occur during implementation of Alternatives 2 and 3 due to
settling of sediment that was suspended as a result of management activities adding to the
existing sediment accumulation rate. As mentioned previously however, very limited
quantities of sediments are generated from areas that are impacted by human activities that
drain into the lake and most suspended sediment would be likely to be deposited or settle in
or near the wetland expansion enclosure. Since all action alternatives would reduce or
eliminate the tui chub population and the associated increase in the sediment accumulation
rate, any of the action alternatives in combination with other management activities that
lower external nutrient loading (e.g. operation of the wastewater diversion system) would
cumulatively lower the sediment accumulation rate in the long-term and thus represents a
beneficial effect (see cumulative effects tables 9-11for a complete list of projects).

Conclusions:

In the long-term, all action alternatives would likely result in a reduction in the sediment
accumulation rate that would more closely approximate the natural rate and the natural
sediment regime. Since Alternatives 2 and 3 would alter only a small area of the lake bottom
through canal excavation and wetland expansion, no long-term detrimental effects from this
alteration are anticipated. If fish stocking levels were high under Alternative 2, the indirect
effects could lead to elevated sediment accumulation rates as compared to Alternative 3.
Among the action alternatives, Alternative 4 would have lower short-term impacts on
turbidity and morphometry. However, Alternative 4 may have a reduced probability of
achieving and sustaining lowered sediment accumulation rates in the long-term.

Implementation of any of the action alternatives would be consistent with attainment of
Aquatic Conservation Strategy (ACS) objective number 5, “to maintain and restore the
sediment regime under which the aquatic ecosystem evolved.” Under Alternative 1 (No
Action), the sediment accumulation rate would be higher than projections for the action
alternatives and would remain elevated above the natural and average historic accumulation
rate.

WATER TEMPERATURE AND THERMAL PROPERTIES
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AFFECTED ENVIRONMENT

Water temperature is an important factor in the limnological analysis of lakes for several
reasons including its influence on the rate of biochemical reactions. Water temperature in
combination with the intensity of wind and lake geometry determines the degree surface
waters are mixed with deeper water and as a result influences important processes within the
lake.

Diamond Lake has sufficient depth so that layers of differing water temperature develop on a
seasonal basis. As the intensity of solar radiation' increases during the spring and early
summer months, thermal stratification occurs as a layer of warm surface water called the
“epilimnion” develops over deeper, cooler water below. The depth of the epilimnion is
directly related to the degree of wind-generated turbulence at the surface. During most
summers, the surface waters of Diamond Lake reach a maximum temperature in the early
part of August. The water in the deepest portion of the lake remains relatively cool
throughout the summer and is referred to as the “hypolimnion”. Between these two layers
the area of most rapid change in temperature with depth is referred to as the “thermocline”
or "metalimnion” (Figure 9).

Dianond Lake Tenperature - Juby20, 1999
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Figure 9. Temperature vertical profile showing epilimnion, metalimnion, and hypolimnion
during typical summer thermal stratification.

Freshwater has a maximum density at 39.2°F (4°C) and is less dense at temperatures above
and below this point (Wetzel 2001). Due to changes in the density of water with
temperature, layers of differing temperature become highly resistant to mixing. However,
immediately after the melting of winter ice in the spring, temperatures throughout the water

" Solar radiation refers to sunlight.
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column of Diamond Lake become nearly uniform (isothermal). Also in the fall as air
temperatures cool and input of solar radiation decreases, thermal stratification in the lake
begins to break down as surface waters cool and temperatures again become isothermal and
near the point of maximum density. Under these nearly uniform temperature conditions,
resistance to mixing of water at various depths is low and a small amount of wind over the
lake can supply sufficient energy to result in mixing of the entire water column of the lake.

During summer thermal stratification, the warmer water in the epilimnion is less dense than
the deeper and cooler water of the hypolimnion. Because the layers of differing temperature
and density are resistant to mixing, water in the hypolimnion becomes isolated from water
near the surface resulting in differences in the chemical and biological properties of these
different layers.

During most winters, an ice cover forms on Diamond Lake beginning in late December to early
January and remains until approximately late March or April. During these periods of ice
cover, inverse stratification occurs as surface waters become less dense as they cool below
39.2°F (4°C) while deeper water remains near the temperature of maximum density (Figure
10).

Due to its high elevation, development of summer thermal stratification in Diamond Lake
generally occurs relatively late in the season (Johnson et al. 1985). Usually, the most
prominent stratification occurs during the months of July and August. However, during periods
of cool or windy weather, de-stabilization of the stratified layers can occur even during these
months (Eilers and Kann 2002). Diamond Lake has been characterized as a dimictic (Lauer et
al 1979, Salinas and Larson 1995), meaning that there is complete mixing throughout the
water column twice each year, once in the spring, a short time after the melting of winter ice
and a second time as the lake cools in the fall. The low stability of the stratification suggests
however, that the lake behaves more as a system that mixes several times each year
(polymictic). One of the consequences of limited duration of stratification is dissolved oxygen
depletion in the isolated water of the hypolimnion generally does not persist for extended
periods of time.
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Diamond Lake Temperature Profiles
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Figure 10. Typical seasonal temperature profiles from Diamond Lake: Winter/spring
inverse stratification (March 13, 1999); summer thermal stratification (July 20, 1999),
and; fall isothermal profile (October 10, 1999).

ENVIRONMENTAL EFFECTS ON WATER TEMPERATURE AND THERMAL PROPERTIES

Direct Effects:

Under Alternatives 2 and 3 the lake level would be lower by 8 ft (2.45 m) and thus shallower
than usual during the summer following the draw down. Assuming the thickness of the
epilimnion would remain the same as in years of normal lake level, wind generated turbulence
would likely mix a higher percentage of the lakes total volume. As a result, the volume of the
hypolimnion would be reduced. In addition, the shallower lake would be more susceptible to
mixing of the entire water column resulting in an increase in the frequency of nearly uniform
temperatures with depth. Under these conditions the duration of time the lake remains
stratified would likely be reduced and this would have a positive impact on the length of time
that the deepest part of the lake is oxygen-depleted (see Dissolved Oxygen section). No
direct effects on water temperature or thermal properties would be anticipated under
Alternatives 1 and 4.

Indirect and Cumulative Effects:

Since all alternatives would result in maintenance of the historic summer and fall/winter lake
levels in the long-term, and no other activities are anticipated that would affect lake water
temperature, no indirect or cumulative effects are anticipated under any alternative.

Conclusions:

Although Alternatives 2 and 3 could have short-term effects on the thermal stratification of
Diamond Lake during the draw down period, in the long-term all alternatives are not likely to
significantly affect the water temperature and thermal properties of the lake and would
therefore have a neutral effect on attainment of Aquatic Conservation Strategy Objectives.
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WATER QUALITY (DISSOLVED OXYGEN, NUTRIENTS, ALKALINITY and pH)

AFFECTED ENVIRONMENT

The water quality of Diamond Lake varies by season and depth. The majority of variation in
water quality is associated with typical changes in seasonal productivity and thermal
stratification. Nearly all of the available water quality data for the lake has been collected
from May through October. Generally the water quality across the open water surface of the
lake is relatively uniform (Salinas and Larson 1995). However, during the summer, variation
in some water quality parameters near the surface can occur due to the patchy characteristic
of blue-green algae (cyanobacteria) blooms common during this season. Diamond Lake is a
highly productive water body with sufficient nutrients to support a high phytoplankton
biomass during the summer season. High phytoplankton production in surface water results in
elevated pH values occasionally greater than 9.3 and can reach values of 9.7 during daylight
periods, exceeding water quality standards. During the summers since 2001, high values of
chlorophyll a (a measure of algae abundance) and reduced light penetration through the
water have been associated with severe blooms of toxin producing blue-green algae
(cyanobacteria). Despite indications of a decline in water quality in recent years, few water
quality parameters indicate clear trends over time. Eilers (2003) noted that inconsistencies in
sampling design and frequency have made it difficult to detect trends in the water quality of
Diamond Lake over time. Table14 displays a summary of water quality data from Diamond
Lake collected between 1992 and 2003.

Table 14. Summary of water quality data for Diamond Lake (Source: Salinas 1992-2002,
DEQ 2001-2002, Eilers 2003)

Parameter Median | 1992-1997 | 1998-2003

pH* 8.1 7.7 -9.1 7.4-9.7

Chlorophyll a (mg/L) 0.006 | 0.001 - 0.005 - 0.064
0.027

Total dissolved phosphorus 0.016 | 0.011 - 0.008 - 0.030

(mg/L) 0.025

Total Phosphorus**(mg/L) 0.020 0.010 - 0.060

Conductivity (uS/cm) 3.8 1.9-3.7 1.9-6.5

Nitrate-Nitrogen (mg/L) 0.001 0-0.011 0-0.516

Ammonia-Nitrogen (mg/L) 0.009 0.001 - 0-0.516
0.527

*Derived from maximum values.
**Data from years 2001-2003.

Dissolved Oxygen

Dissolved oxygen (DO) in lake water originates from exchange with the atmosphere and
release from plants in the water. DO is required by fish and many other kinds of aquatic life.
Although fish species vary in their tolerance to low oxygen, most fish cannot survive at less
than 2 mg/L of oxygen (Wetzel 2001). Diamond Lake is typical of many highly productive
lakes in that during periods of summer thermal stratification, high rates of photosynthesis in
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the epilimnion during the day result in elevated concentrations of oxygen near the surface.
However in the deeper water of the lake, dissolved oxygen depletion occurs in both summer
and winter.

Dissolved oxygen concentrations in the epilimnion of Diamond Lake are generally near
saturation levels'>. However, exceptions to this saturated condition can occur during the
summer season. Eilers and Kann (2002) and data from ODEQ reported dissolved oxygen levels
in epilimnetic waters below the expected saturation concentration' during the month of
August 2001. Eilers and Kann attributed the lower dissolved oxygen concentrations to the
dieback of a dense planktonic blue-green algae bloom. In the deeper water of the
hypolimnion little light is available for photosynthesis. Also in the deeper zones, decaying
organic material accumulates and oxygen is consumed by animal respiration, resulting in a
depleted oxygen condition during the summer season.

Lauer et al. (1979) reported dissolved oxygen depletion below 32.8 feet in the lake (10 m) in
both the summer and winter. Values less than 5 mg/L were found below 42.6 feet (13 m)
during the months of July and August of every year between 1971 and 1977 with a low of 0.1
mg/L recorded on August 18, 1977. Lauer et al. observed winter minimum values of 0.5 mg/L
and 1.5 mg/L of dissolved oxygen near the lake bottom in February 1972 and March 1975
respectively. Salinas and Larson (1995) reported during July and August in the years 1992
through 1994, concentrations of dissolved oxygen approached 0 mg/L below approximately
39.4 feet (12 m). Other studies have reported similar results in recent years indicating
declining oxygen concentrations or anoxic' conditions in the hypolimnion during July and
August (Eilers and Kann 2002, Salinas unpublished data 1995-2002, Eilers 2003, ODEQ 2001
unpublished data). Figure 11 below displays seasonal changes in dissolved oxygen
concentration with depth during the year 2001 that would be typical of most years.

Oxygen depletion in the hypolimnion results in conditions that favor a series of chemical
reactions with the largest effect occurring at the sediment water interface. Important
consequences of these reactions are the increased solubility' and release of the nutrients
phosphorous and silicon from bottom sediments. Increased concentrations of phosphorus in
the lake water can contribute significantly to an increase in the growth of algae in the lake.
Because the stability of summer thermal stratification in Diamond Lake is relatively low, the
duration of stratification is usually insufficient to cause severe oxygen depletion for extended
periods of time. However even brief periods of depleted oxygen may be important in
contributing to the internal loading of phosphorus from the sediments to the lake water.

Low oxygen concentrations in the deep portion of the lake during periods of strong thermal
stratification result in adverse conditions for fish and many other kinds of aquatic life. In
addition to the lack of oxygen for oxygen consuming organisms, anoxic conditions in the
hypolimnion favors chemical reactions that result in the formation of chemicals toxic to many
aquatic organisms; these reactions include the formation of ammonia (NHs), methane (CH,),
and hydrogen sulfide (H,S).

"2 The maximum quantity of dissolved oxygen the water can contain at a given temperature and pressure.
'3 Approximately 7.5 mg/L

" The absence of oxygen.

'* The relative capacity of a substance to dissolve into another.
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Diamond Lake Dissolved Oxygen
Profiles - Year 2001
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Figure 11. Dissolve oxygen profiles showing seasonal changes in the hypolimnion
(data source: Salinas 2001).

Nutrients

Plants require a variety of nutrients to support active growth and photosynthesis. The
availability of nutrients in water can limit the growth of aquatic plants (including
phytoplankton) in freshwater systems. In addition, the relative abundance of some nutrients
can significantly affect the phytoplankton community composition. Nutrient sources for lakes
include external loading (groundwater or surface runoff flowing into the lake, rain/snow, and
other sources outside the lake) and from internal loading from sources within the lake.

Although only small concentrations of some nutrients are sufficient to support plant growth,
phosphorus and nitrogen are required in relatively high quantities. Frequently a correlation is
found between the availability of one of these nutrients and the productivity of a lake. The
form and concentration of these nutrients in the water is affected by both physical and
biological processes. The amount of nitrogen and phosphorus in water can change rapidly
because they can be taken up by aquatic organisms, stored, transformed, and excreted
rapidly and repeatedly (Wetzel and Likens 1991). The availability of these nutrients in
Diamond Lake determines to a large degree, the productivity of the lake.

Phosphorus
Phosphorus is one of the essential elements required by all living organisms for metabolic
processes. Phosphorus is considered to be one of the nutrients that commonly limits algal
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growth in lakes. Among the variety of phosphorus compounds in lakes, phosphorus can be
divided into two general forms, dissolved and particulate. Measurements of total phosphorus
include both the phosphorus dissolved in the water (in solution) and in particulate form. The
majority of phosphorus exists in a particulate form that is unavailable for uptake by plants.
The three main classes of phosphate compounds in aquatic ecosystems include:
orthophosphates, condensed phosphates, and organically bound phosphates (MacDonald et al.
1991). Generally, only soluble orthophosphate can be utilized for biological uptake and
utilization by phytoplankton and as a result its concentration in lake water provides a good
estimation of the availability of phosphorus for algae growth.

The phosphorus budget of lakes includes: (1) external phosphorus loading; (2) internal loading
and cycling from within lake processes; and; (3) export downstream or loss to the sediments
(Wetzel 2001). Lauer et al. (1979) reported that inflowing streams are the primary external
source of phosphorus loading to Diamond Lake. Silent Creek was reported to be the main
external source of phosphorus contributing approximately 61 percent of the total measurable
load. Short Creek was reported to contribute 22 percent of the external loading during the
1971 to 1977 study period. Intermittent streams were reported to contribute 3 percent, and
groundwater sources 10 percent of the external load. Lauer et al. (1979) reported phosphorus
in precipitation contributed 4 percent of the total annual phosphorus load. Although Lauer et
al. reported low values for groundwater input of phosphorus, current research evaluating the
groundwater contribution to the lake may increase this factor in the future as this new data
becomes available.

Over the winter months, phosphate generally accumulates in lake water. During the spring,
the growth of algae increases the rate of uptake of phosphorus and reduces the concentration
of phosphate in the water. As phytoplankton abundance increases in the spring, zooplankton
feed on the phytoplankton and also become more abundant and subsequently may be preyed
upon by fish. Phosphorus compounds are recycled through the digestive systems and excreted
by fish, zooplankton, and bacterial activity into the water where they can again be utilized by
phytoplankton.

Loss of phosphorus in the water of Diamond Lake can occur as organisms die and settle to the
bottom and ultimately become part of the lake’s sediments. Dissolved phosphorus can also be
adsorbed onto suspended matter such as fine silt particles and settle out (precipitate) to the
lake sediments. Under oxygenated conditions, phosphorus can also combine with organic
matter, metallic ions, and carbonates and precipitate out of the water. Although phosphorus
precipitated to the sediments can reduce its concentration in the water, phosphorus can
subsequently be recycled back into the water column by in-lake processes. Some phosphorus
is exported from Diamond Lake through outflow into Lake Creek, however the overall outflow
of phosphorus into Lake Creek is small compared to that retained within the lake. Based on
an analysis of phosphorus concentrations in inflowing and out-flowing streams, Eilers and Kann
(2001) estimated the lake is retaining approximately 0.8 metric tons (1,764 pounds) of
phosphorus from April through September. Figure 12 displays the average total dissolved
phosphorus and orthophosphate concentrations in Diamond Lake along with concentrations in
the primary inflowing and out-flowing streams. Total dissolved phosphorus exceeds the
concentration of orthophosphate in all cases. The nearly complete uptake of available
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phosphorus by aquatic plants and algae suggests that phosphorus may be a limiting nutrient
for periods of time and therefore limit phytoplankton abundance.

Average Concentrations of Total Dissolved Phosphorus
and Orthophosphate
Year 1992-2002
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Figure 12. Average concentration of total dissolved phosphorus and orthophosphate 1992
- 2002 (data from Salinas and Larson 1992-1994 and Salinas 1995-2002).

The sediments of Diamond Lake are an important internal source of phosphate. As previously
mentioned, in oxygenated water, phosphorus can combine with oxidized metals, particularly
iron, and will precipitate into the sediments, resulting in the removal of phosphorus from the
lake water. However, during summer stratification, the hypolimnion becomes depleted of
oxygen and as a result of chemical changes'® phosphorus is released from the sediments into
the hypolimnion. The process of releasing phosphorus from the sediments is referred to as
internal loading. When the hypolimnetic phosphorus is mixed throughout the entire water
column it is available to support the growth of aquatic plants and algae.

Several blue-green algae species form spore like resting stages (akinetes) that can over-winter
or withstand otherwise harsh environmental conditions in the sediments. During the summer
when conditions favor their growth, colonies or cells of these species can migrate from the
lake sediments up in to the water. Petterson (1998) found that the migration of colonies of
the blue-green alga Gloeotrichia echinulata from the sediments to the epilimnion can be a
significant source of internal loading of phosphorus. Based on an analysis of akinetes from the
sediment of Diamond Lake, Eilers et al. (2001a) concluded that the blue-green algae
population of the lake has increased up to 15-fold during the 20" century. Two major
increases in the abundance of Gloeotrichia were found in the sediment record. Evidence of

'® However, as oxygen levels decline in the hypolimnion, insoluble ferric phosphate molecules in the sediment
undergo chemical changes that result in the formation of soluble ferrous phosphate (Wetzel and Likens 1991). The
soluble ferrous phosphate is released from the sediments into the hypolimnetic water.
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this species first appeared in the sediment record around 1920 following the introduction of
trout 10 years earlier, and the second increase occurred around the time of the rotenone
treatment in 1954. Eilers et al. (2001a) also reported Anabaena flos-aquae and Anabaena
circinalis were found at low densities prior to the introduction of fish but showed major
increases during the mid-20" century and again over the last decade. Since both Gloeotrichia
and Anabaena are akinete forming cyanobacteria, the observed increase in abundance of
these types of blue-green algae suggests that migration of akinetes from the sediments to the
epilimnion during the summer could be a significant pathway contributing to the internal
loading of phosphorus in Diamond Lake.

Fish can also contribute to a redistribution and increase in phosphorus in lake water through
bottom feeding behavior followed by excretion of nutrients. The high population of tui chub
in Diamond Lake is likely to contribute to the redistribution of nutrients through this process.
The introduction of additional phosphorus to surface waters can promote the development of
algal blooms.

Rooted aquatic macrophytes can play an important role in the availability of phosphorus in
lakes. Macrophytes are common in Diamond Lake to a depth of 19.7 feet (6 m) (Eilers and
Gubala 2003). Macrophytes in shallow areas can reduce the amount of phosphorus in the
water by stabilizing sediments, making them less susceptible to mixing into the water column.
Additionally, some species of macrophytes can remove phosphate from lake water by uptake
through their foliage and thus compete with algae for nutrients. However, the degree to
which macrophytes extract nutrients from the water through their foliage or roots varies
considerably among species (Wetzel 2001). Concentrations of phosphorus in the pore spaces
of lake sediments can be much greater than concentrations of phosphorus in the overlying
lake water". Numerous lake studies have shown the majority of macrophytes uptake
phosphorus through their roots. (Horne and Goldman 1994). Lauer et al. (1979) suggested
uptake of phosphorus by aquatic vascular plants from sediments may be a significant internal
source of phosphorus for Diamond Lake. The phosphorus from the sediments incorporated
into the plant organic material is eventually released into the water through the death and
decay of the plants. Lauer et al. (1979) reported large mats of the macrophytes Elodea and
Potomogeton washed up on the shore of Diamond Lake during storms and concluded that
decay of these plants could contribute to nutrients in the water column.

Klotz and Linn (2001) reported that although there are some conflicting reports in the
literature regarding the effects of lake draw down on phosphorus release from sediments,
studies have shown that drying and freezing of sediments as a result of water level draw down
increases the release of phosphorus upon subsequent re-wetting. These investigators
attributed this effect to the release of phosphorus from microorganisms that are killed by
drying and freezing. Klotz and Linn concluded that site specific characteristics will result in
differences between lakes in the relative contribution of sediment drying and freezing to total
internal phosphorus loading.

Nitrogen

' Lauer et al. (1979) reported orthophosphate concentrations of 250 ug/L in the pore water of Diamond Lake
sediments.
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All living cells require nitrogen in relatively high amounts compared to other nutrients.
Nitrogen is an important component of all proteins and is required for most biochemical
reactions. It is a major nutrient and its availability frequently is a factor determining the
productivity of aquatic systems. Nitrogen is present in aquatic systems in inorganic and
organic forms.

The most abundant inorganic form of nitrogen found in streams and lakes is the dissolved
gaseous form (N;). Other inorganic forms generally found in lower concentrations include the
combined forms; ammonium (NH,"), nitrate (NOs), and nitrite (NO;). Under some conditions,
un-ionized ammonia (NHs3) may also be present. Under aerobic conditions, nitrate is the most
common form of combined inorganic nitrogen in streams and lakes. Nitrogen in its gaseous
form can be utilized for growth only by some blue-green algae (cyanobacteria) that are
capable of nitrogen fixation. This process can be an important source of combined nitrogen in
lakes. The preferred form of nitrogen plants utilize for growth is ammonia and as a result
under oxygenated conditions is typically rapidly removed from water. Nitrate can also be
utilized by plants; however, its use requires the expenditure of greater amounts of energy.
The waste products of animals that feed on plants or other animals contain ammonia and
after these wastes are released into the environment, the ammonia generally is rapidly
removed from the water by plants. This recycling of nitrogen in aquatic systems allows for
the continued growth of algae in lakes even when other sources of nitrogen are depleted.

Ammonia is highly toxic to fish at relatively low concentrations. However, under oxygenated
conditions, ammonia is rapidly removed by aquatic organisms or converted to nitrate. Under
acidic to neutral conditions, the formation of ammonium (non-toxic) is favored over formation
of ammonia. At high pH values however, the formation of toxic ammonia is favored over
ammonium. Because high rates of photosynthesis in productive lakes can result in high pH
values, fish die-offs can occur in poorly buffered'® waters when a critical pH threshold is
exceeded leading to the formation of high concentrations of ammonia (Lampert and Sommer
1997). Although Diamond Lake typically has high epilimnetic pH values during the summer,
there are no reports of fish kills associated with high concentrations of ammonia.

Organic nitrogen may be present either as dissolved or suspended particulate matter in water.
Organic nitrogen is generally considered to be unavailable for plants until it is converted
(mineralized) into nitrate or ammonia. Organic nitrogen is found in a variety of forms
including proteins and humic substances'. The organic nitrogen concentration is the
difference of total Kjeldahl nitrogen (TKN) and the inorganic ammonia concentration. High
concentrations of organic nitrogen in water may indicate high rates of production or organic
pollution. Human or animal waste, decaying organic matter and live organic material
including small algae cells (phytoplankton) can result in high organic nitrogen concentrations
in lakes.

18 Poorly buffered waters have a chemical makeup with a low ability to neutralize acids or bases without a great
change in pH.

"9 Humic substances are natural organic compounds formed by the decomposition of plants and animals. They
comprise an important component of the dissolved organic matter in many lakes and streams and can give the water
a brown color.
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The majority of nitrogen present in Diamond Lake originates from three sources: (1) surface
and groundwater inflow; (2) precipitation; and (3) cyanobacterial fixation of dissolved
nitrogen gas (N;). Lauer et al. (1979) reported that ground water was the primary source of
total inorganic nitrogen entering the lake during their study (1972-1977), averaging 80
percent of the external load. In addition, Lauer et al. reported other external sources
including Silent Creek and direct precipitation with each of these sources averaging 8
percent. Salinas and Larson (1995) reporting on their study from 1992 to 1994, found that the
inflow to Diamond Lake from Short Creek contained a higher concentration of nitrate than did
Silent Creek (mean values of 19.4 and 2.3 ug/L respectively). No studies of Diamond Lake
have quantified changes in nitrogen availability due to nitrogen fixation or denitrification®.

Several studies have evaluated the concentration of inorganic nitrogen in Diamond Lake
(Sanville and Powers 1973, Miller et al. 1974, Lauer et al. 1979, Salinas and Larson 1995).
Concentrations of inorganic nitrogen in the lake vary seasonally and with depth. Both nitrate
and ammonia are generally found in low concentrations in the epilimnion of Diamond Lake.
Reduced concentrations of nitrogen in this near surface water during the summer months has
a significant affect on the phytoplankton community composition and result in a shift favoring
nitrogen fixing blue-green algae. In the deepest portion of the lake during the summer as the
dissolved oxygen becomes depleted, ammonia concentrations increase (Figure 13); as
stratification breaks down, ammonia from the hypolimnion mixes with surface water where it
can stimulate plant growth (photosynthetic activity).

Dissolved Oxygen and Ammonia at 12-14 m
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Figure 13. Typical seasonal changes in the concentration of ammonia (NH;) and dissolved
oxygen in the hypolimnion of Diamond Lake in 2001 (data from Salinas 2002).

The influx of nitrogen into Diamond Lake from streams is primarily inorganic nitrate, whereas
in Diamond Lake the majority of nitrogen is found in the organic form (Eilers and Kann 2002)

% Conversion of nitrate into nitrogen gases under conditions of depleted oxygen.
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(Figure 14). These differences reflect the high organic nitrogen component associated with
the high phytoplankton biomass of the lake.
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Figure 14. Average values summer season values of total Kjeldahl nitrogen and nitrate in
epilimnion of Diamond Lake, and the streams; Lake Creek, Silent Creek and Short Creek
(data source Salinas and Larson 1992-1994; Salinas 1995-2002).

Nutrient Loading and Human Activities

Lauer et al. (1979) found that the waste water diversion system at Diamond Lake reduced
phosphorus loading by 14 percent and nitrogen loading by 18 percent. These investigators
found that nutrients from human sources represented a minor portion of the lake’s total
nutrient load. Lauer et al. (1979) concluded that nutrient enrichment in Diamond Lake is
primarily a natural phenomenon, with the majority of nutrients originating from ground
water, inflowing stream water and the internal loading of nutrients from sediments.

Eilers (2001a) estimated the nutrient loads from the summer homes near the lake and
compared these estimates with other nutrient sources for the lake. He concluded that there
is little evidence to suggest that a reduction in nutrients from septic wastes originating from
the summer homes near the lake would yield a measurable improvement in water quality.
However, Eilers et al. (2001b) concluded that the introduction of fish into Diamond Lake has
resulted in significant changes to the lake including a shift in nutrient availability and a
decline in water quality.

Alkalinity and pH
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The pH?' of water is a measure of the activity of hydrogen ions. It is measured on a scale
ranging from 0 to 14. Water with high concentrations of hydrogen ions is acidic with a pH
below 7. Water that has low concentrations of hydrogen ions and contains higher
concentrations of acid neutralizing chemicals such as bicarbonate (HCO5'), carbonate (COs*),
or calcium carbonate (CaCO;) is alkaline?? and will have a pH greater than 7%.

Near the surface of Diamond Lake during the summer months, high rates of photosynthesis by
phytoplankton and macrophytes remove dissolved carbon dioxide and bicarbonate from the
water, resulting in an increase in pH. Several studies have determined that during the
summer in the epilimnion of Diamond Lake, the pH typically exceeds 8 and during large algae
blooms can be greater than 9 (Lauer et al. 1979; Sanville and Powers 1973; Salinas and Larson
1995; Salinas 1996-2002 and ODEQ unpublished data). Epilimnetic pH values typically reach
their highest values during July or August. During the summer of 2001, the ODEQ measured a
maximum pH value of 9.18 in the surface water of the lake during August and lower values
(between 7.5 and 8.5) during May and June (Figure 15). Because the surface water of
Diamond Lake frequently has not met state water quality standards during the summer due to
high eplimnetic pH values, Diamond Lake is included on ODEQ’s 303(d) list of water quality
limited water bodies.

During summer thermal stratification, the deeper hypolimnetic water of Diamond Lake
typically has lower pH values compared to surface water due to supersaturation® with carbon
dioxide generated by decomposition of organic matter. Salinas and Larson (1995) reported
slightly acidic conditions (pH 6.5-7.0) near the bottom of the lake during the summers of
1992-1994.

Based on an analysis of the diatom remains in the sediments of Diamond Lake, Eilers et al.
(2001a) concluded that the pH of Diamond Lake has increased over pre-development values.
Eilers et al. reported that the diatom-inferred pH during the pre-development time period
(prior to 1910) averaged 7.9 (+0.31). Although this finding was statistically insignificant?®, an
increase in pH during the twentieth century was determined to be consistent with increases in
the sediment accumulation rate and shifts in the diatom community composition.

21pH is defined as the negative log of the hydrogen ion concentration.
2 Alkalinity is commonly expressed as milligrams per liter of bicarbonate or calcium carbonate.
2 pH is measured in logarithmic scale. For each additional pH unit change, the hydrogen activity changes an order of
magnitude. For example, a pH of 8 has ten times more hydrogen activity than a pH of 7. While apH of 7to 8
represents one order of magnitude change, the change in hydrogen activity from pH 7 to 9 is two orders of magnitude
or 100 times difference in hydrogen ion concentration. Because of the logarithmic relationship, fractions of pH are
significant changes in hydrogen ion concentration.
4 To become more highly concentrated than is normally possible under given conditions of temperature and

ressure.

® Insignificant at P = 0.05.
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Diamond Lake pH Profiles
Year 2001
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Figure 15. Diamond Lake pH vertical profiles measured by DEQ in 2001.

An important consequence of pH in lakes is its effect on the form and concentration of
ammonia. Below pH 8, nearly all of the ammonia in freshwater exists in the ionic form as
ammonium. This is an important source of nitrogen for aquatic bacteria, algae, and large
plants. As the pH increases, the ammonium ion is transformed into ammonia, a form which
can be toxic to aquatic animals including fish. Above pH 10.5, the ammonium ion becomes
transformed almost exclusively into the toxic form-ammonia. Although high concentrations of
ammonia can result in fish kills, none have been reported for Diamond Lake.

Rotenone and Water Chemistry

From a review of several studies that measured the effects of the application of rotenone to
lakes, Bradbury (1986) concluded that no direct effects on water temperature, dissolved
oxygen concentrations, nutrients, carbon dioxide, or pH would be expected post treatment,
from the application of rotenone at concentrations used in fisheries management.

Bradbury (1986) also reported that lakes treated with rotenone generally have shown that
algae levels typically increase 4 to 6 fold following a rotenone treatment compared to years
without treatment. However, the increase in phytoplankton abundance following rotenone
treatment is not due solely to changes in nutrient availability. A significant portion of this
increase is due to a large decrease in the grazing pressure of zooplankton (see sections
Aquatic Biology - Phytoplankton and Zooplankton).
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A variety of factors influence the length of time rotenone remains toxic in the water. The
two most important factors determining the rate rotenone degrades are water temperature
and sunlight (Bradbury 1986). Rotenone degrades much faster in warm water than cold water
(Gilderhus et al. 1986, Dawson et al. 1991). Other factors contributing to the rate of
breakdown include the presence of organic debris, turbidity, lake morphology, dilution by
inlets and the dosage used. In a wide survey of lakes treated with rotenone, Bradbury (1986)
found that the majority of lakes detoxify within 5 weeks from the time of application and
lakes in Washington were generally non-toxic to fish after 4 to 5 weeks. In studies conducted
by the California Department of Fish and Game (CDFG 1994), the time required for rotenone
to degrade to non-toxic levels generally varied from two days to three weeks. Similarly,
Finlayson et al. (2000) reported rotenone generally persists from 1 to 8 weeks within a
temperature range of 50-68°F (10-20°C). These authors also reported that following
treatment, concentrations of rotenone in the sediments are similar to those in the water;
however, the breakdown of rotenone in the sediments lags 1 to 2 weeks behind that in the
water. Rotenolone, a metabolite of rotenone, persists longer than rotenone especially in cold
alpine lakes. Finlayson et al. (2000) reported that rotenolone has been detected for as long
as six weeks in water <50°F (10°C ) at elevations >8,000 feet (2,438 m).

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, and volatile (xylene, trichloroethylene, toluene,
and trimethylbenzene) and semi-volatile (naphthalene, 1-methyl naphthalene, and 2-methyl
naphthalene) organic compounds®. None of these volatile and semi-volatile compounds
would be expected to persist in the water for greater than 3 weeks (Table 15). Many of the
inert ingredients of the liquid rotenone formulations (trichloroethylene, naphthalene, and
xylene) are present in the fuel of motor boats and as a result are commonly found in lakes
where motorized activities occur. Although trichloroethylene is a known carcinogen,
Finlayson et al. (2000, p. 189) reported that concentrations in water immediately following
treatment with the liquid rotenone formulation would be below the U.S. Environmental
Protection Agency (USEPA) maximum contaminant level?” in drinking water (0.005 mg
trichloroethylene per liter of water) (USEPA, 2002b). Finlayson et al. also reported that none
of the other materials in the liquid rotenone formulation including xylenes, naphthalene, and
methylnapthalenes exceed any water quality criteria or guidelines (based on lifetime
exposure) set by the USEPA.

%6 Primarily petroleum-based substances.
Maximum contaminate level is the highest level of a chemical allowed in drinking water. It is an enforceable level
under the Safe Drinking Water Act.

95



Chapter 3 - Affected Environment and Environmental Effects

Table 15. Persistence of rotenone and other organic compounds in water and sediment
impoundments treated with 2 mg/L rotenone formulation (Source: Finlayson et al. 2000,
p. 192-193).

Compound Initial water Water Initial sediment | Sediment
concentration persistence concentration persistence
(Hg/L) (Hg/L)

Rotenone 50 <8 weeks 522 <8 weeks

Trichloroethylene | 1.4 <2 weeks ND*

Xylene 3.4 <2 weeks ND

Trimethylbenzene | 0.68 <2 weeks ND

Napthalene 140 <2 weeks 146 <8 weeks

1-m-napthalene 150 <3 weeks 150 <4 weeks

2-m-napthalene 340 <3 weeks 310 <4 weeks

Toluene 1.2 <2 weeks ND

*ND = Below detection limits

ENVIRONMENTAL EFFECTS ON WATER CHEMISTRY

Direct Effects:

Under Alternative 1 fish biomass would not be removed from the lake and as a result nutrients
would remain in the lake. Rapid nutrient cycling and nutrient redistribution from the bottom
into the water column, associated with a high population of tui chub, would continue to
contribute to nutrient availability and contribute to high phytoplankton production. In
addition, relatively large summer blooms of blue-green algae would likely continue. Because
Alternative 1 does not include a lake draw down, hypolimnetic dissolved oxygen and the
associated nutrient release from the sediments would remain similar to current conditions.

Alternatives 2 and 3 would result in a lowered lake level during the summer season following
the fall/winter draw down with a corresponding reduction in thickness and volume of the
hypolimnion. The shallower lake would have a smaller area of bottom sediments exposed to
low concentrations of dissolved oxygen during summer thermal stratification. In addition, the
shallower lake would increase the probability that wind-generated turbulence could
destabilize the thermal stratification and mix the entire water column, potentially reducing
the duration of stratification (see discussion under Water Temperature and Thermal
Properties). These factors could favor a temporary improvement in water conditions (lower
pH and improved transparency) during the draw down period.

During the draw down proposed under Alternatives 2 and 3, wave action on exposed
sediments along the shoreline would likely disturb fine particles and result in their
suspension. In addition, wind or boat-generated turbulence in shallower water would have a
higher probability of suspending sediments that would have been deeper underwater if no
draw down occurred. These disturbed sediments can release phosphorus, increasing its
availability for algal growth. Under oxygenated conditions, however, the extent that these
nutrients from sediments would contribute to increased phytoplankton production is likely
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limited because phosphorus is strongly bound to sediment particles under oxygenated
conditions.

Although the scouring of lake sediments from wave action or turbulence during the draw down
period under Alternatives 2 and 3 would likely be reduced by the stabilizing effect of
macrophytes, wave stress on macrophytes could reduce their effectiveness in keeping bottom
sediments in place. Additionally, the macrophytes within the draw down zone would be
exposed to desiccation” as a result of the low water level; however, the rooted submersed
species inhabiting this area would normally be starting to senesce and die back at
approximately the time the lake level would be lowered. Therefore, there would be little
contribution of additional nutrients to the lake above the typical seasonal amounts from
decaying plant material contributing to the nutrient load of the lake under these alternatives.

Under Alternatives 2 and 3, although application of rotenone is not expected to directly
modify water temperature, dissolved oxygen concentrations, nutrients, carbon dioxide, or pH;
there are numerous potential effects on water chemistry that would result from
implementation of these alternatives. Alternatives 2 and 3 include mechanical fish removal
followed by application of rotenone and carcass removal. The removal of fish carcasses from
the lake would prevent some nutrients, particularly nitrogen and phosphorus, from recycling
back into the water from the decaying fish. Complete removal of all fish carcasses would not
be feasible under either of these alternatives. Results from other lakes treated with rotenone
indicate that the majority of fish carcasses sink to the lake bottom so that even when a
concerted effort is made to remove fish carcasses, only approximately 20 to 30 percent of the
carcasses could be removed (Bradbury 1986). Even if these fish were not exposed to a
rotenone treatment, the nutrients contained in their carcasses would eventually be released
upon their natural death. In addition, while the fish are alive they continue to contribute
phosphorus to the water through excretion. The contribution of the fish carcasses to nutrient
loading can be viewed as a matter of timing. Treatment with rotenone would result in an
addition of nutrients from the decaying fish as opposed to their contribution to nutrient
cycling through feeding and excretion of nutrients.

Under Alternatives 2 and 3, the availability of both nitrogen and phosphorus from decaying
fish carcasses could increase contributing nutrients for phytoplankton growth. However, the
degree phosphorus released from fish carcasses would contribute to phytoplankton growth
depends on the extent that the lake remains oxygenated. Bradbury (1986) concluded that
because deep areas of productive lakes typically become oxygen depleted, rotenone-killed
fish carcasses generally will not greatly increase the release of phosphorus from the
sediments because oxygen levels generally are below 1 mg/L and even without the rotenone
treatment, release of nutrients from lake sediments is favored under these conditions. The
deepest portion of Diamond Lake typically becomes depleted of oxygen during the summer
and winter releasing phosphorus from the sediments. Release of phosphorus from fish
carcasses may have only a small effect of increasing nutrient availability in the water due to
the existing high rate of nutrient release from the phosphorus-rich sediments of Diamond
Lake. The decomposition of the fish carcasses on the lake bottom would create an additional
oxygen demand, which could extend the time the sediment-water interface remains depleted

%8 Desiccation means “drying out”.
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of oxygen. A longer duration of depleted oxygen could contribute to elevated phosphorus
concentrations in the water. A compensating factor however, is that the rotenone treatment
would occur during the draw down period when the lake would be approximately 8 ft (2.45 m)
shallower than the summer lake level. In addition, the rotenone treatment period (mid-
September) coincides with a period of weak stratification. Both of these factors would favor
mixing of surface water with the deeper water contributing to the maintenance of oxygenated
conditions throughout the water column. Therefore, the release of phosphorus from fish
carcasses represents a potential impact of limited scale and duration.

The rotenone treatment of Diamond Lake would likely be followed by a 4 to 6 fold increase in
algae abundance compared to non-treatment years. The increase in phytoplankton
abundance under Alternatives 2 and 3 would result in an increase in the organic nitrogen
component of the surface waters of the lake. The increase in phytoplankton abundance
would likely result in a temporary increase in the concentration of organic nitrogen in the
outflow of the Diamond Lake (Lake Creek) compared to normal years.

Under Alternatives 2 and 3, dock cleanup activities by Diamond Lake Resort described as
connected actions in Chapter 2 would occur; due to the small area impacted by these
activities and no in-water work, no significant direct effects to the water chemistry of the
lake are anticipated from these actions.

Alternative 4 would mechanically remove fish from the lake over a 6 year period. Since this
would remove fish biomass and the associated nutrients over time, there would be a degree
of nutrient loss immediately as fish removal begins and additional losses extending over the
entire 6 year fish removal period.

None of the actions in the proposed alternatives would be expected to directly alter pH
values.

Indirect Effects:

Under Alternative 1 rapid nutrient cycling would continue to occur due to the high population
of tui chub and the associated predation on zooplankton. Thus, the existing negative effects
on water quality described under direct effects would continue in the future. Under any
proposed alternative, the changes in phytoplankton production depend to some extent on the
abundance, species, and size composition of the zooplankton population and how these
species respond to the fish stocking strategies adopted under different alternatives (see
discussion under Aquatic Biology - Zooplankton and Fish).

Under the action alternatives, the rate of nutrient cycling in the lake would depend to some
extent on the timing and effectiveness of fish removal from the lake. As the fish population
declines, there would be a corresponding reduction in the degree nutrients are redistributed
from the lake bottom area to the overlying water. In addition, predation pressure on
zooplankton (particularly large bodied species) would be reduced and would contribute to a
decline in the rate of nutrient cycling and a lower peak phytoplankton production. These
outcomes represent beneficial effects to the lake.
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As the lake water level is raised to the normal seasonal level following the draw down under
Alternatives 2 and 3, there would likely be an increase in the internal loading of phosphorus
due to the re-wetting of previously frozen and dried sediments within the draw down zone.
This would increase the availability of phosphorus in the lake water and potentially increase
algae production during the spring and summer following return of the lake level to normal
seasonal conditions following the draw down period.

The effects of Alternative 4 would occur over a 6 year period as the tui chub population is
reduced. The extent to which nutrient cycling changes would be determined by the extent
the fish population is reduced and the response of the zooplankton population to reduced
predation. As the tui chub population declines over successive years, the peak phytoplankton
standing crop and primary production during the summer season would also likely be reduced,
resulting in a beneficial effect.

Because rotenone and associated inert ingredients would not persist in the lake, indirect
effects on water chemistry of the rotenone treatment under Alternatives 2 and 3 would
primarily be associated with changes in the biology of the lake (see sections: Aquatic Biology -
Phytoplankton and Primary Production, Zooplankton, and Fish). The degree any alternative
would affect epilimnetic pH values during the summer season would depend on the degree
the alternative affects the growth rate of phytoplankton. Under Alternative 1, the nutrient
cycling rate would likely remain high during the summer season associated with a high tui
chub population. Epilimnetic pH values above 8.5 would be expected to continue during the
summer associated with high abundance and growth rates of phytoplankton resulting in
continued degraded water quality into the future.

The degree epilimnetic pH values would be reduced during and immediately following
mechanical fish removal under all action alternatives would depend on the timing and extent
of the fish population reduction. Peak summer season phytoplankton production would likely
be lower under Alternatives 2, 3, and 4 if mechanical removal reduces the fish population and
associated predation pressure on zooplankton over the spring and summer months resulting in
lower pH values during this time. Under Alternatives 2 and 3 following treatment with
rotenone, the zooplankton population would be eliminated and since the rotenone treatment
is proposed for mid-September, a time when phytoplankton abundance is typically high
(particularly diatoms), phytoplankton production and elevated pH values could be greater in
the fall than would occur under Alternatives 1 or 4. Studies of other lakes have shown that
algae levels typically increase 4 to 6 fold shortly after rotenone treatment compared to levels
in years without treatment (Bradbury 1986). However, since the high phytoplankton
abundance typically found during the fall would naturally promote high pH levels, any
increase in pH compared to non-treatment years would likely be small in scale. As the day
length shortens and water temperature decreases as winter approaches, phytoplankton
abundance would decline and likely be similar to historic winter levels. In the spring as the
phytoplankton population increases rapidly, epilimnetic pH values would rise. The maximum
pH values experienced would be a function of the air temperatures, the degree of solar
radiation, wind, and grazing pressure from the zooplankton. Since the predation pressure on
the zooplankton from fish would be temporarily eliminated and the zooplankton would have
abundant food resources, the zooplankton would be expected to increase rapidly, particularly
large bodied species. This would lead to a reduction in the standing crop and growth of
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phytoplankton, resulting in lower pH values. The period when lower pH values would be
expected to occur under Alternatives 2 and 3 would depend how rapidly the zooplankton
population recovers from the effects of the rotenone treatment and the degree of predation
on the zooplankton population following fish stocking. Under Alternatives 2 and 3, peak
summer pH values would be expected to decline within 3 years after treatment. The fish
stocking strategy adopted under Alternative 3 would result in low predation pressure on
zooplankton due to the feeding behavior of the type of salmonid stocked. Therefore
Alternative 3 has a somewhat higher potential to result in lower summer pH values than
Alternative 2 (see sections Aquatic biology - Phytoplankton, Zooplankton, and Fish for
additional information). However, under any action alternative, monitoring lake conditions
would be required to ensure the fish stocking strategy is maintaining zooplankton-
phytoplankton interactions that would promote and maintain acceptable water quality’.

Alternative 4 could result in similar results as Alternatives 2 and 3 over an extended period of
time. Because the fish population would be reduced over a 6-year period under Alternative 4,
changes in the phytoplankton standing crop, primary production, and pH values would likely
occur incrementally over this extended time period. Since the tui chub population would be
reduced but not eliminated from the lake, there is a higher risk in the long-term that this fish
population would increase resulting in lower water quality conditions in the future.

Under Alternatives 2 and 3, no indirect effects are anticipated as a result of connected
actions proposed by the operators of the Diamond Lake Resort.

Cumulative Effects:

Implementation of any of the action alternatives would be expected to result in a reduced
rate of nutrient cycling and a lower standing crop and primary production of phytoplankton
associated with the elimination or severe reduction in the tui chub population. The change in
nutrient cycling would cumulatively have a positive affect on nutrient availability when
combined with past projects. Past management activities that were the primary contributors
(both positive and negative) to a cumulative effect on water chemistry in Diamond Lake
include fish stocking, human developments adjacent to the lake, the 1954 rotenone
treatment, and the installation of the waste water diversion system. Ongoing and reasonable
foreseeable actions that would contribute to cumulative effects to a small degree include;
boat ramp improvements, fish stocking, and water rights. However, as described earlier, the
primary negative factor influencing Diamond Lake water quality is believed to be a high
population of tui chub, rather than management actions. See cumulative effects tables 9-11
for a complete list of projects.

Conclusions:

Although there are some short-term impacts, in the long-term, implementation of any of the
action alternatives would be beneficial toward attainment of Aquatic Conservation Strategy
(ACS) Objectives. These alternatives particularly respond to portions of Objectives 4°° and 5°'

% An ecologically-based index for guiding fish stocking decisions in Diamond Lake has been developed (Eilers
2003a); components include water chemistry, phytoplankton, zooplankton, benthos.

0 Acs Objective 4 — Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland
ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
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concerning water quality, nutrients, and the natural sediment regime. Action Alternatives 2
and 3 would have the highest probability of providing improved water quality and reduced
nutrient loading in the shortest time. The success of Alternative 2 at maintaining improved
water quality over the long-term would depend on fish stocking levels and to some degree
whether monitoring data is effectively utilized to determine appropriate stocking levels.
Because the fish stocked under Alternative 3 would be less likely to result in high predation
pressure on zooplankton, this alternative may be slightly more favorable at maintaining water
quality in the long-term compared to Alternative 2. Alternative 4 would also contribute
toward attainment of these ACS objectives; however, since this alternative would be
implemented over a six-year period, progress toward meeting these objectives would be
extended over the 6-year time period and due to the continued presence of tui chub, the
long-term effectiveness would be less certain.

Table 16 provides a comparison of the alternatives effects on water quality (indicator pH).

Table 16. Comparison of Alternatives Effects on Summer pH in Diamond Lake.

Alternative 1 - Alternative 2 - Alternative 3 - Alternative 4 -
Indicator No Action Rotenone with Rotenone with Put Mechanical &
Put, Grow and and Take Fishery Biological
Take
Time Short- | Long- Short- Long- Short- Long- Short-
. Long-term
period term term term term term term term
pH pH During the After 3 During the | After 3 For 6 After 6 years
d expected expected first 3 years first 3 years years pH of treatment,
Expecte to remain | to remain | years after | following years after | following would pH would
summer high due high due treatment, | treatment, | treatment, | treatment, | remain potentially be
pH to high to high pH pH pH pH high. Near | lower for a
phytoplank | phytoplank | potentially | expected potentially | expected the end of | period of time
ton ton would to would to the 6 resulting in
primary primary remain decrease remain decrease years of improved in
production | production | high and and result | high and and result | treatment, | water quality.
result in in result in in pH However,
poor improved poor improved potentially | subsequent
water water water water would increase in pH
quality quality quality quality decrease and declines
and result | in water
in quality are
improved likely as the
water tui chub
quality population
rebounds

of the system and benefit survival, growth, reproduction, and migration of individuals composing aquatic and riparian
communities.

S ACS Objective 5 — Maintain and restore the sediment regime under which aquatic ecosystems evolved. Elements
of the sediment regime include the timing, volume, rate, and character of sediment input, storage, and transport.
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LIGHT AND TRANSPARENCY

AFFECTED ENVIRONMENT

Sunlight provides the most important source of energy to lakes and has profound influences on
their ecology. Light is utilized by plants for photosynthesis and its absorption and dissipation
as heat affects the thermal properties of lakes. The depth that light is able to penetrate
through water is determined by the transparency of the water. Transparency is affected by
the amount of suspended organic particles (i.e. plankton), inorganic particles (silt and clay),
and dissolved organic matter in the water.

A small portion of the sunlight that reaches the surface of a lake is reflected off of the
surface and the remainder passes through the water where it is refracted® or absorbed. The
intensity of light decreases exponentially with depth and different wavelengths of light are
absorbed or refracted at different rates (Wetzel and Likens 1991). In very clear lakes, the
high degree of scattering of blue light and absorption of other wavelengths accounts for the
blue appearance. In lakes with an abundance of phytoplankton, green light is largely
scattered and as a result the lake will have a green appearance. The transparency of water
can be reduced by high concentrations of phytoplankton in highly productive lakes such as
Diargond Lake, however, the light scattering effect of phytoplankton depends on algal cell
size™.

An approximation of the transparency of water can be made by using a Secchi disk. This
method utilizes a weighted black and white disk, 20 centimeters in diameter. The disk is
lowered into the water and transparency is determined by the average of the depths at which
the Secchi disk can no longer be seen when observed from the shaded side of a boat and the
depth it reappears while being raised (Wetzel and Likens 1991). Reduced summer Secchi disk
measurements in Diamond Lake are primarily due to phytoplankton density. During periods of
high phytoplankton abundance, Secchi disk transparency is significantly reduced. Figure 16
displays an example of the reduced transparency in Diamond Lake during a period of high
phytoplankton abundance during July of 2002.

%2 Deflection from a straight path when a light ray passes at an angle from one median (e.g. air) into another (e.g.
water).

¥ The transparency of water will be greater with the presence of large colonied species like many types of blue-green
algae compared to small single cell or small colonied species at the same concentration of chlorophyll a (a measure
of phytoplankton abundance).
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Diamond Lake Secchi Depths and Chlorophyll a - Summer 2002

7.0

16.0
6.0 4 + 14.0

T 12.0

o
)
.

1 100 ® Secchi Depth

»
o

1 80 ——Chl_a

Secchi Depth (m)
®
o

T 6.0

Chla 0-1 m depth (ug/L)

N
o

440

T 20

0.0 0.0

Date

Figure 16. Concentration of chlorophyll a (0-1 m depth) and Secchi disk transparency
(Summer 2002) (Oregon Department of Fish and Wildlife and Salinas unpublished data).

The changes in both intensity and spectral qualities of light with depth are an important
aspect of lake ecology. The depth that light is able to penetrate the water of Diamond Lake
is reduced during the summer season due to the dense surface blooms of phytoplankton.
Reduced light penetration limits the light availability for macrophytes and deep water
dwelling phytoplankton.

Plants contain light collecting pigments that are able to use light primarily between the
wavelengths of 400 to 700 nanometers (nm). A light intensity of 1 percent or greater of
surface radiation is considered sufficient to support the growth of plants. Monitoring data
from Diamond Lake indicates that during periods of high phytoplankton abundance below
approximately 19.7 feet (6 m) in depth, reduced light penetration would severely limit
photosynthesis (See Limnology Report Figure 14). This finding is consistent with hydroacoustic
data indicating that macrophytes currently only grow on the bottom of Diamond Lake where
the water is less than 6 meters in depth (Eilers and Gubala 2003).

Based on analysis of sediment cores from Diamond Lake, Eilers et al. (2001b) reported that
prior to the 20" century, the diatom assemblage (mix of species) of the lake consisted of
attached, truly planktonic, and normally attached types in suspension, in approximately equal
abundance. By the 1930s however, bottom dwelling attached types were declining in number
while the proportion of truly planktonic types increased dramatically. These investigators
concluded that this population shift was likely due to a decrease in transparency caused by an
increase in planktonic diatoms resulting in insufficient light to support the growth of the
deeper dwelling attached diatoms. This finding also suggests that the area of the lake bottom
occupied by macrophytes may have been reduced over the 20" century due to reduced
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transparency. As a result, a portion of the lake’s primary production has likely shifted from
bottom dwelling plants to phytoplankton, altering aquatic habitat conditions.

ENVIRONMENTAL EFFECTS ON LIGHT AND TRANSPARENCY

Direct Effects:

Since Alternatives 2 and 3 would include wetland expansion activities and would lower the
lake level beginning in the fall/winter, turbidity levels in portions of the lake are likely to be
higher due to suspended sediments from canal dredging, suspended sediments dispersing from
the wetland expansion area, and wave disturbance of exposed shoreline sediments. The
increase in turbidity would reduce the depth of light penetration and could significantly
reduce photosynthesis and as a result lower primary production of macrophytes (to a depth of
approximately 6 m) particularly during the summer while the lake is at its low level.
Disturbance of lake bottom sediments could result in the release of nutrients that would
become available to algae and potentially increase primary production in those portions of
the water column where there is sufficient light penetration. Under oxygenated conditions
however, the extent that these nutrients from sediments would contribute to increased
phytoplankton production is likely to be limited.

Under Alternatives 2 and 3, connected actions proposed by the operators of the Diamond Lake
Resort (described in Chapter 2) would not involved any in-water work and would not be
expected to have any direct effects on light and transparency in the lake.

Under Alternative 4, no draw down would occur so disturbance of sediments and the
associated increase in turbidity associated with that action would not occur. Although
extensive netting of tui chub could create minor increases in turbidity, this increase would
likely be minimal in intensity and short in duration, quickly subsiding upon completion of the
activity.

Under Alternative 1, turbidity levels would not be increased because no actions would take
place to disturb of sediments. High rates of phytoplankton production during the summer
months would continue and high phytoplankton abundance would continue to limit light
penetration particularly during mid-summer. Reduced light penetration would limit the
ability of macrophytes to occupy the lake bottom below approximately 20 feet (6 m) in depth.

Indirect Effects:

In the longer-term, during the weeks and months following rotenone application, indirect
effects would occur under Alternatives 2 and 3. Phytoplankton production would likely rise
significantly in Diamond Lake due to a dramatic reduction in grazing pressure from
zooplankton (because zooplankton would be killed by the rotenone) and a potential increase
in nutrient availability (from decomposing organisms). As the phytoplankton production
increases, light penetration would decrease. The duration of the phytoplankton increase
would be affected by seasonal changes including reduced temperatures and sunlight. As the
fall progresses to winter, the phytoplankton production would decline and transparency would
likely be similar to pre-treatment fall conditions. As spring approaches with longer periods of
sunlight and warmer temperatures, a large bloom of phytoplankton would occur reducing
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transparency and light penetration to an extent greater than would likely occur under the
Alternative 1 or Alternative 4. The standing crop of phytoplankton during the summer season
would remain high until the zooplankton population recovered to the extent that grazing
pressure would lower the phytoplankton abundance. Under a fishless condition, the
zooplankton population would likely increase rapidly, creating higher grazing pressure on the
phytoplankton. Lowered production and a reduced standing crop of phytoplankton would
potentially increase water clarity and promote deeper penetration of light through the water
column of the lake. The increase in light penetration during the summer season has the
potential to shift a portion of the primary production from the phytoplankton community to
attached algae and macrophytes and extend the lake bottom area they are able to occupy.
Under Alternatives 2 and 3, recovery of the zooplankton population and the associated effects
on phytoplankton would likely occur over a 3-year period. Therefore, a long-term beneficial
effect to lake transparency is likely as the peak phytoplankton density is lowered.

Under Alternative 4, the zooplankton population would not be eliminated by the use of
rotenone so a shift in the species and size distribution of the zooplankton population would be
expected to occur incrementally over a period of about 6 years. Phytoplankton primary
production would likely decline over the 6 year implementation period of this alternative in
response to changes in grazing pressure and nutrient cycling during the summer period of
peak phytoplankton abundance. Since tui chub would not be eliminated from the lake under
Alternative 4, in the long-term there is a high probability that an increase in the population of
this species could lead to a decline in transparency and other water quality parameters.

Under Alternatives 2 and 3, connected actions proposed by the operators of the Diamond Lake
resort including removal of accumulated sediment and trash and dock repair are not expected
to have any indirect effects because no in-water work would occur.

Under all action alternatives, as phytoplankton production declines, the depth of light
penetration would increase, allowing greater opportunities for macrophyte growth and moving
the lake closer to pre-management conditions.

Cumulative Effects:

Any of the action alternatives have the potential to contribute cumulatively toward the
maintenance or improvement in water clarity and reduced phytoplankton primary production.
Increases in nutrient loading from human activities have the potential to increase the
phytoplankton abundance resulting in reduced water clarity. Because suspended particles
(including phytoplankton) in the water reduce water clarity, activities in the watershed that
either reduce external nutrient loading (e.g. the waste water diversion system) or reduce
sediment input into the lake (e.g. road paving and maintenance of roads and trails) would
cumulatively contribute to this goal. See cumulative effects tables 9-11 for a complete list of
past, ongoing, and reasonably foreseeable activities. All current and future projects
incorporate Best Management Practices to ensure protection of water quality and beneficial
uses through implementation of erosion control techniques and measures to minimize
anthropogenic nutrient additions to Diamond Lake.

Conclusions:
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Implementation of any of the action alternatives would be beneficial toward attainment of
Aquatic Conservation Strategy (ACS) Objectives. These action alternatives particularly
address portions of Objectives 4** and 9°° that address water quality and restoration of habitat
to support populations of native plants. Alternatives 2 and 3 would have the highest
probability of providing water quality closer to the conditions under which the system evolved
in the shortest time (within approximately 3 years). Because the type of fish proposed for
stocking under Alternative 2 would more aggressively prey on zooplankton (particularly large
bodied species), success of this alternative in providing long-term improvement in water
quality would depend on utilizing the results of monitoring data to ensure stocking levels do
not result in adverse conditions®. The type of domesticated trout proposed to be stocked
under Alternative 3 have a lower probability of severe predation pressure on zooplankton and
bottom dwelling organisms; therefore, this alternative has a slightly reduced risk of increased
water quality degradation in the long-term. Alternative 4 would also contribute toward
attainment of these objectives; however, since this alternative would be implemented over a
six-year period, progress toward meeting these objectives would be extended over an
estimated 6 year time period. In addition, since tui chub would not be eliminated under
Alternative 4, there would be a higher risk of not meeting improved water quality in the long-
term. A reduction in the peak rate of phytoplankton primary production during the summer
would allow light penetration deeper into the lake and would likely promote a macrophyte
distribution that more closely resembled the distribution of these species under natural
conditions.

SURFACE WATER - STREAM ECOLOGY

Streams are relevant to three issues identified in scoping and described in Chapter 1: water
quality (significant), wetlands (significant), and water rights (other). Scoping identified a
concern that rotenone treated water would escape Diamond Lake through Lake Creek and
negatively impact water quality and fish and wildlife species in Lake Creek and the North
Umpqua River System. This issue is tracked under the title streamflow regime and is also
discussed in fish and wildlife sections of this chapter. There is a concern that a lake draw
down would negatively affect water quality in Lake Creek and downstream water bodies. This
issue is tracked under the title water quality. Scoping identified a concern that drawing down
Diamond Lake would have a negative impact on wetlands adjacent to the lake and Lake
Creek. This issue is tracked under the title streamflow regime and is also discussed in the
groundwater and terrestrial and wetland plant sections of this chapter. There is also a
concern that a draw down and lake refill period would impact the physical integrity of Lake
Creek and holders of water rights around and downstream of Diamond Lake. These issues are
tracked under the titles channel morphology and streamflow regime respectively.

* ACS Objective 4 — Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland
ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
of the system and benefits survival, growth, reproduction, and migration of individuals composing aquatic and riparian
communities.

¥ ACS Objective 9 — Maintain and restore habitat to support well-distributed populations of native plant, invertebrate,
and vertebrate riparian dependent species.

% An ecologically-based index for guiding fish stocking decisions in Diamond Lake has been developed (Eilers
2003a); components include water chemistry, phytoplankton, zooplankton, benthos.
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STREAMFLOW REGIME

AFFECTED ENVIRONMENT

The streamflow regime for the project area is uniquely influenced by the High Cascade
geology and spring snowmelt (Diamond Lake and Lemolo Lake Watershed Analysis, 1998). This
underlying geology is the controlling factor in the development of the High Cascade aquifer
(Diamond Lake and Lemolo Lake Watershed Analysis, 1998; Sherrod, 1995; Ingebritsen, 1994).
Streamflow is dominated by groundwater input. The geologic characteristics influence a high
volume and storage capacity of groundwater that slowly releases to channels. The pumice soil
of the area allows rapid water infiltration that generally drains to deeply fractured basalt
bedrock with an abundance of joints and fracture patterns allowing rapid infiltration and
migration of water vertically as well as horizontally over a wide area. Low stream density is
common in this geology with higher infiltration rates and less tendency for surface water to
concentrate.

The resulting streamflow regime is not only slow to respond to rain, but also persistent with
small annual flow fluctuations (i.e., difference between summer to winter flow). This flow
condition provides cool and consistent summer flow while producing less winter runoff*’.
Annual river flow in the North Umpqua River below the Lemolo Reservoir is approximately half
of the annual precipitation for the watershed, which is typical of High Cascade streams. In
contrast, streams in the Western Cascade geologic sub-province tend to runoff over 70% of the
precipitation because of much less storage ability in the older geology.

Precipitation

Precipitation in the project area is predominantly winter rain and snow. Summer
precipitation is limited while about 60% of the total annual precipitation occurs in December
to February at Diamond Lake®®. Winter precipitation is influenced by marine weather
patterns, which usually occur as storm fronts with warmer storms (rain, not snow) out of the
southwest. The snowpack tends to be “warm” with an internal snow temperature near 0°C or
32° F (Harr and Coffin, 1992), which requires little heat energy to initiate snowmelt. Summer
rainfall can be a result of thunderstorms that have intense rainfall, but for short durations.
Thunderstorms have produced up to 0.5 inches over about a 2-4 hour period during 1981 to
2002 (USDA, Natural Resource Conservation Service, 2003). However, direct rainfall to the
lake from these summer storms amounts to less than 1% of the lake volume.

Snowpack in the Diamond Lake area historically has exceeded 100 inches in February and
March. See the Hydrology report for additional details on snowpack and air temperature.

The total mean annual precipitation (that is total inches of water from rain + snow) for the
years 1981-2002 as recorded at the NRCS SNOTEL station at Diamond Lake is 49 inches. Mount

%" This streamflow regime is a direct contrast to the warmer and lower summer flow and more responsive winter runoff
of downstream Western Cascade sub-province geology.

% Data collected by the Natural Resource Conservation Service (NRCS) at the Diamond Lake SNOwpack TELemetry
(SNOTEL) Station #22F18 from 1981 to 2002.
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Bailey, which is west of Diamond Lake, appears to create a precipitation rain shadow™ east of
the mountain, which includes Diamond Lake and part of this project area. The precipitation
modeling by the Oregon Climate Service (State Climatologist Office*) also identifies this
situation. General winter observations around the lake have noted that the snowpack tends
to be greater in the south to southwest than the north area of Diamond Lake. This varying
precipitation pattern around the lake results in an uneven spatial water input to the surface
and groundwater hydrology of Diamond Lake.

Streams and Streamflow

The snowpack influences the streamflow regime during the spring period. Figure 17 displays
the historical mean monthly streamflow (U.S. Geological Survey, 2003) for the Lake Creek
gaging station immediately downstream of the Diamond Lake outlet. The second rise in the
hydrograph commonly occurs in June as the result of warm weather causing snowmelt and a
spring runoff; however, earlier snowmelt has been observed.

Lake Creek Gaging Station #14312500

MWean Monthly Discharge
1922-2000
{not continuous record)
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Figure 17. Lake Creek Historical Hydrograph for Mean Monthly Streamflow*'.

%9 Rain shadow is where precipitation is suppressed because of a topographic feature. As a moisture-laden air mass
passes over mountains, the existing moisture in clouds tends to evaporate on the leeward side and is less available
for precipitation.

40 State Climatologist Office, Oregon Climate Service, Oregon State University's College of Oceanic and Atmospheric
Sciences, Corvallis, OR 97331-2209.

! Streamflow data collected and published by the U. S. Geological Survey.
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The flow at bankfull level is the “channel-forming discharge” (Leopold, 1994) when flow is the
most effective at maintaining the channel’s physical form under the current climate regime.
Bankfull flows for the greater Umpqua Basin occur about every 1.5 years on average. The
bankfull flow for Lake Creek is approximately 110 cubic feet per second (cfs) or about 2 cfs
per square mile (cfsm) at the US Geological Survey (USGS) gaging station (#14312500). The
streamflow statistics for the Lake Creek Gaging Station show that streamflow can peak above
bankfull level as a result of winter storms and spring melt. High Cascade streams like Lake
Creek are influenced by groundwater and do not respond quickly to precipitation input
through rapid runoff. These streams have less streamflow energy at bankfull or other flood
levels. High Cascade streams in the basin generally have bankfull flows that are less than 10
cfsm while streams draining similar size areas in the older Western Cascades geologic sub-
province to the west of the project generally have bankfull flows that can be 35 to 50 cfsm™*.

The mean-daily streamflow for the period of record at the Lake Creek Gaging Station is
displayed in Figure 18 in comparison to the approximate 1.5-year bankfull flow. Based on the
historical data displayed in Figure 3, Lake Creek’s mean daily streamflow has frequently
exceeded the 1.5-year bankfull flow (110 cfs) during some years. For the period of record,
there were 875 occurrences (14,328 mean daily flows in total record) when mean-daily flow
was greater than bankfull flow, which represents about 6% of the total record (more than 35
years plus some partial years). These peak streamflow events have occurred both in the
winter and spring runoff periods. The duration of these runoff events have lasted from a
single day to an average of two weeks, with the larger and longer events during the winter.

2 Western Cascade streams used for comparison were Susan Creek, Rock Creek, and Cavitt Creek from the crest
gage study on or near the Forest. High Cascade streams also evaluated were Thielsen Creek and Clearwater River
from the same study (Friday, 1972).
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Figure 18. Lake Creek Mean-Daily Streamflow for the Period of Record in Comparison to
the 1.5 Year Bankfull Flow of 110 Cubic Feet per Second.

The surface water hydrology of Diamond Lake is strongly influenced by groundwater and
snowmelt. The primary surface inflow to the lake is from Silent Creek (about 30 cfs in
summer) in the southwest and Short Creek (about 10 cfs in summer) in the southeast (Figure
4). Other surface channels are Two-Bear Creek, Spruce Creek, Porcupine Creek, Dry Creek,
Camp Creek, Discovery Creek, Hemlock Creek, and at least three unnamed streams. Most of
these streams appear to be seasonal and are influenced by snowmelt. However, Two-Bear
Creek and Spruce Creek are more strongly influenced by groundwater through springs. The
spring area for Two-Bear Creek has been developed as a water source for the Diamond Lake
Resort under the State water right appropriation process. The surface water connection for
Two-Bear Creek from its source to the lake appears to exist under the boathouse at Diamond
Lake Lodge. The only surface outflow of Diamond Lake is Lake Creek. Oregon Department of
Fish and Wildlife (ODFW) regulates the outflow in accordance with a water right to store
water above the normal lake surface.

The surface water inflow and outflow for Diamond Lake appears to account for much of the
water movement. However, groundwater movement is an important factor for streamflow in
the High Cascades.

Oregon Department of Fish and Wildlife (ODFW) has the right to store a maximum of 5,800
acre-feet in Diamond Lake. The stored water is released during the dry season to supplement
the flow in the North Umpqua River for downstream diversion and use at the Rock Creek Fish
Hatchery (approximately 70 river miles downstream). This becomes critical during below
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average, low flow periods when the 1974 instream water right® is not met. ODFW’s water

right is junior in time to the instream water right and would be required to stop water use
when the instream water right is not met. The release of stored water from Diamond Lake
allows ODFW to continue using water from the North Umpqua River during very dry years.

The Oregon Department of Transportation (ODOT) also has a water right. This water use is
limited to 0.01 cfs from Lake Creek near the Road 4700-710 crossing (intake upstream of
Thielsen Creek and downstream of Sheep Creek) for their truck equipment repair shop which
includes shop uses and sanitary facilities.

Wetlands Hydrology

Two primary wetland locations are adjacent to Diamond Lake and identified by the U.S. Fish
and Wildlife Service in the National Wetlands Inventory. The larger location is along the
southwestern shore (immediately west of South Shore Picnic Area) and is approximately 140
acres. The smaller location is along the northwestern shore (north of Thielsen View
Campground) and is approximately 6 acres (mapped as two distinct but adjacent units) (Figure
40).

Local groundwater movement toward the lake during the driest period of the year has been
observed in the vicinity of the larger wetland. The water table appears to slope toward the
lake along the south shore (Breeden, 2003). The smaller wetland appears to be more
influenced by the lake level.

Other wetland locations are along Lake Creek. Between Diamond Lake and the Highway 138
crossing of Lake Creek, there are a number of scattered, but small wetlands (less than 5
acres). However, North of Highway 138 wetlands are more abundant and generally larger
than those south of the highway. The wetland locations appear to be influenced by both Lake
Creek and upslope groundwater moving toward these sites. Where Lake Creek flows through
or immediately adjacent to the wetlands, it was assumed that the stream has some direct
influence on the water table, creating the wetland. The remaining wetland locations are at
least slightly upslope from Lake Creek where a direct influence was not assumed. Lake Creek
appears to have some influence on about 70% of the mapped wetland locations between
Diamond Lake and Lemolo Reservoir.

ENVIRONMENTAL EFFECTS

Figure 19 provides a reference for locations on Lake Creek referred to throughout this section.

3 “Instream water right” as defined in Oregon Revised Statutes 537.332, means a water right held in trust by the
Water Resources Department for the benefit of the people of the state of Oregon to maintain water instream for public
use. An instream water right does not require a diversion or any other means of physical control over the water
(Oregon Administrative Rules 690-077-0010, Instream Water Rights - Definitions).
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Figure 19. Referenced locations on Lake Creek and the environmental effects of a lake
draw down.

Direct Effects: (Lake Creek at the Diamond Lake Outlet)

Alternatives 2 and 3 would directly affect the streamflow regime for Lake Creek at the
Diamond Lake outlet through the lake draw down. During the draw down, Lake Creek flow
would be at bankfull and periodically higher during winter or spring runoff events. The
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streamflow would be released at a quantity that is typical of historic high water streamflow
as documented at the gaging station immediately below the outlet of Diamond Lake.
However, because of the duration of flow, a similar condition has only occurred once before
in 1954 when the lake was also drawn down, at a much higher flow but for the same purpose.

Under Alternatives 2 and 3, Lake Creek would experience extended bankfull flow (or higher
during storm or snowmelt runoff periods) for about eight months in order to drain Diamond
Lake eight feet (Figure 20). Runoff events would be passed through the canal and down Lake
Creek to Lemolo Reservoir, which would simulate winter runoff. The lake outlet would
become dewatered when about 2-3 feet of draw down is reached. Lake Creek would remain
dewatered from the outlet to where the canal enters the channel (approximately 250 yards)
for about 2 months.

Draw Down Phase
Estimated Duration of the Draw Down Phase to
Drrain Diamond Lake 8 Feet below Lake Base Stage
Under Average Lake Inflow Conditions
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Figure 20. Estimated Duration of the Draw Down Phase with Higher Streamflow in Lake
Creek to Drain Diamond Lake (curve does not include likely runoff events).

Figure 21 is a simulated hydrograph that was developed to contrast a worse case scenario of
the effects of Alternatives 2 and 3 on streamflow with the actual mean daily flows from the
Lake Creek stream gaging record for an extremely wet year (1953). This simulated
hydrograph assumes a very wet climatic condition during the draw down phase. The actual
flow would probably be less; however, unknown weather conditions during the draw down
would determine the actual hydrograph.
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The overall effect of the draw down would be higher daily flows in Lake Creek than for a
normal winter. The atypical duration of high flow in Lake Creek would be a short-term
impact to the streamflow regime only for the draw down phase. For the long-term,
streamflow would return to the pre-treatment level.

Alternatives 2 and 3 Simulated Mean Daily Flow (—--) for Lake Creek
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Figure 21. Simulated Mean Daily Flow for Alternatives 2 and 3 over the Project
Period in Comparison to Actual Mean Daily Flow from the Lake Creek Gaging
Station.

Connected actions by Diamond Lake Resort associated with these alternatives as described in
Chapter 2, would have no impact on streamflow regime.

Alternatives 1 and 4 do not involve lake draw down and would not affect the streamflow
regime of Lake Creek. These alternatives would maintain the existing streamflow regime;
therefore no direct, indirect, or cumulative effects would occur.

Indirect Effects: (Lake Creek Downstream)

Alternatives 2 and 3 are the only alternatives that would have indirect effects on streamflow.
Under Alternatives 2 and 3, Lake Creek would flow at bankfull from the canal entry into the
channel to Lemolo Reservoir. The bankfull flow would maintain a larger wetted perimeter and
wetter soils adjacent to the channel. The immediate riparian areas along the channel would
have greater potential for a persistent water table, since groundwater normally draining
toward the channel would experience a flatter gradient between groundwater and stream
elevation. However, these affects may be very slight since the draw down period occurs
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during the winter and spring months when greater precipitation would also affect upslope
moisture draining to the channel.

Once the draw down flow reaches Lemolo Reservoir, it would be absorbed through reservoir
operations. PacifiCorp is a partner in this project and would work with the draw down
operation to avoid large changes in reservoir storage and release. Therefore, no major
changes in the seasonal streamflow regime below Lemolo Dam in the North Umpqua River
would be expected.

After the draw down period, the canal outflow would equal inflow to Diamond Lake, in order
to maintain the 8-foot draw down from late spring to the end of the summer. During this
period, the flow in Lake Creek would be natural streamflow and reflect the natural watershed
responses.

Just prior to chemical treatment of the lake under Alternatives 2 and 3, lake outflow through
the canal would be closed and the only flow in Lake Creek would be from groundwater and
tributaries. Since there would be little accretion of flow from groundwater or tributaries
(Breeden 2003), there would likely be little to no flow, with only some pooled water, in the
first 5.5 miles of Lake Creek for about 2 months (Figure19). The largest flow contribution to
Lake Creek would be from Thielsen Creek, about 8 miles downstream of the outlet. Thielsen
Creek may contribute as much as 5 cfs during this dry channel phase. The limited to no-flow
condition for this 8-mile segment of Lake Creek would not change until lake water becomes
safe to be released through the canal after treatment. Flow would be gradually released
from Diamond Lake about 2 months after closing the canal. The initial release would be
about 10 cfs in the spring when flows historically have been 5-7 times greater as measured at
the USGS gaging station on Lake Creek.

Following rotenone treatment, the risk of precipitation refilling Diamond Lake and spilling
chemically treated lake water into Lake Creek before it is determined to be safe is very low.
Assuming that the canal closure would be from September 15 to November 15, the largest
rainfall total for this period over the past twenty-two years was about 16 inches (Diamond
Lake SNOTEL station 22F18). It would take over 20 inches of rainfall to raise the lake to the
elevation that treated water would begin flowing out of Diamond Lake into Lake Creek. The
average rainfall for this time period was 7.5 inches and the probability of getting even 16
inches of rain was less than five percent.

In the unlikely situation of the lake refilling during this time, a safety contingency plan would
be in-place. The head gate control structures on the canal and natural channel outlet would
be designed to ensure that chemically treated lake water would not enter Lake Creek before
it is determined to be safe (see Chapter 2).

The refill of Diamond Lake would depend on climatic input, which would allow outflow into
Lake Creek to be ramped up as the lake fills. The February-March average monthly snowpack
is about 40 inches, which has about an average of 12 inches* of water content®. Considering

* NRCS SNOTEL data from Diamond Lake site 22F18, 1981-2003.
5 The water content of the snow is referred to as the snow water equivalent (swe) or the depth of water in the
snowpack, if the snowpack would melt in inches (NRCS).
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that Lake Creek’s annual runoff is about thirty percent of the upstream annual precipitation,
the snowmelt alone would likely create 10,500 ac-ft of water, in addition to direct
precipitation input to the lake that would also occur. However, a mild winter would prolong
the refill time.

Effects to streamflow under Alternatives 2 and 3 would last about 16-18 months and then
return to pre-treatment condition after the lake refills; effects would not carry into future
years.

Alternatives 2 and 3 would affect downstream water rights. ODFW would not be able to store
water for one season when the lake is drawn down and treated. The hatchery operation at
Rock Creek would depend on the natural flows of the North Umpqua River that are above the
1974 instream water right and be operationally at risk if flow regulation occurs. Lack of water
at the hatchery would likely cause ODFW to release fish earlier than scheduled.

ODOT would not likely be able to use water from Lake Creek after the draw down when the
canal is closed and this stream segment would have limited flow. Although Sheep Creek
contributes flow to Lake Creek, the amount of flow would not likely provide enough depth
across the channel to maintain the intake operation. The release of 10 cfs, about 2 months
after treatment when lake water is determined safe, would likely provide enough water for
this water use. Because very little water is used by ODOT, the impacts to their operations
from this short-term restriction of use would be minor.

Alternatives 2 and 3 would potentially influence the water table of the adjacent ground along
Lake Creek during draw down, canal closure, and refill phases. The draw down phase would
have greater potential for a persistent water table in the adjacent wetlands, because
groundwater that would normally drain toward the channel would experience a higher stream
surface elevation, causing less groundwater flow from Lake Creek wetlands to the channel.
This effect would be similar to winter conditions when marine storms move into the High
Cascades creating very wet soils and runoff. However, it would last much longer than under
normal conditions.

On the other hand, during the canal closure phase, when Lake Creek would likely have little
to no flow from Diamond Lake to Thielsen Creek, wetlands in this area would likely
experience a drier condition. The groundwater table would have a steeper gradient between
wetlands and channel, which would encourage more rapid water movement toward the
channel. Although Sheep Creek does contribute flow to Lake Creek, it only represents about
5% or less of the low flow. Therefore, Sheep Creek flow would not be expected to lessen the
potential drying effect to the wetlands downstream. However, in this segment of stream,
there are very localized tributary inputs that would provide some moisture at these specific
sites. This unnaturally dry condition would last about 2 months.

The release of flow after treatment during the early refill phase would be smaller than the
average historic flow in Lake Creek and would tend to encourage groundwater movement to
the channel and a lower wetland water table. If the winter months were wet with rain and
snowmelt, the weather would help to locally recharge wetlands. Wetland moisture in the
Lake Creek area would not likely recover until well into the refill phase.
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Cumulative Effects: (Lake Creek Combined with Other Actions)

Alternatives 2 and 3 are the only alternatives that would potentially combine with other past,
present, and reasonably foreseeable future actions downstream of Diamond Lake to influence
the streamflow regime. Several other activities are proposed within the downstream analysis
area that have the potential to influence the processes of streamflow.

Within the Lemolo Lake Watershed, other reasonably foreseeable actions include pre-
commercial thinning over the next five years, natural fuels treatments under Lemolo Fire
Hazard Reduction CE, Bear Paw timber sale (9 acres), and Lemolo Watersheds Projects
(timber harvest and natural fuel treatments). These activities would affect rain-on-snow
response to canopy removal. However, since the combined canopy removal from these
proposed activities would not reduce the hydrologic recovery to a level of concern that would
cause greater rain-on-snow runoff (Lemolo Watershed Projects Supplemental DEIS - water
resource analysis, 2003), the additional streamflow from the combined proposed projects
would not be expected to incrementally add to the draw down flow during the winter months.

No other projects are proposed or planned that would further reduce Lake Creek flows or
wetland moisture. Therefore, no cumulative effectives associated with low flow conditions
are expected.

PacifiCorp’s hydropower operation exists within the analysis area and can potentially affect
streamflow because of flow regulation at storage structures. PacifiCorp would pass the
additional flow during the draw down phase when higher flows (winter runoff) would likely
occur. Figure 22 displays the historic monthly flow in the North Umpqua River before Lemolo
Dam in contrast to the post dam construction and operation period. Bankfull flow from Lake
Creek would likely be proportionately higher to current flow releases from Lemolo Reservoir,
but less than historic flows that have developed the downstream channel of the North
Umpqua River. Winter storm runoffs, which would be greater than bankfull in Lake Creek,
would continue to combine with upper North Umpqua River runoff in Lemolo Reservoir. A
comparison of historic peak flows (actual paired peak dates) for Lake Creek and North
Umpqua River (at the dam site and before construction) illustrated that Lake Creek
contributed about 15 percent of average peak flow at the present dam site. Mean annual
stream flow showed a similar relationship. Lake Creek is only 14% of the mean annual flow in
the upper North Umpqua River and thus, is not considered to be a major influence on the
river.

Since PacifiCorp operations of Lemolo Dam would pass additional draw down flow, there
would be a short-term higher flow below the dam for this phase in comparison to the post
dam regulated flow. Overall, only this short-term cumulative flow effect would be expected
immediately downstream of the Lemolo Dam. Below the last PacifiCorp structure (Soda
Springs Dam) where the upper reach of the North Umpqua River Wild and Scenic starts,
increased flows would not be detectable.
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Mean Monthly Flow for North Umpgua River below Lemolo Lake
USGS Gaging Station 14313500
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Figure 22. Mean Monthly Flow at North Umpqua River below Lemolo Dam, USGS
Gaging Station 14313500 Before and After Dam Operation.

Conclusions:

Alternatives 2 and 3 would have the only impact on the streamflow regime of Lake Creek.
During the draw down period, Lake Creek would have at least bankfull flow (110 cfs).
Although this amount of flow is not unusual, the proposed duration of bankfull flow is unusual
and would not occur under a normal hydrologic cycle.

A short segment of stream (from the outlet to where the canal enters the channel of Lake
Creek), would be dewatered for more than 12 months. Not until the lake is nearly refilled
would this segment of Lake Creek have appreciable streamflow. When the canal is closed,
the hydrologic cycle would be at low flow for all sections of Lake Creek. About 5.5 miles of
Lake Creek would not have connectivity of flow. Thielsen Creek would be the only meaningful
contribution to Lake Creek at about eight miles downstream. Loss of flow would also
temporarily affect two water rights and the moisture regime in the wetlands in the vicinity of
Lake Creek.

Alternatives 1 and 4 would not affect the existing streamflow regime.
Aquatic Conservation Strategy:

Aquatic Conservation Strategy (ACS) Objectives 6* and 7*” address in-stream flow, floodplain
inundation and wetland water table. Since Alternatives 1 and 4 would not affect streamflow,

6 ACS objective 6: “Maintain and restore in-stream flows sufficient to create and sustain riparian, aquatic, and
wetland habitats and to retain patterns of sediment, nutrient, and wood routing. The timing, magnitude, duration, and
spatial distribution of peak, high, and low flows must be protected.”
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the attainment of these ACS objectives would occur. Therefore, objectives 6 and 7 would be
maintained under these alternatives.

Alternatives 2 and 3 would alter the streamflow regime during the implementation of these
actions. Both alternatives would result in bankfull flow for about eight months over the
length of Lake Creek and little to no flow from the outlet to Sheep Creek for 2 months. These
represent local, short-term impacts; however, for the long-term, streamflow would return to
the pre-action level, which would allow attainment of ACS objective 6. Wetlands adjacent to
Diamond Lake and along Lake Creek also would likely dry during the short-term. However,
this temporary effect would not prevent the long-term attainment of ACS objective 7 once
the project is complete and streamflow returns to pre-action levels. The higher flows of
winter and spring would be passed through the canal similar to historic flows. Therefore,
objective 7 would be met.

WATER QUALITY

The water quality of streams affected by the project is characterized by water temperature
and nutrients. Dissolved Oxygen (DO) and pH do not appear to be a concern for Lake Creek,
but the situation is potentially different in Lemolo Reservoir and below the Lemolo Dam.
There is also the potential for algal toxin to enter Lake Creek from Diamond Lake (see toxin
discussion in Limnological section) and move downstream.

Stream Temperature

AFFECTED ENVIRONMENT

Lake Creek is a water quality limited stream on the State 303(d) List as defined in the federal
Clean Water Act for elevated water temperatures. The specific concern identified is the
warm temperatures during the spawning (year round) and rearing (summer) periods* for
resident fish and aquatic life.

Lake Creek flow at the outlet is lake surface water running out of Diamond Lake. Because of
the direct exposure to sunlight (solar radiation input), the surface water and outflow is
naturally warm in the summer. Lake Creek maximum summer water temperatures closely
parallel summer daytime temperatures. The warm water condition is not typical for High
Cascade streams that are usually influenced by groundwater through seeps and springs. For
example, the maximum summer temperature for Lake Creek at the outlet has been measured
at greater than 75 degrees Fahrenheit (°F) (23.9 °C) while the maximum temperature of
Thielsen Creek, a tributary, was 52° F (Diamond and Lemolo Lakes Watershed Analysis, 1998).
Across the lake, Silent Creek’s maximum temperature was less than 50° F (10° C) for the
summer of 2003 (Eilers 2003). However, over the stream distance from Diamond Lake to
Lemolo Reservoir, exchange of cool groundwater with surface water as well as tributary flow
help to reduce Lake Creek’s temperature. The maximum summer temperature for the mouth

‘" ACS objective 7: “Maintain and restore the timing, variability, and duration of floodplain inundation and water table
elevation in meadows and wetlands.”
“8 Oregon Department of Fish and Wildlife District Offices determine the spawning and rearing periods.
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of Lake Creek at Lemolo Reservoir is about 10 degrees cooler than at Diamond Lake outlet®

(Diamond and Lemolo Lakes Watershed Analysis 1998). Shade also contributes to the cooler
stream temperature in the downstream direction.

The current water temperatures in Lake Creek are likely similar to pre-management activity.
Vegetation disturbance from timber harvest, road construction, and recreational management
activities has been limited along Lake Creek over the past 60 years (Lemolo and Diamond
Lakes Watershed Analysis, 1998) and temperatures are likely to have improved since the
1940’s, when sheep grazing ended.

ENVIRONMENTAL EFFECTS

Direct Effects: (Lake Creek at the Diamond Lake Outlet)

Alternatives 1 and 4 would maintain the existing stream temperature regime, as no draw
down or reduction of flows in Lake Creek would occur; thus, there would be no direct,
indirect or cumulative effects associated with these alternatives.

Alternatives 2 and 3 involve lake draw down and no outlet flow to Lake Creek. The pass-
through flow and canal closure phases would occur during the time of warmer stream
temperatures, while the other phases are during the cooler months. Since the pass-through
flow phase would be similar to the existing condition, no stream temperature changes would
be expected.

During the canal closure phase, Lake Creek would not have flow immediately below the outlet
during the summer, when stream temperature peaks. Any water in the immediate channel,
such as in pools, would be susceptible to atmospheric warming and possible direct solar
radiation over the period that the outlet is dewatered. However, this segment of channel
would not transfer warm water downstream. Therefore, the direct effect of warming would
be limited and would not contribute to any downstream warming.

None of the connected actions proposed by Diamond Lake Resort would have any direct,
indirect, or cumulative effects on stream temperature.

Indirect Effects: (Lake Creek and Downstream)

As discussed under direct effects for Alternatives 2 and 3, the critical phase would be during
the canal closure when there would be little to no flow for about 5.5 miles of stream until
Sheep Creek. Any water in the channel would be expected to pool and not likely to flow. The
water that is pooled would warm with atmospheric conditions and possibly direct solar
radiation. However, the amount of flow from Sheep Creek during this time of year would only
provide very shallow flow that would easily warm where stream shade does not exist. At the
confluence with Thielsen Creek, cool water would dominate the limited streamflow in Lake
Creek from this confluence to Lemolo Reservoir (about 3.5 miles). Although volume of flow
would be reduced, Lake Creek’s stream temperature would likely be cooler downstream than
typical since Thielsen Creek would dominate the flow, and it is a cooler groundwater system.

“9 Diamond Lake Ranger District temperature monitoring that occurred in 1997.
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Any stream temperature changes in Lake Creek during any part of these alternatives would be
offset once flow reaches Lemolo Reservoir where Lake Creek normally represents less than
20% (Anderson and Carpenter, 1998) of the total flow entering the reservoir during summer
and a smaller percentage during canal closure. The cooler and higher volume flow of the
upper North Umpqua River that flows into Lemolo Reservoir dominates the reservoir volume.
Therefore, the reservoir would be the downstream extent that possible stream temperature
influences would occur.

Cumulative Effects: (Lake Creek Combined with Other Actions)

For Alternatives 2 and 3, there are no ongoing or planned actions that would reduce riparian
shade along Lake Creek or tributaries. The Riparian Reserve land allocation under the
Northwest Forest Plan provides for water quality protection and is applied to all activities
near streams, which would protect effective shade. Therefore, the temporary impacts
associated with these two alternatives are not expected to cause consequential cumulative
effects to the Lake Creek stream temperature within or downstream of the project area.

Conclusions:

Under Alternatives 2 and 3, Lake Creek would essentially quit flowing from the outlet
downstream for 5.5 miles until Sheep Creek during the critical summer period when streams
warm. Pooling of water would likely occur, which would warm with atmospheric conditions
and direct solar radiation, but lack connectivity downstream. As such, warm water would not
be delivered to downstream areas. The cool water of Thielsen Creek would dominate Lake
Creek stream temperature from the confluence to Lemolo. Lake Creek temperature would be
cooler than typical in this segment where Thielsen Creek would dominate the flow.

Alternatives 2 and 3 would temporarily create a cooler, but smaller flow segment of Lake
Creek from Thielsen Creek to Lemolo Reservoir. However, the natural stream warming and
conveyance would not be permanently altered through these alternatives, but would return to
pre-treatment levels after the lake is refilled.

Alternatives 1 and 4 would have no effects on stream temperature.

Nutrients and Algal Toxins

AFFECTED ENVIRONMENT

Phosphorus and nitrogen are the two primary nutrients that enhance algal growth in streams.
High concentrations of phosphorus in streams are associated with the volcanic soils of the
High Cascades geology that is found in the project area. In contrast, the scarcity of nitrogen
in the waters of the greater North Umpqua River Sub-Basin (within and beyond the project
boundaries) implies that the algae are potentially “nitrogen limited,” making plant-available
nitrogen (inorganic nitrogen) difficult to detect™ (Anderson and Carpenter, 1998). Phosphorus

*n nitrogen limited streams, algae and other plants rapidly use up inorganic nitrogen (nitrogen that is in solution or
dissolved in the water) as soon as it becomes available in the water column. High inputs of inorganic nitrogen into
these types of streams can result in algae blooms.
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and nitrogen are exported from the surface water of Diamond Lake down Lake Creek to
Lemolo Reservoir.

Phosphorus is delivered to Diamond Lake through surface water, groundwater, and
precipitation; however, only a small portion leaves the lake through Lake Creek (see Lake
Ecology and Water Quality section). During 1992-2000, the total phosphorus concentration
was approximately 4 times greater coming into the lake than measured in Lake Creek below
the outlet (Salinas, 2001). The US Geological Survey also sampled the mouth of Lake Creek
(Anderson and Carpenter, 1998) within the same time period (1995) and found that total
phosphorus and orthophosphate® were similar in concentration to the outlet. Phosphorus
concentrations measured by Eilers (2001b) were also similar over the length of Lake Creek. It
appears there is no meaningful change in phosphorus over the length of Lake Creek.

Inorganic nitrogen (readily available for use by plants) is the primary form of nitrogen
externally delivered to Diamond Lake at low concentrations through the groundwater (see
Lake Ecology and Water Quality section). With the phytoplankton active on the lake surface,
outflow into Lake Creek is higher in organic nitrogen (not readily available for use by plants)
than inorganic. However, organic nitrogen is converted (nitrification) to inorganic nitrogen as
water flows down Lake Creek, reducing the concentration of the organic form at the mouth.
Inorganic nitrogen was found to be as much as 70 times greater at the mouth of Lake Creek
compared to the concentration at the lake outlet. Figure 23 displays the nitrogen and
phosphorus characteristics of Lake Creek at the outlet and mouth that were sampled by Eilers
in 2001.

Recent algal blooms in Diamond Lake have resulted in the production of toxins that are a
concern to human health. Toxin sampling at the time of peak algal blooms in Diamond Lake
during the summers of 2001, 2002, and 2003 detected levels of both anatoxin-a and
microcystins. The concern for toxin is where algal mats or blooms concentrate. These bloom
concentrations are not evenly distributed on the lake, but tend to gather in open water and
along the shore. Anatoxin-a concentrations ranged from “no detection” to two samples at
300 pg/L in 2001. Microcystin concentrations were less that 1 pug/L except for one sample in
2003 (2.54 pg/L). The presence of toxin during these three summers prompted lake closures
for part of each summer for public safety.

A level of concern for anatoxin-a has not been established by the USEPA. However, Dr.
Wayne Carmichael of the Department of Biological Sciences at Wright State University
suggested to the Umpqua National Forest that 100 micrograms per liter (ug/L) “would be an
acute lethal risk to animals (pets) drinking from inshore areas where the bloom would be
more concentrated (and hence the toxin as well)” (2001). The World Health Organization has
established a guideline value for microcystins at 1 pg/L in drinking water (Chorus and
Bartram, 1999).

Toxins delivered to Lake Creek from Diamond Lake are available to be transported
downstream. However, the increased streamflow in Lake Creek from groundwater and

51 Orthophosphate is one of three classes of dissolved phosphorus that can be found in natural waters, but the only
form readily available for biotic uptake (MacDonald, Smart, and Wissmar, 1991).
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tributary inflow would dilute any original lake concentration downstream. If toxins reach
Lemolo Reservoir, it would be further diluted and undergo photo-degradation.

Lake Creek Nutrient Concentrations
Nitrogen & Phosphorus
at outlet and mouth
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Figure 23. Nitrogen (Unfiltered Total-N and NO3-N + NO,-N) and Phosphorus
(Unfiltered Total-P and Dissolved PO4-P) Concentrations (mg/L) in Lake Creek at
Outlet and Mouth (Eilers, 2001).

ENVIRONMENTAL EFFECTS

Direct Effects: (Lake Creek at the Diamond Lake Outlet)

Alternative 1 would maintain the existing phosphorus and nitrogen profiles as described in the
affected environment. Blue-green algae blooms would continue to occur and produce
anatoxin-a and microcystin, which reduce the summer water quality and raise public health
concerns.

Under Alternatives 2 and 3, the draw down and refill phases would not occur during the
summer when primary production would influence nutrient occurrence and movement through
Lake Creek and downstream. Canal closure would potentially dewater Lake Creek to the
confluence of Sheep Creek and eliminate nutrient conveyance. Therefore, the consequences
of these two phases are minor.
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Alternatives 2 and 3 have the greatest potential to influence phosphorus and nitrogen
movement during the pass-through flow of the summer. During the pass-through flow, Lake
Creek at the outlet would be dewatered and lack any connection to phosphorus and nitrogen
from Diamond Lake. The canal would carry the flow and nutrients downstream to a lower
segment of Lake Creek. Therefore, the outlet segment would not be able to convey or
respond to local nutrients.

The presence of toxins under Alternatives 2 and 3 would also occur during the pass-through
flow phase of the summer. Toxin that is produced in Diamond Lake would be available to
enter Lake Creek through the canal and carry downstream. As mentioned for nutrients, the
outlet would be dewatered and not able to convey toxins.

None of the connected actions proposed by Diamond Lake Resort would have any direct,
indirect, or cumulative effects on stream nutrients or toxins.

Alternative 4 would maintain the existing phosphorus and nitrogen profiles (supporting algae
populations) as described in the affected environment for about six years of treatment. After
six years, some lake improvement would be expected, resulting in a temporary reduction of
phytoplankton and nutrient delivery to Lake Creek at the outlet. However, this alternative
would not completely remove the tui chub and the remaining chub would continue to feed on
the lake zooplankton, allowing phytoplankton activity to continue, but at a lower level than
currently exists. This condition would result in the continued delivery of organic nitrogen into
Lake Creek, but again, at a somewhat lower level than the existing condition for a period of
time.

Toxins would likely remain present at the outlet under Alternative 4 with some possible
improvement because of mechanical treatment disrupting algal activity during blooms. As
discussed above for nutrients, a reduction of blue-green algae would be expected after six
years, which would also result in toxin reduction. However, the remaining tui chub would
continue to restrict the ability of zooplankton to control the phytoplankton. Therefore, there
would be the risk of future algal blooms and the presence of toxins at the outlet under this
alternative.

Indirect Effects: (Lake Creek and Downstream)

Alternative 1 would maintain the existing phosphorus and nitrogen profiles as described in the
affected environment in the downstream channel segments. Since the North Umpqua River is
a nitrogen-limited system, passage of even small amounts of nitrogen downstream would
likely encourage algal growth, which would represent a potential negative impact on water
quality.

For Alternative 1, potential toxins from algal bloom concentrations in Diamond Lake would
continue to be delivered to Lake Creek and downstream. Groundwater and tributary inflow to
Lake Creek would dilute the already low toxin concentrations between Diamond Lake and
Lemolo Reservoir. If toxin enters Lemolo Reservoir, it would be further diluted because of
the volume of the reservoir in comparison to Lake Creek flow. The resident time of reservoir
water is about two weeks, which would not allow continued toxin input to concentrate to a
level of concern. The open setting of the reservoir would allow photo degradation to reduce
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remaining toxin concentrations well below the original Diamond Lake values. Any toxins
below Lemolo Reservoir in the North Umpqua River would not likely be detectable.

The ODOT water right on Lake Creek is not for drinking water. However, if diluted
concentration of toxins from Diamond Lake were present at the intake of this water right, it
probably would be below the suggested level of concern for toxin concentration published by
the World Health Organization. This condition would be similar for all the action alternatives
during the summer when algal blooms occur.

Eilers and Raymond (2001) investigated the existing movement of nitrogen and phosphorous
through the PacifiCorp hydropower project. From Lemolo Reservoir to below the last
PacifiCorp dam on the North Umpqua River, they found that overall some phosphorus is
retained in sediments in the reservoirs and forebays. Total nitrogen indicated slight gains
downstream. Nitrogen gains from fixation by blue-green algae appear to be balanced by
retention and storage in sediments.

For Alternative 2 and 3, as described under the direct effects, the pass-through flow phase
(using the canal not the lake outlet) would be the primary phase of concern. During this
phase, the existing nutrient process would be generally unchanged. Lake Creek’s profile for
phosphorus and nitrogen would likely follow the existing condition. Therefore, nutrients
would continue to be conveyed downstream through the hydropower project and down the
North Umpqua River. In three years, phytoplankton density in Diamond Lake would be
expected to reduce because of the removal of tui chub. Lower concentrations of organic
nitrogen and total nitrogen would be delivered to Lake Creek. The shift would be a result of
lower phytoplankton densities in Diamond Lake that would fix less atmospheric nitrogen into
organic nitrogen as algal cells. This represents a long-term beneficial effect to the aquatic
system and water quality.

Toxins delivered to Lake Creek during the pass-through flow phase would respond similarly to
the existing condition as discussed under the indirect effect for Alternative 1.

Under Alternatives 2 and 3, the draw down phase would release nutrient rich water from
Diamond Lake down Lake Creek to Lemolo Reservoir. During the time of release, primary
productivity would be low because of the cooler water temperatures and limited light of the
fall through spring period. It would be important for PacifiCorp to release the draw down
flow to the North Umpqua River and not store this water; this would allow the nutrient rich
water from Diamond Lake to pass through the hydropower system and down the North
Umpqua River before summer when algal productivity would utilize nutrients in PacifiCorp
impoundments or the river.

Total nitrogen would be elevated in Lake Creek and downstream during at least the early half
of the refill phase and immediately after the canal is opened. The increase in total nitrogen
would be in organic nitrogen from the dead aquatic life after chemical treatment. Because of
the time of year, organic nitrogen would not be converted to inorganic nitrogen as readily as
in the summer. Streamflow would be increasing with cooler water temperatures and less
available light in this final phase. As identified for the draw down phase, it would also be
important that PacifiCorp release the early refill flow to the North Umpqua River and not
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store this water. Downstream nitrogen levels would become diluted with increasing flow.
Therefore, the higher total nitrogen would be expected to pass through the North Umpqua
system before aquatic life would effectively utilize it during the following summer. Inorganic
nitrogen (nitrate; NO;) would remain at low concentrations downstream, which would likely
be less than observed during the summer (see Figure 23).

Alternative 4 would show little to no improvement over the existing nutrient profile for about
six years. After six years, some reduction in phytoplankton would be expected in Diamond
Lake, which would lower organic nitrogen and total nitrogen concentrations exported down
Lake Creek. However, this alternative would not completely remove the tui chub (see
Aquatic Biology section). The presence of tui chub would continue to influence the amount of
organic nitrogen exported from the lake. This alternative would likely export more total
nitrogen than Alternatives 2 and 3, but less than Alternative 1.

Toxins would likely remain present at the outlet and carry downstream under Alternative 4.
The downstream toxin transport and processes would be similar to the existing situation and
described under Alternative 1. However, some possible improvement would likely occur in
the short-term because of the mechanical treatment, which would indirectly reduce the
potential for high density blooms to develop. As described in the direct effects, a
downstream improvement would be expected after six years with a noticeable reduction of
phytoplankton (blue-green algae). However, the remaining tui chub would continue to
restrict the ability of zooplankton to control the phytoplankton. Therefore, there would be
the risk of future algal blooms and the presence of toxins downstream of the outlet.

Cumulative Effects: (Lake Creek Combined with Other Actions)

All the alternatives would have the potential to cumulatively add nitrogen to Lake Creek
when combined with other planned and proposed activities that also have potential nitrogen
input to Lake Creek. Within the Lemolo Lake Watershed, other planned and proposed
activities include various intensities of timber harvest and forest fuel treatments. These
types of activities would release nitrogen with the potential to be transported through the
groundwater to Lake Creek.

There are no other situations downstream of Diamond Lake that are existing, proposed, or
planned that would input toxins to the Lake Creek system and accumulate downstream.
Although Lemolo Reservoir is water quality limited for pH because of algal activity, toxins
have not been identified in the reservoir in association with the existing phytoplankton
blooms.

Alternative 1 would maintain the existing nutrient profiles as described in the affected
environment. This alternative would have the greatest opportunity to incrementally add to
other planned and proposed activities because of the lack of corrective measures and the
indefinite time frame to allow cumulative effects to develop.

Alternatives 2 and 3 would have the potential to add inorganic nitrogen to Lake Creek that
potentially would incrementally add to other planned and proposed activities with nitrogen
output in the short-term. However, in three years, algae activity would be expected to
reduce, which would lower the total nitrogen concentration and organic nitrogen in Diamond
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Lake and delivered to Lake Creek. There would also be less organic nitrogen to undergo
nitrification in Lake Creek. Overall, less inorganic nitrogen would be available for plant
growth in Lake Creek, resulting in a long-term beneficial improvement.

Alternative 4, in six years, would also result in a reduction in phytoplankton activity, which
would lower the total nitrogen that Diamond Lake would deliver to Lake Creek. A similar
response as in Alternatives 2 and 3 would be expected for this alternative, except it would
take six years instead of three years for potential incremental effects to occur and it would
likely export more total nitrogen than Alternatives 2 and 3, but less than Alternative 1.
Therefore, a beneficial response in nutrients would be expected, but less than Alternatives 2
and 3.

Conclusions:

Under Alternative 1, high concentrations of organic nitrogen would continue to be delivered
to Lake Creek. Over the length of Lake Creek, the organic nitrogen would be converted to
inorganic nitrogen and thus available to promote algal growth in Lemolo Reservoir, where
elevated pH would continue to affect reservoir water quality. Toxin produced by blue-green
algae in Diamond Lake would continue to be delivered to the Lake Creek outlet and possibly
downstream in a very dilute concentration. Downstream effects of toxins would dissipate
completely once Lake Creek mixes with Lemolo Reservaoir.

Under Alternatives 2 and 3, phytoplankton (algae) density in Diamond Lake would reduce
three years after treatment, lowering nitrogen output into Lake Creek. Nitrogen delivered to
Lemolo Reservoir would also be reduced, which would help to reduce planktonic activity and
pH in Lemolo.

Under Alterative 4, the same type of improvements as described under Alternatives 2 and 3
would be expected to occur after 6 years, but to a lesser degree. Because some lower nhumber
of tui chub would still be present, nutrient cycling would still occur, but at a reduced level
from that of Alternative 1.
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Dissolved Oxygen and pH

AFFECTED ENVIRONMENT

Lake Creek naturally aerates®* between Diamond Lake and Lemolo Reservoir in fast water
segments. The U. S. Geological Survey did a synoptic® study of the water quality and algal
conditions in the North Umpqua River, which included Lake Creek at the mouth and the North
Umpqua River at the inlet to Lemolo Reservoir (Anderson and Carpenter, 1998). The Dissolved
Oxygen (DO) at the Lake Creek site was 97% saturated® in the morning and 110% in the
afternoon, in late July. DO concentrations can be a concern during the summer months when
stream temperatures are the warmest and natural solubility® of oxygen is lower. Lake Creek
at the lake outlet re-aerates as the water moves quickly out of the lake. The lake surface
water that moves out of the lake also has high levels of DO because of wind-induced aeration
of the lake surface water and photosynthetic activity of phytoplankton and macrophytes in
the summer. Winter DO may also be saturated, because water temperature is low, solubility
of oxygen is higher, and higher flow incorporates more oxygen into the water from the
atmosphere.

From the same USGS study, pH at the mouth of Lake Creek ranged from 7.2 to 7.6 over a
twelve-hour period in late July, which is when higher pH has been measured in other Forest
streams and water bodies. The pH for the surface water of Diamond Lake during the summer
is usually above 8.0 and driven by phytoplankton primary production. Salinas (2001) found
that over a 6-year sampling period during the summers of 1992-2000 that Lake Creek’s
average pH was 8.5 at the outlet. Because of lower water temperature and light, the winter
primary productivity is greatly reduced and pH is also lower.

Downstream summer DO and pH in Lemolo Reservoir have responded to algal activity in the
upper 13-19 feet of the water column of Lemolo Reservoir (ODEQ, 2002). The pH has
exceeded the water quality standard (pH >8.5) and Lemolo Reservoir has been listed as a
Water Quality Limited Water Body (ODEQ 303d List, Table 12). DO has shown daily swings
because of algal photosynthesis (elevated DO) and respiration (depressed DO). Nitrogen-rich
water from Diamond Lake that is carried by Lake Creek has been identified as a source of
concern for Lemolo Reservoir.

52 A stream naturally aerates when atmospheric oxygen becomes mixed into the water because of turbulence caused
b;/ the channel profile.

A type of water-quality sampling that occurs during one short time period to provide a snapshot of conditions
gf\nderson and Carpenter, 1998).

Percent saturation refers to the amount of dissolved oxygen in water in comparison to the amount the water can
potentially hold (higher the percent for a certain temperature and atmospheric pressure the more oxygen dissolved in
water).

% The solubility refers to the ability of oxygen to dissolve in the water.
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ENVIRONMENTAL EFFECTS

pH

Direct Effects: (Lake Creek at the Diamond Lake Outlet)

Under Alternative 1, there would be no change or improvement in the pH of Lake Creek at the
outlet. Phytoplankton (algae) blooms would continue on the lake surface in the summer
months, driving pH above the water quality standard (>8.5) and conveying this high pH water
to the lake outflow and Lake Creek.

Alternatives 2 and 3 would dewater Lake Creek at the outlet during the draw down phase.
Flow at the outlet would not return until the lake refills to an elevation that allows surface
outflow to connect Lake Creek. This phase of these alternatives would occur during winter
when primary productivity is reduced along with water temperature and light. The lower
winter primary productivity would result in lower pH (<8.0) for the lake surface water flowing
out the canal.

During the pass-through flow phase of the summer months, phytoplankton blooms would likely
occur while the lake is drawn down. Therefore, high pH in the lake would be expected, which
would be conveyed through the canal to Lake Creek.

The canal closure phase would dewater the canal outlet segment and most of Lake Creek to
the confluence with Sheep Creek for 2 months (late summer-early fall period). There would
be no flow connectivity between Diamond Lake and Lake Creek to convey water with high pH.
However, when flow is again released during refill phase, it would occur during the winter
months of low primary productivity and potentially lower pH.

After chemical treatment, the pH of the lake surface water and Lake Creek outlet would
probably continue to be high in the summer for approximately three years because of
phytoplankton blooms. However, noticeable improvement is expected to occur after this
time period with lower planktonic activity resulting in lower pH outflow from the lake surface
to Lake Creek.

The connected actions proposed by Diamond Lake Resort under Alternatives 2 and 3 would
have no direct, indirect, or cumulative effects on stream pH.

Under Alternative 4, the high planktonic activity and elevated pH would likely continue for
about six years similar to the existing condition while annual mechanical fish harvest and
predacious fish stocking gradually take effect. After six years, lake improvement would be
expected, resulting in a noticeable reduction of phytoplankton and pH in the lake surface
water and outflow to Lake Creek. However, this alternative would not completely remove
the tui chub and remaining tui chub would continue to prey on lake zooplankton, which would
likely allow phytoplankton activity and pH response to continue. This pH response would be
conveyed to Lake Creek at the outlet.

129



Chapter 3 - Affected Environment and Environmental Effects

Indirect Effects: (Lake Creek and Downstream)
Under Alternative 1, there would be no change or improvement in the pH of Lake Creek and
downstream waters.

Under Alternatives 2 and 3, the draw down, canal closure, and refill phases would occur
during either the time period (winter) when there is reduced phytoplankton productivity in
water bodies and streams or loss of flow connectivity to downstream channel segments.
Therefore, pH response in Lake Creek would not be expected during these phases.

After the draw down period, Lake Creek would receive a pass-through flow. Planktonic
activity would likely occur in Diamond Lake as is currently happening and discussed under
direct effects. The pH from the outlet to the mouth of Lake Creek would continue the
existing pattern. At the outlet, pH would be greater than 8.0 (Salinas, 2001) compared to a
high range of 7.6 to 7.9 (Anderson and Carpenter, 1998; Eilers, 2001b) at the mouth of Lake
Creek. The pH level in Lemolo Lake and further downstream is not necessarily tied to Lake
Creek at the outlet, but is more closely associated with local processes and nutrient
transport. Therefore, changes in pH in Lake Creek near the outlet would not be expected to
result in pH changes in downstream channel segments.

After treatment, the same response described under the direct effects would be expected. In
three years, the pH at the outlet and mouth of Lake Creek would be more similar and lower
than the existing condition.

Alternative 4 response would be the same as discussed under the direct effect. Downstream
responses would be similar to the existing condition until the treatments take effect. As
discussed under Alternatives 2 and 3, pH levels would not carry below Lake Creek at the
mouth.

Cumulative Effects: (Lake Creek Combined with Other Actions)

There are no other planned or proposed actives that currently or in the foreseeable future
would elevate Lake Creek’s pH. Under Alternative 1, there would be no change or
improvement in the pH of Lake Creek and downstream.

As discussed under indirect effects, the pass-through flow phase for Alternatives 2 and 3 is the
treatment phase that would have the greatest influence downstream as high pH lake outflow
moves down Lake Creek. However, pH would not increase additively downstream. As
described earlier, pH decreases downstream as groundwater exchange and water from
tributaries such as Thielsen Creek enter and dilute Lake Creek’s pH. The high pH of Lemolo
Reservoir is a product of local surface water planktonic activity.

Under Alternative 4, the pH in Lake Creek would operate as described above for Alternatives
2 and 3. No change to Lake Creek pH would be expected until after six years of mechanical
fish removal. Because this alternative would not completely remove the tui chub, and
remaining chub would continue prey on lake zooplankton, some increased level of
phytoplankton activity and pH response would be expected to occur in the future (i.e. high
pH’s would likely recur.)
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Conclusions:
Lake Creek’s pH in the upper reaches is influenced by the planktonic activity in Diamond
Lake. The outflow from the lake surface water into Lake Creek is at a high pH level in the
summer (>8.0). This effect decreases downstream as streamflow aerates water and
groundwater exchange and tributary inflow dilutes the water and results in a lower stream

pH.
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Alternative 1 would not change the existing condition, where Lake Creek at the outlet would
continue to experience high pH levels in the summer as a result of lake planktonic activity.
Alternatives 2, 3, and 4 would reduce the pH in Lake Creek at the outlet, but in different time
frames and possibly to different potential levels. Alternatives 2 and 3 would reduce pH in
three years by initially eliminating the tui chub and its effect on the zooplankton, which
would result in increased grazing on phytoplankton. Alternative 4 would take about six years,
but would only reduce the tui chub, which would likely result in less control on the
phytoplankton and pH. The overall result would be that pH throughout Lake Creek would be
lower and more equal from Diamond Lake to Lemolo Reservoir. Alternative 4 would likely
result in a smaller pH improvement with the risk of tui chub population returning in the long-

term.

Table 17 provides a summary of important conclusions and a comparison of the alternatives
effects on pH.

Table 17. Comparison of Alternatives Effects on pH Delivered from and a By-product of
Primary Productivity of Diamond Lake.

Water Alternative 1 - Alternative 2 - Alternative 3 - Alternative 4 -
Body No Action Rotenone with Put, Rotenone with Put Mechanical &
Grow, and Take and Take Fishery Biological
Fishery
Time Short- | Long- Short- Long- Short- Long- Short- Long-
period term term term term term term term term
Lake pH would pH would From years | After 3 years, | From years | After 3 years, | From years | After 6
Creek remain remain high | 1-3 after pH expected | 1-3 after pH expected | 1-6 after years,
(near high and and treatment, to decrease treatment, to decrease treatment, presence
tlet continue to | continue to pH and result in pH and result in pH of tui chub
outlet) degrade degrade expected to | noticeable expected to | noticeable expected to | expected to
water water remain high | improve- remain high | improve- remain high | reduce
quality quality and ment in and ment in but show level and
continue to | water quality | continue to | water quality | slight duration of
degrade over time degrade over time improve- pH and
water water ment over water
quality quality time quality
improve-
ment over
time
Lake pH in pH in upper | From years | After 3 years, | From years | After 3 years, | From years | After6
Creek upper reaches 1-3 after pH in upper 1-3 after pH in upper 1-6 after years, pH
(down- reaches would treatment, reaches treatment, reaches treatment, in upper
stream) would remain high | pH in upper | expected to pH in upper | expected to pH in upper | reaches
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Water Alternative 1 - Alternative 2 - Alternative 3 - Alternative 4 -
Body No Action Rotenone with Put, Rotenone with Put Mechanical &
Grow, and Take and Take Fishery Biological
Fishery
Time Short- | Long- Short- Long- Short- Long- Short- Long-
period term term term term term term term term
remain and reaches decrease reaches decrease reaches expected to
high and continue to expected to | and result in expected to | and resultin expected to | improve
continue to | lower water | remain high | noticeable remain high | noticeable slightly but
lower water | quality but and improve- and improve- reduce over | remaining
quality but in down- continue to | mentin continue to | mentin time while tui chub
in down- stream lower water | water quality | lower water | water quality | down- expected to
stream reaches pH quality but over time quality but over time stream reduce
reaches pH | would in down- while down- while would level and
would continue to stream downstream stream downstream remain duration of
continue to | be lower reaches pH | would reaches pH | would unchanged water
be lower would remain would remain quality
continue to | unchanged continue to | unchanged improve-
be lower be lower ment over
time
Lemolo pH would pH would From years | After 3 years, | From years | After 3 years, | From years | After 6
remain remain high 1-3 after pH expected 1-3 after pH expected 1-6 after years, pH
high and and treatment, to decrease treatment, to decrease treatment, near the
continue to | continue to pH would near the pH would near the pH near the | surface
degrade degrade remain high | surface with remain high | surface with surface expected to
water water and reduced and reduced expected to | improve
quality quality near | continue to | nutrient from | continue to | nutrient from | remain high | but
near the the surface degrade Diamond degrade Diamond and lower remaining
surface with nutrient | water Lake and water Lake and water tui chub
with contribution quality near | resultin quality near | resultin quality with expected to
nutrient from the surface | noticeable the surface | noticeable nutrient reduce
contribu- Diamond with improve- with improve- contribu- level and
tion Lake and nutrient ment in nutrient ment in tion from duration of
from delivered by | contribu- water quality | contribu- water quality | Diamond water
Diamond Lake Creek | tion over time tion over time Lake and quality
Lake and from from delivered by | improve-
delivered Diamond Diamond Lake Creek | ment over
by Lake Lake and Lake and time
Creek delivered delivered
by Lake by Lake
Creek Creek
North Alternative Alternative Alternative Alternative Alternative Alternative Alternative Alternative
Umpqua would have | would have would have | would have would have | would have would have would have
River no effect no effecton | no effect on | no effect on no effect on | no effect on no effect on | no effect
on pH pH below pH below pH below pH below pH below pH below on pH
below Lemolo Lemolo Lemolo Lemolo Lemolo Lemolo below
Lemolo Reservoir Reservoir Reservoir Reservoir Reservoir Reservoir Lemolo
Reservoir Reservoir

Dissolved Oxygen (DO)

Direct Effects: (Lake Creek at the Diamond Lake Outlet)
Alternatives 1 and 4 would not manipulate the flow in such a way that stream aeration would
be changed. Therefore, the existing DO level would not be affected. The DO in Lake Creek is

primarily influenced by the natural aeration process.

Alternatives 2 and 3 are the only proposed alternatives that would alter stream aeration

through flow manipulation. The treatment phases that would change the DO of Lake Creek at
the outlet are the draw down and canal closure. Lake Creek at the outlet would be
dewatered during both of these phases. DO would not be a measurable parameter at the
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outlet until the lake refills to an elevation that allows surface outflow into the Lake Creek
channel.

The DO for the post-treatment time would likely return to pre-treatment levels as streamflow
returns and aerates in the fast segments at the outlet. Natural stream aeration would affect
DO more than the treatment in Diamond Lake.

Under Alternatives 2 and 3, connected actions proposed by Diamond Lake Resort would have
no impact on stream DO because they would not involve in-water work.

Indirect Effects: (Lake Creek and Downstream)
Alternatives 1 and 4 would not have indirect effects on the DO in Lake Creek, because no
stream flow manipulations would occur.

The phase of Alternatives 2 and 3 that would have the greatest influence on downstream Lake
Creek DO would be the canal closure. When the canal is closed while stream temperatures are
warm and water has lower ability to retain DO, there would be little to no flow for about 5.5
stream miles to the Sheep Creek confluence. The very limited flow from Sheep Creek would
potentially have lower DO concentrations. The cool water of Thielsen Creek and the natural
aeration would allow high and continuous concentrations of DO in Lake Creek below this
confluence to Lemolo Reservoir. Lake Creek would not influence the DO of Lemolo Reservoir.
Where there would be little to no flow in Lake Creek, any pooled water would likely warm
during the summer and cause local DO levels to drop. This would be a local effect. However,
this situation would occur in most pools from the outlet to the Thielsen Creek confluence.

Cumulative Effects: (Lake Creek Combined with Other Actions)
There would not be a cumulative effect for DO under any of the alternatives. Stream re-
aeration would quickly restore any DO reduction in short stream distances of fast water.

Conclusions:
Alternatives 1 and 4 would maintain the existing condition.

The DO of Lake Creek is most influenced by the ability of the stream to aerate, but warm
stream temperatures are also a factor. During the summer when streams warm, a pass-
through flow would be maintained and Lake Creek would continue to naturally aerate through
the fast water segments throughout the stream length. The canal closure phase would
dewater about 5.5 stream miles and forgo aeration and DO processes. DO would not be
degraded by Alternatives 2 and 3 in the long-term.

Aquatic Conservation Strategy - Water Quality

Aquatic Conservation Strategy (ACS) objective 4°® addresses water quality. Alternative 1
would not address the existing deteriorated water quality condition for pH, algae, and algal

% ACS objective 4: “Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland
ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
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toxins in Diamond Lake. This alternative would retard the attainment of meeting objective 4
for both the short- and long-term in Lake Creek at the outlet and would continue to influence
the downstream condition in Lemolo Reservoir.

Under Alternatives 2 and 3, the water quality of Lake Creek at the outlet would have short-
term impacts after implementation for about three years. Following this period of time,
nutrient, pH and toxin improvements would be expected, which would lead to improved
water quality in the long-term and the attainment of objective 4.

Alternative 4 would also contribute toward attainment of objective 4; however, progress
toward meeting this objective would be extended during the six-year treatment period.
Water quality of Lake Creek at the outlet would continue to reflect the lake condition during
this time. After the six-year treatment, tui chub would not be completely removed, which
would likely allow a reduced level of nutrient cycling, pH and toxin response to continue.
Although there would be an expected trend toward water quality improvement, the presence
of tui chub would create less certainty for long-term effectiveness.

CHANNEL MORPHOLOGY AND FLUVIAL EROSION

AFFECTED ENVIRONMENT

Inventories of Lake Creek have revealed that, for the most part, channel stability is moderate
to high, with some evidence of significant slope failure or mass wasting but with minimal
amounts of excessive stream bank erosion or deposition of fine sediment.

Channel adjustment from heavy grazing by sheep in the watershed during the late 1800’s and
early 1900’s may still be occurring to riparian areas (soil compaction) and stream channels
(width/depth ratio). Significant adjustment in channel morphology following elimination of
grazing disturbance has occurred over decades. Additionally, Diamond Lake was drawn down
via Lake Creek in 1954 when about 20,000 acre-feet of water or 29% of the volume of
Diamond Lake flowed down Lake Creek from July 15 through September 21, a period of 69
days in 1954 (U.S. Geological Survey, 1963).

Stream flows in Lake Creek during the time of the 1954 draw down were greater than a 100-
year flood event (Wellman, 1993). Yet, observations of Lake Creek by the Diamond/Lemolo
Lake Watershed Analysis hydrologist and geologist and results from fisheries surveys indicate
that the draw down flow in 1954 did not appear to cause significant slope failures or channel
adjustment (Diamond Lake and Lemolo Lake Watershed Analysis, 1998). Lake Creek has
relatively gentle stream gradients and enough large in-stream wood to help maintain the
stability of its bank (Table 18).

Table 18. Lake Creek stream channel characteristics by reach.

of the system and benefits survival, growth, reproduction, and migration of individuals composing aquatic and riparian
communities.”
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Stream Survey Channel Large

Channel Length Gradient Woody

Reach (miles) (%) Debris
(per mile)

1* 1.79 2 24

2 1.25 2 21

3 0.35 1 23

4 2.72 2 40

5 2.31 1 62

6 0.63 4 147

7 1.25 3 59

8 1.29 2 33

*Reach 1 begins at the mouth of Lake Creek (where it flows into Lemolo),
and reach 8 is the upper-most reach of Lake Creek ending at the outlet
of Diamond Lake.

Additionally, Lake Creek appears to be inherently stable due to the nature of the streamflow
regime, which is characterized by peak flows that generally are not high energy, but rise and
fall gradually in response to both snowmelt and rainfall events.

Since the massive eruption of Mt. Mazama some 7,500 years ago, Lake Creek has carved
through a 40-meter thick layer of highly erodible Mazama ash-flow, exposing the underlying
glacial deposits that have been, in places, reworked by stream processes. Between Elbow
Butte and Highway 138, Lake Creek is characterized as a broad alluvial valley floor bounded
by a series of stepped-terraces. From Highway 138 to Lemolo Lake, Lake Creek meanders
through a wide alluvial valley floor that is punctuated with extensive meadows. Floodplains
are generally wider and channel banks are less confined between Lemolo Lake and Highway
138. Between Highway 138 and Diamond Lake, floodplains are generally narrow and channel
banks become more restrictive.

A 1.25-mile long segment of Lake Creek beginning at a point roughly one mile below the Lake
Creek outlet is highly entrenched and is characterized by a narrow floodplain, confining valley
walls, and steeper channel gradient making it distinctive from all the other reaches of Lake
Creek. Here, the inner gorge section has been slowly down cutting through a broad ridge
formed of highly resistant lavas. This ridge has helped influence geomorphic development of
Lake Creek. Furthermore, erosion of the glacial deposits over geologic time has left large
boulders that provide armoring of channel banks.

Lake Creek is currently eroding the toe of the mid-level terrace at three closely spaced sites
situated about one-half mile north of the Pit Lake No. 2. Two of the three sites are
landslides, the third site is developing into a mass wasting feature. All three sites occur along
outcurve reaches. Fine sediment (sand) is being delivered into Lake Creek during low base
level flow conditions at both landslide sites.

A total of eight streamside slope failures (landslides) were identified from examination of the
1997 aerial photos that span the length of Lake Creek. Neither the 1946 or 1957 aerial photos
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provide coverage of Lake Creek, so a before/after photo assessment of the 1954 draw down
on the erosion processes in Lake Creek could not be established.

Three of the eight identified landslide features can be expected to deliver some sediment
into the channel during bankfull stage flow. The volume of deliverable sediment attributed
to further activity of these landslides cannot be quantified.

There are four locations where roads cross Lake Creek within the project boundary. Starting
at Diamond Lake, there is a double-culvert crossing of Forest road 4795-000 at the outlet.
Roads 4700-710 and 4700-000 (Highway 138) also have double culverts downstream of the
outlet about 6.6 and 6.7 miles respectively. The last crossing is a pipe-arch at road 2614-000
near the mouth of Lake Creek at Lemolo Reservoir.

Double culverts serve as the stream crossings both at Road 4700-710 and at Highway 138. In
both cases, these crossings are undersized. The crossing of Road 4700-710 exhibits an over-
steepened fill slope, fill sloughing, and undercutting of the toe of the fill between the double
culverts. This crossing likely experiences annual fill erosion, which indicates a risk of failure.
The crossing of Highway 138 has better fill integrity and likely less risk of fill failure.

The fourth crossing is on Road 2614-000 just upstream of Lemolo Reservoir. This crossing is a
pipe-arch with a span that is about 50% of bankfull width. This crossing is less likely to
impede the flow and is closer to natural channel width allowing natural flows.

ENVIRONMENTAL EFFECTS

Direct Effects:
Alternatives 1 and 4 would not affect channel morphology since streamflow is not altered;
therefore no effects would occur.

No effect to stream erosion processes is expected at road crossings 4795-000 because this
stream crossing would not experience the prolonged draw down flow as the canal would carry
most of the flow, relieving this crossing of any potential erosion or risk of failure. There
would also be no effect to erosion processes associated with the 2614-000 stream crossing
because this crossing is adequately sized to pass the draw down flows.

On the other hand, flow restriction at the under-sized 4700-710 and 4700-000 crossings would
occur for the duration of the draw down period. Under bankfull flow, it is likely that fluvial
erosion of the fill and floatable wood could block the inlet at the road 4700-710 crossing.
Road 4700-000 crossing would have less concern for fill erosion, but floatable blockage of this
crossing is possible at this public highway stream crossing. These potential effects would be
reduced through monitoring of the crossings especially when additional flow above bankfull
would occur during winter storms and spring runoff. Equipment capable of removing mobile
wood that would lodge at the culvert inlets would be available. These mitigation measures
would reduce the risk of culvert failure.

Under Alternatives 2 and 3, the direct effects associated with sustained bankfull flows in Lake
Creek during the draw down period is likely to result in the delivery of relatively small
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volumes of fine-textured sediment into Lake Creek due to bank undercutting. Much of the
fine sediment would come from three existing landslide sites. Bankfull stage flow is not
anticipated to undercut the banks of the other five in-stream bank failures (landslides) or
trigger new slope mass-movements in localities where the stream channel presently impinges
on adjacent steep valley walls. The small volume of sediment predicted to be delivered into
Lake Creek during sustained bankfull stage flow is not considered to be of sufficient volume to
cause widespread adjustments to stream channel shape, form, and function.

Bankfull stage flows within Lake Creek lack the energy to transport large amounts of woody
debris significant distances. Woody debris is more likely to be transported short distances and
reorganized into numerous debris dams. Smaller size woody debris may possibly become
mobilized and accumulate in existing debris dams or at other points of constriction along Lake
Creek such as culvert inlets.

The 1996 stream survey of Lake Creek revealed that large instream wood (Table 18) is
currently within an expected range of natural variability in high-gradient reaches 6 through 8
that would otherwise be prone to channel scour and woody material transport. The 1998
Diamond Lake/Lemolo Lake watershed analysis did not document compelling evidence of
widespread slope failures (landslides) or channel adjustments within Lake Creek in the
aftermath of the 1954 draw down of Diamond Lake. Anecdotal comments indicated that Lake
Creek appeared to be functioning properly with respect to flow and sediment transport, and
that the stream channel did not display adverse impacts following the 1954 draw down event
(U.S. Forest Service, 1998).

Since the substantially greater 1954 draw down flow did not change the channel location, the
bankfull flow proposed in Alternatives 2 and 3 would not be expected to either. Persistent
stream energy would have the potential to sort finer substrate and improve pool depth where
large wood directs flows to scour. This process appears to be absent per the Diamond
Lake/Lemolo Lake Watershed Analysis (1998) and would be a benefit, but would not last
indefinitely.

Indirect Effects:

Under Alternatives 2 and 3, no indirect effects are expected to occur downstream of Lake
Creek in Lemolo Lake or in the North Umpqua River. This is because the amount of fluvial
erosion in Lake Creek is expected to be limited in extent and duration such that the delivery
of sediment or silt into Lemolo Lake would be also very limited. Likewise, delivery of
sediments into the North Umpqua River below Lemolo Lake is not expected. This is because
any suspended sediment that may enter Lemolo as a result of fluvial erosion in Lake Creek
during the draw down would settle out in the reservoir and not be available in the water
column to flow into the North Umpqua River.

No indirect effects to areas downstream of Lake Creek would occur under either Alternatives
1 or 4 because no draw down is proposed that could cause any fluvial erosion.

Cumulative Effects:

Past management activities that had potential to influence the sediment regime and stream
channel morphology of Lake Creek generally correspond to a period of road construction and
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logging activities that took place within the Lake Creek watershed beginning in the early
1950’s. Road density within the Lake Creek watershed is 1.13 miles per square mile;
however, most of the roads are concentrated along a narrow corridor that extends between
Diamond Lake and Lemolo Lake.

Some 949 acres of regeneration timber harvest has taken place within the Lake Creek
watershed, with most of the harvest being concentrated along a narrow corridor that extends
between Diamond Lake and Lemolo Lake. Only four percent of the total area of the Lake
Creek watershed has been impacted by timber harvest. Little sediment flux attributable to
logging activities or roading within the Lake Creek watershed is thought to have entered Lake
Creek due to the gently sloping to flat topography, very low drainage density, and highly
porous and permeable soils. The limited amount of timber harvest that has taken place
within areas close to Lake Creek (including past riparian harvest) is considered to have had a
negligible effect on the volume and timing of peak flows within Lake Creek due to lack of a
well developed drainage network. Lake Creek does contain substantial amounts of large
woody material that functions effectively to dissipate stream flow energy and turbulence,
store sediment bed load, and maintain channel complexity.

Other past management activities in the Lake Creek watershed that contribute to cumulative
effects include the 69-day draw down period of Diamond Lake in 1954. That draw down event
was comparable to a 100-year peak flow flood.

There are three Forest designated rock pits situated in close proximity to Lake Creek, and
include Pit Lake No. 1 (#3112010), Pit Lake No. 2 (#311202), and Sheep Creek (#321301).

Both Pit Lake No. 1 and 2 are currently filled with water from groundwater recharge and their
water levels are said to fluctuate from 5 to 25 feet below the level of Lake Creek (Jones
1990). At present there is no surface connectivity between Lake Creek and either of the Pit
Lake sources. A concern exists in that natural channel movements and migration of Lake
Creek have been slowly encroaching towards the earthen berm that forms the eastern limit of
Pit Lake No. 1. Sustained bank full flow conditions may possibly breach the dike and flow into
Pit Lake No. 1. However, any sediment delivered from this source would be minor.

Reasonably foreseeable natural disturbance patterns may cause impacts to Lake Creek, such
as rain-on-snow storms that could trigger flood events. Stream flows at flood stage have the
potential for triggering streamside slope failures and causing channel adjustments. However,
these events are not predictable and when they occur, are expected to be within the range of
natural variability. Moreover, one of the reasons Lake Creek has been so stable is the low
stream energy that is characteristic of the high Cascades; peak flows typically rise and fall
gradually in response to both snowmelt and rainfall events.

Overall, when combining the minimal effects from past, present, and reasonably foreseeable
activities, and the lack of significant direct and indirect effects to Lake Creek, no cumulative
effects are anticipated to occur.

Conclusions:

Only under Alternatives 2 and 3 would there be any potential affect on channel morphology.
Since the higher flows from the 1954 lake draw down did not appear to impact the channel
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integrity, the lower proposed flows for Alternatives 2 and 3 also would not be expected to
impact Lake Creek or the area downstream. Lemolo Reservoir would absorb and transfer the
additional flow downstream within the existing streamflow regime.

Road crossings 4700-000 and 4700-710 would have some risk of plugging because of small size
culverts and potential floatable wood. Road crossing 4700-710 also would have the risk of fill
failure with the prolonged bankfull flow. Both of these potential conditions would be
addressed through project monitoring and mitigation included in these alternatives and
described in Chapter 2.

Aquatic Conservation Strategy:

Under Alternatives 1 and 4, Lake Creek and downstream areas would not experience short-or
long-term effects that would alter physical channel integrity or sediment regime. These two
alternatives would meet the Aquatic Conservation Strategy (ACS) objectives 3> and 5.

Alternatives 2 and 3 would have a short-term affect on the channel. Short-term accelerated
bank erosion along Lake Creek would likely occur at three distinct locations during the draw
down phase. However, the amount of erosion would be limited in amount and duration.
Within a few years following draw down, the bank erosion rate would return to the pre-draw
down rate. Therefore, the long-term physical channel integrity and sediment regime would
be maintained and ACS objective 3 and 5 would be met. Table 19 provides a summary of
important conclusions and a comparison of the alternatives effects on stream morphology.

" ACS objective 3: “Maintain and restore the physical integrity of the aquatic system, including shorelines, banks, and
bottom configurations.”

% ACS objective 5: “Maintain and restore the sediment regime under which aquatic ecosystems evolved. Elements of
the sediment regime include the timing, volume, rate, and character of sediment input, storage, and transport.”
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Table 19. Comparison of Alternatives Effects on Stream Channel Morphology

Water Alternative 1 - Alternative 2 - Alternative 3 - Alternative 4 -
Body No Action Rotenone with Put, Rotenone with Put Mechanical &
Grow, and Take and Take Fishery Biological
Fishery
Time Short- Long- Short- Long- Short- Long- Short- Long-
period term term term term term term term term
Lake No effect on | No effecton | No effect on | No effect on | No effect on | No effect on | No effect on | No effect on
Creek channel channel channel channel channel channel channel channel
(near morphology | morphology | morphology | morphology | morphology | morphology | morphology | morphology
because because because because because because because because
outlet) streamflow streamflow most of most of most of most of streamflow streamflow
is not is not draw down draw down draw down draw down is not is not
changed changed bypasses bypasses bypasses bypasses changed changed
the outlet the outlet the outlet the outlet
Lake No effect on | No effect on During the After draw During the After draw No effect on | No effect on
Creek channel channel draw down down, no draw down down, no channel channel
(down- morphology | morphology | phase, bank effect on phase, bank effect on morphology | morphology
because because erosion at channel erosion at channel because because
stream) streamflow streamflow specific morphology specific morphology | streamflow streamflow
is not is not identified because identified because is not is not
changed changed sites would streamflow sites would streamflow changed changed
likely occur is not like occur is not
with changed with changed
continuous continuous
bankfull flow bankfull flow
or higher or higher
North No effect on | No effect on During the After draw During the After draw No effect on | No effect on
Umpqua channel channel draw down down, no draw down down, no channel channel
River morphology | morphology phase, effect on phase, effect on morphology | morphology
because because higher flow channel higher flow channel because because
streamflow streamflow would only morphology would only morphology | streamflow streamflow
is not is not occur in the because occur in the because is not is not
changed changed upper reach | streamflow | upper reach streamflow changed changed
but no effect is not but no effect is not
on channel changed on channel changed
morphology morphology
would be would be
expected expected
AQUATIC BIOLOGY

PHYTOPLANKTON AND PRIMARY PRODUCTION

Phytoplankton and primary production are most relevant to the issue of water quality.
Scoping identified a concern that both rotenone and fish restocking could affect water quality

through effects on Diamond Lake’s food chain, or the fish-zooplankton-phytoplankton

relationship. Scoping also identified a concern about the immediate and long-term effects of
a rotenone treatment on water quality in Diamond Lake. These aspects of the water quality
issue, as they relate to phytoplankton and primary production, are tracked under
environmental effects in this section.

AFFECTED ENVIRONMENT
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PHYTOPLANKTON

Phytoplankton are floating plants, usually microscopic, comprised primarily of algae that live
suspended in the water. The composition and abundance of the phytoplankton population of
Diamond Lake varies seasonally. A shift in the phytoplankton population can be influenced by
a variety of physical and biological factors. Increased abundance generally occurs during
periods of rapid growth (algae blooms) during which different algal types can dominate. There
are five phytoplankton groups typically found in Diamond Lake: (1) Bacillariophyta (diatoms);
(2) Cyanobacteria (blue-green algae); (3) Cryptophtya (cryptomonads); (4) Chlorophyta (green
algae); and, (5) Chrysophyta (golden-brown algae) along with low densities of other types of
algae.

The phytoplankton abundance in Diamond Lake is at a minimum during the winter when light
conditions and temperatures are low. During the fall and winter, the phytoplankton
population is generally dominated by diatoms, cryptomonads, and golden-brown algae (Lauer
et al. 1979, Aquatic Analysts 1990). As the days lengthen and temperatures warm in the
spring, the growth of the phytoplankton population increases and diatom blooms typically
develop shortly after the lake ice cover melts. After the initial growth period dominated by
diatoms, other types of algae become more common including green algae, golden-brown
algae and other types of diatoms. By mid to late-summer, the phytoplankton species
composition shifts to a population dominated by blue-green algae (Figures 24 and 25).
Historic and recent data from Diamond Lake indicates that during the summer the
phytoplankton population is frequently dominated by blue-green algae from the genus
Anabaena.

Diamond Lake Surface (North End) Phytoplankton Biovolume
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Figure 24. Phytoplankton biovolume during 2003.
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Figure 25. Phytoplankton percent composition during 2003.

Several studies have documented changes over time in the phytoplankton community
composition in Diamond Lake>. Lauer et al. (1979) reported Anabaena circinalis to be the
dominant blue-green alga (cyanobacterium). The earliest date that Anabaena circinalis
dominated the phytoplankton community was June 18, 1973. It was reported to have
typically reached high numbers by July or August of each year during the study and frequently
was the most numerous type of phytoplankton during September and October. Sanville and
Powers (1971) reported 15,000 Anabaena cells/mL from a surface sample collected on
September 27, 1971.

Based on analysis of sediment cores from Diamond Lake, Eilers et al. (2001b) reported that a
shift in the planktonic diatom community of Diamond Lake occurred with the species
Fragilaria crotonensis becoming much more abundant after approximately 1920 and remaining
abundant through the 1950s, indicating more productive conditions in the lake. Although
Eilers et al. (2001b) were not able to precisely date changes in the phytoplankton composition

*Lauer et al. (1979) recorded high numbers of the diatom Asterionella formosa during the spring of each year from
1971 through 1977. Green algae (chlorophytes) were reported to dominate the phytoplankton on only a few
occasions. Lauer et al. (1979) observed that the golden-brown algae Chromulina sp. appeared to be a much larger
part of the phytoplankton community after 1973, although this observation could have been due to a change in
counting techniques. This species was the dominant alga in approximately one-half of the samples from 1973
through 1977 and was dominant in all of the 1977 samples, excluding one sample on August 18, 1977 when it was
second to Anabaena. Salinas and Larson (1995) reported 55 phytoplankton taxa collected during 1992 through 1994.
Similar to the results reported by Lauer et al. (1979), Salinas and Larson observed Chromulina sp. to be the most
dominant taxon. Eilers (2003) reported that since 1999, golden-brown algae (chrysophytes) are the most numerically
abundant phytoplankton group in Diamond Lake. Due to their small size, they were found to comprise a small portion
of the phytoplankton biovolume however in recent years this group was reported to have become an important part of
the phytoplankton assemblage particularly in the spring and fall.
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of the lake, these investigators found the diatom Asterionella formosa became somewhat
more abundant near the year 1980 and that increase in the abundance of both F. crotonensis
and A. formosa indicates a shift to more productive conditions in the lake. Sediment core
analysis also indicated a 15-fold increase in the planktonic blue-green algae population during
the 20" century (Eilers et al. 2001a). One type of filamentous blue-green algae,
Gloeotrichea, was reported to have shown two major population increases first appearing in
large numbers around 1920, following the introduction of trout in 1910 and another large
increase near the time of the first rotenone treatment of Diamond Lake in 1954. The blue-
green algae species Anabaena flos-aquae and Anabaena circinalis were found at low densities
prior to the introduction of fish in Diamond Lake. However, their abundance increased greatly
around 1954 followed by a decrease to relatively low levels during the 1960s and 1970s with
another large increase observed beginning in the 1990s. Peak concentrations of Anabaena
flos-aquae found in samples during the summers of 2001 and 2002 were estimated to be
approximately 1 million cells/mL. During the summer of 2003, the peak measured
concentration of 255,567 cells/mL occurred on July 28. The high concentrations of Anabaena
that have been recorded under bloom conditions in recent years correspond to periods of high
tui chub abundance. In addition, during the summer of 2003, Jim Sweet (Aquatic Analysts,
unpublished data) noted the rare occurrence of the blue-green alga Microcystis aeruginosa in
six samples. This species of algae was at much lower concentrations than Anabaena, however.

Evidence from the remains of the phytoplankton assemblage in the sediments was consistent
with other data indicating a decline in the water quality of Diamond Lake particularly over
the last several decades (Eilers et al. 2001a). This decline is consistent with the idea that fish
stocking and high populations of tui chub have contributed to this changed condition.

Blue-green algae frequently dominate the phytoplankton of productive lakes during the
summer season. Environmental factors that contribute to the dominance of blue-green
include: (1) a stable water column; (2) warm water temperatures; (3) high nutrient
concentrations near the surface (particularly phosphorus); (4) high pH; (5) relatively low
concentrations of carbon dioxide; and, (6) low grazing pressure from large zooplankton
(Zurawell 2000-01). Many kinds of blue-green algae (including Anabaena) withstand periods of
adverse environmental conditions by the production of a resting stage (akinetes) or as
vegetative cells that remain in the sediment until conditions are favorable for growth.

Studies have shown that the rapid increase in the blue-green algae population of a lake can
result, in part, from recruitment of blue-green algae from the sediments (Head et al. 1999).

All phytoplankton require nitrogen in relatively high amounts for optimal growth. Some blue-
green algae however, have an advantage over other kinds of phytoplankton under conditions
of high phosphorus and low nitrogen. Before nitrogen can be used in the synthesis of
biological molecules it must be in the “fixed” (combined) form of ammonia or nitrate. Unlike
other kinds of phytoplankton, many species of blue-green algae, including Anabeana, have the
ability to fix nitrogen gas dissolved in the water. When the total nitrogen to total phosphorus
ratio falls below approximately 14 to 1 by weight, the low availability of nitrogen generally
favors the growth of nitrogen fixing blue-green algae over other kinds of phytoplankton (Smith
and Bennett 1999).
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During the summer when phytoplankton abundance is high, densities are typically greatest
near the surface where sufficient sunlight for photosynthesis is available and water
temperatures are warm. Some species of blue-green algae can gain a competitive advantage
over other types of phytoplankton by their ability to regulate buoyancy through the
production of intracellular gas vesicles. These gas vesicles allow the cells or colonies to
migrate vertically through the water column and occupy a position with optimal light and
nutrient concentrations. If calm wind conditions develop over a short period of time
however, excess gas vesicles can cause the cells or colonies to rise to the surface where dense
surface accumulations can develop. Once on the surface, exposure to high intensity light and
possibly depletion of inorganic carbon can inhibit photosynthesis in the blue-green algae cells
and interfere with their ability to regulate their buoyancy. Winds can blow surface
accumulations toward shore where dense surface scums can develop. Due to their buoyant
nature, blue-green algae concentrations in the water can change rapidly over a brief period of
time. The rapid death and decay of blue-green algae blooms under conditions of high surface
concentrations can lead to the release of ammonia and depletion of dissolved oxygen in the
water. Although these factors can be severe enough to result in fish kills, there are no known
reports of this occurring in Diamond Lake.

Blooms of blue-green algae are frequently associated with a development of undesirable
conditions. In addition to imparting an unpleasant taste and odor to water, many kinds of
blue-green algae are known to produce potent nerve or liver toxins and blooms have caused
illness and death in wildlife and livestock in many regions of the world. In addition, blue-
green algae toxins have been found to cause adverse health effects for humans (Falconer
1996). Studies have also shown that toxins from blue-green algae have the potential for
adverse effects on macrophytes, zooplankton and other aquatic species (Christoffersen 1996).
These toxins have also been shown to suppress the growth of other types of algae possibly
giving the blue-green algae a competitive advantage.

The blue-green algae Anabaena flos-aquae, Anabaena circinalis and Microcystis aeruginosa
are known to be potentially toxin-producing species. Analysis results from samples taken
from Diamond Lake during periods of high Anabaena flos-aquae abundance have been found
to contain the neurotoxin anatoxin-a. Human health guidance from Yoo et al. (1995) and
Chorus and Bartram (1999) indicate that lake users should avoid water contact at blue-green
algae densities above 15,000 cells/mL. The buoyant characteristic of Anabaena cells can lead
to the formation of high densities on the lake surface or along shorelines where during bloom
conditions concentrations can increase greater than 1,000 fold (Chorus and Bartram 1999). As
mentioned previously, samples taken in Diamond Lake during blooms of Anabaena exceeded
this concentration at times during the summer seasons during the 1970s. However during the
recent summers of 2001, 2002, and 2003, Anabaena cell densities have been dramatically
higher, greatly exceeding the threshold of 15,000 cells/mL. Due to the risk to public health,
the Umpqua National Forest in cooperation with the Oregon Health Division and Douglas
County Health Department restricted water contact activities in Diamond Lake during periods
of high Anabaena abundance in each of these summers.

Studies have shown that the presence of fish that feed on zooplankton have a major influence

on phytoplankton biomass and phytoplankton community structure (Lynch and Shapiro 1981).
Shapiro et al. (1975) introduced the concept of “biomanipulation” as a management tool
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referring to manipulations of predator/prey relationships at the top trophic levels®® to
influence aspects of a lake’s productivity including reducing undesirable algae blooms.
Biomanipulation is based on the idea that when the number of fish feeding on herbivore
zooplankton are reduced, the abundance of large zooplankton species increases, resulting in
an increase in the effectiveness of grazing on phytoplankton. This can reduce the density of
phytoplankton and lead to improved water quality. Also, manipulations resulting in an
increase in the number of fish that prey on fish that consume zooplankton can decrease
predation on large zooplankton and result in an increase in the effectiveness of grazing on
phytoplankton. Carpenter et al. (1985) used the term “trophic cascade” to describe trophic
level interactions including fish or invertebrate predation that can lead to changes in the
structure of zooplankton communities and alter the effectiveness of zooplankton grazing on
phytoplankton. Based on numerous investigations, Wetzel (2001) concluded that the concept
of cascading trophic interactions frequently fail in natural systems due to multiple
compensatory mechanisms®' that occur rapidly after predator alterations. When aquatic
ecosystems are altered, productivity is displaced and is not largely reduced or lost. However,
an important management consideration is that the shifts in productivity can potentially be
manipulated to a more desirable type viewed as beneficial for human uses of water (Wetzel).

Drenner and Hambright (1999) reviewed the results from 41 biomanipulation experiments
from 39 different lakes to determine if biomanipulation succeeded in improving water quality
parameters including increased clarity, reduced phytoplankton biomass, and lower blue-green
algae density. However, due to the small number of biomanipulation techniques evaluated
and the variation in the fish and plankton communities of different lakes, these investigators
were not able to identify the best biomanipulation approach for a particular lake. Predacious
fish stocking as a biomanipulation approach was reported to have the lowest success and
partial fish removal was the most successful. Although they found differences in the results
depending on different strategies, overall they found 61 percent of all biomanipulation
approaches were consistently successful and that water quality was most likely to be
improved and maintained where manipulations increased the abundance of Daphnia (a type of
large bodied filter feeding zooplankton) and macrophytes.

Meronek et al. (1996) reviewed the results of 250 fish control projects contained in 131
papers. These researchers concluded that total elimination of the targeted fish species was
more successful than partial reduction of the targeted species in the majority of the projects.
Combined chemical and physical methods were reported to be successful in 66 percent of the
projects evaluated. Stocking after combined chemical and physical control methods may
have resulted in additional benefits to improve the rate of success for some projects.
Meronek et al. found that the success rate for projects that used only physical control
methods (e.g. nets, traps, electro-fishing, or a combination of physical treatments) ranged
from 33 to 57 percent. Stocking a type of fish to control the population of another fish
species was found to be the least successful.

60 Trophic levels refer to parts of a food chain. For example, fish (predators) represent a high trophic level on the
Diamond Lake aquatic food chain and zooplankton (prey) represent a lower level on the food chain.

& An example of a compensatory mechanism is if half of the tui chub population in the lake is removed the remaining
tui chub “compensate” for this population decline by increasing egg production.
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Studies have shown the important role of zooplankton in the regulation of phytoplankton
biomass while at the same time encouraging its growth through phosphorus recycling (Villar-
Argaiz et al. 2001). Sanni and Waervagen (1990) reported significant increases in water
quality and reduced summer blue-green algae abundance following a rotenone treatment of a
eutrophic lake in Norway. Lower nutrient concentrations and increased transparency were
reported the first summer after the rotenone treatment and preliminary results from the
second summer indicated further improvements. These investigators reported a 30 percent
decrease in total phosphate concentrations the first summer after treatment compared to the
mean of the preceding eight years without reductions in external loading. Sanni and
Waervagen concluded important factors in the decline of blue-green algae abundance in the
summer was not only increased grazing by Daphnia, but also an increase in the rate of
phosphate cycling benefiting phytoplankton species better able to utilize the nutrient supply
from zooplankton excretion.

Despite a large number of studies investigating the suitability of filamentous blue-green algae
(e.g. Anabaena) as a food source for zooplankton herbivores, the results of these studies
remain largely inconclusive. Different studies have produced contradictory results even when
the same blue-green algae species were considered (Gliwicz 1990). Even though blue-green
algae have often been considered an unsuitable food for zooplankton grazers, in productive
lakes where fish that fed on zooplankton (planktivores) died or were removed, it has been
observed in many cases that the absence of these fish results in an increase in the size and
number of filter feeding zooplankton and this increase is associated with a decline in blue-
green algae density (de Bernardi and Giussani 1990).

The blue-green algae-zooplankton interactions in lakes are likely the result of a combination
of factors including: the concentration, edibility, toxicity, and nutritional value of the blue-
green algae along with the degree the blue-green algae mechanically interfere with filtering
and the availability and nutritional value of other food sources (Gilbert and Durand 1990). In
their review of numerous studies concerning the suitability of blue-green algae as a food
source for zooplankton, de Bernardi and Giussani (1990) concluded that even when blue-green
algae alone are not an adequate food source for zooplankton they can be an important
complementary source of nutrition and when combined with other environmental factors
zooplankton grazing can affect blue-green algae density. Based on a number of short-term
grazing trials, Epp (1996) concluded that zooplankton grazing by the large bodied cladoceran
Daphnia promoted or maintained blue-green algae dominance while decreasing the absolute
abundance of blue-green algae and phytoplankton as a whole. Based on these results and a
review of other studies, Epp concluded that filamentous blue-green algae should not be
assumed to be resistant to zooplankton grazing until it has been evaluated for a particular
lake. In Diamond Lake large populations of Anabaena over the past decade have coincided
with a period of high tui chub abundance suggesting that increased predation of large
zooplankton by tui chub has contributed to the severity of blue-green algae blooms in
Diamond Lake.

PRIMARY PRODUCTION
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Primary production is the rate new organic matter (plant material) is formed through
photosynthesis. Primary production occurs in the water column by phytoplankton and on the
bottom of the lake by attached plants. Estimates of phytoplankton primary production have
been obtained for Diamond Lake.®* No known studies have investigated primary production of
macrophytes or other attached photosynthetic organisms.

Phytoplankton primary production in Diamond Lake is typically highest during July and August
and corresponds with the peak in phytoplankton abundance as measured by chlorophyll a.
Peak productivity during this time period occurs near the surface at approximately 62 feet in
depth (2 m). Phytoplankton primary production is lower at other times of the year and is
more uniformly distributed through the water column. Figure 26 displays typical profile data
showing the variation in productivity.

Although many studies have focused on the availability of nutrients as a regulator of
productivity in lakes, the concept of cascading trophic interactions as proposed by Carpenter
et al. (1985) has been suggested to account for the differences in primary productivity
between lakes with similar nutrient availability but different food webs. Management
activities that alter the food web structure may result in changes to the abundance or type of
phytoplankton; however, this change is primarily a temporary shift of nutrients to other
components of the ecosystem (Wetzel 2001).

Phytoplankton Primary Production - Year 2002
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Figure 26. Phytoplankton primary production variation over time and depth (data from
Salinas 2002).

ENVIRONMENTAL EFFECTS ON PHYTOPLANKTON AND PRIMARY PRODUCTION

62 Estimates were obtained by measuring the rate of inorganic carbon assimilation using a carbon-14 radioisotope.
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Direct Effects:

Alternatives 1 and 4 would have no direct effects on the phytoplankton of Diamond Lake.
Direct effects®® from a rotenone treatment or other activities proposed under Alternatives 2
and 3 would likely have small to negligible effects on the phytoplankton of the lake. In a
review of numerous studies of the direct effects of rotenone on phytoplankton, Bradbury
(1986) found that most investigations showed that phytoplankton is not directly affected by
rotenone at concentrations of up to 3 parts per million (ppm) of the 5 percent powdered
form. Exceptions were one study where the chrysophyte, Dinobyron, was absent for a period
of two weeks following rotenone treatment in a Montana pond treated with 0.7 ppm Pro-
Noxfish®. Additionally, concentrations of 5 percent rotenone above 2 ppm killed all of the
chlorophyte Volvox and 1 ppm killed the dinoflagellate Ceratium. However, none of these
algae types comprise a large portion of the phytoplankton community of Diamond Lake.

Under either Alternative 2 or 3, the connected actions proposed by Diamond Lake Resort
(described in Chapter 2) would occur only after the affected areas are above the water level
of the lake and would have no direct, indirect, or cumulative effects on the phytoplankton or
primary productivity of the lake.

Indirect Effects:

Under Alternative 1 no change in the abundance or species composition of the phytoplankton
assemblage or primary production would occur. Summer phytoplankton primary production
would continue to be high and severe summer blooms of potentially toxic blue-green algae
would likely continue. During the summer blooms of toxin producing blue-green algae,
adverse effects could occur to wildlife and domestic animals and could also result in adverse
effects to other aquatic organisms.

Alternatives 2, and 3 would have indirect effects on phytoplankton potentially a short period
of time after mechanical fish removal begins. As the tui chub population is reduced by
mechanical removal, it is likely the zooplankton population would increase, including large
bodied species. The extent to which predation on zooplankton would be reduced depends on
the degree that mechanical removal was successful at reducing the tui chub population. If
mechanical removal successfully removes a significant portion of the fish population during
the spring and early summer prior to rotenone treatment, the relatively large bodied
zooplankton species could rapidly increase in number potentially reducing the phytoplankton
density. High rates of zooplankton grazing could reduce the phytoplankton biomass to levels
below average values observed over the last decade with a corresponding increase in water
clarity and reduced epilimnetic pH values; this represents a positive indirect effect.

Under Alternatives 2 and 3, a short time after rotenone application, there would be a severe
reduction or elimination of the zooplankton population in Diamond Lake (see Zooplankton
section). As is common following rotenone application, an algae bloom would be expected to
occur and the bloom would most likely be dominated by blue-green algae and/or diatoms.
The cause of the bloom would be a result of reduced grazing on phytoplankton and the
release of nutrients from fish carcasses and possibly sediments. Studies of other lakes have

% I this discussion “direct effects” refer to the immediate, short-term effects on phytoplankton that would occur
during and immediately following the rotenone treatment.
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shown that algae levels typically increase 4 to 6 fold shortly after rotenone treatment
compared to levels in years without treatment (Bradbury 1986). The bloom would most likely
last for one or two months before subsiding with the onset of winter. The increase in
phytoplankton biomass would result in decreased water quality, including a decrease in clarity
and elevated pH values during the fall algae bloom.

Generally, zooplankton will return to a lake in large number within 2 to 10 weeks following
rotenone treatment (Bradbury 1986). Under alternatives 2 and 3 in the spring following the
rotenone treatment, it is likely that a large diatom bloom would occur as would be expected
to occur in a normal year®’. If the recovery of the zooplankton population is delayed,
phytoplankton density would likely be greater than normal the following spring. However, it
is likely the zooplankton population would rapidly increase in the spring following the spring
algae bloom as a response to the abundant food resources and no predation pressure from
fish. Since large bodied zooplankton species are most susceptible to predation by fish, the
relative number of large bodied zooplankton would be favored under the fishless condition of
the lake. The high numbers of zooplankton could significantly graze down the phytoplankton
population resulting in a significant reduction in phytoplankton biomass during the summer
season. Large-bodied zooplankton are capable of grazing on the relatively large colonies of
Anabaena and may reduce the density of blue-green algae, along with a reduction in total
algal biomass. However, it is possible recovery of the zooplankton population (from the
rotenone treatment) could be delayed resulting in water quality improvements occurring
gradually over a 3 year period as zooplankton increase.

Differences in fish stocking strategies implemented under Alternatives 2 and 3 could result in
different indirect effects to phytoplankton. If the number of fish stocked under Alternative 2
resulted in heavy zooplankton losses due to predation, an increase in phytoplankton density
and possibly increased summer blue-green algae blooms would be more likely to occur. Under
Alternative 3, zooplankton populations would not be expected to be severely impacted by the
stocking of large numbers of the type of domesticated trout proposed for stocking because
these fish are not likely to prey significantly on zooplankton and therefore predation pressure
on large bodied zooplankton would remain relatively low. Under both alternatives, salmonid
stocking would be monitored to ensure that the number of fish stocked would not result in
severe predation on the zooplankton population®. Therefore, fish stocking under either
alternative would not be likely to result in a decline in water quality, however Alternative 3
may have a slightly lower risk of a decline in water quality due to fish stocking.

Because Alternative 4 would be implemented over a six year period, the effects on
phytoplankton would occur over an extended time period. Following the initiation of
mechanical fish removal, predation pressure on zooplankton would be reduced resulting in
increased grazing on phytoplankton over the summer. Similar to Alternatives 2 and 3, the
degree to which the zooplankton would be able to reduce phytoplankton densities would
depend on the extent mechanical fish removal significantly lowers predation on zooplankton
by fish. No toxicants would be used under this alternative and as a result the zooplankton
population would not be killed. Consequently, zooplankton grazing pressure on phytoplankton

% Diatom blooms in the spring are a natural phenomenon and are expected even when the lake ecosystem is healthy.
 An ecologically-based index for guiding fish stocking decisions in Diamond Lake has been developed (Eilers
2003a); components include water chemistry, phytoplankton, zooplankton, and benthos.
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would be maintained and expected to gradually increase over several years as the tui chub
population is reduced. However, since the tui chub population of the lake would not be
eliminated under Alternative 4, compare to the other action alternatives, in the long-term
there is a higher risk of the tui chub population increasing in the future to a level where
heavy predation on zooplankton would lead to a decline in water quality including reduced
clarity, high pH, and increased abundance of blue-green algae.

Alternatives 2 and 3 would lower the lake level beginning with the fall/winter draw down
period and the water level would remain low through the following summer, the lowered level
along with increased phytoplankton grazing (resulting in a reduction in phytoplankton
abundance as an indirect effect of mechanical fish removal) would potentially allow light to
be transmitted to portions of the lake bottom that typically would be beyond the range where
sufficient light would be available for photosynthesis. Although this could increase the area
receiving sufficient light for photosynthesis by macrophytes and bottom dwelling algae, total
primary production in the lake would be offset by the potential loss in primary production
from the macrophytes in the areas de-watered during the summer draw down. Under
Alternative 1, primary production by macrophytes would remain unchanged. Implementation
of Alternative 4 would likely result in a slight gain in primary production of macrophytes after
a period of approximately 6 years. There would be the possibility that this increase could not
be maintained over time because under Alternative 4, there would be a higher probability
that the tui chub population would increase significantly over time indirectly leading to an
increase in phytoplankton abundance.

Cumulative Effects:

The composition of the phytoplankton population in Diamond Lake to some extent results
from the cumulative effects of activities in the watershed that have the potential to be a
source of nutrients to the lake. Although past developments within the watershed have likely
contributed to nutrient enrichment of the lake to some extent, the majority of the nutrients
in the lake originate from natural sources. Ongoing and past projects including fish stocking,
installation and operation of the waste water diversion system and erosion control activities,
have cumulatively impacted lake conditions and influenced the abundance and species
composition of the phytoplankton population. Under Alternative 1, these projects would
continue to influence the phytoplankton community composition of the lake resulting in
negative cumulative effects on water quality. Any of the action alternatives in combination
with ongoing, past projects, and reasonably foreseeable actions have the potential to
cumulatively lead to changes in the phytoplankton composition and primary productivity with
positive influences on lake water quality. See cumulative effects tables 9-11for a complete
list of projects.

Conclusions:

Under Alternative 1, the tui chub population would remain high, resulting in fewer filter
feeding zooplankton and a corresponding high rate of phytoplankton production. Summer
eplimnetic pH values would remain high and likely above state water quality standards. A
high biomass of phytoplankton during summer algae blooms would continue to reduce water
clarity and toxin producing blue-green algae blooms would be expected to be more frequent
and severe than would occur under any of the action alternatives.
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All action alternatives have the potential to affect the abundance and species composition of
the phytoplankton population. Implementation of either Alternative 2 or 3 would result in
changes to the phytoplankton assemblage in the shortest time period due to the elimination
of fish followed by an increase in the zooplankton population. Water quality would be
expected to improve within a 3 year time period under these alternatives. The long-term
effects on the phytoplankton under Alternatives 2 and 3 would depend on the fish stocking
strategy adopted. Monitoring of lake conditions under Alternative 2 would ensure fish
stocking levels that do not result in severe predation pressure on zooplankton. The fish
stocking strategy proposed under Alternative 3 would likely have small effects on the
zooplankton population and therefore phytoplankton densities may have a slightly higher
probability of being controlled by zooplankton grazing.

Under Alternative 4, changes to the phytoplankton assemblage would likely occur over time as
the tui chub population is reduced and predation on zooplankton is reduced. Water quality
would be expected to improve after the 6 year period of mechanical tui chub removal. Since
the tui chub population would not be eliminated under this alternative, there would be a
higher probability in the long-term that the population could increase in the future resulting
in a return to severe blue-green algae blooms and an associated decline in water quality.

Implementation of any of the action alternatives would be consistent with Aquatic
Conservation Strategy Objectives and specifically contribute toward meeting Objective 4%, to
maintain and restore water quality. Improvements in water quality would include lower
phytoplankton biomass, lower epilimnetic pH values, and increased clarity.

Table 3 in Chapter 2 provides a summary of important conclusions from this section and a
comparison of the alternatives effects on water quality.

Aquatic Macrophytes

There were no issues identified in scoping related to aquatic macrophytes. However,
information of this subject is provided because of the important for role aquatic macrophytes
play in the nutrient cycling and the food chain of Diamond Lake.

% ACS Objective 4 — Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland
ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
of the system and benefits survival, growth, reproduction, and migration of individuals composing aquatic riparian
communities.
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AFFECTED ENVIRONMENT

As is typical of shallow, soft-bottomed lakes, Diamond Lake has a broad zone of aquatic
macrophytes, which are primarily vascular aquatic plants®’. Macrophytes in Diamond Lake are
concentrated on the broad, gently sloping bottoms along the south and northwest shore, with
fewer populations along the western shore and in the cove by the Lodge (see Figure 27). Most
of the eastern shoreline is too rocky and steep to support macrophytes. Light penetration
into the lake limits macrophytes to a depth of about 19.7 feet (6 m)(Eilers & Gubala 2003).
Total macrophyte cover was estimated at 30-50% of the lake’s bottom in a 1979 study (Lauer
et al.) which is supported by hydroacoustic®® sampling in 2002 (Eilers & Gubala 2003).
Macrophytes are commonly grouped by their life-forms, which play different ecological roles
within the lake. These life forms include: emergent species, floating leaved rooted species,
submersed rooted species, and submersed free-floating species.
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Figure 27. Distribution of aquatic macrophytes in Diamond Lake based upon
hydroacoustic sampling in 2002 (Eilers and Gubala 2003).

®" vascular plants are plants in which the structure is made up in part of vascular tissue or vessels. They
include the flowering plants, cone-bearing plants, and ferns and fern allies. Nonvascular plants include
fungi, algae, lichens, mosses, and liverworts. Although the Diamond Lake macrophyte community does
include nonvascular plants the majority of the biomass is vascular.

®8Hydroacoustic sampling utilizes high frequency sound waves to identify bottom features, fish, aquatic vegetation,
and zooplankton within water bodies.
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Emergent Species: These plants are rooted in shallow water, but have stalks that grow up
out of the water. Diamond Lake has a loosely defined community of emergent species in the
northwest corner of the lake. There is a large assemblage of the emergent species common
cattail (Typha latifolia) and hardstem bulrush (Scirpus acutus) along the shoreline north of
the Thielsen View Campground. Interspersed within this community is yellow pond-lily
(Nuphar lutea ssp. polysepala), which is a rooted plant with floating leaves. The only other
emergent species that occurs within the lake itself are several small patches of common
spike-rush (Eleochaeris palustris) and a single patch of inflated sedge(Carex vesicaria). All of
the emergent species in the lake are rhizomatous®’, so they tend to occur in dense patches.

One species that was consistently located in shallow water during the macrophyte inventory
in 2002 (Helliwell et al. 2003) is what appears to be an aquatic, juvenile form of water
bulrush, which should be an emergent species. For some reason, it evidently remains in a
juvenile state without ever producing adult leaves or reproductive structures. It is possible
that water bulrush (Scirpus subterminalis) is a remnant from the former shoreline community
at Diamond Lake.

Floating Leaved Rooted Species: The other rooted species with free-floating leaves in the
lake is water smartweed (Polygonum amphibium). There are scattered plants of this species
near the outlet of the lake.

Submersed Rooted Species: Species that are rooted in the bottom of the lake, but have
submersed leaves make up the overwhelming bulk of the macrophyte biomass within the lake.
The principle submersed rooted species include: white-stalked pondweed (Potamogeton
praelongus), water-milfoil (Myriophyllum verticillatum), and Canadian waterweed (Elodea
canadensis). Helliwell et al. (2003) found water-milfoil to be the most commonly
encountered macrophyte in the lake during an inventory of the shallow depths (<6.5 feet or 2
m) in 2002. However, white-stalked pondweed extends to much greater depths and almost
certainly is the most abundant macrophyte in the lake. It is also the tallest with plants in
excess of 13 feet (4 m) observed (Helliwell et al. 2003). Canadian waterweed is perhaps the
most broadly distributed of the submersed species. It was observed growing at depths less
than 3.3 feet (1 m), but is also reported to be associated with white-stalked pondweed
between depths of 6.6 - 13.1 feet (2-4 m) (Lauer et al. 1979). Lauer et al. (1979) also
reported stonewort, a large, coarse algae with whorled branches, growing at the deepest
vegetated areas of the lake at 13.1 - 19.7 feet (4-6 m).

Submersed Free-Floating Species: The only other common macrophytes in Diamond Lake are
the submersed free-floating species coontail (Ceratophyllum demersum) and quillwort
(Isoetes echinospora) which is a tiny submersed plant that is rooted in very shallow water.
The former species is widely scattered, primarily amongst the water-milfoil, but is never
abundant. The later species is a tiny, grass-like plant that is actually more closely related to
ferns because it reproduces by spores from sacs at the base of the leaves. See the Aquatic
Macrophyte report for a complete species list for Diamond Lake.

%9 Rhizomatous plants have rhizomes which are horizontally creeping underground stems which bear roots and
leaves and usually persist from season to season.
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The only non-native macrophyte currently known to occur in Diamond Lake is curly pondweed
(Potamogeton crispus), which was first reported by Salinas (1998) at the south shore dock. It
was also discovered along the western shore during the 2002 inventory (Helliwell et al. 2003).
This species is not well-established at present, but has been known to take over some lakes.

The Oregon State Game Commission Annual Report (OSGC 1953) noted that the white-stalked
pondweed had all but disappeared in 1952. This coincided with the tui chub proliferation of
that time and the pondweed was reported to have recovered by 1955 following lake draw
down and rotenone treatment the previous year (OSGC 1956). Although this may simply be
the direct result of light limitation from algal blooms, a reduction of this magnitude may
involve more complex interactions. It is possible that this condition involved cascading trophic
interactions’® initiated by tui chub introduction and proliferation. The most significant’" direct
impact to the macrophytes may actually have been periphyton’® increase resulting from
reduction in grazing zooplankton (Jones & Sayer 2003, Martin et al. 1992).

McHugh (1972) considered the presence of large beds of aquatic plants in Diamond Lake to be
a direct result of eutrophication, which he assumed to be caused by sewage and other man-
caused inputs of contaminants. As stated previously the principle source of nutrient inputs is
natural although the introduced fisheries, specifically tui chub, have resulted in increased
productivity of the lake (Eilers et al. 2001b). The size and morphology of Diamond Lake
suggests that even under a mesotrophic’® nutrient regime there would be a significant
macrophyte component to the lake. Macrophyte diversity reaches its peak in moderately
productive systems and declines in highly eutrophic systems (Dodson et al. 2000). There is no
quantitative means to assess how closely the current macrophyte communities resemble
conditions prior to the 1950’s. However, anecdotal observations over the last half century
indicate significant alteration of macrophyte communities resulting from changes in water
quality and the biotic composition of the lake.

Other than white-stemmed pondweed, the only other species recorded as occurring in the
lake prior to 1979 are Canada waterweed and water-milfoil. Water-milfoil had previously
been reported by McHugh in 1972 and is currently ubiquitous. It seems unlikely that the
species could have disappeared completely from the lake only to reappear later, although
invertebrate herbivores have been implicated in the decline of the invasive European milfoil
(Myriophyllum spicatum)(Johnson et al. 1998). Moreover, it is likely that there have been
significant shifts in species dominance over time resulting from changes in competition,
herbivory, lake productivity, weather, and trophic interactions.

There are no known records available for historic emergent communities in Diamond Lake, but
it should be noted that the level of the lake has been maintained at artificially high levels

70 Cascading trophic interactions refers to effects that work their way through the aquatic foodchain; i.e. increases in
tui chub leads to lower numbers of zooplankton which leads to increases in phytoplankton/periphyton which leads to
decreases in macrophytes.

" tis also possible that direct feeding from crustaceans or mollusks may have contributed to the decline, but this is
only rarely a significant cause of macrophyte reductions.

& Periphyton refers to algae, protozoa, fungi and bacteria that are attached to macrophytes.

A mesotrophic nutrient regime refers to a “moderate level” of nutrients and biological productivity. A mesotrophic
lake is capable of producing and supporting moderate populations of living organisms.
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during the summer months by control of the outflow at Lake Creek, since at least the 1950’s.
It is also maintained at artificially constant levels, since the lake would naturally draw down
slightly over the course of the summer. This has resulted in year-round inundation of
shoreline areas that may previously have supported emergent rather than aquatic vegetation.
Water level management has probably also resulted in unnaturally steep, stable banks that
were augmented by planting of reed canary grass (Phalaris arundinaceae), a non-native
species that was widely planted in riparian areas throughout North America for soil
stabilization. It now represents the dominant shoreline species around the lake.

ENVIRONMENTAL EFFECTS

Direct Effects:

Alternatives 2 and 3 would both involve short-term impacts to the macrophyte flora through
lake draw down. The draw down itself would expose all macrophytes that are rooted within
the top eight feet of the current lake level. This is about a third of the total rooting depth
and probably less than a third of the total area covered by macrophytes (see Figure 27).
Because the macrophyte flora grows along a depth gradient, most of the species would be
affected because more species occur in shallow water than in deep water. Of the rooted
species, only white-stem pondweed and Canada waterweed currently appear to have
significant biomass below eight feet. Free-floating species, such as coontail, are expected to
simply float to the new habitat. Some species, particularly the abundant water-milfoil, would
likely adapt to the new water level through colonization by stem fragments, rhizomes, seeds,
and winter buds. The rooted submersed species would be beginning to senesce and die back
naturally about the time the lake level would be dropped. Therefore, there would be little
direct mortality to above ground biomass from desiccation during the draw down itself.

Other rooted species, including yellow pond lily, quillwort, and all of the emergent species
would be drained and would have to survive the summer through stored reserves in their
roots. There may be mortality to exposed plants due to freezing incurred by beginning the
draw down prior to the onset of winter. The severity of the winter may be significant in
survival of rooted macrophytes in exposed areas. Application of Rotenone in the 1950’s was
preceded by a draw down period from mid-July to September, rather than over the winter;
therefore, macrophyte recovery at that time may not be a good predictor of present
recovery.

The proposed application of rotenone under Alternatives 2 and 3 would have no discernable
affect on the macrophyte flora because rotenone formulations are not toxic to plants (U.S.
EPA as cited in CDFG 1994). There would likely be some damage to macrophyte beds from
mechanical fish harvest proposed under Alternative 4. Since aquatic plants provide hiding
cover for fish, especially small fish, the macrophyte beds would pose a challenge to efficient
fish harvest. However, the proposal is to use gill nets rather than seines in the vicinity of the
dense macrophyte beds, which would result in minimal damage to the plants. It is also
possible that there may be damage to macrophytes resulting from carcass recovery in
Alternatives 2 and 3. However, this activity would occur when submersed rooted
macrophytes would be dying back for the winter. There could be incidental collection of
species which do not die back during the winter, but this is not expected to be significant.
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Excavation of the canal and deposition of the spoils to augment an existing wetland under
Alternatives 2 and 3 would also have short-term impacts to macrophytes. The existing canal
has partially filled with sediments and has had some reestablishment of macrophytes within
its confines. The limited numbers of plants within this man-made feature are considered
insignificant relative to the populations beyond the canal. Deposition of the dredged material
near the shoreline would bury submersed aquatic plants in that vicinity of the shoreline which
are comprised principally of quillwort, Canadian waterweed, and water-milfoil. Emergent
species with suitable root structures’ would be planted in this area in order to increase the
likelihood that sediments would stay in place once the silt fence is removed (see mitigation in
Chapter 2 and planting prescription in the Botany report). Overall, the direct effect of this
activity is considered to be minor to the macrophytes in the area.

Alternative 1 proposes no activity; therefore, there would be no direct effects to macrophytes
from this alternative.

Indirect Effects:

Indirect effects to macrophytes under all of the alternatives would principally be from the
trophic cascades, which are the feeding levels within the lake’s food web. For example, the
introduced tui chub and young rainbow trout feed upon zooplankton which in turn feed upon
phytoplankton. The relationships with macrophytes are more complicated. Increases in
phytoplankton compete with macrophytes, to a degree, for nutrients. Large numbers of
phytoplankton also reduces light penetration into the lake which limits the depth to which
submersed macrophytes can grow. Periphyton, which refers to algae together with protozoa,
fungi and bacteria that are attached to macrophytes, may also increase indirectly because of
large numbers of fish. Excessive periphyton growth suppresses macrophytes and generally
results in a shift towards phytoplankton.

Alternative 1 has the potential to result in a crash of white-stem pondweed, and possibly
other macrophytes, much as it occurred in the early 1950’s (Loomis 2002). As long as tui chub
populations remain high, there will be predation upon zooplankton, with cascading trophic
effects that may result in alteration of the current macrophyte community (Jones & Sayer
2003, Lodge et al. 1994, Martin et al. 1992). On the other hand, past history is no guarantee
that similar results would necessarily follow. The tui chub have been expanding in Diamond
Lake since the early 1990’s and severe blooms of Anabaena flos-aquae have occurred from
2000-2003, but it is noteworthy that the macrophyte community has not crashed in similar
fashion as to what evidently occurred in the early 1950’s. Other than the hydroacoustic
sampling of the lake in 2002, there is no repeatable, quantitative data on macrophytes that
would allow for more in-depth analysis on community trends.

Recovery of the macrophyte flora subsequent to rotenone treatment and refilling of the lake
is difficult to assess under Alternatives 2 and 3. Because lake systems are comprised of
complex, connected, interdependent biota that can be highly dynamic, precise determination
of the indirect consequences of biomanipulation are speculative”. There is anticipated to be

7 Maintenance of the water level at full pool through the summer growing season limits the potential diversity of
colonizers for this created wetland.

75 Jones and Sayer (2003), in discussing alternative equilibrium states in lake systems declare that “[o]nce a change
has been precipitated, restoring pre-change conditions is insufficient to reinstate the previous community”.
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rapid expansion of zooplankton populations under Alternative 2 and possibly even more so
with Alternative 3 due to their differing fish stocking strategies. Specifically, this should
result in recovery of large-bodied Daphnia which have the potential to reduce phytoplankton
and decrease turbidity. This should provide excellent conditions for recovery of macrophytes
by improving clarity of the water.

There is, however, the potential that there could be substantial damage to plants rooted in
the draw down zone of the lake due to freezing over winter and/or desiccation during the
summer. This wouldn’t necessarily preclude recovery of the macrophytes in this zone, but it
may slow the recovery rate if the area needs to be recolonized. There is also the potential
that stress to deep water-adapted species that would be subjected the previous summer to
shallow water, would not recover as vigorously. If there is a significant lag in macrophyte
recovery this could result in repartitioning of the nutrient balance within the lake to
phytoplankton. However, since the dominant submersed macrophyte species in the lake
would have much or most of their habitat remaining, this should provide sufficient means for
revival of at least this portion of the macrophyte flora. Therefore, there is a reasonable
expectation that something resembling the current macrophyte communities would
reestablish under Alternatives 2 and 3 and possibly even extend to deeper depths, but there is
considerable uncertainty surrounding in what manner and how quickly. Both Alternatives 2
and 3 are considered to be very similar in their indirect effects upon macrophytes.
Alternative 3 may have a slightly greater likelihood of resulting in conditions favorable for
macrophyte communities realizing their potential. However, it is likely that the draw down
conditions (which are the same in both alternatives) would be far more significant to
macrophyte conditions than fish-stocking strategies.

It is unknown how the single, non-native, weedy species would respond to the treatments in
Alternatives 2 and 3. The two known locations of curly pondweed are within the proposed
draw down zone and could succumb to harsh conditions that the draw down may result in.
There is also the potential that it could respond more rapidly to the unstable conditions likely
to ensue as the lake refills and the biota recovers.

Alternative 4 lacks the negative affects of the lake draw down while providing at least partial
reduction of tui chub and whatever consequent affect this has on the rest of the lake’s
ecosystem. Because it is the least disruptive proposal over the short run, this alternative is
most likely to retain the current macrophyte populations in something resembling their
present condition for the foreseeable future. Long-term consequences to macrophyte
assemblages under this alternative would be subject to the effects of the tui chub populations
and distributions over time, along with the populations and distributions of the other
organisms within the lake.
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Cumulative Effects:

Salinas (1998) noted an increase in nutrient inputs to the lake over time, particularly since
the 1960’s. Increased nutrient inputs typically result in an increase in phytoplankton,
although the pathways and interactions between biota are exceedingly complex (Wetzel
2001). Submersed macrophytes decline at very high levels of nutrient loading, but are
tolerant of a broad range of nutrient loads. Productivity of emergent macrophytes, on the
other hand, would continue to increase with increased nutrients. Alternatives 2 and 3 would
presumably result in a short-term increase in nutrients from decaying fish that would be
partially mitigated through mechanical collection of carcasses. The nutrient increases are not
expected to result in a decline of the macrophytes, but there is no quantitative data to base
this assumption upon.

Other past and ongoing actions, primarily related to recreation, provide a slight increase in
sedimentation. Suspended sediment in the water column reduces light penetration which in
turn restricts photosynthesis in submersed macrophytes. Improvements to the campgrounds
and especially paving of the Diamond Lake loop road has limited sediment inputs from these
sources such that shoreline inputs represent the principle input to the lake. Nothing in any of
the proposed alternatives would directly affect overall sedimentation rates over time.
However, if the proposed draw down were to adversely impact macrophyte populations, the
reduction in macrophytes, which buffer shorelines from wave erosion, would likely result in
an increase in suspended sediments.

Conclusions:

Macrophyte populations have the potential to change under all of the alternatives (including
the no-action alternative). The greatest potential for an abrupt change to macrophytes is
from the draw down schedule proposed in Alternatives 2 and 3. The combination of exposing
rooted species to freezing temperatures in the winter and drought during the summer could
result in significant mortality to much of the macrophyte flora. However, because the
majority of submersed macrophyte beds would remain aquatic throughout the draw down, it
is reasonable to expect the rapid and substantial recovery of at least the dominant submersed
species. Because of the lack of empirical data on macrophytes in Diamond Lake and the
complexity of lake ecosystems in general, there is considerable uncertainty about the fate of
macrophyte diversity, distribution, and biomass over time. This is true of all alternatives, but
particularly true of Alternatives 2 and 3 because the draw down schedule is anticipated to be
the most significant variable for macrophyte conditions.

Zooplankton

The status of Zooplankton populations is important to the issue of water quality. Scoping
identified a concern about the immediate and long-term effects of a rotenone treatment on
water quality in Diamond Lake and the long-term effects on the future food chain and ecology
of Diamond Lake (fish-zooplankton-phytoplankton-water quality relationships). This issue, as
it relates to zooplankton populations, is tracked in this section.
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AFFECTED ENVIRONMENT

Zooplankton are tiny animals living within the water column of a given body of water. In
freshwater lakes, zooplankton are dominated by three major groups: the rotifers, and two
subclasses of the Crustacea, the Cladocera and Copepoda (Wetzel 1983) (Figure 28).
Zooplankton feed upon plant materials (phytoplankton, plant detritus’®, and filamentous
algae) and other zooplankton, and are in turn fed upon by larger insects and fish. As a result,
zooplankton populations are of critical importance to water quality, fish, and wildlife
populations in the Diamond Lake system and ultimately the water quality of the lake.

'1mm,

Figure 28. Representative examples (and relative sizes) of the three major groups of
zooplankton in freshwaters - from left to right - rotifers, cladoceran (often called
Daphnia), and copepods.

DIAMOND LAKE

Based on recent sediment cores’’ taken from the bottom of Diamond Lake (Eilers 2001b),
zooplankton populations are believed to have shifted over time. Prior to the introduction of
fish into Diamond Lake around 1910, zooplankton populations were likely very abundant
(Eilers, 2001b). Literature and data suggests that pre-fish zooplankton populations in
Diamond Lake were dominated by large copepods prior to fish introductions. In support of
this theory, Liss et al. (1995) found that other fishless lakes in the Cascades were commonly
dominated by large copepods. At some point after fish were stocked in Diamond Lake, the
zooplankton community shifted from one formerly dominated by copepods to one dominated
by large-bodied” cladocerans.

Currently, populations of zooplankton in Diamond Lake are dominated by smaller-bodied
animals, like small cladocerans (mostly Bosmina species) and numerous rotifers (Vogel 2002,
as cited in Salinas). The majority of these species are less than 0.029 inches (0.75 mm) in
length (Vogel, personal communication, 2003). This dominance by smaller-bodied
zooplankton is likely a result of heavy predation on larger-bodied zooplankton by tui chub.

"®Plant detritus is composed of tiny, loose particles of living and dead plant matter.

" Sediment cores taken from lake bottoms consist of cylindrical samples of the bottom materials that have been
deposited there over time. These cores possess compounds that allow scientists to date when material was
deposited at any given layer in the core sample. Zooplankton and benthic organism body parts, as well as algae cell
walls and spores are often preserved in these sediment layers. As a result, lake managers are able to use sediment
core data to determine when changes in zooplankton, benthic organism, and algae populations occurred in the past.
e Large-bodied zooplankton are those >1.0 mm in length, Medium-bodied are those between 0.75-1.0 mm, and
small-bodied zooplankton are those <0.75 mm (Allen Vogel, personal communication, 2003).
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O’Brien (1979) found that *. . . the presence of planktivorous fish’® in large numbers has
unequivocally resulted in the elimination or reduction of large-sized species of zooplankton.
Numerous other studies (Galbraith 1967; O’Brien 1979; Post and McQueen 1987; Northcote
1988) have also shown that large populations of plankton eating fish, like the tui chub in
Diamond Lake, often result in a zooplankton population structure that is dominated by
smaller-bodied individuals.

”»

Importance of Zooplankton to Fish Populations

In addition to tui chub, smaller rainbow trout and other salmonids also feed on larger-bodied
forms of zooplankton. Numerous studies (Galbraith 1967; Baldwin et al, 2000) indicate that
salmonids prey upon zooplankton 0.051 inches (1.3 mm) in size or larger. Below this size
threshold, zooplankton are generally too small to be heavily utilized by salmonids as a food
source. As trout grow, studies have shown that they shift from an exclusively zooplankton
diet to one with a much larger component of aquatic insects and other benthic organisms
(Luecke 1986). In cutthroat trout for instance, this shift occurred when the fish attained a
size of around 2% inches (7 cm). In Diamond Lake, the majority of the rainbow trout were
stocked as 3 inch (7.6 cm) fingerlings between 1962 and 1990. Although no stomach content
data are available for these fish, it is likely that they switched from an exclusively
zooplankton diet to one with a larger portion of aquatic insects and benthic organisms®
shortly after being stocked in the lake.

In most lake ecosystems, salmonids do not generally reach the high densities quickly achieved
by minnows like the tui chub. In Diamond Lake, there is very little successful trout
reproduction that occurs (see fisheries section). As a result, the majority of the trout biomass
in the lake at any given time is closely correlated to the number and size of fish stocked in
previous years. Diamond Lake stocking records indicate that an average of around 400,000
fingerling rainbow trout, roughly 3 inches (7.6 cm) in length, were stocked annually from 1962
to 1990. When this number is compared to the current population estimate for tui chub in
this same rough size range, approximately 24 million (Loomis and Eilers, personal
communication), the relative difference in potential impact on the zooplankton population is
apparent.

In a study by Bird (1975) tui chub in East Lake (near La Pine, Oregon) showed a preference for
zooplankton, with 39% of the total food organisms consumed being cladocerans (daphnia). In
addition, the same study documented that three of the four food items (cladocerans,
amphipods®', and dipterans®?) eaten in greatest quantities by the tui chub were also the most
preferred food items of trout in East Lake, Oregon. Therefore, there was considerable diet
overlap between the two species. Assuming 3 inch trout and 3 inch chub consume
zooplankton at approximately the same rate and amount in Diamond Lake, the average
population of 7.6 million tui chub in this size range (see Fish Section) could have a 19 times
greater impact on zooplankton populations than the 400,000 rainbow trout fingerlings that
had been stocked annually in Diamond Lake for 30 years prior to the discovery of tui chub. In

7 Planktivorous fish are those that prey upon plankton.

8 Benthic organisms are those that live on or near the bottom of a given water body.

81 Amphipods, also known as scuds, are small shrimp-like crustaceans living on or near a lake or stream bottom.
82 Dipterans are an insect group that include common flies, midges, and mosquitoes.
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addition, there are also an estimated 94.5 million tui chub in younger age classes (young of
the year, 1 and 2 year old fish), ranging in size from % to 2%z inches (6 to 65 mm ) in length.
These smaller fish also feed heavily upon zooplankton (Bird 1975), and are likely exacerbating
impacts to zooplankton populations in the lake.

While trout fingerlings and similar-sized tui chub are in direct competition for large-bodied
zooplankton, tui chub are likely consuming smaller zooplankton as well®*. Figure 29 below
(courtesy of J. Eilers) represents an empirical model® of the likely relationship between fish
and zooplankton size that has occurred in Diamond Lake over the past 90+ years.
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Figure 29. The relationship between zooplankton and fish in Diamond Lake (modeled
from data collected at Diamond Lake).

Importance of Zooplankton to Water Quality

Zooplankton can influence water quality in a lake by feeding upon the phytoplankton
populations found there. These tiny animals are essentially removing plant particles from the
water column to use as food. As a result, zooplankton can have a dramatic effect on water
clarity. In general, larger zooplankton individuals are able to capture and utilize larger food
particles. Numerous studies reported by Wetzel (1983), have shown that when large-bodied

®na study by Schneidervin (1987) in lakes where both trout and minnows were present, results indicated that the
minnows preyed heavily upon small, medium, and large bodied zooplankton, effectively removing this potential trout
food source before it had a chance to grow to a large enough size for trout to eat.

& An empirical model is one that relies upon or is gained from experiment or observation (Webster, 1988).
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zooplankton are removed from a lake or pond, water transparency decreased as algae
populations were able to grow relatively unchecked. The lack of large-bodied zooplankton in
Diamond Lake is likely one of the contributing factors responsible for decreasing water clarity
and the unusually large blooms of blue-green algae seen in recent years in the lake.

Another important aspect of the zooplankton’s contribution to lake water quality is the type
of food they tend to feed on. Certain zooplankton feed on a wide variety of algae of different
sizes and shapes, while other zooplankton are highly selective in the algal types ingested.
Circumstantial evidence suggests that toxin-releasing algae, such as blue-green algae, are
selected against (i.e. not eaten as readily) by zooplankton, regardless of food size and shape.
The majority of studies regarding zooplankton feeding rates on toxic blue-green algae
indicate that most species of zooplankton reduce their feeding rates when they are feeding in
waters with high concentrations of toxin-producing algae (Wetzel 1983). The blue-green
algae Anabaena flos-aquae, that bloom in Diamond Lake, often form large strands that are
difficult for smaller-bodied zooplankton to utilize as food. In addition, this algae has been
known to produce toxins in the lake. Therefore, the combination of a zooplankton population
dominated by smaller-bodied individuals and an algae population dominated by large, toxin
producing species may be serving to reduce the overall extent and effect of zooplankton
grazing on phytoplankton in Diamond Lake. This reduction in grazing potential is primarily a
result of the shift from a larger-bodied zooplankton population, to one dominated by smaller-
bodied organisms, caused by heavy tui chub predation.

In Diamond Lake, it is apparent that blue-green algae populations vary in terms of population
size, species abundance, and whether those species produce toxins in any given year (see
Phytoplankton section). A complete understanding of these variables in the lake has not been
attained, and will continue to be a source of uncertainty regarding future trends of blue-
green algae growth. Regardless of the zooplankton relationship with blue-green algae blooms
in Diamond Lake, many lake studies have consistently shown that smaller-bodied zooplankton
are not as readily able to consume larger-sized colonies of phytoplankton, such as the blue-
green algae, Anabaena flos-aquae. As a result, the potential for the existing, mostly small-
bodied zooplankton in Diamond Lake to effectively graze upon large blooms of blue-green
algae has been greatly reduced by tui chub predation on zooplankton.

Zooplankton Reproduction and Resilience

The reproductive rates and life histories of zooplankton are extremely diverse. Water
temperature and food supply are critically important to the rate of zooplankton population
development. In general, as water temperature and suitable food supplies increase, the rate
of population development also increases (Wetzel, 1983). Environmental stress in the form of
decreasing water temperature, shortened day-length, reduced food availability, lack of
dissolved oxygen, and increases in predation often trigger zooplankton populations to produce
resting eggs®. Certain types of resting eggs are typically encased in a heavy cell wall, and are
resistant to freezing, drying, and other environmental stresses. In some cases, these resting
eggs may float and form large accumulations along windward shorelines, where they may

% The production of resting eggs is an adaptation that zooplankton have developed to allow their populations to
persist in spite of future environmental uncertainties. These eggs can be produced asexually (by an individual
female) or by fertilization between a male and a female.
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become entangled in vegetation and transported by birds to other water bodies (Wetzel,
1983). In many cases, these eggs will not hatch until conditions are more favorable
(sometimes months or years later). As a result, many species of zooplankton are highly
resilient in spite of environmental extremes. Some species can repopulate nearby water
bodies through transport by waterfowl, and others can rebound quickly after the complete
drying of small lakes or ponds. In Diamond Lake, it is likely that the existing stresses on
zooplankton populations induced by extreme predation from tui chub, a large proportion of
less palatable blue-green algae (i.e. less food), and poor water quality conditions have,
together, served to increase the development of resting eggs. Theoretically, if the existing
environmental stresses in Diamond Lake are removed or reduced, zooplankton populations are
likely to rebound strongly, due to a large number of resting eggs. No specific zooplankton data
is available for Diamond Lake immediately following the rotenone treatment in 1954, but the
highly successful results of fingerling stocking following this treatment tend to support the
theory that zooplankton rebound strongly.

TRIBUTARY STREAMS AND LAKE CREEK

In stream systems, such as Short Creek, Silent Creek, and Lake Creek, zooplankton
communities are much smaller relative to lakes. Experiments in streams found that
zooplankton prefer low flow areas such as backwaters, pools and the bottom boundary layer
(Richardson 1992). Very little information is available regarding zooplankton in the streams
adjacent to Diamond Lake. Both Richardson (1992) and Shiozawa (1986) found that
zooplankton are more abundant in streams where the climate and the stream type promote
the formation of pools and the water in the pools is warmed. Habitat surveys in Short, Silent,
and Lake Creeks indicated a lack of large quantities of deeper pool habitat. In addition,
water temperatures in Short and Silent Creeks are consistently very cold. Therefore,
zooplankton populations in these streams are likely to be relatively small, and not a major
component of the aquatic organisms living there®.

LEMOLO LAKE

Samples taken in 1992 from Lemolo Lake indicated that the zooplankton population consisted
mainly of cladocerans, copepods, and rotifers. Total zooplankton densities were considered
to be quite low; however, the species composition was characteristic of a mesotrophic® lake
with moderate amounts of organic material (A. Vogel, as cited in PacifiCorp 1995). A likely
factor causing the low densities was reduced food quality due to the dominance of blue-green
algae. The large cladocerans Daphnia galeata mendotae and D. pulicaria were relatively
abundant; their presence in moderately high numbers was indicative of low feeding pressure
by the fish community (PacifiCorp 1995).

% An exception to this general lack of zooplankton occurs in the upper section of Lake Creek, near Diamond Lake. In
this area, relatively large numbers of zooplankton are typically carried into Lake Creek by the outflowing waters of
Diamond Lake. It is not likely that these lake-adapted zooplankton species would persist for long periods of time in
this turbulent stream environment. In addition, the filter feeding component of the aquatic insect community in this
area is relatively large, and has presumably adapted to utilize the abundant food resource of zooplankton provided by
the lake.

8 A mesotrophic lake is one with a moderate level of biological productivity. A mesotrophic lake is capable of
producing and supporting moderate populations of living organisms.
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Although tui chub are also present in Lemolo Lake, they do not reach the high densities found
in Diamond Lake (see Fish section). Therefore, in Lemolo Lake, tui chub apparently do not
impact zooplankton populations to the extent seen in Diamond Lake.

NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK)

As mentioned above, zooplankton are not thought to be a major component of invertebrate
populations in stream systems. In the free-flowing sections of the North Umpqua River below
Lemolo Lake, the consistently cold water is likely one of the key factors limiting stream-
adapted zooplankton populations.

In the larger reservoirs below Lemolo, such as Toketee Reservoir and Soda Springs Reservoir,
it is likely that zooplankton populations represent a larger component of the overall aquatic
invertebrate populations found in those areas similar to the populations seen in Lemolo Lake.

ENVIRONMENTAL EFFECTS

BACKGROUND: TOXICITY OF ROTENONE TO ZOOPLANKTON

Based on laboratory bioassays performed on various zooplankton, it is expected that at least
50% of the cladocerans and copepods would die from exposure to the rotenone concentrations
commonly used in fisheries work (0.5 ppm and up) (Bradbury 1986). Alternatives 2 and 3
would result in concentrations of 2 ppm. Kiser (as cited in Bradbury 1986) found that the
greatest reduction in total zooplankton counts came between 15 minutes and one hour after
treatment began. During this time, mid-water zooplankton numbers dropped by 70%. In 16 of
19 studies reviewed by Bradbury (1986), zooplankton numbers were reduced by 95-100%
shortly after rotenone treatment.

Although zooplankton populations are drastically reduced immediately following rotenone
treatment, these communities recover in almost all cases. The chemicals contained in the
rotenone formulations proposed for use do not persist in the environment for long periods of
time, and would not be expected to impact zooplankton in future years (Bradbury 1986;
Finlayson et al. 2000). Even in those lakes where not a single living zooplankton appeared in
the post-rotenone samples, enough escaped or survived treatment to eventually repopulate
the lake (Bradbury 1986). Some zooplankton escape treatment in densely weeded areas
where rotenone is quickly detoxified (Almquist 1959, Kiser et al. 1963 - as cited in Bradbury
1986). Others may survive simply by virtue of their tolerance to rotenone. Certain
zooplankton may survive by means of tough resting eggs which are unaffected by rotenone
(Bandow 1980; Anderson 1970; Kiser et al 1963 - as cited in Bradbury 1986).

There is normally a period of 2 to 12 weeks following rotenone treatment during which there
are no crustacean zooplankton in the open water. Rotifers, although reduced in number,
were never absent in the 19 studies reviewed. Following this period, zooplankton populations
rebuild quickly. Zooplankton communities in most lakes eventually return to their pre-
rotenone levels of abundance and diversity. During the period where no fish are present, the
zooplankton community structure often shifts to one dominated by larger-sized cladocerans
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(daphnia). This complete recovery typically takes between two and twelve months after
rotenone treatment (Bradbury 1986).

DIAMOND LAKE

Direct Effects:

The direct effects are those that occur during and shortly after implementation of the
alternatives for a period of several months.

Alternatives 1 and 4 are not likely to have any direct effects on zooplankton populations in
Diamond Lake. Under these alternatives, there are no alterations of lake water levels and no
additions of rotenone to the system. Stocking of trout under these alternatives is not
expected to directly impact zooplankton populations over and above the heavy impact of tui
chub. Due to the heavy predation on zooplankton by tui chub, there is virtually no
zooplankton in the lake of a large enough size to be utilized by salmonids.

Alternatives 2 and 3 would each directly affect zooplankton populations. In each case, the
primary impact would be a result of lake draw down and rotenone. The actions of canal
reconstruction and wetland expansion are not expected to measurably impact zooplankton
populations due to the relatively small size and short-term nature of these actions (2-3
weeks). The draw down portion of the project would result in an approximate 30% reduction
in total water volume in the lake. As this water is drawn down, a portion of the existing
zooplankton population would be carried downstream with it, thereby removing a portion of
zooplankton biomass from the lake. Of more importance, the direct effect of rotenone
addition to Diamond Lake would result in a relatively quick decline in mid-water zooplankton
numbers, with populations being severely reduced by as much as 95-100%. However, this
dramatic population decline is not expected to last more than a year as populations would
rebound rapidly.

Indirect Effects:

Over the long-term under Alternative 1, zooplankton populations would continue to be preyed
upon by the large population of tui chub. This would result in the continued suppression of
average zooplankton body size and overall species diversity for years or decades.

Following the draw down and chemical treatment associated with Alternatives 2 and 3,
zooplankton populations would rebound strongly during the brief period without fish in the
lake. In succeeding years zooplankton populations would be primarily influenced by the fish
stocking strategies used. After the complete eradication of all fish from Diamond Lake and
the period of time allowed for recovery of the base aquatic ecosystem (i.e. zooplankton,
aquatic insects, etc.), zooplankton populations would be expected to return to a state similar
to that assumed prior to fish introductions in the lake (i.e. large proportion of large-bodied
cladocerans and copepods). In numerous studies of zooplankton populations in lakes following
rotenone treatment, most of these populations were considered to be completely recovered
(to pre-treatment conditions) in less than one year (Bradbury 1986; Finlayson personal
communication, 2003). Of the studies reviewed, the lakes that required more than one year
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for zooplankton recovery to occur were oligotrophic®® alpine systems, unlike Diamond Lake.
In addition, under Alternatives 2 and 3, zooplankton population recovery would be further
enhanced in the spring months due to the presence of ample nutrients resulting from natural
sources, as well as nutrients derived from decaying aquatic organisms (zooplankton and
benthic organisms) and fish carcasses not collected during carcass recovery efforts.

In the absence of fish predation, populations would recover in terms of total numbers, general
species diversity, and a dramatic increase in the average size of zooplankton. (Bradbury 1986;
CDFG 1994). Once salmonids are stocked back into the lake, they would become the primary
predator on zooplankton.

Salmonid stocking under Alternative 2 would be conservative at first, with relatively small
numbers of fish stocked (estimated to be 50,000-150,000 fingerlings, and 10,000 legal sized
rainbow for the first year following chemical treatment). Close monitoring of zooplankton
numbers and size indices would be carried out annually to ensure that the stocked fish are not
overgrazing zooplankton populations®®. Under Alternative 2, zooplankton populations would
likely show the pattern in Figure 29, with a slight decrease in the average size of individual
zooplankton, but not the dramatic shift that has contributed to recent blooms of blue-green
algae and corresponding water quality problems in the lake.

Under Alternative 3, zooplankton populations are not expected to be much influenced by the
large numbers of catchable-sized fish stocked in the lake. The fish proposed for use in this
alternative would be domesticated rainbow trout from the Washington State Trout Lodge
stock (a mix of Kamloops and other rainbow stocks). Trout from this broodstock would not
reproduce successfully in Diamond Lake, would not prey significantly on available food
organisms, and the majority would not survive through the winter (D. Loomis, ODFW, personal
communication). Therefore, in the absence of any substantial predation on zooplankton, it is
likely that zooplankton populations would experience a dramatic recovery in terms of species
diversity, numbers, and average size.

Under Alternatives 2 and 3, if monitoring reveals a slow recovery of zooplankton numbers and
diversity, recovery would be facilitated by adding species of zooplankton from appropriate
sources.

Under Alternative 4, zooplankton populations would be influenced primarily by the remaining
portion of the tui chub population, and to a lesser extent, the larger salmonids that would be
stocked. The effect on zooplankton populations is highly dependent upon the proportion of
the existing tui chub population removed in each of the successive years of mechanical chub
harvest. Assuming mechanical harvest is successful in reducing the numbers of reproductive
age chub by 85-95% annually, it is likely that zooplankton populations would respond
positively, with a gradual increase in the relative proportion of cladocerans and an increase in
the average size of individual zooplankton. This improvement would be slow at first, due to
the continued presence of millions of younger tui chub in the 0, 1, and 2 year age classes that
would not be initially impacted by the mechanical removal methods. Over a 4 to 6 year

8 Oligotrophic systems are those that are low in nutrient inputs, and have low productivity.
% Eilers (2003a) created an ecologically based index for guiding salmonid-stocking decisions in Diamond Lake.

166



Chapter 3 - Affected Environment and Environmental Effects

period, as these young fish grow to the sizes targeted for removal, and overall reproduction
rates (and juvenile fish numbers) are reduced as a result of these continued mechanical
removal efforts, their predation impact on zooplankton is likely to lessen accordingly.

The extent of potential improvements associated with Alternative 4 is difficult to predict.
Past efforts utilizing commercial fishing gear to remove tui chub in Diamond Lake were not
considered to be effective. Only small nhumbers of chub were captured relative to the amount
of effort expended. These efforts were not carried out during the peak of the chub spawning
season, when the fish would be most concentrated and most vulnerable to mechanical
removal.

Similar mechanical removal efforts have been conducted annually in Lava Lake (near Sunriver,
Oregon) for the last several years. During this time, intensive netting of tui chub has taken
place each summer in this 368 acre lake in an effort to control chub populations, and improve
water quality and the recreational trout fishery. Tui chub only spawn in a small portion of the
lake (roughly 5% of the area) where macrophytes are present. Overall, these efforts have not
been considered to be very successful, as Lava Lake continues to experience depressed trout
populations, and blooms of blue-green algae (Ted Fies, Personal Communication, 2003). This
lake was recently listed on the State’s 303(d) list of impaired water bodies as a result of low
levels of dissolved oxygen.

Cumulative Effects:

The 1954 rotenone treatment and past, present, and future fish stocking strategies are the
primary management activities that contribute to a potential cumulative effect on
zooplankton populations (see cumulative effects tables 9-11 for details). However, as
described above with the existing suppressed population of zooplankton, the relative
contributions of these management activities to future zooplankton populations are
considered to be minor. Under Alternative 1, zooplankton populations would continue on
their present course as a result of the large population of tui chub. Actual numbers and
species diversity of zooplankton would likely vary on an annual basis, corresponding to
environmental changes or other factors associated with interspecific competition®. Under
Alternative 1, zooplankton populations would remain dominated by small-bodied cladocerans
and rotifers into the future. Past, ongoing, and reasonably foreseeable management
activities would have no meaningful contribution to a cumulative effect on zooplankton
populations in Diamond Lake.

Overall, Alternative 2 represents a short-term contribution to the cumulative negative effect
of management on zooplankton, with a predicted long-term beneficial impact. Future fish
stocking strategies under this alternative would result in increased cumulative impacts on
zooplankton, but due to the required monitoring and adaptive management stocking
strategies under this alternative, the consequences of these cumulative impacts to
zooplankton are considered to be minor. Alternative 3 only differs from Alternative 2 in that
its potential contribution to negative cumulative effects is further reduced by stocking with
fish not expected to prey heavily on zooplankton.

% Interspecific competition is the natural process of similar organisms competing with one another for available food
and habitat resources.
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The cumulative effect of Alternative 4 is more difficult to predict based on the uncertainty
associated with mechanical methods of chub removal, and the need to consistently remove a
large proportion of the spawning chub population for at least 6 consecutive years in order for
this alternative to be successful. As mentioned in the indirect effects discussion, predation
pressure from tui chub would likely decline gradually if mechanical removal methods are
successful. However, if mechanical methods are discontinued after 6 years, or are not
successful during any of these years, there is a chance that tui chub populations would rapidly
expand again. Based on the inability of predacious fish (i.e. Brown trout) to control the tui
chub in the 1950’s after partial chub removal efforts (see Fish section), it is unlikely that
piscivorous fish (Eagle Lake rainbow or brown trout) would be able to control chub
populations in this instance.

Based upon past experiences from the early 1950’s, the likely cumulative impact of
Alternative 4 would be similar to that of Alternative 1. As demonstrated in the past, the high
fecundity” of tui chub virtually ensures their rapid future population expansion in Diamond
Lake (see Fish section). Thus, Alternative 4 represents a primarily neutral or potentially
limited positive contribution to the beneficial cumulative effects of management activities on
future zooplankton populations.

Connected Actions:

Dock cleanup activities proposed by the Diamond Lake Resort and described as connected
actions for Alternatives 2 and 3 in Chapter 2, would have no direct, indirect, or cumulative
impacts to zooplankton. Impacts are not expected because of the small size and lack of in-
water work associated with these activities.

TRIBUTARY STREAMS AND LAKE CREEK

Direct, Indirect, and Cumulative Effects:

Since zooplankton are not a major component of the invertebrate populations living in those
streams, Alternatives 1 and 4 would not result in any detectable short-term effects to
zooplankton populations in the tributaries to Diamond Lake or Lake Creek. These alternatives
may result in artificially small zooplankton populations in Lake Creek in the long-term as a
result of elevated predation pressure on zooplankton by the continued presence of tui chub in
pools and slow water areas of Lake Creek.

Alternatives 2 and 3 would likely result in direct short-term decreases in stream zooplankton
populations, followed by short-term increases. In Short and Silent Creeks, the decreases
would come as a direct result of rotenone, which would kill the relatively small populations of
zooplankton found in those systems below the chemical drip stations. However, it should be
noted that these drip stations would be located within the streams that flow through the
drawn down portion of the de-watered lake bed.

In Lake Creek, the zooplankton decreases would be an indirect result of the lake draw down,
which would result in above average high flows for an extended duration, followed by a short
period of channel dewatering in the upper 6 miles of Lake Creek. Following this decrease,

o1 Fecundity is a measure of reproductive potential.
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slight short-term increases in zooplankton may occur in Lake Creek as a result of improved
habitat caused by high flows during draw down. This increase would likely last for several
years until habitat conditions gradually returned to pre-draw down conditions.

The long-term cumulative effects of Alternatives 2 and 3 would be an eventual stabilization of
zooplankton populations in Lake Creek as flow and habitat conditions return to their natural
state. This stabilization may be followed by slight population increases. In the absence of tui
chub in Lake Creek®, it is likely that stream-adapted zooplankton populations would increase
due to an overall decrease in predation pressure from these fish.

LEMOLO LAKE

Direct, Indirect, and Cumulative Effects:

None of the actions proposed in the alternatives are located in Lemolo Lake. As a result,
there are not likely to be any direct effects to zooplankton populations in Lemolo Lake from
any of the alternatives.

Over the long-term, Alternatives 1 and 4 would result in continued tui chub presence in
Diamond Lake, and the continued contribution of nutrient enriched waters to Lemolo Lake via
Lake Creek. This would likely result in increased algal production in the warmer surface
waters of Lemolo Lake (Eilers, 2001c). If the dominant phytoplankton species are those
preferred by zooplankton, an increase in algal production may be followed by increases in
zooplankton populations as well.

Alternatives 2 and 3 would result in reductions in the amount of nitrogen enriched water
entering Lemolo Lake via Lake Creek (see water quality sections). As a result, algal
productivity in Lemolo Lake would likely be reduced slightly from current conditions, and
zooplankton populations in Lemolo Lake may decrease slightly as their primary food resource
decreases.

The cumulative effects of Alternatives 1 and 4, in combination with activities that might
potentially deliver sediment to Lemolo such as timber sales and road work listed in Tables 9-
11, would be the continued contribution of nitrogen enriched waters to Lemolo Lake,
potentially leading to small increases in zooplankton populations®. If Alternative 4 is
successful in reducing chub populations in Diamond Lake in the long-term, the relative
nutrient contribution to Lemolo Lake would be expected to be somewhat smaller than that in
Alternative 1.

The cumulative effects of Alternatives 2 and 3, would be a reduction in the amount of
nitrogen in the waters entering Lemolo Lake via Lake Creek. This may result in slight

%2 Tyi chub are currently present in Lake Creek.

% The relative increase is difficult to predict due to other controlling factors, such as the species of phytoplankton
dominating the reservoir, the extent of fish predation on zooplankton populations, the extent of fish stocking, and
other environmental conditions.
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decreases in phytoplankton production and consequently, small reductions in zooplankton
populations as well*.

NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK)

Direct, Indirect, and Cumulative Effects:

Zooplankton populations in these areas are likely small, and controlled primarily by cold
water and other physical habitat limitations. In addition, the reservoirs associated with the
hydropower system in the upper North Umpqua River are considered to be nutrient sinks®
(Eilers 2001c). Therefore, the majority of the nutrients entering the North Umpqua River are
quickly utilized by local plants, and not transferred in the water column to downstream areas.
As a result, none of the alternatives are likely to result in any detectable direct, indirect, or
cumulative effects on zooplankton populations in the North Umpqua system below Lemolo
Lake.

Conclusions and ACS Consistency:

Alternative 1 would result in continued suppression of zooplankton populations in the short
and long-term (Table 20), and it would prevent attainment of Aquatic Conservation Strategy
Objective 9%. Alternatives 2 and 3 would result in dramatic and immediate decreases in
zooplankton populations due to the addition of rotenone. However, these population declines
would be short-term, and not expected to last for more than a few months. The three action
alternatives would result in varying levels of zooplankton population recovery in the long-
term, and would not prevent attainment of ACS Objective 9. Based upon past history at
Diamond Lake, alternatives that propose to completely remove tui chub (Alternatives 2 and 3)
are more likely to achieve desired zooplankton population recovery suitable to support
stocked salmonids and contribute to improved water quality conditions. Alternative 4, which
does not completely eradicate tui chub, may be the least effective of the action alternatives
at movement toward ACS Objective 9, due to the potential for continued expansion of the
remaining tui chub population, and uncertainty regarding the efficacy of mechanical and
biological methods to remove chub over a multiple-year timeframe. Also in the long-term,
Alternatives 2 and 3, which result in the most robust populations of zooplankton (in terms of
species diversity and size indices), are likely to provide the greatest contribution to water
quality recovery and attainment of ACS Objective 4”’.

In summary, based on zooplankton’s ecological role in Diamond Lake, the relative ACS ranking
of each alternative would be as follows (from best to worst):

Alternative 3 - Most effective at moving toward attainment of ACS objectives

% The relative decrease is difficult to predict due to other controlling factors, such as the species of phytoplankton
dominating the reservoir, the extent of fish predation on zooplankton populations, the extent of fish stocking, and
other environmental conditions.

% Nutrient sinks are locations where nutrients are lost or unavailable.

% ACS Objective 9 — Maintain and restore habitat to support well-distributed populations of native plant, invertebrate,
and vertebrate riparian-dependent species.

7 ACS Objective 4 — Maintain and restore water quality necessary to support healthy riparian, aquatic, and wetland
ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
of the system and benefits survival, growth, reproduction, and migration of individuals composing aquatic and riparian
communities.
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Alternative 2 - Effective at moving toward attainment of ACS objectives

Alternative 4 - Least effective of the action alternatives at moving toward attainment
of ACS objectives
Alternative 1 - Retards attainment of ACS objectives

Table 20. Summary of Alternative Effects on Zooplankton Populations.

Alternative 2 —

Alternative 3 —

Alternative 4 —

(Indicator
for Key Issue

predation by tui chub.

Results in an ecological
condition that continues
degraded water quality.

long-term beneficial
impacts to zooplankton
size due to lack of intense
tui chub predation, and

long-term beneficial
impacts to zooplankton
size due to lack of
intense tui chub

Alternative 1 - rotenone & mechanical &
Factor . rotenone & put . .
No Action put- grow- take - biological control of
. and take fishery
fishery chub
Average Continued high short High short-term negative High short-term negative | Continued moderate to
z lankt and long-term negative impacts to zooplankton impacts to zooplankton high short-term negative

oop an_ on impacts to zooplankton due to rotenone treatment. due to rotenone impacts to zooplankton

Body Size body size due to high Moderate to High mid and treatment. High mid and | size due to continued

moderate to high predation
levels. High long-term
negative impacts to
zooplankton body size due
to high predation by tui

population continues to
be dominated by small
rotifers and small
cladocerans.

rotifers as the dominant
zooplankton.

numbers, and replace
rotifers as the dominant
zooplankton.

4 - Water only low to moderate predation, and low or no
. predation by trout predation by stocked chub. Results in an
Quality) fingerlings. Results in an domesticated trout. ecological condition that
ecological condition that Results in an ecological continues degraded water
supports improved water condition that supports quality.
quality in the long-term. improved water quality
in the long-term.
Zooplankton Spegies diversity Species diversity increases | Species diversity Species diversity relatively
S q relatively low compared over time. Large daphnia increases over time. low compared to pre tui
|'3ec1e's to pre tui chub and copepods increase in Large daphnia and chub conditions.
DlverSIty conditions. Zooplankton | numbers, and replace copepods increase in Zooplankton population

continues to be dominated
by small rotifers and small
daphnia.
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Benthic Organisms

There were no issues identified in scoping concerning
benthic organisms. However, information on this subject is
provided because of the important role benthic organisms
play in the food chain of Diamond Lake.

AFFECTED ENVIRONMENT

Benthic organisms are those that live on or near the bottom of a lake or stream. In Diamond
Lake, benthic organisms include aquatic insects like mosquito and midge larvae, mayfly
larvae, caddisfly larvae, damselfly larvae, dragonfly larvae, and others. In addition, other
bottom-dwelling aquatic invertebrates® such as leeches, snails, amphipods (or scuds), worms,
and crayfish also form an important component of the benthic community. In many lakes,
benthic organisms are of primary importance to fish and other aquatic predators.

DIAMOND LAKE

No historic information regarding benthic organism community structure or overall numbers is
available prior to the introduction of fish into Diamond Lake. However, insect body parts
preserved in lake-bottom sediment cores collected by Eilers in 2003 indicate that there was a
large component of midge larvae (chironomids) present in the lake prior to fish introductions.
During this pre-fish timeframe, sediment core samples contained approximately 460 midge
heads per gram of sediment. Sediment layers evaluated from 2002 contained roughly 250
midge heads per gram of sediment (Eilers, 2003c). The analysis of core samples found a
substantial decrease in midge population size and a shift in species diversity coincident with
the introduction of fish, and especially the rapid expansion of the tui chub population.

Benthic life at the bottom of the lake during a 1946 study indicated that benthic productivity
appeared to be considerably above average when compared to other Oregon lakes (OSGC,
1947). This study reported an average standing crop of roughly 292 pounds of benthic
organisms per acre of lake-bottom. Scuds, leeches, snails, and midge-larvae comprised a
large percentage of this standing crop, and were also found in large numbers in areas with
aquatic vegetation. This value declined rapidly as the chub population expanded in the late
1940’s and early 1950’s. Populations of benthic organisms appeared to rebound quickly
following the rotenone treatment in 1954 (Figure 30).

% Animals without a spine or backbone.
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Benthic Production in Diamond Lake
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Figure 30. Benthic production in Diamond Lake from 1946 to 1977.

No estimate of past crayfish abundance is available due to the fact that none of the past
benthic samples reported capture of any crayfish in Diamond Lake. This may be a result of
the crayfish’s ability to move quickly and avoid capture in the sampling equipment, or an
indication that they weren’t present in the lake in great abundance. Regardless, recent
anecdotal evidence indicates that the current crayfish populations are quite large. In support
of this, fish trapping efforts in Lake Creek also resulted in the capture of over 4,000 crayfish
during the summer months. Since 2003 was the first year of fish trapping efforts in Lake
Creek, it is not known whether this is an annual occurrence or an isolated migration event®.
Anecdotal information from long-time residents and recreationists in the area indicate that
large hatches of mosquitoes, flies, and midges were common throughout the spring and
summer months prior to the introduction of tui chub. These individuals also noted that large
hatches of aquatic insects are virtually non-existent today. Other insect life reported in the
area included sporadic large hatches of damsel flies, dragon flies, caddis flies, and mayflies—
all of which are also depressed at the present time.

Currently, aquatic insect communities and other invertebrates in the lake are believed to be
severely limited by the presence of millions of tui chub, directly through consumption and
indirectly through impacts on water quality. Based on the recent bottom samples, scuds have
been virtually eliminated from Diamond Lake. In the 1957-60 period, they represented over
60 percent of the organisms sampled, but by 2002, only 3 individuals were found in the 66
bottom samples collected. In addition, recent benthic samples indicated that the only
invertebrates present in large numbers are those that are tolerant of extremely low dissolved
oxygen levels (Eilers, 2003c). This is likely an indication that water quality near the bottom of
the lake is poor, and currently not capable of supporting diverse assemblages of aquatic
insects and other bottom dwelling organisms.

% This outmigration may also coincide with the period when dissolved oxygen decreased to extremely low levels in
the bottom waters of Diamond Lake, perhaps forcing the crayfish to find suitable habitat elsewhere.
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TRIBUTARY STREAMS AND LAKE CREEK

The Umpqua National Forest has conducted aquatic insect monitoring at three sites on Lake
Creek on an intermittent basis from 1990 to 2001. In general, aquatic insect populations in
Lake Creek appear to be moderately healthy and typical of lake outlet stream types. These
insect communities appear to be somewhat limited by a lack of overall habitat complexity
and warm water conditions (Wisseman 2001). The lack of habitat complexity and the warm
water conditions in Lake Creek are both naturally occurring situations, and not due to human-
induced management actions upstream.

The uppermost monitoring site in Lake Creek is located near Diamond Lake. The aquatic
insect community at this site is substantially different than the two sites located further
downstream. In this area, the insect community is dominated by filter feeders (i.e. black fly
larvae) and net spinners (i.e. certain caddisfly species), with overall densities being 2 to 3
times higher than those at the lower sites. These differences are likely the result of localized
adaptations that have allowed the insect community to take full advantage of the large
quantity of food resources coming out of Diamond Lake (i.e. live zooplankton, plant particles,
etc.).

There is no evidence that the severe Anabaena bloom in 2001 affected aquatic insect
communities in Lake Creek (Wisseman 2001). This corresponds well with information reported
by Eilers (personal communication 2003) that indicates fairly rapid decreases in blue-green
algae levels once water from Diamond Lake enters Lake Creek. This rapid decline in algae
abundance is a result of algae cells being physically disrupted and ruptured as water in Lake
Creek tumbles through several steep, boulder dominated sections (cascades).

Less is known about aquatic insect populations in Short and Silent Creeks. However, based on
the very cold water in these streams and the presence of large amounts of highly angular
sands embedding the larger pumice bed materials, it is not likely that they are highly
productive in terms of aquatic insects.

LEMOLO LAKE

Predation levels on benthic organisms in Lemolo Lake are believed to be relatively low based
on limited sampling. Water quality in the deeper portions of Lemolo Lake is considered to be
much better than in Diamond Lake (see Water Quality section). These cooler bottom waters
contain ample amounts of dissolved oxygen capable of supporting a diverse assemblage of
benthic species. Therefore, it is assumed that benthic organism populations in Lemolo Lake
are relatively healthy.
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NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK)

The Umpqua National Forest has conducted aquatic insect monitoring on an intermittent basis
at several sites along the main stem of the North Umpqua River for several years. In general,
from Lemolo Lake downstream to the National Forest boundary (over 47 miles), these samples
show a slight downward trend in insect population diversity and abundance. It is not known
whether this is a result of aquatic impacts from past land management actions, changes to
nutrients and water quality induced by actions associated with the hydropower project, or
simply a natural occurrence associated with increasing river size.

ENVIRONMENTAL EFFECTS

BACKGROUND: TOXICITY OF ROTENONE TO BENTHIC ORGANISMS

Regardless of the organism, rotenone’s primary toxic action is at the cellular level, where it
inhibits the cell’s ability to utilize oxygen (Bradbury 1986). As in fish, the high susceptibility
of insects to rotenone is primarily due to easy entry via the gill-like tracheae and the cuticle,
although rotenone can also enter effectively through the mid-gut (Tischler 1935; Fukami et al
1970 - as cited in Bradbury 1986). Once in the bloodstream, rotenone is quickly carried to
vital organs (such as the brain), where it inhibits cellular respiration (Oberg 1964 - as cited in
Bradbury).

Some field studies indicate little or no changes in invertebrate populations following
rotenone treatments'®. Burress (1982) found that benthic communities were seriously
reduced by a 2 mg/L formulated rotenone treatment, but recovered to higher than pre-
treatment levels in 69 days. More recent studies (Mangum and Madrigal 1999) indicate that
rotenone treatments in streams can result in a substantial loss of more sensitive species,
(primarily mayflies, caddisflies, and stoneflies) which were still missing five years after the
initial rotenone treatment.

In both aquatic insects and fish, rotenone tolerance tends to vary inversely with oxygen
requirements. Simply put, aquatic organisms that are tolerant of low dissolved oxygen are
more resistant to the toxic effects of rotenone. A large portion of the aquatic insects and
other benthic organisms currently living in Diamond Lake are tolerant of low dissolved oxygen
or are able to burrow into the soft mud (Eilers, personal communication). As a result, these
organisms may be able to survive a rotenone treatment. In addition, as noted above, the vast
majority of invertebrates that would be considered as sensitive to the effects of rotenone
have already been virtually eliminated from Diamond Lake by extensive predation by tui chub
and poor water quality conditions.

100 Ty year studies by Houf and Hughey (1973) and Houf (1974) found no short-term or long-term effects on
population abundance, relative number of dominant species, or species diversity of either zooplankton or benthos in
ponds following treatments of 0.5 to 2 mg/L formulated rotenone (CDFG, 1994).
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DIAMOND LAKE

Direct Effects:

Alternatives 1 and 4 are not likely to have any detectable direct effects on populations of
benthic organisms in Diamond Lake. Under these alternatives, there are no alterations of lake
water levels and no additions of chemicals to the system, which would be the primary source
of a direct effect on the benthos'”'. The addition of fish also has the potential to directly
impact benthic populations. However, in the presence of much larger tui chub populations
and severely depressed populations of benthic organisms, these impacts would be non-
detectable.

Alternatives 2 and 3 would each be likely to directly affect benthic populations to some
extent. In each case, the impact would be a result of canal reconstruction, wetland
expansion, lake draw down, chemical additions to the lake, and stocking of fish. The canal
reconstruction portion of the project would result in approximately 1,000 cubic yards of sand,
silt, and aquatic plants being removed from the existing canal area within the perimeter of
the lake. This material would be utilized to increase the size of an existing wetland in the
northwest corner of the lake. Any benthic organisms living within the canal sediments or in
the area of wetland expansion would likely be killed. However, based upon the small size of
the area disturbed, these impacts are expected to be minor and short-term.

The draw down would result in an approximate 30% reduction in total water volume in the
lake. As this water is drawn down, a portion of the lake bottom along the near-shore zone
would be dewatered, thereby temporarily reducing the amount of suitable habitat for benthic
organisms. In addition, small areas of gravel may be added in several areas in order to create
low-water roadbeds that would allow boats to be launched and chemicals to be loaded onto
those boats.

Of more importance to benthic populations, the direct effect of rotenone addition under
Alternatives 2 and 3 would result in a relatively quick decline in benthic organism numbers.
According to Bradbury (1986), the immediate effect of rotenone on benthic organisms in lakes
and ponds varies, but it does not affect them as drastically as it does zooplankton. In a
review of 13 studies, Bradbury (1986) reported that immediate reduction in total numbers of
benthic animals ranged from a low of 0% to a high of 71%, with a mean of 25%. It is important
to note that the current benthic population in Diamond Lake is considered to be severely
depressed and simplified as a result of tui chub predation and secondarily to poor water
quality conditions that render much of the lake uninhabitable to many benthic organisms.

Indirect Effects:

Alternative 1 would result in the continued long-term suppression of benthic populations by
the large population of tui chub. The benthic community in deeper parts of the lake would
remain depressed and simplified, with only a few species capable of tolerating the low
dissolved oxygen conditions found there (see water quality section). The benthic community
around the remainder of the lake would likely persist at extremely low levels, due to the
intense predation on those populations by the tui chub.

10" Benthos is defined as “the organisms living on sea or lake bottoms” (Webster, 1988).
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The indirect effects of Alternative 4 would be similar to those of Alternative 1, with slight
improvements to benthic species diversity and overall numbers. These improvements would
be a result of the partial removal of a portion of the tui chub biomass, and the consequent
reduction in overall predation levels on benthic populations. The chub targeted for removal
under this alternative are the larger-sized reproductive-aged fish (from 3 to 10 inches in
length) that are likely to be highly efficient and effective predators on benthic organisms. It
is not possible to quantify the expected improvement in the benthos, due to the potential for
continued expansion of the remaining tui chub population, and uncertainty regarding the
efficacy of mechanical methods to remove chub over a multiple-year timeframe.

Portions of the indirect effects of Alternatives 2 and 3 would be identical to each other, and
are considered to be beneficial effects. Following chemical treatment and complete removal
of tui chub, the lake would be left fishless for a period of time. During this time, the lake
would refill to full summer pool, and a large portion of the former benthic diversity and
abundance that was present prior to the establishment of tui chub would return. The areas of
exposed shoreline, including areas where gravel was added for low-water access, are likely to
be quickly recolonized by recovering benthic populations. In addition, high levels of nutrients
originating from decaying aquatic organisms (zooplankton and benthic organisms) and fish
carcasses missed during carcass recovery efforts would also fuel a relatively rapid recovery.
In numerous studies cited in Bradbury (1986), populations of benthic organisms returned
relatively rapidly following removal of various fish species using rotenone. Based on benthic
population recovery following rotenone treatment in Diamond Lake in 1954, it is estimated
that virtually all of the major benthic groups that were present in substantial numbers prior
to tui chub establishment would again return to Diamond Lake following rotenone treatment.
However, if monitoring reveals that benthic population and species diversity recovery are not
occurring naturally, recovery would be facilitated by adding benthic organisms from
appropriate sources.

The indirect effects of Alternative 2 would differ slightly from those of Alternative 3 with
respect to fish stocking. While each alternative proposes the complete removal of tui chub,
Alternative 2 proposes to restock the lake with rainbow trout fingerlings. The size and
number of fish stocked would have an influence on benthic invertebrate populations. Since
juvenile salmonids often shift from a diet dominated by zooplankton to one with a larger
component of aquatic invertebrates when trout reach a length of around 2% inches (7 cm),
these fish would immediately begin to prey upon zooplankton and benthic organisms. Based
upon past fingerling stocking and benthic production data in Diamond Lake, the stocking of
50,000 to 150,000 fingerling rainbow trout under Alternative 2 would not be expected to
dramatically affect those invertebrate populations. Over time, benthic invertebrate indices
would be developed from extensive annual monitoring of those populations in order to help
define a fish stocking regime that would not significantly impair benthic invertebrate

populations'®.

Alternative 3 proposes to restock Diamond Lake with a large number of domesticated rainbow
trout. These highly domesticated fish would not be expected to prey significantly on

192 Ejlers (2003a) created an ecologically based index for guiding salmonid-stocking decisions in Diamond Lake.
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available food organisms like benthic invertebrates, and would not be expected to survive
through the winter months. In the absence of substantial fish predation, populations of
benthic invertebrates would be expected to recover to near pre-fish levels.

Connected Actions:

Dock cleanup activities proposed by the Diamond Lake Resort and described as connected
actions for Alternatives 2 and 3 in Chapter 2, would have no direct, indirect, or cumulative
impacts to benthic organisms. Impacts are not expected because of the small size and lack of
in-water work associated with these activities.

Cumulative Effects:

The 1954 rotenone treatment and past, present, and future fish stocking strategies are the
primary management activities that contribute to a potential cumulative effect on benthic
populations (as detailed in Tables 9- 11). However, given the existing suppressed populations
of benthos, the relative contributions of these potential cumulative management activities to
future benthic populations are considered to be minor. The cumulative effect of Alternative
1 would be severely truncated benthic invertebrate populations for years to come. Large
populations of tui chub would continue to consume the majority of aquatic invertebrates
produced in the lake. In addition, poor water quality conditions would continue, further
limiting the size and diversity of the benthic organism populations in the future.

Alternative 2 would result in a long-term cumulative improvement in benthic invertebrate
species diversity and total abundance. The complete eradication of tui chub along with water
quality improvements associated with chub removal, and an ecological approach to trout
stocking would likely result in a dramatic improvement in benthic populations, diversity, and
numbers when compared to the existing condition. Past evidence in Diamond Lake indicates
that benthic populations rebounded strongly following the rotenone treatment in 1954 (Figure
30).

Alternative 2 represents a short-term contribution to the negative cumulative effect of
management on benthic organisms, with a predicted long-term beneficial impact. Future fish
stocking strategies under this alternative would have increased cumulative impacts on benthic
organisms, but due to the proposed monitoring and adaptive management, consequences of
these impacts to this aquatic resource are considered to be minor and short in duration given
that stocking will be managed to minimize impacts.

Alternative 3 would likely result in the largest improvements to benthic organism population
of the alternatives. The combination of chub eradication and stocking with domesticated
rainbow trout would essentially remove any significant fish predation on those organisms. As
a result, benthic invertebrate populations would be expected to flourish. The lack of
predation coupled with water quality improvements and inherent species resilience would
lead to an invertebrate population that is somewhat similar to that believed to be present
prior to the introduction of fish. The historic occurrence of large hatches of mayflies,
caddisflies, midges, mosquitoes, dragonflies, and damselflies during the spring and summer
months would likely return over time. Thus, Alternative 3 only differs from Alternative 2 in
that its potential contribution to cumulative effects is further reduced by stocking with fish
not expected to prey heavily on benthic organisms.
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Alternative 4 represents the alternative with the greatest amount of uncertainty regarding
affects to the aquatic community. This alternative would attempt to remove roughly 85-95%
of the reproductive age chub from Diamond Lake on an annual basis for 6 years. If successful,
the end result would be a much smaller population of tui chub that is considered manageable
by stocking of piscivorous fish to control them. Assuming this alternative is successful at
dramatically reducing tui chub populations, it is likely that benthic invertebrate populations
would respond in a positive manner. There would be a decrease in benthic predation by tui
chubs, along with an increase in benthic predation by salmonids. The total number of tui chub
predicted in Diamond Lake following treatment is unknown, but is anticipated to be
significantly less than the current population of tui chub. There is a risk that the process of
adjusting salmonid stocking regimes in response to changes in aquatic invertebrate indices
may have little effect in terms of stabilizing those populations. Since tui chub are able to
out-compete trout for food in Diamond Lake, the continued presence of a variable tui chub
population is likely to result in continued suppression of benthic organism populations in the
lake. Given the long-term delay before impacts to benthic organisms would potentially
subside and the risk that improvements may not even occur, Alternative 4 is expected to
result in continued cumulative effects to benthic organisms. These cumulative effects would
occur for at least six years and would likely continue indefinitely into the future.

TRIBUTARY STREAMS AND LAKE CREEK

Direct, Indirect, and Cumulative Effects:

Alternatives 1 and 4 would have no direct effect on benthic organism populations in tributary
streams or Lake Creek because no treatments would occur to these streams in these
alternatives. In addition, based upon macroinvertebrate sampling data, there have been no
detectable impacts to benthic organisms to date in Lake Creek resulting from the existing,
poor water quality conditions in Diamond Lake. Therefore, no indirect or cumulative impacts
to Lake Creek invertebrate communities would be expected under Alternatives 1 and 4 as a
result of existing or future water quality conditions under either alternative. However, there
is the possibility of small indirect and cumulative impacts to benthic populations resulting
from tui chub predation as a result of these alternatives.

The direct effects of Alternatives 2 and 3 would be a short-term, dramatic decline in benthic
organisms below rotenone drip stations in Short and Silent Creeks. However, the rotenone
drip stations would actually be located on the area of these streams that flow through the
drawn down portion of the de-watered lake bed.

Benthic populations in Lake Creek would also experience a dramatic decline. This decline
would result from the extended duration of high flows, followed by a period of no or
extremely low flows in all or portions of Lake Creek. No rotenone would be released into
Lake Creek.

An indirect result of extended high flows in Lake Creek associated with Alternatives 2 and 3,
is an increase in habitat complexity and the amount of pool habitat in that stream. This would
likely result in an increase in the diversity and abundance of benthic organisms as they take
advantage of this new habitat.
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From a cumulative perspective, this increase in habitat during the draw down would only last
for several years. As physical habitat in Lake Creek returns to the relatively simplified pre-
draw down conditions (i.e. pools fill in), the benthic organism community size and structure is
also likely to return to one representative of a stable, simple-habitat stream channel. The
1954 rotenone treatment and associated activities, and fish stocking are the primary activities
contributing to a cumulative effect. Based on the recovery of the benthos following the 1954
treatment and the long-term neutral impacts to habitat, cumulative impacts associated with
Alternatives 2 and 3 are expected to have minor consequences to benthic organisms in Lake
Creek.

LEMOLO LAKE

Direct, Indirect, and Cumulative Effects:

None of the alternatives are likely to result in direct effects to benthic communities in
Lemolo Lake. Under Alternatives 2 and 3, this is primarily due to the fact that no chemicals
would be added to Lemolo Lake, and the draw down of Diamond Lake would occur gradually
during the fall, winter, and early spring months during a period of low biological activity.
Under Alternatives 1 and 4, none of the associated activities would be experienced as far
downstream as Lemolo. Therefore, no direct effects would occur in Lemolo from any of the
alternatives.

From an indirect and cumulative effects standpoint, Alternatives 1 and 4 may result in minor
beneficial impacts to benthic communities in Lemolo Lake as a result of continued inputs of
nitrogen enriched waters flowing out of Diamond Lake via Lake Creek. This nutrient enriched
water is currently resulting in increased algal productivity in the warmer surface waters of
Lemolo Lake, and would continue to do so over time. The combination of increased algal
production and cool, well oxygenated waters near the bottom of the reservoir would likely
result in the production and maintenance of moderate to large populations of benthic
organisms (relative to the potential in Lemolo Lake in the absence of additional nutrients)'®.

Alternatives 2 and 3 would likely result in a general long-term decrease in the amount of
nitrogen enriched water coming out of Diamond Lake. This reduction in nitrogen may result
in small decreases in algal production, and consequently, reductions in benthic production as
well'™. The indirect effects of Alternative 2 and 3 are small and not considered substantial
enough to lead to a cumulative effect on aquatic invertebrates in Lemolo Lake.

NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK):

Direct, Indirect, and Cumulative Effects:

1% The extent of these increases is difficult to quantify due to other controlling factors, such as the species of

phytoplankton dominating the reservoir, the extent of fish predation on benthic populations, the extent of fish stocking,
and other environmental conditions.

"% The extent of these reductions is difficult to quantify due to other controlling factors, such as the species of
phytoplankton dominating the reservoir, the extent of fish predation on benthic populations, the extent of fish stocking,
and other environmental conditions.
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None of the alternatives are likely to result in direct effects to benthic communities in the
North Umpqua River below Lemolo Lake. This is primarily due to the fact that no chemicals
would enter Lake Creek, Lemolo, or the North Umpqua River, and the draw down of Diamond
Lake would occur gradually during the fall, winter, and early spring months during a period of
low biological activity. No direct effects would occur under Alternatives 1 and 4 because the
conditions or activities associated with these alternatives would not be experienced as far
downstream as this section of the North Umpqua River.

Under Alternatives 1 and 4, indirect impacts to benthic populations in the North Umpqua
River downstream of Lemolo Lake are unlikely due to the rapid biological uptake of nutrients
in Lemolo. The cumulative nutrient impacts potentially associated with these alternatives,
timber harvest and other activities in the upper North Umpqua River area (e.g. fish stocking,
fishing, fuels reduction projects, horse camping, and use of dispersed recreation sites) may be
contributing to slight impacts to benthic communities downstream of Lemolo. These impacts
are evident as shifts in benthic organism communities that have likely developed to take
advantage of increased algal production in certain downstream areas (Anderson 1998). The
extent of Diamond Lake’s relative contribution to this situation has not been quantified.

Alternatives 2 and 3 are not likely to indirectly impact benthic populations in the North
Umpqua River downstream of Lemolo Lake. This is primarily due to the fact that no
chemicals would enter Lake Creek, Lemolo, or the North Umpqua River, and the draw down of
Diamond Lake would occur gradually during the fall, winter, and early spring months during a
period of low biological activity. From a cumulative impact standpoint, however, the long-
term decrease in nitrogen inputs originating from Diamond Lake may result in decreased algal
production in downstream areas such as the North Umpqua River. Should this occur, benthic
populations in these areas may shift slightly, moving back towards an assemblage more
representative of the natural, nutrient-limited river system.

Conclusions and ACS Consistency:

Based on the above discussions, Alternative 1 would result in continued suppression of benthic
organism populations in Diamond Lake in the short and long-term (Table 21), and it would
prevent attainment of Aquatic Conservation Strategy Objective 9'®. Benthic populations
downstream in Lake Creek, Lemolo Lake, and the North Umpqua River would likely remain
unchanged. Alternatives 2 and 3 would likely result in immediate reductions in benthic
organism populations due to the addition of rotenone. However, these population declines
would be short-term, and not expected to last for more than a few months. The three action
alternatives would result in varying levels of benthic organism recovery in the short and long-
term, and would not prevent attainment of ACS Objective 9. Alternatives 2 and 3 that
propose to completely remove tui chub are more likely to achieve desired benthic organism
population recovery suitable to partially support stocked salmonids. Alternative 4, which
does not completely eradicate tui chub, may be the least effective of the action alternatives
at movement toward ACS objectives, due to the potential for continued expansion of the

% ACS Objective 9 — Maintain and restore habitat to support well-distributed populations of native plant, invertebrate

and vertebrate riparian-dependent species.
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remaining tui chub population, and uncertainty regarding the efficacy of mechanical methods
to remove chub over a multiple-year timeframe. Also in the long-term, alternatives that
result in the most robust populations of benthic organisms (in terms of species diversity and
abundance) are likely to provide the greatest contribution to aquatic ecosystem recovery.

In summary, based on the ecological role of benthic organism, the relative ACS ranking of
each alternative would be as follows (from best to worst):

Alternative 3 - Most effective at moving toward attainment of ACS objectives
Alternative 2 - Effective at moving toward attainment of ACS objectives

Alternative 4 - Least effective at moving toward attainment of ACS objectives
Alternative 1 - Retards attainment of ACS objectives

Table 21. Summary of Alternative Effects on Benthic Organism Populations.

Alternative 2 —

Alternative 3 —

Alternative 4 —

Factor Alternative 1 — rotenone & rotenone & out mechanical &
No Action put- grow- take &P biological control
. and take fishery
fishery of chub

Benthic Organism
Production

Benthic organism
production would
continue to be
suppressed by high
predation from tui
chub, and poor water
quality conditions.

Benthic organism
production would
increase dramatically
due to increasing water
quality and relatively
light predation from
stocked fingerling trout.

Benthic organism
production would
increase dramatically
due to increasing water
quality and virtually no
predation from highly
domesticated stocked
fish.

Benthic organism
production would
continue to be
suppressed by high
predation from tui chub,
and poor water quality
conditions.

Benthic Organism
Species Diversity

Benthic organism
communities would
remain simplified, and
dominated by species
that are tolerant of
high predation and
poor water quality
conditions.

In the presence of
improving water quality,
and relatively light
predation, benthic
organism communities
would likely regain their
former complexity over
time.

In the presence of
improving water quality,
and virtually no
predation, benthic
organism communities
would likely regain their
former complexity over
time.

Benthic organism
communities would
remain simplified, and
dominated by species
that are tolerant of poor
water quality conditions.

Fish and Fish Habitat

This section focuses on information pertaining to the issues of fish stocking, the role fish play
in water quality, fish habitat, and non-target species. Scoping identified a concern that past
and proposed fish stocking in Diamond Lake may negatively affect water quality and that
different fish species might serve as more effective predators against tui chub. This issue is
tracked in this section by displaying alternative fish stocking strategies, the expected effects
of the stocking strategies on tui chub, and how fish indirectly affect water quality through
modifications of the aquatic food chain.

There was also a concern raised during scoping over the effects of a rotenone treatment on
fish downstream of the project area (non-target species). This issue is tracked under the titles
Lake Creek, Lemolo Lake, and the North Umpqua River in this section.

Two other issues, effects on indigenous fish and likelihood of tui chub reintroductions are
addressed in this section under the title potential cumulative effects common to all
alternatives in this section.
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Finally, this section includes a discussion of the effect to the riparian environments of Short
and Silent Creeks and Diamond Lake with respect to Umpqua Forest Plan prescriptions C2-1
and C2-1V. These prescriptions states that no pesticide use is permitted in riparian units. A
site-specific Forest Plan amendment is proposed in this DEIS to allow the one-time use of
rotenone within these riparian units of Silent and Short Creeks and Diamond Lake itself. The
disclosure of the effects of implementing this is covered under this section.

AFFECTED ENVIRONMENT

Historically, all waters above Toketee Falls, located roughly 28 miles downstream from
Diamond Lake on the North Umpqua River, were believed to be naturally fishless (USDA 1998).
Therefore, Diamond Lake and its tributaries were also likely fishless (USDA 1998). It is likely
that numerous large waterfalls on the upper North Umpqua River (i.e. Lemolo Falls, Toketee
Falls, and others) would have blocked the upstream migration of fish from the lower areas of
the basin. As reported in the Lemolo and Diamond Lake Watershed Analysis (USDA, 1998), if
fish had made it upstream past Toketee and Lemolo Falls and successfully established
populations, they would have had to endure several periods of glacial activity and periodic
pyroclastic'® ash flows from Mt. Mazama to have survived to current times. No record of fish
in Diamond Lake or the surrounding streams prior to stocking with trout (circa 1910) by the
Oregon Department of Fish and Wildlife has been found (ODFW 1996).

Oregon Coast coho salmon, a federally listed threatened species under the Endangered
Species Act, are present in the North Umpqua River subbasin. The nearest habitat for coho
salmon is below Soda Springs dam, which is located approximately 33 miles downstream from
Diamond Lake, 23 miles downstream of Lemolo Lake, and 5 miles downstream of Toketee
Reservoir. Umpqua River cutthroat trout, Oregon Coast Chinook salmon and the Umpqua chub
are on the USDA Forest Service Region 6 sensitive species list'”. The nearest habitat for
cutthroat trout and Chinook salmon is also located below Soda Springs dam. The nearest
habitat for the Umpqua chub is located approximately 105 miles downstream, in the main
stem Umpqua River.

SILENT AND SHORT CREEKS

Of the six named tributaries to Diamond Lake, only Silent and Short Creeks (Figure 4, in
Chapter 1) are believed to be capable of supporting fish populations. The other streams are
considered to be too small, or are intermittent, and would not be capable of supporting fish.
Anecdotal observations have indicated that small numbers of tui chub and rainbow trout
periodically enter the lower segment of Silent Creek from Diamond Lake. However, cold
water temperatures (40'to 45°F) found year round likely limit the stream’s use by fish.
Results from a recent habitat inventory conducted in Silent Creek in 1997 support this
assessment. During the entire 1.8 mile survey, only one fish (a rainbow trout) was seen by
experienced snorkel surveyors looking for fish.

106 Resulting from volcanic eruption.
197 Sensitive species are managed by the Forest Service to prevent the likelihood that these species would need to be
listed under the Endangered Species Act.
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The 1947 Diamond Lake Study prepared by the Oregon State Game Commission reported that
the mouths of Silent Creek and Short Creek were closed to angling until July 15" in order to
protect spawning fish. During this time, trout would concentrate in these areas before and
after spawning, and would be highly vulnerable to angling.

Silent Creek is a relatively short stream (approximately 1.8 miles long) with stable flows due
to the spring fed nature of the headwaters. Sediments in this stream are primarily comprised
of fine, highly angular sands, and small pumice gravels. Recent spawning surveys conducted in
Silent Creek during the spring of 2003 detected no fish, but numerous redds (gravel nests)
within the lower 0.7 mile stretch of stream channel. The redds were relatively large and were
likely constructed by fish greater than 15 inches in length. However, the success of this
spawning activity is believed to be low due to high egg mortality. Fine, angular sands
(observed in all redds) can abrade eggs and limit intragravel flow of oxygenated water to the
eggs. In addition, consistently cold water in Silent Creek would result in a prolonged
incubation period for fish eggs within the streambed. No redds were observed in Short Creek
during these surveys (C. Street, personal communication, 2003).

DIAMOND LAKE

Currently, rainbow trout, spring chinook salmon, tui chub, and golden shiner are found in
Diamond Lake (Figure 31).

Rainbow Trout

Chinook Salmon
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Tui chub

Golden Shiner

Figure 31. Fish species currently in Diamond Lake.

Salmonid Spawning Habitat

Salmonid reproduction in Diamond Lake proper does occur, but it is believed to be limited
(Locke 1947; Loomis, personal communication, 2003). Rainbow trout have repeatedly been
observed spawning on a gravel shoal area on the northeast shore of the lake, but few
efforts'® have been made to investigate the relative success of this spawning.

Overall, there are very few areas in the littoral zone'® that have gravel substrates suitable
for salmonid spawning. In addition, the high productivity of the lake has resulted in bottom
substrates that are covered by layers of silt and organic detritus. Even if the salmonid
population in Diamond Lake was prone to margin spawning in lake environments, it is likely
that the success of this spawning would be limited by the lack of habitat and the relatively
poor quality of this habitat.

Tui Chub Spawning Habitat

Diamond Lake provides ample habitat for successful tui chub reproduction. As cited in Bird
(1975), Kimsey found that tui chub must spawn upon vegetation and away from the influence
of the bottom muck in order for their eggs to survive. The littoral zone of Diamond Lake
supports a robust population of emergent aquatic vegetation, especially at the southern and
northwestern ends (Eilers 2003d). Roughly 35-40% of the lake’s surface area supports
populations of emergent aquatic vegetation. In addition, the relatively warm waters of
Diamond Lake are also conducive to successful chub spawning.

Rearing Habitat

Recent studies looking at sediments in Diamond Lake (Eilers 2001b) suggest that the lake has
always been relatively productive in terms of nutrients and primary production, but that
overall productivity has increased substantially following the introduction of fish'".

This naturally high productivity is one of the primary reasons why trout stocking in the lake
has been so successful over the years. The high productivity results in large amounts of

1% | ocke (1947) placed fertilized trout eggs in wire screen baskets containing gravel, and then placed those baskets

at varying depths along the gravel shoal in the northeast corner of the lake. He found live fry at each of the depths
tested, and determined that successful spawning could occur in the lake.

1% The littoral zone is the relatively shallow near-shore area.

"% Sediment accumulation rates (SAR) have increased substantially since fish were introduced. The periods of
greatest SAR increases coincide with the periods when tui chub populations were very large in the lake.
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phytoplankton, which in turn fueled a healthy, diverse population of larger zooplankton and
aquatic insects. When fish were added into this pre-existing food web, they quickly took
advantage of the abundant food source. When trout were the dominant fish in the lake,
Diamond Lake was renowned for its ability to produce large fish in only one year. It was not
uncommon for the 3-4 inch fish, typically stocked in June, to grow to lengths of 12-14 inches
by the following June or July. This put-grow-and take fishery gained a large following,
eventually providing one of the largest recreational fisheries in the state of Oregon (ODFW
1996). Juvenile tui chub generally utilize the same food resources as salmonids and thus were
also able to thrive in habitat provided by Diamond Lake.

Current habitat conditions are not considered optimal for fish or other aquatic life. As
mentioned in the Water Quality section, in the summer months Diamond Lake routinely
experiences pH values in violation of State standards, depletion of dissolved oxygen in deeper
portions of the lake, and large blooms of toxic blue-green algae. These conditions result in
depressed populations of zooplankton and benthic organisms, which are the primary prey
items for fish in the lake.

Past Management History (1910 to 1954)

Rainbow trout of Spencer Creek origin (Klamath basin) were first put into Diamond Lake in
1910 (ODFW 1996). Annual stocking efforts'"’ were necessary in order to sustain the fish
population due to limited natural fish reproduction in the lake and its tributaries (USDA 1998).
Excellent trout fishing was reported by the early twenties, with six to eight pound trout
common, and a reported record trout of 27%, pounds (Locke 1947). Rainbow trout were
stocked into Diamond Lake at increasing levels up until 1946, when the numbers of fish began
to be reduced. Table 22 displays rainbow trout stocking data for Diamond Lake through 1954.

" This stocking was so successful that an egg-taking facility was established in 1919 by the Oregon Fish
Commission. This station operated for 33 years, utilizing rainbow trout eggs to restock the lake and as a supply
source for other hatcheries.

186



Chapter 3 - Affected Environment and Environmental Effects

Table 22. Early stocking in Diamond Lake (ODFW,1996a).

Diamond Lake Fish Stocking Data from 1910 through 1954
Date Strain Number Size
Stocked/yr.
1910-1938 Spencer Creek 1.0 million fry (1inch, 2.5 cm)
1938-1945 Spencer Creek 2.0 million fry
1946 Spencer Creek 4.0 million fry
1947 Spencer Creek 3.3 million fry
1948 Spencer Creek 2.0 million fry
1949 None
1950 Spencer Creek 49,000 Legal sized
1951 Spencer Creek 47,000 Legal sized
1952 Spencer Creek 49,000 Legal sized
1953 Spencer Creek 32,000 Legal sized
1954 None

Sometime in the 1940’s tui chub, a minnow native to the Klamath basin, was introduced into
Diamond Lake. Most local fisheries professionals believe these fish were introduced by an
unwitting fisherman who had been using them as live bait, and dumped the remaining bait

overboard at the end of the day. However, there are several other possibilities''?.

By 1946, the decline in angling success, decreasing size of rainbow trout, and drop in fishing
pressure triggered a preliminary biological investigation of Diamond Lake. This study found
populations of rainbow trout, brown trout, and tui chub present in the lake (Locke 1947). It is
important to note that brown trout were likely present in Diamond Lake at the time when tui
chub were first introduced. Although these fish were not routinely taken in the recreational
fishery, Locke (1947) reported that three overnight gillnet sets in October of 1946 resulted in
the capture of five brown trout weighing from 1.5 to 7 pounds (0.7 to 3.2 kgs). In
comparison, 15 rainbow trout, ranging from 1.5 to 3.5 pounds (0.7 to 1.6 kgs), were also
caught in these same gillnet sets. An additional 30 brown trout were collected in upper Lake
Creek through angling and use of poison. Brown trout are known to be voracious predators,
often feeding primarily on other small fish if they are available. While there is no direct
evidence to confirm that the brown trout in Diamond Lake preyed upon the tui chub, it is
highly likely that the chub would have provided an ample food source for these aggressive
fish. However, these trout were apparently not able to keep the rapidly expanding chub
population in check.

By 1946, enormous schools of tui chub were beginning to show up in the shallow shoreline
waters. Efforts to control the tui chub population included seining and partial chemical
treatment in the shallow areas of the lake where they were observed spawning. These
methods are believed to have eliminated over 68 million chub between 1946 and 1950, but
the tui chub continued to flourish while rainbow trout populations continued to decline

"2 Based on the biology of the tui chub, and its presence in many other lakes within a one hour drive radius of

Diamond Lake, it is also possible that these fish were accidentally transported to the lake as eggs attached to aquatic
weeds, or perhaps larvae or small juveniles trapped in bilge water, or live wells (Frank Bird, personal communication).
Regardless of the source, the tui chub population grew quickly while the rainbow trout population and angling
pressure declined.
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(ODFW 1996). In 1954 the entire lake was treated with rotenone to eliminate all fish. The
biologist coordinating the operation estimated that 32 million tui chub were killed, or around
400 tons of fish representing a complete fish kill.

One year after this treatment, a spring-spawning strain of rainbow trout originating from
British Columbia, Canada (the Kamloops stock) was introduced into the lake. Although not
native to Oregon, it was presumed that this “pure” stock (i.e. not mixed with other strains of
rainbow) would perform better than stocks used previously in the lake (ODFW, 1996).
However, stocking of Kamloops rainbow was discontinued after 1961 due to their relatively
low fry-to-adult survival, and their poor body condition in the spring when the fishing season
opened (during and immediately after the trout spawning season).

From 1962 through 1969 a mixed stock'"® of rainbow trout was used in Diamond Lake. These
trout originated from Oregon in the Willamette River, the Roaring River, and Oak Springs
areas. Stocked as fingerlings in June, these fish had an exceptional survival rate, with
approximately 70% surviving to a catchable size. A typical 3 inch (7.6 cm) fingerling stocked
in June would grow to a 12 to 14 inch (30.5 to 35.6 cm) fish by the following summer. From
1962 to 1990, roughly 400,000 fingerlings (primarily Oak Springs strain) were stocked on an
annual basis. Table 23 below displays fish stocking data from 1955-1990.

Table 23. Diamond Lake Fish Stocking Data from 1955-1990.

Date Strain Number Stocked Size

1955 Kamloops 530,000 Fry (1 inch)

1956 Kamloops 250,000 Fry

1957 Kamloops 300,000 Fry

1958 Kamloops 1,014,000 Fry

1959 Kamloops 1,000,000 Fry

1960 Kamloops 1,063,000 Fry

1961 Kamloops 1,175,000 Fry
1962-1969 Mixed Strain 400,000-500,000 Fingerlings (3 inches)
1970-1990 Oak Springs 300,000-400,000 Fingerlings

Recent Management History

In the recent past, Diamond Lake has been managed under a formal management plan that
was adopted in 1990 by the Oregon Fish and Wildlife Commission. This management plan
includes the objectives of 100,000 angler trips'™ per year, harvest of 2.7 fish per angler trip
(or 270,000 trout), with an average fish length of 12 inches (30.5 cm). It is important to note
that these figures were developed from data collected during the peak of Diamond Lake’s
angling success, 1963 to 1978 (see recreation section for annual angler trips over time).

In 1992, tui chub were discovered again in Diamond Lake. As tui chub populations expanded
exponentially, the success of the fingerling rainbow trout stocking program at the lake began

"3 Unlike the majority of other rainbow trout stocks that tend to spawn in the spring, these stocks were developed to
spawn in the fall. As a result, juveniles of this fall spawning stock were able to attain a larger size than their spring-
sPawning counterparts by the time they were stocked in the various lake systems (Loomis, personal communication).
"4 An angler trip is defined as a person angling for any period during a day
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to decline substantially (ODFW, 1996). This situation closely paralleled the fishing declines
seen in the early 1950’s, when tui chub were first introduced into Diamond Lake.

Current Conditions

Based on hydroacoustic surveys'' and trap netting data over the last several years, the
estimated yearly tui chub population from 1995 to 2003 has averaged around 7.6 million chub
greater than 2%2 inches (>6.4 cm.) in length with a range of 1.7 to 23.7 million (Loomis and
Eilers, personal communication). Based upon life history and fecundity tables generated by
Bird (1975) and population modeling by ODFW (Jackson and Loomis 2004), the large average
population of spawning-age tui chub in Diamond Lake would be capable of producing
approximately 6.9 billion eggs in a single year. In addition, during this same time frame, there
was also an estimated average of 94.5 million tui chub in younger age classes present in
Diamond Lake on an annual basis. These fish represent young-of-the-year, 1 year, and 2 year
old fish, ranging in size from %4 to 22 inches (6 to 65 mm) in length. As Bird (1975) indicated
in his work with tui chub, the food preferences of tui chub and trout in lake environments are
very similar. Therefore, tui chub and stocked rainbow trout are in direct competition for
available food resources in Diamond Lake.

The population of tui chub in Diamond Lake is currently exhibiting characteristics of a
stressed population. The number of larger chub greater than 6 inches (>15.2 cm) is declining,
and the number of fish considered to be in the catchable size range using nets (greater than
2.5 inches or 6.4 cm) has also declined recently. The age and size when sexual maturity is
reached has also likely declined. In summary, this is an indication that population stressors
have resulted in more fish spawning at younger ages and smaller sizes.

The actual number of chub present in any given year is dependant upon a number of factors,
including food availability, competition, weather, water quality conditions, over-winter
survival, and overall habitat limitations induced by the large size of the chub population as a
whole. While the chub population in Diamond Lake is variable from year to year, there is
virtually no chance that the entire population would crash naturally, thereby eliminating tui
chub from the lake. As chub populations decline as a result of natural causes, previously
utilized food and habitat resources become available, thereby increasing the growth and
productivity of the remaining chub. As these remaining fish grow larger, they are also able to
produce a greater number of eggs, ultimately leading to more tui chub. Therefore, due to the
cyclic nature (i.e. rise and fall) of the population, tui chub are likely to persist in Diamond
Lake indefinitely without some form of management intervention.

Based on the inability of Diamond Lake to meet formal management plan basic yield fish
numbers, ODFW is currently managing Diamond Lake using modified fish management
guidelines. For the last several years, stocking of fingerling rainbow trout has been
dramatically reduced due to their poor survival, and stocking of legal size rainbow trout and
other experimental species has been initiated. While this strategy provides a small
recreational fishery, it is viewed as a temporary measure due to the high cost. Recent efforts
to identify a salmonid that can successfully compete with or prey upon tui chub in Diamond
Lake has led to an increasingly complicated experimental stocking program (Table 24).

s Hydroacoustic surveys utilize high frequency sound waves to identify bottom features, fish, aquatic vegetation, and

zooplankton within waterbodies. These surveys are capable of estimating fish numbers and the relative sizes of fish.

189



Chapter 3 - Affected Environment and Environmental Effects

As an example: In 2003, Diamond Lake opened for trout fishing on April 26, and a total of
nearly 100,000 legal-sized fish were stocked periodically throughout the fishing season. Of
these fish, roughly 60,000 were catchable-sized hatchery spring chinook, approximately
24,000 were catchable-sized Eagle Lake rainbow trout (sterile triploid stock), and 15,000 were
two-pound (0.9 kg) Kamloops rainbow trout. In addition to catchable-sized fish, 50,000 Oak
Springs rainbow trout fingerlings and 40,000 spring Chinook fingerlings were also stocked.

This fish stocking cost approximately $184,000. Table 24 below displays recent fish stocking
data associated with the experimental stocking program.

Table 24. Recent fish stocking information for Diamond Lake.

Diamond Lake Fish Stocking Data from 1991-2003
Date Strain Number Stocked Size
1991 Oak Springs rainbow 350,000 Fingerlings
1992 Oak Springs rainbow 425,000 Fingerlings
Cape Cod rainbow 5,000 Legal sized
1993 Oak Springs rainbow 350,000 Fingerlings
Cape Cod rainbow 14,000 Legal sized
1994 Oak Springs rainbow 425,000 Fingerlings
Cape Cod rainbow 5,000 Legal sized
1995 Oak Springs rainbow 400,000 Fingerlings
Cape Cod rainbow 7,500 Legal sized
Williamson rainbow 12,000 Fingerlings
1996 Oak Springs rainbow 350,000 Fingerlings
Cape Cod rainbow 10,000 Legal sized
1997 Oak Springs rainbow 350,000 Fingerlings
Cape Cod rainbow 7,700 Legal sized
Williamson rainbow 50,000 Fingerlings
1998 Oak Springs rainbow 345,000 Fingerlings
Cape Cod rainbow 7,500 Legal sized
Williamson rainbow 50,000 Fingerlings
1999 Oak Springs rainbow 380,000 Fingerlings
Cape Cod rainbow 8,000 Legal sized
Williamson rainbow 50,000 Fingerlings
Kamloops rainbow 5,000 Trophy sized
2000 Oak Springs rainbow 60,000 Fingerlings
Cape Cod rainbow 38,000 Legal sized
Kamloops rainbow 15,000 Trophy sized
2001 Oak Springs rainbow 50,000 Fingerlings
Cape Cod rainbow 31,000 Legal sized
Kamloops rainbow 15,000 Trophy sized
2002 Oak Springs rainbow 50,000 Fingerlings
Cape Cod rainbow 26,000 Legal sized
Spring Chinook 40,000 Fingerlings
salmon
Spring Chinook 24,000 Legal sized
salmon
Kamloops rainbow 15,000 Trophy sized
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Diamond Lake Fish Stocking Data from 1991-2003
Date Strain Number Stocked Size
2003 Oak Springs rainbow 50,000 Fingerlings
Spring Chinook 40,000 Fingerlings
salmon
Spring Chinook 60,000 Legal sized
salmon
Kamloops rainbow 15,000 Trophy sized
Eagle Lake rainbow 24,000 Legal sized
LAKE CREEK

Lake Creek is the only outlet stream from Diamond Lake. It is approximately 11.6 miles in
length and drains into Lemolo Lake. Lake Creek currently supports populations of rainbow
trout, brook trout, brown trout, and tui chub. There is also a small component of the
kokanee population from Lemolo Lake that enters the lower portion of Lake Creek in the fall
to spawn. Formerly, golden shiner were formerly only known to occur in Diamond Lake
(USDA, 1998). However, fish trapping efforts in Lake Creek during 2003 documented 16
golden shiner migrating out of Diamond Lake and into Lake Creek.

The existing fish population in Lake Creek is believed to have migrated upstream from Lemolo
Lake, and downstream, from Diamond Lake. Lake Creek is capable of supporting successful
spawning, and the existing salmonid populations are generally self-sustaining.

Lake Creek was surveyed in 1996 using Forest Service protocols'®. These surveys indicate
that large wood is abundant throughout most of the stream, but there are few deep pools
present. The presence of large quantities of wood, but lack of pool habitat is likely the result
of the extremely stable stream flow patterns in Lake Creek. As a result, annual stream
energy is relatively low, and Lake Creek is not able to scour and maintain large quantities of
deep pool habitat. The Diamond Lake and Lemolo Watershed Analysis (1998) indicate that
there was no evidence that past lake draw down activities in 1954 destabilized stream banks
or aquatic habitat in this system. Lake Creek is considered to be healthy and near its
reference condition, with habitat attributes well within the range of natural variability for a
stable, lake outlet stream system.

No fish stocking is known to take place in Lake Creek. No estimates of fish population size
have been conducted in the eleven mile length of Lake Creek between Diamond Lake and
Lemolo Lake. However, there is a modest recreational trout fishery that occurs at either end
of this stream, near the respective lake or reservoir water bodies (Loomis, personal
communication).

While no population estimate of tui chub in Lake Creek has been made, data collected in 2003
from a fish trap located in Lake Creek near Diamond Lake indicates that large numbers of tui
chub enter this system in late spring and early summer. Almost 7,000 tui chub were caught in
this trap over the spring and summer months. Since this trap only captures a portion of the

1ea copy of the Lake Creek stream survey report is located in the Analysis File for this project.
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fish moving past it each day, this figure only represents a partial count of chub that
outmigrated from Diamond Lake into Lake Creek. Throughout the summer months, chub were
observed occupying habitats in slow moving pools and backwater areas of Lake Creek.
However, based on the chub’s preference for slow water habitat, it is likely that the majority
of these fish moved through the system, and into Lemolo Lake. Those chub that remain in
Lake Creek are likely washed downstream during the high, cold flows that routinely occur
during the spring snowmelt runoff period. The occurrence of large numbers of tui chub
leaving Diamond Lake has been observed since 1994 (Loomis, personal communication).

It should be noted that a 6 foot waterfall (human constructed) is located in Lake Creek
approximately 1,000 feet downstream from Diamond Lake. This structure likely prevents
upstream migration by all fish species inhabiting Lake Creek. This migration barrier was likely
constructed as part of the 1954 rotenone treatment in order to prevent tui chub and brown
trout from re-entering Diamond Lake. Based on its height, it is highly unlikely that tui chub
could ever make it over the falls. This constructed barrier, which is still in stable condition,
apparently functions as planned in 1954 and is expected to continue to block upstream tui
chub passage in the future.

LEMOLO LAKE

Lemolo Lake was created in 1954 when Lemolo Dam was constructed, damming the North
Umpqua River at the confluence of Lake Creek and Poole Creek. Fish management in Lemolo
Lake began shortly afterward in 1955. Lemolo Lake currently supports populations of rainbow
trout, kokanee salmon, brook trout, brown trout, and tui chub. The kokanee population
mainly occurs in Lemolo Lake, entering Lake Creek and the upper North Umpqua River only to
spawn.

From 1955 to 1972, various trout were stocked in the lake, until brown trout became the
dominant species (DEA, 1998). Today, the majority of the fish population in Lemolo Lake is
self sustaining, with naturally spawning populations of brown trout, kokanee salmon, and
brook trout'”. Tui chub are also present in the lake. It is likely that some golden shiner are
also present in Lemolo Lake based upon the discovery of shiner migrating out of Diamond
Lake.

Currently, Lemolo Lake is primarily managed for brown trout and kokanee salmon, with
10,500 angler trips recorded in 1997 (DEA 1998). Studies of brown trout in Lemolo Lake in
1992 revealed that populations were healthy, attaining a length of 8 inches (20.3 cm) by age
2, and 12 inches (30.5 cm) by age 3 (FERC 1994).

The tui chub population in Lemolo Lake has not expanded as rapidly as the population in
Diamond Lake (Loomis, pers. comm. 2003). There are several likely reasons for the apparent
inability of the tui chub to dominate Lemolo Lake. With an average depth of around 29 feet
(8.8 meters), Lemolo Lake is deeper than Diamond Lake (22.5 ft. average depth, or 6.9
meters), and doesn’t contain the large shallow areas that are common at Diamond Lake. In
addition, Lemolo Lake is routinely lowered in the winter, exposing the limited shallow areas

"7 Some limited annual stocking of catchable-sized rainbow trout does occur in Lemolo in order to provide a fishery in
the late summer months, when brown trout are typically harder to catch (Loomis, personal communication).
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to harsh winter conditions. As a result, Lemolo Lake does not contain an abundance of
aquatic macrophytes, which are essential to the successful reproduction of tui chub. In
addition, the relative amount of warmer surface waters in Lemolo Lake is substantially less
than that seen in Diamond Lake. In Lemolo Lake, warmer surface water temperatures usually
extended to depths of 9.8 to 16.4 feet (3 to 5 meters) (USDA 1998), whereas in Diamond Lake,
warmer surface water temperatures usually extend to depths of around 26.2 feet (8 meters).
This relative lack of extensive warm surface waters in Lemolo Lake may also be a potential
limiting factor on chub populations. From a predator standpoint, there is a healthy
population of brown trout in Lemolo Lake, which may be preying on the tui chub. All of these
factors are apparently leading to a relatively stable tui chub population in Lemolo Lake.

NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK)

Downstream from Lemolo Lake, the North Umpqua River flows for roughly 16 miles before
entering Toketee Reservoir. From Toketee Reservoir, the river flows for another 4.5 miles
before entering Soda Springs Reservoir. From Soda Springs, the river flows for another 70
miles before entering the main stem Umpqua River. From Soda Springs Dam, downstream to
the confluence with Rock Creek, (a distance of 33.8 miles) the North Umpqua River is

classified as a Wild and Scenic River'®,

The portion of the North Umpqua River between Soda Springs Dam and Lemolo Dam is
dominated by resident trout. Rainbow trout, brown trout, and brook trout are the primary
species living in this section of the river. Rainbow trout found in Fish Creek, and below
Toketee Falls are believed to be of local origin. However, all brown trout and brook trout in
this area are naturally reproducing descendants of non-native fish stocked in the Umpqua
system decades ago.

The majority of this area is characterized by swift flowing segments of river, divided by
several reservoirs created for hydropower use. In addition to the larger reservoirs, there are
several canal systems and forebays (water holding areas) that also support populations of
resident trout. Soda Springs Dam is a complete barrier to upstream fish passage, and
consequently, represents the upper extent of anadromous fish in the North Umpqua system.

One of the Outstandingly Remarkable Values (ORV’s) that led to the wild and scenic
designation is the fishery. This segment of the North Umpqua River (below the hydropower
dams) supports populations of summer and winter steelhead trout, spring chinook salmon,
coho salmon, resident and migratory cutthroat trout, resident rainbow trout, brown trout,
Pacific lamprey, several sculpin species, speckled dace, Umpqua dace, and redside shiner.
Other species, such as brook trout and tui chub have been encountered occasionally.

"8This segment of the North Umpqua River was designated a recreational river under the National Wild and Scenic
Rivers Act of 1988. Roseburg BLM manages the lower 8.4 miles and the Forest Service manages the upper 25.4
miles. As defined by the Act, a National Wild and Scenic River must be undammed and must have at least one
outstandingly remarkable value (ORV). The established ORV’s for the North Umpqua Wild and Scenic River are:
fisheries, water quality and quantity, recreation, scenic, and cultural. The underlying principles of the Act are to keep
the designated River in a free flowing condition and to recognize the River’s importance to our natural and cultural
heritage.
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However, these fish are believed to be moving through the area from upstream populations
due to their small numbers and sporadic presence. It is not likely that tui chub could
establish a reproducing population in this portion of the North Umpqua River due the
consistently cold water and abundance of fast-water habitat found here.

The North Umpqua River between Soda Springs dam and the confluence with Steamboat Creek
is confined and is largely characterized by boulder and bedrock morphology. Channel
gradients are predominantly less than 1 percent, with 1 to 2 percent gradients present in a
portion of the reach between Soda Springs powerhouse and Boulder Creek. Large boulders
and abundant bedrock outcrops create pools and provide channel complexity. From
Steamboat Creek downstream to Rock Creek, many reaches contain bedrock ledges divided by
a deep trough through which most bedload is carried and stored. More cobble and gravel bars
can be found in this reach having a heterogeneous mix, with the median diameter in the
cobble range.

Due to the inherent resiliency of the mainstem channel in this reach, the gross appearance
(and resultant habitat elements) of the river is likely to be very similar today to what it was in
reference conditions (Middle North Umpqua WA, USDA 2001). In brief, the North Umpqua
River is considered to be healthy, supporting viable native fish populations and maintaining
the outstandingly remarkable values of the river.

ENVIRONMENTAL EFFECTS

BACKGROUND: TOXICITY OF ROTENONE TO FISH

Rotenone’s primary toxic action is at the cellular level, where it inhibits the cell’s ability to
utilize oxygen (Bradbury 1986). The high susceptibility of fish to rotenone is mostly due to its
efficient entry through the gills. Once in the bloodstream, rotenone is quickly carried to vital
organs (such as the brain), where it inhibits cellular respiration (Oberg 1964 - as cited in
Bradbury).

A treatment concentration of 2 mg/L formulated rotenone mixed into the lake water is
anticipated to remain toxic long enough to kill most, if not all, of the fish species present in
target waters (CDFG 1994). Fish eggs are resistant to rotenone treatments because of an
impervious chorion'® (CDFG 1994), however treatment is proposed in September after all eggs
have hatched.

In Diamond Lake, approximately 238,000 pounds of powdered rotenone, and roughly 375
gallons of the liquid formulation Noxfish would be used. The powdered form of rotenone is
comprised only of ground plant roots, and therefore only contains rotenone and rotenolone
compounds. The chemicals associated with liquid Noxfish® include rotenone, and other inert
ingredients that act as emulsifiers and solvents. The four primary inert ingredients include
xylene, trichloroethylene, naphthalene, and 2-methylnaphthalene. These inert ingredients
make up roughly 85-90% of the liquid formulation, and are considered to be volatile or semi-
volatile organic compounds that are expected to evaporate within several weeks. These

"% The chorion is the outer membrane of an egg or embryo.
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chemical compounds do not contribute to the lethality of the formulation, but are important
to ensure the solubility and dispersion of rotenone in the water (CDFG, 1994).

SHORT AND SILENT CREEKS

Direct Effects:
With the lack of a lake draw down and no chemical treatment, Alternatives 1 and 4 would
have no direct, indirect or cumulative effects to fish or fish habitat in Short or Silent Creeks.

The effects of Alternatives 2 and 3 would be extremely limited as well. The direct effect of
the rotenone drip stations proposed for Short and Silent Creeks (located within the actual lake
perimeter) would be to render the downstream waters toxic to fish. Any fish present
downstream of these sites would likely move down into Diamond Lake upon contact with
rotenone treated waters. Based upon the overall lack of fish presence in Short and Silent
Creeks, it is unlikely that any fish would be killed or displaced in these areas. Following
cessation of rotenone drip stations, aquatic habitat conditions would return to normal within
a matter of hours, as the remaining rotenone and the other formulation constituents are
flushed downstream into Diamond Lake. All of the chemicals associated with these drip
stations would break down and/or evaporate relatively quickly, or be transported to Diamond
Lake, where they would evaporate over a relatively short period of time.

As a result of the draw down under Alternatives 2 and 3, aquatic habitat conditions in Silent
Creek and Short Creek may change slightly. These changes would include stream channel
down-cutting and incision through soft lake bottom sediments as the lake is drawn down by 8
feet. Based upon review of recent aerial photos, evidence of this occurrence appears to be
present from the first draw down in the 1950’s; a deeper, sinuous channel extending out into
the lake is visible on photos and was likely formed during the 1954 draw down of Diamond
Lake.

Indirect Effects:

Upon cessation of the rotenone drip stations, rotenone and the other formulation ingredients
would be quickly flushed downstream and out of these respective stream systems. It is
uncommon to find rotenone in stream sediments (CDFG 1994). The VOC’s (volatile organic
compounds) do not accumulate in the sediment, and only naphthalene and the methyl
napthalenes temporarily (less than 8 weeks) accumulate in the sediments (Finlayson et al.
2000). Rotenone dissipates in flowing waters relatively quickly (less than 24 hours) due to
dilution and increased rates of hydrolysis (Finlayson et al. 2000). Based on the continuation
of the drip stations for 17 days in these two streams, an estimated total of 375 gallons of
liquid rotenone (Noxfish® formulation) would be utilized. All of the chemicals associated
with these drip stations would break down and/or evaporate relatively quickly, or be
transported to Diamond Lake, where they would evaporate over a short period of time.

Cumulative Effects:

The 1954 draw down is the primary past management activity that impacted these creeks.
There are no ongoing or reasonably foreseeable actions that contribute meaningfully to a

cumulative effect on these aquatic habitats. For Alternatives 1 and 4, there would be no

195



Chapter 3 - Affected Environment and Environmental Effects

actions associated with these alternatives that would contribute to cumulative impacts to
aquatic habitat conditions in Silent Creek or Short Creek.

As mentioned above, Alternatives 2 and 3 may result in stream channel downcutting within
the perimeter of the lake. Upstream of this point, there was no visible evidence of aquatic
habitat change in these streams as a result of the 1950’s treatment of Diamond Lake. Recent
field review of channel and habitat conditions within the lower portions of these streams
indicates that both channels contain adequate substrate and large woody material roughness
to prevent significant channel downcutting and incision from migrating in an up-stream
direction for more than 0.25 mile. Therefore, no cumulative change would be anticipated as a
result of these alternatives in Short and Silent Creeks.

DIAMOND LAKE

Direct Effects:

Alternative 1 would result in status quo management of the fisheries at Diamond Lake. No
physical or chemical treatments would occur in the lake. A direct effect to fish from this
alternative would be that the Oregon Department of Fish and Wildlife would continue with
the existing experimental fish stocking program (~100,000 fish/year).

Alternative 2 would have a direct impact on aquatic habitat conditions and current fish
populations in Diamond Lake as a result of the canal reconstruction, lake draw down,
mechanical removal of tui chub (netting), the addition of rotenone, and the addition of
salmonids back into the lake. Canal reconstruction would result in minor short-term (2-3
week) disturbance and displacement of fish as sediments are removed from the canal and
placed in the northwest corner of the lake as part of the wetland expansion. The draw down
portion of the proposed action would result in lowering the lake level by 8 feet (2.4 meters).
This would result in a 10% reduction in total surface area and a 30% reduction in water
volume, and would expose a large percentage of the near-shore zone that supports abundant
growth of aquatic vegetation. As the lake is drawn down, tui chub would be forced out of this
preferred habitat into interior portions of the lake. In addition, during the draw-down it is
likely that numerous tui chub would enter the Lake Creek system, and be transported to
downstream areas. In order to minimize tui chub movement out of Diamond Lake, a fish trap
would be installed (see mitigation in Chapter 2).

Under Alternative 2, the mechanical removal of tui chub utilizing trap nets and other
commercial fishing techniques would likely reduce chub population numbers to some unknown
extent. These activities are proposed for a duration of up to one month prior to the
application of rotenone. Based upon past chub removal efforts utilizing these techniques and
the fact that a large percentage of the existing chub biomass is comprised of fish too small to
be effectively netted, this effort would likely result in a low to moderate reduction in total
fish biomass in Diamond Lake.

Based upon the results of the rotenone treatment in 1954, the addition of rotenone in the fall
would result in the eradication of all fish living in Diamond Lake, Short Creek, and the lower
mile of Silent Creek. While the original rotenone treatment in 1954 was apparently successful
in removing all tui chub from the lake, it should be noted that some of the literature
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reviewed indicates that it is rare to kill all fish with a single rotenone treatment (Bradbury
1986). Yet, only one treatment is proposed for Diamond Lake based upon the past success of
the single treatment in 1954.

In the spring following rotenone treatment, a relatively small number of trout would be
stocked in Diamond Lake. Based on preliminary estimates by ODFW biologists, a range of
50,000 to 150,000 Oak Springs rainbow trout fingerlings, and roughly 10,000 legal-sized Eagle
Lake rainbow trout would be stocked. These fish would provide a small recreational fishery
while still allowing for recovery of zooplankton and benthic invertebrate populations (the
biological indicators).

The direct effects of Alternative 3 would be similar to those of Alternative 2. Alternative 3
differs from Alternative 2 only in the proposed fish stocking regime it would utilize. Under
this alternative, up to 400,000 domesticated rainbow trout would be stocked throughout the
fishing season in Diamond Lake annually. This would likely provide a large recreational fishery
similar to that in the 1970’s and 1980’s.

The direct effects of Alternative 4 differ substantially from those of the other action
alternatives. Alternative 4 does not include the actions of canal reconstruction, lake draw
down, chemical treatment, and lake refill. As a result, none of the direct effects associated
with those treatment components would apply to Alternative 4. This alternative would result
in the direct mechanical removal of a substantial portion of the tui chub biomass from the
lake in each of six consecutive years. Mechanical removal methods would have a goal of
removing 85-95% of the spawning population of tui chub. Immediately following mechanical
chub removal efforts, up to 250,000 predatory salmonids would be stocked in the lake. These
fish would be larger-sized Eagle Lake rainbow trout capable of feeding on the remaining tui
chub prey base, and would provide a moderate recreational fishery. The extent and
effectiveness of chub predation by these fish is unknown.

Although the numbers of fish stocked in Alternatives 3 and 4 are somewhat similar, the
recreational fishery under Alternative 4 is expected to be slightly smaller than that under
Alternative 3. This difference would be a result of special angler harvest regulations
implemented under Alternative 4 that may limit the harvest of large fish in an effort to

maintain the predatory controls on the tui chub population'®.

Indirect Effects:

Under Alternative 1, indirect effects on aquatic habitat quality would continue to occur in
several areas. In Diamond Lake, the continued presence of a large tui chub population would
continue to impact water quality (high pH, low DO, toxic algae blooms), rendering a large
portion of the habitat uninhabitable to salmonids during the late spring and summer months.

Continued high levels of algal productivity would likely result in anoxic conditions throughout
much of the lake during the spring and summer months, and could result in fish kills under
certain environmental conditions. When these large algae blooms produce toxins, it is also
possible that fish kills could occur as a result of these toxins (Christoffersen 1996)

120 Special harvest limits must be approved by the Oregon Fish and Wildlife Commission.
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Under Alternative 2, a conservative number of trout would be stocked in the lake once
biological indices indicate it is ecologically acceptable to do so. Indirectly, this alternative
would result in high growth and survival rates of these stocked fish. The stocked fish are
likely to thrive due to the expected recovery of large-bodied zooplankton and other benthic
organisms. As a result, a small recreational fishery would likely return to Diamond Lake within
a few years. The average fish caught would be of excellent size and body condition due to the
abundant forage base and the presence of multiple age classes of trout (resulting in the
potential for larger fish being available to the angler).

The indirect effects of Alternative 3 would be similar to those of Alternative 2. The primary
difference with this alternative would be the size of the recreational fishery, as well as the
condition of the fish caught. Under this scenario, up to 400,000 domesticated rainbow trout
would be stocked in the lake throughout the angling season. Based on past experience with
this stock, these fish would not be expected to take advantage of the available food
resources. As a result, fish would gradually start to lose body condition and size over time
until they were caught, or die with the onset of harsher winter conditions. Stocking at these
levels would likely provide a large recreational fishery at Diamond Lake. The average fish
caught would be of modest size and body condition. Very few of these fish would be
expected to survive through the winter or attain larger sizes. Thus large fish would not be a
strong component of the recreational fishery under Alternative 3.

Alternative 4 would have a different suite of indirect effects than the other action
alternatives due to the lack of a lake draw down, no chemical treatment, and no period of
Lake Creek de-watering. Under this alternative, up to 400,000 larger sized, predatory trout
would be stocked in the lake. It is anticipated that these larger fish would take advantage of
the abundant tui chub food source, and grow to relatively large sizes. Stocking of these large
trout would likely result in a moderate recreational fishery returning to the lake, with the
potential for anglers to catch trophy sized fish. The potential use of angler harvest
restrictions in order to limit the removal of large predatory fish (to maintain a predatory
control on the chub) may reduce the desirability of this fishery.

The addition of larger-sized piscivorous trout (Eagle Lake rainbow trout, or brown trout, or
Kamloops rainbow trout) under Alternative 3, may result in a further reduction in tui chub
numbers as a result of predation. However, preliminary stomach content data from Eagle
Lake rainbow trout recently stocked in Diamond Lake indicates that very few tui chub are
being consumed by these fish (Loomis, personal communication). Based on information
contained in a report by the Oregon State Game Commission (Locke 1947), large brown trout
were likely present in Diamond Lake when tui chub were first introduced. These trout were
apparently not able to prevent the rapid expansion of the tui chub population. Therefore,
the addition of piscivorous fish may result in a further reduction in tui chub numbers, but the
extent of that reduction is unknown.

Under Alternative 4, the successful removal of a large portion of the spawning tui chub
population in Diamond Lake on a yearly basis (over a span of 6 years) would reduce the annual
spawning success of the chub population in the short-term and lead to relatively small
numbers of juvenile tui chub produced each year (millions instead of billions). Assuming an
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average population of 7.6 million reproductive chub in Diamond Lake at the time of
treatment, the successful removal of 90% of the spawning tui chub population in the first year
of mechanical treatment would result in roughly 760,000 reproductive chub remaining in the
lake. Assuming all of these remaining chub were in the 2.4-3.7 inch range (6.0-9.4 cm) and
that 50% were female, they would be capable of producing roughly 127,300,000 eggs. For
more information on tui chub population and egg production estimates associated with
Alternative’s 1 and 4, refer to Appendix X, Population Model Predictions for Tui Chub Removal
at Diamond Lake (Jackson and Loomis 2004).

A potential complicating factor associated with the partial removal of the chub population
under Alternative 4 is that of a compensatory response'”'. As large numbers of tui chub are
removed through mechanical harvest or predation, the stunted population would have
increases in food and habitat availability. Remaining fish would likely respond positively to
this increase in available resources, with increases in average length and weight of individual
chub. Bird (1975) indicated that as tui chub length and weight increase, the number of eggs
produced also increases. As an example, a 5 inch (12.7 cm) chub could produce an average of
around 5,000 eggs per spawning cycle, while a 7 inch (17.8 cm) chub could produce an
average of around 28,000 eggs per spawning cycle. Therefore, as large numbers of chub are
removed from the lake, the remaining population would likely respond indirectly by increases
in body size and number of eggs produced by each individual fish. It is unknown to what
extent this potential increase in egg production may offset the population reductions
achieved by mechanical and/or predatory removal of tui chub.

Connected Actions:

Dock cleanup activities proposed by the Diamond Lake Resort and described as connected
actions for Alternatives 2 and 3 in Chapter 2, would have no direct, indirect, or cumulative
impacts to fish. Impacts to fish are not expected because of the small size and lack of in-
water work associated with these activities.

21 A compensatory response occurs when a given population adjusts (compensates) to changes in its environment.
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Cumulative Effects:

Past, present, and future fish stocking strategies, as well as the 1954 rotenone treatment and
a variety of in-water facility developments (i.e. boat docks, boat launch ramps, etc.)
represent the primary management activities that would contribute to cumulative effects on
aquatic habitat and the fishery resources in Diamond Lake. Alternative 1 would result in a
long-term continuation of tui chub as the dominant fish species in Diamond Lake. Tui chub
populations would eventually reach some unknown maximum sustainable level. Once this
point is reached, chub populations would vary from year to year due to density-induced food
shortages, disease, or water-quality induced mortality. Salmonids would continue to be
stocked on a limited basis in order to maintain a recreational fishery in Diamond Lake. It is
likely that most stocked salmonids would be caught in the recreational fishery, or would
starve to death over time due to the lack of an exploitable prey base. Very few salmon or
trout would survive over the winter due to the lack of a food source.

Alternatives 1 and 4 would result in the continued presence of tui chub in Diamond Lake. If
recreational fishing results in the removal of a large portion of the predacious Eagle Lake
rainbow trout population (under Alternative 4), this may inadvertently remove the majority of
the predation control on the tui chub population, potentially allowing their populations to
rapidly expand. In addition, if the predacious fish stocked into the lake do not prey upon the
chub to the extent expected, it is likely that chub populations would quickly expand,
eventually exceeding the capability of the piscivorous fish predation controls. If this
occurred, conditions similar to current conditions (i.e. poor water quality and trout survival)
would reappear. Thus, it is uncertain whether Alternative 4 would result in a meaningful
positive cumulative impact on the fishery beyond the six-year lifetime of the project.

Alternative 2 would likely result in the complete eradication of tui chub, and the
reestablishment of the put-grow-and take fishery that formerly existed at the lake. Fish
stocking levels would likely be modified annually over the first several years based on the
monitoring of zooplankton and benthic invertebrate indices. Over the long-term, the number
of fish stocked would likely stabilize as fisheries managers utilized the biological indicators to
adapt stocking levels to maximize the attainment of water quality and recreational fishery
goals. Based upon the numbers of fish stocked in the past, and the relative effects that
stocking apparently has on water quality, it is likely that the future fish stocking levels would
be somewhat similar to experienced in the past. Thus, Alternative 2 is expected to result in a
positive cumulative impact on the fishery beyond the lifetime of the project. For more
information on tui chub population and egg production estimates associated with Alternative’s
1 and 4, refer to DEIS Appendices, Population Model Predictions for Tui Chub Removal at
Diamond Lake (Jackson and Loomis 2004).

Alternative 3 would also result in the complete eradication of tui chub, but the fishery would
change to a put-and-take scenario. Up to 400,000 domesticated rainbow trout would be
stocked annually. The majority of these fish would be caught each year, with very few
expected to survive through the winter months. As a result, recreational fishery levels may
be similar to those seen in the past, but there is also a chance that these levels would
decrease due to the lack of opportunities to catch larger-sized fish, which may result in a less
desirable fishing experience overall. Thus, a positive cumulative impact is expected under
this alternative, but it may be somewhat less than that seen under Alternative 2.
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The long-term effects to fish habitat under Alternatives 2 and 3 would be beneficial and
would likely include an improvement in dissolved oxygen content, water clarity, a decrease in
pH, and a decrease in the frequency, duration, and intensity of toxic blooms of blue-green
algae. These physical changes would be a cumulative result of changes to biological processes
occurring in Diamond Lake, as well as improved fish stocking practices over time.

Riparian Unit of Silent and Short Creeks and Diamond Lake and Forest Plan Riparian
Prescriptions (C2-1 and C2-IV) under Alternatives 2 and 3:

Alternatives 2 and 3 would both apply rotenone to Silent and Short Creeks and to Diamond
Lake, which would be in conflict with two riparian prescriptions in the Umpqua National
Forest Land and Resource Management Plan (LRMP). These prescriptions state that pesticides
will not be applied in such riparian units of fish bearing stream, lakes, and ponds. Therefore,
a one-time, project-specific Forest Plan amendment would be necessary in order to
implement either Alternative 2 or 3.

The rotenone application to Silent and Short Creeks under Alternatives 2 and 3 would occur
within the channels that would flow through the drawn down lake bed, rather than in
upstream areas where the creeks flow through a vegetated riparian area. As disclosed above
in this section, the impacts from the rotenone would be a fish kill in these channels which are
expected to contain very few fish. The impact to fish and the aquatic ecosystem of these
streams would be of limited extent and duration, as the pesticide is not expected to persist in
either in water or in sediments for any significant length of time. Moreover, the native
populations of aquatic life killed by the rotenone are expected to return to a healthy state
within about 1 year.

The impacts from the rotenone application within Diamond Lake would be a complete fish kill
and a substantial kill of the other aquatic organisms in the lake such as zooplankton and
benthic invertebrates. These biological impacts would be of limited extent and duration, as
the pesticide is not expected to persist in either the lake water or in lake sediments for any
more than a few months. Moreover, the populations of native zooplankton and benthic
invertebrates are expected to rebound rapidly, attaining species diversity and populations
superior to the existing condition prior to treatment.

In the case of both Silent and Short Creeks (located within the perimeter of the existing lake),
and Diamond Lake itself, the short-term impacts of using the pesticide rotenone would be
outweighed in both aquatic/riparian ecosystems by the long-term beneficial effects to these
ecosystems. This is especially true in light of the existing condition of these ecosystems as a
result of the tui chub infestation. Since riparian prescriptions C2-1 And C2-1V have the intent
of meeting riparian, fisheries, and water quality objective of the Forest Plan, and since these
Forest Plan objectives are highly compromised by the existing infestation of tui chub, this
one-time use of rotenone is consistent with over-all Forest Plan objectives under the
circumstances of the tui chub problem. Since the issuance of the Umpqua National Forest
LRMP in 1990, the tui chub population has reached extreme levels, compromising water
quality in the vicinity of the mouths of both stream and lake ecosystems as a whole.
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LAKE CREEK

Direct Effects:

Alternatives 1 and 4 are not likely to result in any direct effects to fish populations in Lake
Creek, due to the lack of the lake draw down and no period of Lake Creek de-watering. Under
Alternatives 1 and 4, physical aquatic habitat and stream bank conditions in Lake Creek would
remain unchanged, due to the lack of a lake draw down component. Therefore no direct
effects on the physical habitat in would occur in Lake Creek under either Alternative 1 or 4.

Alternatives 2 and 3 would result in removal of the flashboards'* at the outlet of the lake
(beginning of Lake Creek) to initiate the lake draw down. Once the lake is lowered by
approximately 2-3 feet (0.6 to 0.9 meter) by removal of these flashboards, water will no
longer exit the lake via this route. At this point, water would be routed out of the Lake by
use of the reconstructed canal, which is at a lower elevation, and capable of draining
additional water out of the lake. The section of Lake Creek located between the lake and the
canal outlet (roughly 1,200 feet, or 366 meters) would then dry up due to a lack of surface
flow, displacing fish and eliminating aquatic habitat. This portion of the Lake Creek channel
would remain dry for a period of approximately 1%z years. Surface flows would most likely
return to this stream segment in the spring following chemical treatment, when the lake level
has risen by at least 5 feet (1.5 meters).

In the portion of Lake Creek below the canal confluence, the draw down phase of the project
would result in relatively high stream flows for a period of 4 to 6 months. This extended
duration of bankfull flows during the fall, winter and spring months would likely require fish in
Lake Creek to expend substantial amounts of energy to survive. As a result, fish mortality
may be higher than the natural mortality rates seen under normal flow conditions.

Under Alternatives 2 and 3, immediately prior to chemical treatments in the lake, the
headgates controlling flows in the canal (and Lake Creek) would be closed. This would result
in the drying up of a portion of Lake Creek below the confluence of the canal for
approximately 1-2 months until lake water was determined to be free of rotenone. Recent
flow and groundwater investigations in Lake Creek (refer to groundwater hydrology section)
indicate that there is very little accretion of flow in the upper 6 miles of Lake Creek, from
tributary or groundwater sources. As a result, when surface flow is cut off from Lake Creek
immediately prior to chemical treatment, it is likely that this stream would virtually dry up in
this 6 mile stretch. Below this segment, stream flow conditions would improve dramatically
due to the flow added by Thielsen Creek.

During this period of no-flow in the upper 6 miles of Lake Creek, it is likely that a large
portion of the fish in this area would perish as a result of channel dewatering. An unknown
portion of the fish population would likely persist in some small residual pools. These pools
are not likely to completely dry up due to sub-gravel flow'?* and localized contributions of

'22 There are several boards placed across a concrete channel located at the beginning of Lake Creek, the outlet

stream of Diamond Lake. These boards serve the purpose of raising the surface water elevation of Diamond Lake by
two feet.

123 Sub-gravel flow is the portion of water that actually flows through the substrates of a channel, rather than on top of
them as the surface flow we most commonly recognize as a stream.
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groundwater that were encountered during the flow investigations. Flow conditions would
improve at stream mile 6 due to the stream flow added by Thielsen Creek, which would not
be affected by the Diamond Lake Project.

Indirect Effects:

Under Alternatives 1 and 4 tui chub would continue to move out of Diamond Lake and into
Lake Creek, leading to the indirect effect of chub competition with resident trout for food
and habitat resources.

For Alternatives 2 and 3, the extended period of high flow along the entire length of Lake
Creek during the draw down, and an extended period of very low (or no) flow in the upper 6
miles of Lake Creek before and after chemical treatment would likely result in a dramatic
decline in trout populations within this stream. Fish populations would be expected to return
to pretreatment levels within two to four years, as other trout move in to occupy available
habitat from downstream areas, as well as Diamond Lake. The lack of habitat and food
resource competition from tui chub in Lake Creek may also result in slight increases in trout
populations in the long-term.

Large wood amounts and stability would not be expected to change substantially in Lake
Creek as a result of the lake draw down. The majority of the complex aquatic habitat in Lake
Creek is in close association with stable large wood. The majority of this large wood appears
to have originated from adjacent riparian stands, and is often found in the exact location
where it originally fell (as a result of relatively stable flow patterns and low stream energy).
Many of the stable large wood pieces have remained in place for decades or more, as
evidenced by surrounding vegetation growth and/or channel features. Lake Creek is not prone
to severe high flows or debris torrents. Therefore, the large wood found in this system is
extremely stable when compared to other streams in western Oregon. Any pieces of wood
that might be mobilized during draw down activities would likely be captured and retained on
the next wood accumulation or channel bend downstream.

Areas of stream bank erosion currently present in the Lake Creek channel may be exacerbated
by the extended duration of bankfull flows. The majority of these naturally eroding areas are
located downstream of Thielsen Creek. This increased erosion is likely to be temporary in
nature, with erosion from these naturally unstable areas returning to pre-treatment levels
within a 3 to 5 year period after the draw down. The high level of channel complexity
provided by ample quantities of large wood and boulders would result in deposition of a large
portion of these sediments in gravel bars and other smaller depositional areas. As mentioned
in the existing condition for Lake Creek, there was no evidence that past lake draw down
activities in 1954 destabilized streambanks or aquatic habitat in this system. The estimated
stream flow of 180 cfs during the 1954 draw down (USDA, 1998) also indicates that
streamflows during that time period were likely significantly higher than those proposed in
these alternatives (i.e. 110 cfs).

Cumulative Effects:

The 1954 rotenone treatment, past, present, and future water rights and fish stocking are the
primary management activities that contribute to cumulative effects in Lake Creek. In this
context under Alternatives 1 and 4, fish populations in Lake Creek would be expected to
remain relatively unchanged over time (as stated under indirect effects). Although tui chub
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would continue to move out of Diamond Lake and into Lake Creek under these alternatives, it
is unlikely that tui chub could out-compete trout in the majority of this fast water stream
environment. Thus, cumulative impacts are considered to be minor.

Under Alternatives 2 and 3, there would likely be a short term reduction in trout populations,
followed by a longer term recovery of these fish. No tui chub would be present to compete
with resident trout. Physical habitat conditions may increase in quality for several years
following treatment, but would return to pre-treatment levels within a few years of the
action. Thus, cumulative effects to the Lake Creek fishery are considered to be minor.

LEMOLO LAKE

Direct, Indirect, and Cumulative Effects:

It is unlikely that any of the alternatives would result in direct effects to fish populations or
physical aquatic habitat in Lemolo Lake, due in large part to the relatively large distance
from Diamond Lake to this lake system (11 miles).

Alternatives 1 and 4 would result in the continued contribution of nutrient enriched waters
entering Lemolo Lake, potentially having an indirect and cumulative impact on trophic
interactions in that system. The slight increases in zooplankton and benthic organism
production may result in small beneficial impacts to trout and kokanee populations in Lemolo
Lake, due to the increased availability of food resources. However, these benefits may be
counteracted by the thousands of additional tui chub that would also move into Lemolo Lake
annually from Diamond Lake.

Alternatives 2 and 3 would likely result in a dramatic reduction of nutrient enriched waters
entering Lemolo Lake. Indirectly, this may result in slight decreases in zooplankton and
benthic organism populations in that system, and consequent decreases in the amount of food
resources available to trout and kokanee populations. It is also likely that the lake draw down
phase of these alternatives could result in a large pulse of tui chub being carried out of
Diamond Lake and into Lemolo Lake. However, installation of a trap to prevent fish
movement out of Diamond Lake (as described earlier) would minimize this potential impact.
In the short-term, this would likely have a small to moderate indirect negative impact on
these salmonid populations due to increased competition for food resources. Cumulatively
however, no further outmigration of tui chub from Diamond Lake would be expected in future
years due to their eradication with rotenone. The number of tui chub competing with trout
and kokanee for food resources would gradually lessen, and eventually reach a stable level.
This would likely result in small beneficial impacts to salmonid populations in the long-term.
Cumulative effects under all alternatives are considered to be minor.

The lake draw down associated with Alternatives 2 and 3 is likely to result in localized
increases in stream-bank erosion in Lake Creek. It is likely that a portion of the gravel and
fine sediment generated from this erosion would be deposited in Lemolo Lake. Based upon
preliminary analysis from the project Hydrologist and Geologist, it is unlikely that the amount
of material deposited in Lemolo Lake would be large enough to form a noticeable depositional
feature (fan, delta, bar, etc.). Based upon the large size of the reservoir, this small amount
of material would be inconsequential to the aquatic habitat found there.
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NORTH UMPQUA RIVER (FROM LEMOLO LAKE TO ROCK CREEK)

Direct, Indirect, and Cumulative Effects:

It is unlikely that any of the alternatives would result in direct or indirect effects to fish
populations in the North Umpqua River below Lemolo Lake, due in large part to the relatively
large distances from Diamond Lake to this portion of the North Umpqua River (Diamond Lake
is located 11 and 33 miles upstream of Lemolo Lake and Soda Springs dam, respectively). In
addition, the series of reservoirs in this portion of the North Umpqua River have a moderating
influence, virtually eliminating potential impacts associated with flow increases during lake
draw down, as well as nutrient and sediment contributions to downstream areas. The amount
of additional flow generated by the proposed lake draw down activities is small relative to the
North Umpqua system, and is within the standard of measurement error for the streamflow
gauging station located in the North Umpqua River near Copeland Creek. Numerous project
design criteria were also developed to specifically eliminate the potential for negative
aquatic impacts to occur.

Alternatives 1 and 4 would result in the continued contribution of nutrient enriched waters
entering Lemolo Lake, and ultimately the North Umpqua system. In combination with other
activities in the basin (i.e. recreation, timber harvest, fertilization, and hydropower
activities, this could result in a cumulative negative impact on trophic interactions in that
system (i.e. shifts in aquatic insect populations). Conversely, Alternatives 2 and 3, would
likely result in slight reductions of nutrient enriched waters entering Lemolo Lake and the
North Umpqua system. This may ultimately lead to slight beneficial impacts to downstream
populations of aquatic insects.

The extent of the potential negative or beneficial impacts to the trophic structures
downstream (from all alternatives) is likely to be relatively small when considered in context
with all of the other activities in the watershed (tables 9-11). Therefore, it is highly unlikely
that any of the alternatives would result in detectable impacts to fish species living in the
North Umpqua River below Lemolo Lake.

Potential Cumulative Effects Common to All Alternatives:

There is the possibility of introducing non-indigenous fish genetics into the indigenous fish
populations in the Umpqua Basin living downstream as a result of stocking Eagle Lake rainbow
trout and Kamloops rainbow trout. Even though all non-endemic fish proposed for stocking in
the various alternatives would be artificially sterilized (triploid), the procedures used to
obtain sterile fish are not 100% effective. In a report by the Idaho Fish and Game (Megargle
and Teuscher 2001), roughly 5-35% of rainbow and cutthroat trout strains sterilized using heat
shock techniques were found to be capable of successful reproduction. This report
demonstrates that different strains of fish often have differing susceptibilities to heat,
pressure, or chemical sterilization techniques. If a portion of the non-indigenous stocks of
trout proposed for use in Diamond Lake are reproductively viable, there is a remote chance
that these fish could interbreed with fish from the Umpqua basin.

This risk is considered to be relatively minor however, due to the improbability of this
actually occurring. Spawning habitat in Diamond Lake, and Short and Silent Creeks, is
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marginal at best, and has not resulted in substantial trout production in the past.
Furthermore, Eagle Lake rainbow trout are adapted to a closed lake environment, and they
are not considered to be migratory in nature (Paul Chappel, Personal Communication, 2003).
Non-sterilized Kamloops rainbow trout have been used in Diamond Lake for a number of years;
To date, no self-sustaining spawning populations of these fish have been detected in the
rivers, streams, or lakes within the analysis area.

Although Alternatives 1 and 4 would result in the continued presence of tui chub in Diamond
Lake, Alternatives 2 and 3 would likely eradicate tui chub from the lake for an unknown
period of time. Based on history and the cumulative activities listed in tables 9-11, such as
future recreational fishing and boating, it is reasonably foreseeable to predict that tui chub
may be reintroduced (accidentally or intentionally) at some point in the future. As pointed
out in the Diamond Lake/Lemolo Lake Watershed Analysis (1998), “given that two
introductions of tui chub have occurred, and that one introduction occurred approximately 30
years after the original trout stocking in 1910 and the other approximately 30 years after
rotenone treatment in 1954, it seems reasonable to assume that this is an appropriate
timeframe until the next reintroduction of a nuisance fish will once again require a major
management intervention.” If history is an accurate measure of this likelihood, then the 30
year timeframe would be an appropriate estimate. If tui chub remain or are reintroduced, it
is reasonable to assume that negative impacts to the recreational fishery would again occur.

Conclusions'*:

Based on the above discussion, Alternative 1 (no action) would continue to result in poor
physical habitat conditions in Diamond Lake, and contribute to nutrient and water quality
problems in Lake Creek and Lemolo Lake in the short and long-term. Alternative 1 would
result in the maintenance of large populations of tui chub, with a much smaller component of
catchable-sized salmonids that are stocked annually in the lake to maintain a small
recreational fishery (Table 25).

Alternatives 2 and 3 which would completely remove tui chub are more likely to result in
aquatic habitat quality improvements in Diamond Lake and Lemolo Lake. There would be
short-term impacts to Short, Silent, and Lake Creeks under these alternatives, but the extent
and duration of these impacts would be relatively minor. Physical habitat would likely return
to pre-project conditions within a week in Short and Silent Creeks, and within a few years in
Lake Creek.

In Alternative 2, a mix of salmonids would be stocked, including relatively small humbers of
fingerling rainbow trout (Fishwich or Oak Springs stock), and legal or trophy-sized predacious
fish species (Eagle Lake rainbow trout, brown trout, or spring chinook salmon). In the
absence of tui chub, these fish would be expected to thrive as they take advantage of the
abundant prey items available to them. Alternative 2 would result in multiple age classes of
trout being present in Diamond Lake at any given time.

'24All general discussions pertaining to the recreational fishery in Diamond Lake are in relation to the 1990 OFWC
management plan objectives of 100,000 angler trips per year, harvest of 2.7 fish per angler trip (or 270,000 trout),
with an average fish length of 12 inches.
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In Alternative 3, large numbers of domesticated rainbow trout would be stocked into the lake,
providing a relatively large recreational fishery. These fish would not be expected to utilize
available food sources to the extent seen in other strains of fish, and would not be expected
to survive through the winter months. As a result, substantial numbers of trout would be
present in the lake on a seasonal basis, and would be comprised of one general size and age
range of fish.

Alternative 4 would result in the maintenance of a reduced population of tui chub, and a
population of larger-sized predacious salmonids. Even though the numbers of fish stocked in
Alternatives 3 and 4 are similar, Alternative 4 proposes to use special angler harvest
regulations that limit the removal of large predatory trout in order maintain the predation
control effect on chub populations. This reduced ability to catch and keep larger fish may
decrease the desirability of the recreational fishery. Therefore, this alternative would likely
provide a moderate fishery when compared to Alternative 3. There are many additional
uncertainties associated with this alternative, including whether piscivorous salmonids would
prey upon tui chub, whether these salmonids would be able to prevent the expansion of the
remaining tui chub population, and whether mechanical chub removal methods would be able

to successfully remove 85-95% of the spawning chub population. Table 25 summarizes
alternatives effects on fish populations.

Table 25. Summary of Alternative Effects on Fish Populations.

Element Alternative 2 — Alternative 3 — Alternative 4 —
Measure or Alternative 1 — rotenone & rotenone & put and mechanical &
Issue No Action put- grow- take take fishF:a biological control
Indicator fishery y of chub
Expected Tui chub populations Based upon the past Based upon the past Tui chub populations
Tui Chub would remain high, rotenone treatment, tui rotenone treatment, tui may decrease slightly in
Populations limited only by available | chub would likely be chub would likely be the short-term as a
food and habitat eradicated from Diamond eradicated from result of commercial
resources. Lake Diamond Lake harvest, but would likely
(A Measure increase substantially

for Element 2

over time as remaining
fish compensate for this

Recreational by increasing body size
Fishery) and egg production.
Trout body Stocked legal-sized fish Stocked fingerlings would Stocked legal-sized fish | An unknown portion of
condition would continue to lose grow quickly due to would continue to lose the stocked larger-sized
body mass due to lack utilization of the abundant body mass due to their fish would likely gain
of food resources food resources (i.e. highly domesticated body mass as they prey
(A Measure zooplankton and benthic nature and lack of upon chub populations.

for Element 2

Recreational
Fishery)

organisms).

tendency to feed upon
available food
resources.
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Element Alternative 2 — Alternative 3 Alternative 4 —
Measure or Alternative 1 — rotenone & rotenﬁneaéveut ;nd mechanical &
Issue No Action put- grow- take take fishF:a biological control
Indicator fishery y of chub
Recreational | Recreational fishery Recreational fishery would | Recreational fishery Recreational fishery
Fishery would remain relatively likely be relatively large would likely be relatively | would likely be
And small due to small over time as stocked large due to stocking of moderate due to
. numbers of legal-sized fingerlings grow to large large numbers of legal- stocking of large
Estimated fish stocked and sizes. Numbers of fish sized fish. Fishery may | numbers of larger-sized
Annual continued low stocked may vary based not regain the former predacious trout.
Angler desirability of fishery upon biological indices. high desirability due to Fishery may not regain
Catch* (induced by lake Fishery would likely regain | presence of only one former high desirability
closures, algae blooms, | the former high desirability | size-class of fish, and due to angler harvest
(A Measure and low potential for due to the potential to put-and-take nature of restrictions that limit the

for Element 2

capture of large, high
quality fish). Annual
catch estimated to be

capture numerous large
sized, high quality fish.
Annual catch estimated to

fishery. Annual catch
estimated to be
between 80,000-

harvest of larger fish,
and continued lake
closures associated

Recreational | 10,000 fish/year in long- | be between 100,000- 160,000 fish/year in with toxic algae blooms.
Fishery) term (2007 and 200,000 fish/year in long- long-term. Annual catch estimated
beyond). term. to be between 50,000-
70,000 fish/year in long-
term.
Fish Experimental Fish Basic Yield Alternative, Intensive Use Featured Species or
Stocking Stocking Program in the | using ecological indices to | Alternative, large Trophy Fish Alternative,
short-term, followed by determine appropriate numbers of legal-sized large numbers of legal
Manage- stocking of 24,000 legal- | numbers of fish to stock. fish would be stocked or trophy sized fish
ment sized fish annually in the | (moderate to large put- annually (large put-and- | would be stocked
Strategy long-term (small put- grow-and-take fishery). take fishery). Minimizes | annually, with special

(An indicator

and-take fishery).

potential impacts of
fishery on water quality.

angler harvest
regulations (moderate
put-and-take fishery,

for Issue 1 — X X
Fish with potential for some
. catch-and-release size
Stocking) restrictions).
Fish Species | Continued Fishwich or Oak Springs Trout Lodge stock of Eagle Lake rainbow
Mix Selected | €xperimentation with stock rainbow trout rainbow trout, with trout (Featured Species
f legal sized Eagle Lake fingerlings, and smaller smaller numbers of Alternative)
or Use > - :
An indicator rainbow trout, br_own numbers of Iar_ger sized Iarger sized Eagle Lake Or
( trout, and/or spring Eagle Lake rainbow trout, rainbow trout, brown Brown trout or
for Iss_ue 1= | Chinook salmon in the brown trout, or spring trout, or spring Chinook | Kamloops Trout
Fish short-term. Small Chinook salmon. salmon. Represents a (Trophy Fish
Stocking) numbers of legal sized different stocking Alternative).

Eagle Lake rainbow
trout in long-term.

strategy than Basic
Yield.

Represents a different
strategy than Basic
Yield with a focus on
larger numbers of
different species of
predators.

* Estimated annual angler catch values were developed by the Oregon Department of Fish and Wildlife, 2003.

ACS Consistency:

As discussed previously throughout this document, large populations of tui chub are directly or

indirectly tied to the existing conditions of poor water quality, toxic algae blooms, and

suppressed zooplankton and benthic invertebrate populations. Therefore, any alternative that
would not improve these conditions would retard attainment of Aquatic Conservation Strategy

objectives. The most relevant ACS objectives are those that call for the maintenance and
restoration of water quality (objective 4)'*, and habitat (objective 9)'* in order to support

2 ACS Objective 9 — Maintain and restore habitat to support well-distributed populations of native plant, invertebrate,

and vertebrate riparian-dependent species.
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ecosystems. Water quality must remain within the range that maintains the biological, physical, and chemical integrity
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species and communities. As such, Alternative 1, the no action alternative, would continue to
retard attainment of ACS objectives.

Each of the action alternatives has the potential to result in improved aquatic conditions in
the long term. Therefore, each of these alternatives would be consistent with the ACS. The
degree to which conditions are improved and the longevity of those improvements would
likely vary by alternative. Therefore, some alternatives would better meet the long term
intent of the ACS than others. Alternative 4 would result in a partial removal of the chub
population, and stocking of up to 250,000 larger-sized predacious fish. It is unknown whether
the mechanical and predatory controls on tui chub populations would be effective at keeping
their populations at a relatively low level. Therefore, this alternative may not be as effective
at improving aquatic conditions in the long-term as other alternatives that propose to
completely eradicate tui chub.

Alternatives 2 and 3 would result in complete eradication of the tui chub, and restocking of
rainbow trout. Alternative 2 would primarily restock rainbow trout fingerlings under a put-
grow-and take scenario. Fingerling stocking levels are expected to be relatively conservative
(low) at first, and would be modified (increased or decreased) over time based upon
biological indicators of aquatic health. Therefore, Alternative 2 would result in substantial
improvements to water quality, zooplankton, and benthic organism populations in the long-
term (due to the removal of the chub), but there would always be some level of predation
pressure exerted on the aquatic organisms because the stocked fingerlings would forage on
the zooplankton and benthos (due to the put-grow-and take fish stocking scenario).

Alternative 3 would restock up to 400,000 domesticated rainbow trout annually under a put-
and-take stocking strategy. Unlike the fingerling stockings, these highly domesticated fish are
not expected to prey upon the available food sources of zooplankton and benthic organisms,
and would not be expected to survive through the winter months. As a result, this alternative
is likely to result in the largest improvement to water quality, zooplankton, and benthic
organism populations in the long term (due to removal of the chub and lack of predation on
the other aquatic organisms).

Although there would be no short-term impacts to aquatic habitat, Alternative 4, which does
not completely eradicate tui chub, may be the least effective of the action alternatives at
movement toward attainment of ACS objectives, due to uncertainties regarding the efficacy
of mechanical and biological population control methods. As a result, the extent and duration
of improvements to aquatic habitat in Diamond Lake and Lemolo Lake under this alternative
are uncertain. Based upon the failure of past efforts to partially control chub populations in
Diamond Lake and elsewhere, it is likely that the long-term effects of Alternative 4 would be
similar to those of Alternative 1.

In summary, from water quality and aquatic organism standpoint, the relative ACS ranking of
each alternative would be as follows (from best to worst):

of the system and benefits survival, growth, reproduction, and migration of individuals composing aquatic and riparian
communities.
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Alternative 3 - Most effective at moving toward attainment of ACS objectives
Alternative 2 - Effective at moving toward attainment of ACS objectives
Alternative 4 - Least effective at moving toward attainment of ACS objectives
Alternative 1 - Retards attainment of ACS objectives

Aquatic Biological Evaluation of Proposed, Threatened, Endangered and Sensitive (PETS)
Aquatic Species

There are eight aquatic species on the Regional Forester’s sensitive species list that are
considered in this biological evaluation. Only one species, coho salmon, is listed as
Threatened under the Federal Endangered Species Act. The habitat requirements for the
sensitive aquatic insects listed in Table 26 is not present and none have been encountered
during annual sampling in Lake creek since 1989 (B. Wisseman, personal communication).

The nearest habitat for coho salmon and the three other sensitive salmonids considered here,
is located in the North Umpqua River within the Middle North Umpqua 5th field hydrologic
unit below Soda Springs dam, a distance of 33 stream miles from the Diamond Lake project.
Habitat for the Umpqua chub is found 70 stream miles from Diamond Lake in the main stem of
the Umpqua River.

Virtually all of the potential effects to downstream aquatic resources associated with this
project would be mitigated and/or eliminated as a result of the development of mitigation
measures and best management practices listed in Chapter 2 (also called protective Project
Design Criteria in the context of consultation). Moreover, the three large reservoirs
downstream of the project (Lemolo, Toketee, and Soda Springs reservoirs) provide water and
sediment storage and energy dissipation which lessen the downstream effects of the winter
draw down, or partial draining of Diamond Lake.

Table 26. Biological Evaluation and Effects Determinations for PETS Aquatic Species

Step #1 | Step #2 Step #3 Step #4 Conclusion of
Prefield Field Effects Effects
Review Process | Review Recon Determinati
on
Habitat | Species Effects Determination
Present | Present by Alternative
Invertebrates * 1 2 3 4
Mt. Hood primitive no no no NI NI NI NI
caddisfly
Cascades apatanian no no no NI NI NI NI
caddisfly
Tombstone Prairie no no no NI NI NI NI
caddisfly
Alsea micro no no no NI NI NI NI
caddisfly
Fish **
Oregon Coast coho no no yes NLAA NLAA NLAA NLAA
salmon
Oregon Coast no no yes MIH MIH MIH MIH
steelhead trout
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Step #1 | Step #2 Step #3 Step #4 Conclusion of

Prefield Field Effects Effects
Review Process Review Recon Determinati

on

Habitat | Species Effects Determination

Present | Present by Alternative
Umpqua chub no no no NI NI NI NI
Oregon Coast no no yes MIIH MIIH MIIH MIIH
cutthroat trout
Oregon Coast no no yes MIH MIH MIH MIH
chinook salmon
EFH no no yes WNAA WNAA WNAA WNAA

*Field review of species presence and habitat was conducted by Bob Wisseman, Aquatic Biology Associates, Inc.

**The nearest habitat for anadromous fish is located approximately 33 miles downstream of Diamond Lake, in the
North Umpqua River below Soda Springs Dam.

Key to determinations:
-The threatened coho and EFH determination calls follow the nomenclature established by NOAA Fisheries:
NE= No Effect; NLAA= Not Likely to Adversely Affect; and LAA= Likely to Adversely Affect
-For sensitive species including all species in the table except coho, determinations follow the nomenclature
established in the Forest Service Handbook:
NI= no Impact; MIIH= May Impact Individuals or Habitat but will not Likely Contribute to a Trend Towards
Federal Listing or Cause a Loss of Viability to the Population or Species; and WIFV= Will Impact Individuals or
Habitat with a Consequence that the Action May Contribute to a Trend Towards Federal Listing or Cause a Loss
of Viability to the Population or Species.
-For Essential Fish Habitat: WNAA = Would Not Adversely Affect.

Essential Fish Habitat (EFH) Under the Magnuson-Steven Fishery Conservation and
Management Act (MSA)

The MSA requires Federal agencies to consult with the Secretary of Commerce regarding any
action or proposed action authorized, funded, or undertaken by the agency that may
adversely affect essential fish habitat (EFH) identified under this law. The MSA defines
adverse effects as any impact, which reduces the quality and/or quantity of essential fish
habitat. Adverse effects include direct, indirect, site specific or habitat wide impacts,
including individual, cumulative or synergistic consequences of actions. This law deals with
commercial fisheries. Coho and Chinook salmon are considered for this project.

The Diamond Lake Restoration project is expected to have an extremely low likelihood of
causing an effect upon EFH, the species considered, and their major freshwater prey species.
Major prey species are considered to be a variety of aquatic macroinvertebrates, including
but not limited to the aquatic and winged adult phase of the following insect groups:
stoneflies, mayflies, caddisflies, and midges. No substantial direct, indirect, cumulative, or
synergistic effects to EFH are anticipated under the project. Coho and Chinook salmon are not
found in the vicinity of the project planning area; and the chances of any effect being
realized are so small as to be considered discountable and insignificant. Therefore, the
proposed action and its alternatives have been given the following EFH effects determination:
“Would Not Adversely Affect” (Table 26).

Habitat and Watershed Indicators used in Endangered Species Act Consultation.
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NOAA Fisheries uses a set of 18 indicators to assess conditions for Threatened and Endangered
Species during the consultation process done under the Endangered Species Act. This
assessment is typically accomplished at the scale of both 5th and 6™ field watersheds. The
fifth field watershed containing coho and Chinook salmon is the Middle North Umpqua
watershed. Since the Diamond Lake project would have no influence on individual 6th field
sub-watersheds, this baseline condition evaluation only considers the main stem North
Umpqua River. The 18 indicators recognized by NOAA fall under five headings (Table 27)
discussed here.

Water Quality

Maximum Water Temperature:
The Diamond Lake Restoration project would have no impact on maximum summer water
temperatures in the North Umpqua River below Soda Springs Dam.

Sediment and Turbidity:

The largest potential for streamside erosion, sediment entrainment, and turbidity increases
would come during the draw down portion of the project, and would stem from three small
areas of stream bank instability along Lake Creek. The majority of the sediments are of
volcanic origin, and do not stay in solution for long periods of time. Based on field review of
potential erosion areas in Lake Creek, as well as anecdotal accounts of the 1954 draw down,
the potential for large sediment and/or turbidity increases associated with this project is low.
In addition, based on Lake Creek stream gauge data, the relatively small increase in stream
flows during the draw down period (- 50 cfs), would be well within the range of natural flows
that have helped form the current channel of Lake Creek over the past several decades.
Therefore, any sediment and/or turbidity increases caused by draw down activities would
likely be small, and would settle out in the system of reservoirs prior to reaching anadromous
fish bearing waters.

Chemical Contaminants/Nutrients:

Nutrients: Alternatives 1 and 4 would result in the continued contribution of nutrient
enriched waters entering Lemolo Reservoir, and ultimately the North Umpqua system. In
combination with other activities in the basin (i.e. recreation, timber harvest, fertilization,
hydropower activities, and others) this could contribute to a cumulative negative impact on
trophic interactions in that system (i.e. shifts in aquatic insect functional feeding groups).
Conversely, Alternatives 2 and 3 (in combination with the cumulative activities listed above)
would likely result in slight reductions of nutrient enriched waters entering Lemolo Reservoir
and the North Umpqua system. This may ultimately lead to slight beneficial impacts to
downstream populations of aquatic insects as elevated nutrient levels begin to decrease
slightly.

The extent of the potential negative or beneficial impacts to the trophic structures

downstream (from all alternatives) is likely to be relatively small when considered in context
with all of the other activities in the watershed (Tables 9-11). Therefore, it is highly unlikely
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that any of the alternatives would result in detectable impacts to aquatic insect populations,
or fish species living in those areas.

It is highly unlikely that any of the alternatives would result in direct, indirect, or cumulative
effects to fish populations in the North Umpqua River below Soda Springs Reservoir.

Chemical Contaminants: Before chemical treatment of the lake, lake outflow through the
canal would be closed and the only flow in Lake Creek would be from groundwater and
tributaries. A recent low flow investigation of Lake Creek (September 2003) revealed that
there is little accretion of flow from groundwater or tributaries from the outlet to Sheep
Creek, about 5.5 miles downstream. This segment of channel would likely have little to no
flow with only some pooled water for about 2-3 months. The same investigation measured
about 0.84 cfs at the mouth of Sheep Creek. The largest flow contribution to Lake Creek
would be from Thielsen Creek, about 8 miles downstream of the outlet. Thielsen Creek may
contribute as much as 5 cfs during this dry channel phase. The limited to no-flow condition
for this 8-mile segment of Lake Creek would not change until lake water becomes safe to be
released through the canal after treatment (i.e. no chemicals detected). Flow would be
gradually released from Diamond Lake about 2-3 months after closing the canal. The initial
release would be about 10 cfs in the spring when flows historically have been 5-7 times
greater as measured at the USGS gaging station on Lake Creek.

The risk of precipitation refilling Diamond Lake and spilling lake water into Lake Creek before
it is determined safe during the canal closure phase is very low. Accumulative rainfall after
canal closure would have to be greater than 20 inches in order to refill the lake and return
flow at the outlet to Lake Creek. The canal closure phase would occur during the last month
of the low flow period, which coincides with low precipitation (September), but would
possibly extend to the middle of the fall rainy season (early November). Based on historic
weather data, the average rain fall for this time period (September 15" to November 15%)
was 7.5-inches and the probability of receiving as much as 20 inches is extremely low.
However, a mitigation measure is incorporated into both Alternatives 2 and 3 that would
reconstruct the outflow structure of Diamond Lake in Lake Creek to an elevation that would
contain any unexpectedly large amount of rainfall during this two month period.

Inert Ingredients, Metabolites, and Other Chemicals

None of the chemicals associated with the powdered or liquid forms of rotenone proposed for
use would be expected to persist in the environment for more than a few weeks. Therefore,
no impacts to downstream aquatic resources would be expected as a result of the proposed
chemical treatment. See the Aquatic Biological Evaluation for additional information.
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Habitat Elements

Physical Barriers: The Diamond Lake Restoration project would have no impact to physical
barriers on the main stem North Umpqua River.

Large Woody Material: As channel size increases, the size required for LWD pieces to remain
stable also generally increases. The role and frequency of LWD generally decreases in large,
confined channels like the analysis section of the North Umpqua, although accumulations of
LWD into large debris jams are locally important. Currently, densities of large wood within
the North Umpqua River are very low and believed to be well below that which would exist in
a river bordered by the type of late seral forest that is found along the North Umpqua.

The majority of the wood mobilization that occurs in the North Umpqua River coincides with
larger storm/stream flow events. Therefore, it is highly unlikely that a 3% increase in stream
flow (see FLOW/HYDROLOGY section below) would result in mobilization and flushing of larger
wood in the North Umpqua River. Therefore, activities associated with the draw down
portion of the Diamond Lake Restoration Project would not impact large wood loading in this
system.

Substrate: The majority of the stream bed and banks of the North Umpqua River are
considered to be well armored with bedrock, boulders, and cobble substrates. Limited gravel
substrates can be found in association with depositional features such as stable large wood,
boulder formations, or certain bedrock outcroppings. As a result, these substrates are
relatively stable. Based upon the extremely small increases (see FLOW/HYDROLOGY section
below) in stream flow that are likely to occur during the draw down portion of the project, it
is highly unlikely that any changes in substrate size, amount, or distribution would occur as a
result of the Diamond Lake Restoration Project.

Pool Character: The vast majority of the pools in the North Umpqua River main stem are
formed as a result of variations in large boulder and bedrock formations, not scour into
alluvial substrates. As a result, these pools are inherently stable. It is highly unlikely that
any changes in pool character would occur as a result of minor stream flow increases caused
by the draw down portion of the Diamond Lake Restoration Project.

Low Velocity Refuge: Low velocity refuge habitat typically occurs in side channels, on
floodplains, or in association with complex accumulations of large woody material. In the
North Umpqua River, this low velocity refuge habitat is in relatively short supply naturally
when compared to other rivers of this size. Overall, side channels are rare habitat features
along the North Umpqua River, floodplains are limited in size and extent, and large wood is
relatively infrequent. As mentioned below, the relatively small increase in stream flow that
would occur during the draw down phase of the Diamond Lake Restoration Project is
considered to be insignificant. It would be highly unlikely to negatively impact the amount of
low velocity refuge habitat in this system.

Refugia: Based on the consistently large amounts of relatively cold water during the Summer
months, the entire main stem portion of the Middle North Umpqua 5% field watershed could
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be considered as an anadromous fish refuge. The Diamond Lake Restoration Project would
have no negative impact on this condition.

Channel Condition and Dynamics

Width/Depth Ratio:

The majority of the stream bed and banks of the North Umpqua River are considered to be
well armored with bedrock, boulders, and cobble substrates. As a result, channel dimensions
in this river are not easily changed. It is highly unlikely that changes in width/depth ratio
would occur as a result of the extremely small increases in stream flow that would occur
during the draw down portion of this project.

Streambank Condition:

The majority of the stream banks of the North Umpqua River are considered to be well
armored with bedrock, boulders, and cobble substrates. As a result, these banks are
considered to be inherently stable. Based upon the extremely small increases in streamflow
that would be expected during the draw down phase of this project, it is highly unlikely that
any change to streambank condition would occur.

Floodplain Connectivity:

No floodplain impacts, or channel incision would be expected along the main stem North
Umpqua River as a result of this project. Therefore, the Diamond Lake Restoration Project
would have no impact on floodplain connectivity.

Flow/Hydrology

Changes in Peak/Base Flows:

Once the draw down flow reaches Lemolo Reservoir, it would be absorbed into the larger
reservoir until a flow equilibrium is reached. In addition, a portion of this increased flow
would be absorbed through reservoir operations. PacifiCorp is a partner in this project and
would work with the draw down operation to avoid large changes in reservoir storage and
release. Therefore, no major changes in the seasonal streamflow regime below Lemolo Dam
in the North Umpqua River would be expected.

Minor changes to fall, winter and early spring stream flows in the North Umpqua River below
Soda Springs Dam are likely to occur as a result of the Diamond Lake draw down. These
changes would result in an average stream flow increase of approximately 50 cfs for a 4-7
month period. However, no changes to peak flow levels would be expected from this project
due to the fact that naturally occurring storm-generated flows would be allowed to flow
through the system, without additional draw down flow volumes added to them. Once these
large storm flows recede below the bankfull stage, additional water from the lake would
again be added in order to bring stream flows back up to bankfull levels, and continue the
draw down process.

The bankfull flow in the North Umpqua River below Soda Springs Dam is approximately 5,500

cfs (as measured at the USGS gauge below Soda Springs dam). The average monthly flow of
the North Umpqua River during the draw down period (as measured at the USGS gauge below
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Soda Springs dam) is approximately 1,560 cfs. In Water Resources Data publications by USGS,
the accuracy of the flow measurements at the North Umpqua River above Copeland Creek
gage is described as being within 10 percent of the actual for 95 percent of the flows. While
the minor flow increases mentioned above would be likely to occur, the average increase of
50 cfs is within the measurement error of the stream gauge at the Copeland site, and
represents roughly 3 percent of the average base flow of the North Umpqua River at this
location during the proposed draw down period. Therefore, this minor flow increase meets
the definition of an insignificant effect where, “based on best judgment, a person would not:
(1) be able to meaningfully measure, detect, or evaluate insignificant effects”.

In addition, a chronological evaluation of average monthly flows during each of the fall and
winter months indicates that yearly variations in same-month flows can range from +/- 4 to
over 1,000 cfs for the same month. This high level of monthly flow variation over the years is
clearly evident in the 54 years of flow data for this gaging station.

Year Month Average Stream Flow (cfs)
1994 November 792
1995 November 1,295
1996 November 2,324
1997 November 1,241
1998 November 1,697
1999 November 1,177
2000 November 934
2001 November 902

Drainage Network:

No roads would be constructed or decommissioned as a result of this project. Therefore, no
changes in drainage network would be anticipated as a result of the Diamond Lake Restoration
Project.

Watershed Conditions

None of the 4 Indicators for watershed conditions recognized by NOAA Fisheries (Road Density,
Disturbance History, Riparian Reserves, or Landslide Rates) within the Middle North Umpqua
River 5% field watershed would be affected by any Alternative.

All the Action Alternatives included in the Diamond Lake Restoration project were found to
maintain the existing condition of the 18 indicators, (rather than degrade or restore the
condition) (Table 27). In this case of the chemical/nutrient indicator, the action alternatives
begin a trend toward restoration with a small decrease in the downstream contributions of
nutrients to the North Umpqua River where coho salmon are found.

Table 27. Matrix of Pathways and Indicators for the Middle North Umpqua 5 field
watershed.

I Environmental Baseline I Effects of Alternatives 2, 3, and 4 I
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Re!evant Proqerly At Risk Not ?m'.)' Restore Maintain Degrade
Indicators Functioning Functioning
Water Quality
Maximum Temp X (1,3) All alts.
Sediment &
Turbidity X (1,2,3) All alts.
. All alts.
Chermcal/ X (3) (trend toward
Nutrients
restore)
Habitat Elements
Physical Barriers X (1,3) All alts.
Large Woody
Material X (1,2,3) All alts.
Substrate X (1,3) All alts.
Pool Character X (1,3) All alts.
Low Velocity
Refuge X (1,3) All alts.
Refugia X (1,3) All alts.
Channel Condition
and Dynamics
Width/Depth Ratio X (1) All alts.
Streambank
Condition X (1,2,3) All alts.
Floodplain
Connectivity X(1.2) Al alts.
Flow/ Hydrology
Changes in
Peak/Base Flows X(1,3) All alts.
Drainage Network X (1) All alts.
Watershed
Conditions
Road Density X (1) All alts.
Disturbance Historyj| X (1,2,3) All alts.
Riparian Reserves X (1,2,3) All alts.
Landslide Rates X (1,2) All alts.

The relative condition values listed for the indicators in Table 27 were derived from the
Middle North Umpqua Watershed Analysis (USDA, 2001), field reviews associated with other
projects in the area, and professional judgment.

GROUNDWATER

Groundwater flow patterns in the project area are relevant to three significant issues
identified in scoping and described in Chapter 1: water quality, non-target species, and
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wetlands. Scoping identified a concern that rotenone treated water would escape Diamond
Lake through the groundwater and negatively impact water quality and fish and wildlife
species in Lake Creek and the North Umpqua River System. This issue is tracked under the
title groundwater investigation and is also discussed in the fish and wildlife sections of this
chapter. There is also a concern that water containing rotenone would migrate through the
groundwater into the drinking water wells of the summer homes on the west side of Diamond
Lake. This issue is tracked under the title water quality-water chemistry. Finally, scoping
identified a concern that drawing down Diamond Lake would have a negative impact on
wetlands adjacent to the lake. This issue is tracked under the title water quantity-
groundwater discharge and recharge, and is also discussed in the terrestrial and wetland plant
sections of this chapter.

BACKGROUND- AFFECTED ENVIRONMENT

Groundwater can be defined as that subsurface water that occurs beneath the water table in
soils and other geologic formations that are fully saturated (Freeze and Cherry 1979). Water
enters the groundwater system as precipitation or snow melt infiltrating soil and rock through
cracks and pores eventually migrating down to the saturated zone'®” where groundwater
actually flows. In some instances recharge areas can be an impoundment such as a lake or
pond. After entering the ground it moves through the system to discharge areas, which are
areas where subsurface water is discharged to streams or other bodies of surface water, such
as lakes or ponds. Storage and flow of groundwater are controlled to a large extent by
geology. In the Diamond Lake watershed, the geology is a major factor controlling recharge
and discharge to both a shallow and a deep aquifer. The pumice soils generated from
volcanic activity have high infiltration rates that allow a high percentage of the precipitation
and snow pack to recharge the aquifers.

The principle geologic factors that influence groundwater movement are porosity and
permeability of the rock or soil material through which it flows. Porosity, in general terms, is
the proportion of a rock or deposit that consists of open space. In a gravel deposit, this would
be the space between the individual pebbles and cobbles. Permeability is a measure of the
resistance to the movement of water through the rock or deposit. Deposits with large
interconnected spaces, such as gravel, have little resistance to groundwater flow and are
therefore considered highly permeable. Rock or deposits with few, very small, or poorly
connected open spaces offer considerable resistance to groundwater flow and, therefore,
have low permeability.

The hydraulic characteristics of geologic materials vary between rock types and within
particular rock or soil types. For example, in sedimentary deposits the permeability is a
function of grain size and the range of grain sizes (degree of sorting). Coarse, well-sorted
gravel has much higher permeability than fine, silty sand deposits. The permeability of lava
flows can also vary markedly depending on the degree of fracturing. The highly fractured,
rubbly zones at the tops and bottoms of lava flows and in the interflow zones are often highly
permeable, while the dense interior parts of lava flows can have very low permeability
(Gannet, 2001).

127 Saturated zone is the depth, below which all of the pores in the soil or geologic matrix are filled with water, thus
allowing the water to flow.
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Sherrod (1986, 1991) describes the surficial geologic material of the Diamond Lake basin as
consisting of glacial drift (Qgd), lacustrine (Ql), and ash (Qaf) deposits resting on top of the
basaltic andesite bedrock, see Figure 32. These surficial deposits comprise a shallow
unconfined aquifer in the Diamond Lake basin. The glacial deposits consist of stratified and
unstratified drift with particle size ranging from silt to boulders. The lacustrine deposits are
comprised of well-bedded'?® unconsolidated sand and gravel consisting primarily of medium to
coarse grained crystal-lithic-pumice sand that is generally medium to well sorted, thin to
medium bedded, and parallel bedded. Some lacustrine deposits are as high as eight meters
above the current lake level. The ash deposits are from the Mount Mazama eruption and
consist mainly of unsorted, pale-grayish-white ash. At Diamond Lake the ash flows ponded in
excess of 12 m, as interpreted from water-well cuttings (Sherrod 1991).
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Figl;re 32. Geologic map of Diamond Lake, showing the Drift, Lacustrine, and Ash flow
deposits.

The regional groundwater flow direction in the Diamond Lake watershed follows the typical
pattern of a mountainous terrain. Groundwater is recharged via snow melt and rain
infiltrating into the soil and bedrock which percolates down, following the pattern of
topographic relief until it reaches the lake, where it discharges. In the Diamond Lake area,
groundwater recharge occurs mainly at the higher elevation in the mountains above and

128 Bedded refers to the distinct layering of sediment that accumulates over time in the lake basin and can usually be

detected visually.
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around the lake. Also, recharge occurs to both, a deep basaltic bedrock aquifer'®, which is
typically greater than 100 feet below the ground surface as well as to the shallow aquifer.
The shallow groundwater aquifer generally follows the perimeter of the lake until it pinches
out along the eastern, western and northern shores. Along the southern boundary of the lake,
the shallow aquifer extends south to encompass the lacustrine deposits and some of the ash
deposits, shown on Figure 32. The exact extent of the shallow aquifer south of the lake has
not been investigated and therefore is not known at this time.

GROUNDWATER INVESTIGATION

Monitoring Wells

Any impacts to the groundwater from contaminated lake water are expected to occur in the
shallow aquifer not the deep aquifer. In the Diamond Lake basin, the deep aquifer is confined
and exhibits artesian conditions. What this means is that water in the deep aquifer is
separated from the shallow aquifer by an impermeable layer of rock and the water in the
deep aquifer is confined and under pressure. When a well is installed into the deep aquifer,
through the impermeable rock layer, the water level in the well will rise (see Figure 33). If
the water level rises above the ground surface, it is referred to as a flowing artesian well. In
the Diamond Lake area this artesian flow is evidenced by the springs that form Silent Creek
and Short Creek and the water level in the wells of some summer cabins that have deep wells
which penetrate into the deep aquifer. The tendency of water to rise out of the deep aquifer
will act to inhibit shallow groundwater from infiltrating into the deep aquifer, acting as a
barrier restricting the downward migration of water from the shallow aquifer. Therefore, if
the shallow aquifer were to become contaminated with rotenone or algal toxins they are not
expected to migrate into the deep aquifer.

Though it is not likely that the deep aquifer could become contaminated by toxins from the
lake, the shallow aquifer might. Therefore, a groundwater investigation was initiated during
the summer of 2003 to determine the characteristics of the shallow aquifer surrounding
Diamond Lake. The shallow aquifer is the source of many shallow wells used by summer home
residents and one campground. A total of sixteen monitoring wells, installed as pairs, 300 to
600 feet apart, were placed at various locations around the lake (Figure 34).

129 Aquifers are areas beneath the earth’s surface that contain groundwater.
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Diamond Lake area, the deep aquifer is
confined by a layer of impermeable bedrock which causes the groundwater to be under
pressure. The shallow aquifer (water table) is unconfined and not under pressure.

Groundwater monitoring wells were installed and screened at depths approximately 10 to 15
feet below the level of lake draw down proposed in Alternatives 2 and 3. See the
Groundwater report for the depth and screened interval for each well. Having the wells
screened at these depths allows for determining changes that may occur in the direction of
groundwater flow before, during, and after any manipulations of the lake level.

Installation and development of the wells was completed on July 29, 2003. Groundwater
elevation measurements were collected from August 5, through November 5, 2003 and are
included in the discussion of the shallow aquifer.

See the Groundwater report for the groundwater elevation data for all of the wells. Additional
groundwater elevation measurements will be collected throughout the winter and spring of
2003 -2004. The data will indicate any change to the groundwater flow direction over the
period when elevation measurements are collected. Changes in the groundwater flow pattern
are expected to occur as the groundwater elevation rises and drops throughout the normal
yearly hydrologic cycle. As recharge diminishes over the summer and groundwater elevations
drop to below the level of the lake, the direction of groundwater flow can reverse. When this
occurs, the lake begins to recharge the groundwater and will continue to do so until the level
of groundwater rises above that of the lake, or the lake level is lowered to below that of the
groundwater.
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Figure 34. Ground Water Monitoring Well Locations in the Shallow Unconfined Aquifer at

Diamond Lake.
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During the snowmelt in late spring and early summer it is expected that groundwater
elevations will rise and all groundwater will discharge into the lake. Figure 35 shows the
various flow patterns that can occur around a lake such as Diamond Lake.

A Diagram A illustrates typical

— — groundwater flow patterns in late
= . Pt spring and early summer. Snowmelt
{ i N— ] and precipitation raise the water table
[ "s.x S N and groundwater moves into the lake.
| | v —_ y. J
[ \‘ - P | ;r'

" Diagram B illustrates typical
groundwater flow patterns in late
Laka gurface summer and fall. Water leaves the lake

and enters the groundwater aquifer.
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T\ ; an
N\ /]
-.\ 1 £ |
¢ Diagram C illustrates the scenario
o where ground water is discharging to
" SN the lake, the lake is recharging ground
p MosTer A water, and a portion of ground water is
T "\ e f_.«/ not interacting with the lake, but
k —r T flowing beneath it.
\ '-.II /

Figufe 35. Cll'nanges in groun'd water flow patterns around a lake. A - ground water
recharge to the lake, B-the lake recharges ground water, C - the lake acts as both
recharge and discharge area (U.S.G.S. Circular 1139).

The current groundwater elevation data indicate that during late spring, summer, and early
fall, groundwater flow direction is toward the lake. In an area along the east and northeast
near wells MW-A1, MW-A2 and MW-B1, (Figure 34) groundwater levels have been at, or slightly
lower than that of the lake from the beginning of the data collection period. However, the
hydraulic gradient™° from the outermost wells has been toward the wells located closest to
the lake. In other words, throughout the spring, summer, and early fall the groundwater flow
direction is toward the lake as determined from the water elevations in all of the outermost
wells. There are no drinking water wells in the shallow aquifer in the area of monitoring
wells MW-A1, MW-A2, and MW-B1. Therefore, there is no risk of exposure to rotenone or algal
toxins from groundwater in this area.

The groundwater flow direction is expected to reverse as the water table continues to drop
throughout the year. Once flow reversal has occurred, lake water will recharge the shallow

130 Hydraulic gradient is the difference in water level between two wells divided by the distance between them and has

units of ft/ft. The direction of groundwater flow is from the well with the higher level to that with the lower level.
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aquifer and will continue until spring snow melt. The predicted time when flow reversal will
occur (for those wells not already exhibiting reversal) was calculated from the hydrographs
for those wells. The hydrographs for each monitoring well are shown in Figure 5 of the
Groundwater report. Flow reversal is predicted to occur in all monitoring wells except MW-B2
by February 2004. Table 28. shows the actual or predicted time when the groundwater level
will drop below that of the lake. MW-B2 is not expected to fall below the level of the lake.
Wells MW-E1, MW-E2, MW-F1 and MW-F2 are all located on the western shore in the area of
the summer homes, and as such are the wells which are monitored to determine when flow
reversal occurs and if contaminated lake water is flowing toward the summer home wells.
Table 28 shows that flow reversal occurred at wells MW-E1 and MW-F1 (closest to the lake) by
mid August, but that the outer set of wells still showed a gradient toward the lake. However,
the predicted time for reversal to occur in the outer wells is mid November (see the
Groundwater report for well hydrographs). The data indicates that water from the lake will
begin recharging the groundwater in the summer home area by mid August and is expected to
continue until the groundwater table rises during spring snowmelt. That is the time period
when the summer home wells could potentially become impacted from contaminated lake
water.

Table 28. Actual or predicted groundwater flow reversal for Diamond Lake monitoring
wells.

Well Number | Inches above lake Actual or Predicted Time of Reversal
MW-A1 -4.46 08/05/2003
MW-A2 -3.28 08/05/2003
MW-B1 -2.05 08/05/2003
MW-B2 46.73 Not expected to occur
MW-C1 0.26 11/12/2003
MW-C2 4.37 02/18/2004
MW-D1 -0.08 11/05/2003
MW-D2 0.04 11/12/2003
MW-E1 -0.21 08/19/2003
MW-E2 2.87 11/18/2003
MW-F1 -0.93 08/19/2003
MW-F2 1.31 11/12/2003
MW-G1 Dry Well N/A
MW-G2* -21.8 08/05/03
MW-H1 Dry Well N/A
MW-H2 Dry Well N/A

* The very small amount of water (2 inches) temporarily in MW-G2 may have been from water introduced into the borehole to
hydrate the bentonite seal.

Wells installed in Thielsen campground (MW-G1) and in the far northwest corner (MW-H1 and
MW-H2) have been dry since data collection began. MW-G2 had two inches of water in the
well after completion, but soon became dry. The water in the well may have been from water
used to hydrate the bentonite seal and not groundwater. These wells were drilled to a depth
of 19 to 24 feet below the current level of the lake and, as with the other wells, were
expected to intercept groundwater at those depths. However, since these wells are dry, two
things could be occurring: either there is no groundwater in this area, or a steep gradient
exists and groundwater is exiting the lake at a depth greater than the screened interval of the
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wells. In order to answer this question, the U.S. Forest Service will conduct additional
hydrogeologic investigation in this area in spring 2004.

Downstream Seepage Study

If groundwater is migrating out of the lake basin at a depth below which the current wells can
monitor, it could be discharging into Lake Creek. Therefore, it was necessary to determine if
it was surfacing in Lake Creek, downstream of the outlet. In September 2003, the U.S. Forest
Service conducted a groundwater seepage study along a six mile length of Lake Creek. The
study was conducted while the creek was at base flow. A series of stream gauging transects
were completed at intervals along Lake Creek (Breeden 2003). Any increase in flow to Lake
Creek at base flow could only come from groundwater discharge (all surface inputs separated
out), which could possibly be coming from the northwest area of the lake. The results of this
investigation indicate that Lake Creek receives no appreciable increase in flow due to
groundwater discharge to the creek. The conclusion drawn from this study was that even if
groundwater was migrating from the lake basin in the area of MW-H1 and MW-H2 wells, it is
not discharging into Lake Creek within the first six miles of the lake outlet, and therefore,
chemical treatment would have no deleterious effects on this reach of Lake Creek.

There is the possibility that groundwater could discharge at a location further downstream.
However, given the hydraulic conductivity'' of the shallow aquifer, the time required for a
release to travel that distance, and the propensity for migration of rotenone to be severely
retarded due to its strong tendency to attach to sediments, it is very unlikely that rotenone
would discharge via the groundwater at a concentration that would negatively affect any
receiving body of water.

Groundwater Quantity Study

The quantity of groundwater flowing into the lake varies as the gradient changes and with the
permeability of the geologic material. Pumping tests'*? were conducted on six monitoring
wells to determine the hydraulic conductivity of the aquifer material.

The quantity of groundwater flowing into the lake was estimated by dividing the lake into
different sections and calculating the flow for each section. The differentiation for each
section was based upon the hydraulic conductivity of the aquifer material associated with a
specific well and extending that area from that well to a point midway between the next set
of wells. See the Groundwater report for the map of the sections.

Flow into the lake was calculated in two ways'**. The conclusion drawn from this flow analysis
is that the contribution of groundwater to the total inflow into the lake is substantial so any

3" Hydraulic conductivity is a measure of the ability of fluid to move through a porous media and is a function of the

fluid properties and physical properties of the media such as the size and shape of pores, and effectiveness of the
interconnection between the pores. It has units of L/T, (i.e. cm/sec).

¥2The results of these pumping tests were: the shallow groundwater aquifer at Diamond Lake exhibits a range of
hydraulic conductivities of 7.9 X 10”° cm/sec in the northwestern area of the lake (MW-F2) to 5.92 X 102 cm/sec in the
southeastern area (MW-C2 and MW-D2). See the Groundwater report for the results of the pumping tests and the
Iogs for all of the wells.

133 The first method for calculating flow used the well specific values for hydraulic conductivity, hydraulic gradient and
the cross sectional areas for a specific well section. This method calculates the flow for each of the defined sections
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impacts to groundwater from proposed lake restoration activities could have an impact on the
overall groundwater quality of the shallow aquifer

WATER QUALITY - WATER CHEMISTRY

Mixing of groundwater with surface water can have major effects on aquatic environments if
factors such as pH, temperature, dissolved oxygen, and nutrients are altered, or the addition
of contaminants occurs. Thus, changes in the natural interaction of groundwater and surface
water caused by human activities can potentially have a significant effect on aquatic
environments. The flow between groundwater and surface water creates a dynamic habitat
for aquatic flora and fauna near the interface (hyporheic zone). In most cases, these
organisms are part of the food chain that sustains a diverse ecological community. Studies
indicate that these organisms may provide important indications of water quality plus adverse
changes in aquatic environments. For example, wetlands are dependent on a relatively stable
influx of groundw