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INTRODUCTION

The Moses Lake Irrigation & Rehabilitation District is committed to improve the water quality
of Moses Lake. It is our goal to enhance the recreational aspects of the lake and to rehabilitate

the lake to further the health, welfare and quality of life of the citizens that surround it.

The Moses Lake Irrigation and Rehabilitation District (MLIRD) is the primary agéncy for

planning and implementation of efforts to revitalize Moses Lake, grant County, ington.
The Moses Lake Irrigation District was formed in 1928 and authorized téymanage irrigation
water distribution in the Moses lake region. MLIRD has held a Cer%: er Right for
storage of 50,000 acre feet since 1952. N\

ion districts to\onvert to irrigation

iﬁcally‘eta&ed for the district.
LIR Was formed and is authorized

In 1962, the state of Washington authorized certain irrig
and rehabilitation districts (RCW 87.84.010)-legislati
The Moses Lake Irrigation and Rehabilitation Di&iet

to “further the rehabilitation or improveme n es as shorelines, and the modification
or improvement of existing or planned gontrol structures located in the district in order to

further the health, recreation, and welfare of the fesidénts in the area” (RCW 87.84.050).

\

ion and Reha ion District (MLIRD) received a grant
' §n State Department of Ecology (DOE) to develop an
helake body of Moses Lake. In May of 2008, a grant

In 2004 the Moses Lake Irrig
(number G0600278) fro

integrated lake aqua

extension reque\as made to the Department of Ecology and the extension was granted in
June 2008‘ pir¢ion Jume 30,2009

Mo§s Ii& ' % Ae (surface area) water body with approximately 120 miles of shoreline,
and'is located 1, Gzant County, Washington. At a water surface elevation of 1047 feet, the depth
ranges 35 feet deep. Moses Lake’s water shed is inclusive of portions of Lincoln,
Adams, Grant, and Spokane Counties and receives perennial flows from Crab Creek and Rocky
Ford Creek. Rocky Ford Creek contributes substantial flow but is a spring-fed stream with a
very small surface drainage area. The Crab Creek drainage is approximately 2,200 square miles
as measured upstream of the U.S. Bureau of Reclamation (USBR) gage located at Road 7 NE (3-
miles upstream of Moses Lake). Rocky Coulee Wasteway drains to Crab Creek approximately
1.5-miles below the USBR gage on Crab Creek.
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Fig 1. Aerial View of Moses Lake Waterb€ ‘

Table 1. Physical Characteristic ‘of Moses Lake (EBain 1990) (based on water surtace elevatlon of

1046 ft).
Moses Lake
Surface Area 6,800 acres
Maximum Depth 38 faet
Mean Depth 18.5 feet
Yolume 126,000 acre-fest
Total Length 20.5 miles
Parker Hurn
Mean depth 126 feet
Area 758 acres
Wolume 9,520 acre-feet

Pelican Horn

Mean Depth 15.6 feet
Area 1 600 arcres
Vaolume 25,000 acre-feet

The purpose of an integrated aquatic vegetation management plan is to create a working model

design for the Moses Lake Irrigation and Rehabilitation District can use to mobilize effective
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actions that will rehabilitate the waterbody and protect the beneficial uses of Moses Lake. This
model will refer to the waterbody as a “system” dealing with existing conditions and processes
of the waterbody which must exhibit change in response to planned rehabilitation activities.
The model will be a plan to promote beneficial uses of the lake, including wildlife habitat, water

quality, increase the reservoir volume and provide water saving measures.

GOALS & OBJECTIVES \
N

This project has several goals and objectives to be attained. Moses Lake Irrigation &
Rehabilitation District has the responsibility to maintain and enhanﬁh at uah‘t‘y d

usability of the fresh water reservoir known as Moses Lake. In r \ in additional goals
or objectives we need to determine the primary goal which is exactly what &nt ife, existing

water quality, and existing or potential outside influence§exist.

® Survey and map the existing aquati
# Establish the lake bottom existing condi

# Determine the most effectivemn
# Ascertain possible fundeg:)pw

The general goals of this manag&lent pWo

@ Define, describe %t&vegetatbn data using appropriate GPS mapping
techniques.
QA

& Describe agemeng ofdeuatic vegetation.
N 4
@ Describ%%nent of lake’s water temperature.

eans of managing aquatic plants

@ Describe management of sedimentation in eight specific areas.
@ Describe management of blue-green algal blooms

@ Describe management of trapped phosphates and nitrates

# Describe management of water quality improvement

@ Describe acration water features and their efficacy.
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The objectives of this plan are to:

#® Map and apply the water quality results (data) to the management plan, data from the
“2006-Summary of water sampling for Moses Lake” by Peter S. Buragoon, PhD., PE,

Principal Environmental Scientist.

# Map and apply aquatic vegetation and bottom sampling (data) to the management plan,

data from by the GPS “2008 Survey Mapping of the aquatic vegetationand bettom
sampling” by Dave Klutz, Managing Member of Lakeland Restorath
h

# Map and integrate sedimentation into the management plan

Mboses Lake
~

lt&Lts

@ Apply relevant shoreline data provided by the “20Q5 Final'Praft o he City of Moses

Management Plan” by Grette Associates, Environment

Lake, Shoreline Inventory and Characterlzatlo e Depar ent of Geography and
Land Studies, Central Washington Umve
@ Apply relevant flora and fauna data @b ashington State Fish and Wildlife.
@ Apply relevant data provide by e U. Mf Reclamation.

@ Develop a “Use Map” with legendsMaterbody of Moses Lake.

HISTORY OF T S LAKE IRRIGATION AND REHABILITATION DISTRICT

The follo@g i 1st of p and ongoing contributions of the MLIRD to rehabilitation of the

Wat/erb
A r management actions to control nutrient input from agricultural lands

through partnering with farmers and adjacent conservation districts via the

Clean Lakes project in the 1980’s. This has improved water quality and

recreational opportunities in Moses Lake.

#® Constructed a pumping station, using grants from the Washington Department

of Ecology and the U.S. Environmental Protection Agency that pumps water
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between Parker Horn and Pelican Horn. This has improved water quality in

Pelican Horn.

8 Developed an ongoing program to harvest and dispose of nuisance submerged
vegetation using mechanical weed harvesters. This has maintained open

channels free of excessive vegetation, debris and foreign material and has

improved fish habitat and recreational opportunities. \
R
# In cooperation with Washington Department of Fish and Wildlife ( W),
. » X

installation and maintenance of a screened carp barrier in orn
increasing the amount of rearing habitat availabl %y

ish species.
N\

#® Conducted water quality studies in Moses Lake aterbo‘iho]laboration with
the Washington Department of Ecology andithe Universigy of Washington.

#® Sponsors annual lakeshore cleana&effo by %nteers, involving trash removal

of 30 to 50 cubic yards per yem
L

#® Manages the operation ‘ Conw formerly Airman’s Beach, on Rocky

Ford Arm for the lqlefit of recreational users and area residents.

#® Coordinates irrigagionywvater flow management through Moses Lake waterbody
ir with the Bureau of Reclamation. These inputs have a

n water quality in the lake. Supports efforts to control the

(ar opula % ;
'I m cooperative efforts from the Washington State Department of Fisheries
LT and Wz%ife, Drumheller Dam was constructed to improve Rocky Ford Creek
N infestation and through sedimentation at the dam to slow and reduce the

entrance of phosphates into the waterbody of Moses Lake
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Figure 2. City Jurisdiction o es\Lake Shoreline

Historically the s Lake has had responsibility for the shoreline management. The

city shoreline faanagementyplan is reflected in the MLIRD lake management plan.

PR D IMPEICATIONS

Moses ndowners, business owners, general public, steering committee, and Moses Lake
Irrigation &Rehabilitation District (MLIRD) employees have identified problems and
implications of invasive and non-indigenous aquatic vegetation. Problems were identified
through public complaints reported directly to MLIRD and through public meetings. The
original problem focus was Eurasian Milfoil (Myriophylhum spicatum L.) and has been the

focus of the harvester program since the 1980s.
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Eurasian water milfoil (Myriophylhum spicatum L.) is an exotic, submersed aquatic plant,
considered one of the most aggressive and troublesome species in North America. Current
evidence suggests it to be native to Europe, Asia, and northern Africa; it was introduced in the
United States near Washington, DC in the early 1940s (Couch and Nelson 1985). Since that
time, it has spread throughout much of United States and now occurs in southern provinces of
Canada, in British Columbia, Quebec, and Ontario (Sheldon and Creed 1995, Jacono and
Richerson 2003, Washington State Department of Ecology 2003). The succesStf Furasian
watermilfoil in a wide range of aquatic systems is attributable mainly to tw@importangplant
characteristics: the plant’s ability to photosynthesize at low temper res‘x\g it to grow
rapidly to the surface in spring and increasing its ability to com $

high latitudes (Barko and Smart 1981; Barko et al. 1982); and it

number of propagules (fragments) that disperse to other ageas to
(Kimbel 1982; Nichols and Shaw 1986; Madsen et al. .1 m frag‘menés may result from
mechanical breakage (allofragments) or through &t ralprocesses associated with plant
senescence (autofragments). Stolons or undergro ners provide additional means of
expanding the plant bed as well as seryifig as primary structures for perennation (Madsen et al.
1988). Although the role of seeds in the disperMspecies has not been rigorously studied,
its seeds have shown high Viabﬂi‘}in the IWy but are seldom observed growing in nature
(Aiken et al. 1979; Madsen,an el 988, 1989; McFarland and Rogers 1998).

The spread of non/i’n nous aquatic vegetation causes significant economic and ecological

problems througheutiNorth America. Invasive, non-indigenous species are one of the leading
threats to ﬁ&colo cal

‘stems and water delivery systems caused by nuisance exotics has raised

grity of forests, grasslands, and water bodies. Identifying the threat

conéerngwi epresentatives from local, state, and federal agencies as well as private water

Aquatic vascular vegetation consists of flowering plants and ferns that cultivate submersed in
water float on the surface, or have basal segments flooded with foliage and upper parts
immersed. Dissimilar in form and habitat, many aquatic plant species have become established
in the United States outside of their normal range. Introduced intentionally or non-

intentionally non-indigenous vegetation can colonize aquatic communities where they compete
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with and often displace indigenous species. Eurasian Milfoil and Brazilian elodea (Egeria densa)
are examples, well known for their ability to modify physical and biological denotation of
aquatic environments. They influence water quality, fisheries, recreation, and development.
Pondweeds (Potomogeton spp.) species can interfere with irrigation and drainage ways.
Planktonic algae and filamentous can block waterways, influence water quality, and produce

toxic blooms in lakes and ponds.

N
The Moses Lake community has recently undertaken an extensive evaluation at i
community, including the lake and associated lake front property. This Nl was
better utilization of the lake with associated economic and recreatio‘l unities® This
effort is identified as the “VISION 2020 project. The potentia in Mos e with its
long shoreline and shallow depths to become over-run with invasive spegies 6f aquatic weeds
and to suffer major losses of recreational tourism in the area and calisg ceOnomic hardship in an
already stressed economy. Property values are irrgac vironmental conditions. Aquatic
vegetation both non-indigenous and indigen& n has &come a nuisance to boating by

becoming intertwined with propellers, to fishermanipy tangling fishing gear, and to swimmers
%

and water skiers with similar entangle‘ents. \ ’

The waterbody of Moses Lake ha&]evelo an jnfestation of Eurasian watermilfoil that has
established itself in the shallo aswef the lake. This has affected the fish habitat, boating
navigation and dissolyed ox e s&the lake water. For the past several years the
watermilfoil has béen hagvested throughout the summer growth season, as a management
practice. Thalftk a&ov:v lake and responds to temperature changes much more rapidly
than a degfer [ This camyresult in eutrophic algal blooms during the warmer temperature
seas/on.‘l\r} abﬂ‘z Leaf Pondweed can become a serious waterbody problem and must be
monitored carefull

An additiomal problem is sedimentation in Moses Lake due to natural and human-accelerated
processes. Specific impacts of accumulated sediment are: 1) decreased open water habitat for
fish and wildlife; 2) blocked access to boating facilities; 3) limited open water for recreation
boating; 4) degraded water quality; and 5) nuisance growth of submerged aquatic vegetation. In

the absence of active management actions, many portions of the lake will proceed through a
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process of succession that reduces the value of the lake as a community resource and as habitat

for important species of fish and wildlife.

Urban Growth-the expansion of urban growth exacerbates the ecological concerns of the

waterbody.

=
Agricuitural land use; E

Prmarny source of
rvtrient loading

‘. Crabtr Creelk: Primary
" source of phosphorous
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=
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Figure3. Urban Growth 200

habitat is the continued pace of urban land conversions, land development patterns; especially

that remove riparian cover and erode productive topsoil. Urban tolerant species, like raccoons
and crows, invade the remaining habitat from the urban edges, supplanting and driving out
remaining native species. Exotic species of plants and animals can become a nuisance when they

reduce the amount of habitat and resources used by native species. In addition, stabilization
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methods such as bulkheads often associated with residential development disconnect the

critical ecological linkages between the water and land environments.
Specific Riparian issues:

#® New development can be regulated to ensure protection of riparian habitat and

migration corridors. A

# Use zoning and shoreline regulations to prevent encroachment of ripatian and wetland
habitat by new development within the SMP jurisdiction, includingthe u%fers
and adequate shoreline setbacks for new construction. N

@ Protect wetland and riparian vegetation within SMP jugi igate effects of

upland nonpoint pollution sources, both by maintaini

shtﬁline and aquatic

\

1 4

plants was well as preventing their removal.

@ Prevent protection of shoreline with hard stru

Fish: Moses Lake does not support anadro $s Mosé‘Lake Fishery Restoration

Project has increased recreational angling for resideng fish stocks to compensate for the loss of
N

similar opportunity in the region due t0 hydropewer development and operation with the

mainstream Columbia River, Wh? the haEitat :is en so severely altered that opportunities

for compensation cannot be réalized:

New Development: % W &elopment and setback legislation can be used to
fl ew

mitigate stormwates lopments should be required to use Stormwater Best

Management Pra&e . P
: W i

Water q'ity\ ‘

V.o

@ tla riparian vegetation within SMP jurisdiction can be protected by mitigate
ctsef upland sources.
@ Public education on fertilizer and pesticide impacts may be useful, especially for
shoreline residents.
@ Slow runoff from construction sites with proper erosion controls.
@ Avoid development on hydric or highly erodible soils.

@ Identify neighboring jurisdictions for coordination of water quality management plans.
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Restoration Actions

Hydrology issues: Work with Bureau of Reclamation to alter dam and irrigation operations,

such as timing drawdown to limit impacts to aquatic vegetation.

Water quality issues: Effects on lake from upland developments can be addressed through
integration with GMA planning. Direct storm runoff away from waterways or install
containment ponds. Highlight locations for most effective stormwater retrofitting. “Reduce
fertilizer (phosphates) use on agricultural and residential land near shorel\k

Riparian habitat issues: Implement a program (City of Moses Lake‘) eside
terrestrial and emergent vegetation; retrofit shore protection sefuctiites With gineered
approaches; restore riparian vegetation and function. Majntain getatl\b‘er along shoreline
zones to help limit nonpoint source pollution. Maintain and enhanee,th¢ biological and physical
functions and values of wetlands. Provide for rea rs around wetlands in order to
provide a local habitat for wetland plant an ﬂ unitié, and to reduce or minimize

intrusions from humans and domestic anim ip strategies should be implemented

for the long term management of Wed‘is. I\We natural value of wetlands to control

and filter storm water runoff. \ l

WATERSHED AREA

Moses Lake’s Wate dy has o;&xately 120 miles of shoreline and a surface area of

approx1mately 1s over 20 miles in length, and is located in Grant County,
Washmgt sﬁrféce elevation is 1047 feet and the depth ranges from 2 to 35 feet
deep. \ t

O\

Thewatcrbodyief Meses Lake is shallow and was originally created by ice age glacial floods that
covered“muc Eastern Washington. During this period the Missoula Floods periodically
discharged large volumes of water, some of which reached Upper Crab Creek by overtopping
the divide between the Columbia drainage and the Crab Creek drainage, and some diverted into
the Columbia River to enter Crab Creek at Moses Lake. As a result, substantial coulees and

scablands were created in the Upper Crab Creek drainage.
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The Moses Lake watershed includes portions of Lincoln, Adams, Grant, and Spokane counties
and receives perennial flow from Crab Creek and Rocky Ford Creek (Figure 4). Rocky Ford
Creek contributes substantial flow but is a spring-fed stream with a very small surface drainage
area. The Crab Creek drainage is approximately 2,200 square miles as measured upstream of the
U.S Bureau of Reclamation (USBR) gage at Road 7 (located 3 miles upstream of Moses Lake).
Rocky Coulee Wasteway drains to Crab Creek approximately 12 miles below ghe USBR gage

on Crab Creek (Figure 4). y
The Rocky Coulee Wasteway, a concrete channel, was constructed Nthe BR to
provide a means to divert water from the East Low Canal into C‘ e se§'Lake, and

Potholes Reservoir. The upstream end of this concrete waste instat a O ile-long rock
dam that diverts surface flows from Rocky Coulee to the wasteway. /ﬁp&ximately 0.6 miles

downstream of the diversion dam, the gated diversio Channdﬁorg« the East Low Canal

converges with the wasteway and flows approxhtt 4 to Crab Creek.
Prior to construction of the wasteway, Ro eeldrained south to Lind Coulee and not to

Moses Lake. During spring runoff a te orary lake would¥form in the area of Rocky Coulee near

the location of the diversion dam. The'drainage ocky Coulee contains a high proportion
of dryland wheat farms and a m&h smal of irrigated lands. There is no defined stream
channel in the reach of Rock lee 1mmed1ately upstream of the diversion dam due to tilling
of the entire width of ghe co durmg infrequent surface flow events in the coulee, a
channel is cut thI‘u illed fields by flowing water. The construction of Rocky Coulee
Wasteway added 1mately 185 square miles to the natural drainage area of Crab Creek and
Moses La’ we th teway was constructed, the flow of any spring or seasonal runoff
ind *

P

e and form a collective lake near the area of the dam at Rocky Coulee.
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Despitesall t rk and benefits of the Clean Lakes Project (Bain 1990) Washington
te Department of Ecology placed Moses Lake, Rocky Ford, and Crab Creek on the
0 . The lake was listed with a Category 5 listing for Total phosphorus. The
lake'outlet was also placed on the 303(d) for pH based on samples collected from 1993 -
2001. In addition to the water quality listings the lake was listed for elevated
concentrations of 2,3,7,8 TCDD and PCBs in fish tissue (WA DOE 2005). Crab Creek
was listed for high pH and temperature at several locations (mouth to Moses Lake, at

USGS gage station, Road 16 crossing) (WA DOE 2005).
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The above maps (aré¥iew) in the land use activities surrounding the waterbody.
@

The data represénted was from 2005 and was developed by Central Washington State

College fos&e Cityof MosesLake.

REGION N\Du$s

Theland'in th Crab Creek watershed is agricultural in nature. There is rangeland (630,00

acres), ropland (130,500 acres) and dryland farming (781,000 acres in the upper
watershed).{(Bain, Jr.,1990) There is considerable irrigated cropland to the west, southeast, east
and northeast of the lake, including low density rural development and irrigated agricultural
land. The urban and suburban shoreline has residential development extending along much of
the lake shoreline, with considerable activity along the southern shorelines of the lake. A dense
area of development exists along the peninsula between Parker and Pelican Horn. In total, more

than 27,000 people reside around the lake, the majority are found in and around the city. The
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area has seen considerable growth and development beyond the city boundaries into
unincorporated areas during the past 19 years. The waterbody of Moses Lake has also

experienced rapid growth along the shoreline.
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Nonpoint nutrient source locations
Residential growth in the Moses Lake area has increased 12.3% in the past five years. This
represents an increase of about 1200 people. A significant portion of the growth is occurring in
the Cascade Valley and on the eastern shore of Moses Lake south of interstate 90. Both areas are
outside the City limits but inside the Urban Growth Boundary. Figure 10 shows the areas in the
Urban Growth Area (UGA) that are not currently on the City Sewer system. Cur‘ently there
are about 3,156 acres of land available for residential development in the Cascade Valley. About
917 acres of that total has 491 dwelling units with septic systems. There may,be mor tic
systems than this since Grant County Health District does not have *ste xled prior to
XN

1993 in their electronic data base. \

N\
t fromighe ovxers (personal

hosp}m!from septic systems

could increase significantly as the available lakeside landiis de

The City will annex parcels and provide sewer upon req

communication, Grant County Planning 2006). The lo

@ped prior to annexation and

installation of a sewer collection system. Phos

to average about 8,000 ug/L TP. Approrsat 30% of the phosphorous is removed in the

septic system effluent can be expected

septic tank (Lombardi 2006). Assumingan avera ic tank wastewater, the approximate

load to the drain field from 491 ho\ses WiWrage of 3 people per house and 80 gpd/kg soil
can estimate the total phosph a \
4

R

ﬁ' \;

N\
N

N
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Figure 11. Well and g %ing sites
F , OUTFLOW, AND MANAGEMENT

as originally a natural lake, it was designated for irrigation water

facility to the southwest. The water level in Moses Lake is controlled at the southern end of the
lake by two outflow structures, one owned by the MLIRD and one owned by the USBR. The
current operating scheme entails drawing the water level of Moses Lake down to an elevation of
1042 feet in November to allow off-season access for maintenance and construction and to

provide flood storage to Potholes Reservoir. The water level naturally increases starting in
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February or March, and by April, it reaches an elevation of 1047 +/-feet to store and convey

irrigation water and support recreation and all other beneficial uses.

The two major sources of inflow to Moses Lake are Crab Creek, which flows into the northern
tip of Parker Horn, and Rocky Ford Creek, which flows into the north end of the lake (Figure 1).
Overall, Crab Creek where it enters Moses Lake exhibits a highly unusual flow regime that is
sustained by groundwater, affected by flood episodes fed by snowmelt in the wat%rshed, and by
Bureau of Reclamation feed route releases through Rocky Coulee Waste a;}u ove Moses
Lake. Most of the annual discharge volume of Crab Creek is contributedyby Rocky,Coulee
Wasteway during several months of the spring and summer. The \w entersCrab Creek
approximately one and one-half miles above Moses Lake and tegap imately 85% of
the total inflow to the lake from all sources. The Columbia Bagin irrigiio‘oroject’s East Low
Canal is the source of water for Rocky Coulee Wasteway excq‘du;ing infrequent winter

storms. Rocky Ford Creek and the mainstem ofr (Gloyd Seeps springs) contribute
approximately 10% and 5% respectively of tl& nto Méses Lake (WDOE 2002).

The Bureau of Reclamation recently sgadiedyoptionsyforiincreasing the overall flow rate year-
round via Crab Creek from the Billy CIMVOH through Moses Lake to provide
supplemental feed water to Poth&s Resctyoir for use by the South Columbia Irrigation District
(U.S. Department of the Inte 00¢). This would involve discharges from Lake Billy Clapp
(&k, increasing the flow in Crab Creek by 100 to 500 cfs.

During late summer 11 of 2006, the USBR tested this feed route with discharge of
approximate&rL 15 stg thie test period, flow at the mouth of Crab Creek was attenuated
by entrané® of ‘the feed water into the ground. No appreciable increases in discharge at the
§ “re noted during the Fall 2006 feed route test. A NEPA Environmental

through the natural ch@anne

mouth 95
Assessment formall proposed supplemental feed options has been prepared by USBR. In contrast
to Crab €reckipRocky Ford Creek exhibits a typical stable flow pattern as seen for most spring-

fed streams."Annual mean flow in Rocky Ford Creek is approximately 78.2 cfs (WDOE 2000).

Flows through Moses Lake vary substantially on a seasonal basis. In early April, Rocky Coulee
Wasteway (and therefore Crab Creek) is at its peak annual flow (2238 cfs, April 1* average
2000-2001) and is used to transfer water from the USBR’s East Low Canal through Moses Lake

into Potholes Reservoir for use by irrigators in the South Columbia Basin Irrigation District.
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Flows from the wasteway are reduced to 20-100 cfs from the springs and outflow of Gloyd
Seeps, along the bluff area. The 100-year flood peak discharge for Crab Creek is predicted to be
14,100 cfs. By December, Crab Creek typically reaches its annual low flow (20 cfs, 2000-2001

average).

As previously mentioned the northern or main arm of the Moses Lake waterbody is fed by a
small spring fed tributary known as Rocky Ford Creek. A small dam was constrited in 1987 at

the lower end of Rock Ford Creek as part of the Moses Lake Clean Lake Projec‘t mis
Drumbheller Dam. This dam was designed to prevent upstream migratio NI:O thecreek
n

system as part of the program to enhance water quality within the C‘ es Iake
waterbody. High phosphorous concentrations are associated R\k Creek

system and were aggravated by carp activity within the Creek. This bar*r)ovided a carp
holding area and made efforts to rehabilitate the creel feasible. Carpyyere eroding the banks

and uprooting vegetation within the creek. The rQ" in p in the Creek were eliminated
by the Department of Fish and Wildlife and ut was established. In 1966 vandals
removed the stop logs on the dam and comp%‘n m

h

detention or holding area was eliminated and were allowed to migrate upstream into

’s water quality control. The

Rocky Ford Creek. The State Department of Fisheries and Wildlife repaired the dam and
rehabilitated Rocky Ford Cregk during 1998

\
&

. ) 4
&

N\
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ord Confluence

o focused on nitrogen sources, particularly the deep

wells have been monitored on a 5 year cycle to provide a historical database and records on

water quality in the lake since the completion of the Clean Lakes Project.
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Managing Water Flow

Although Moses Lake waterbody was natural in origin, a dam was constructed at the tributary
of Crab Creek (at the south end of the lake) to control water levels. Water lost to irrigation and
water flowing into the waterbody produces a flow through the waterbody and reduces hyper-
eutrophism. Additional water flow is created through a controlled flushing action and further
reduces the eutrophic nature of the waterbody. The outlets to control the additiogal flow are

regulated by the Bureau of Reclamation and the Moses Lake Irrigation Rehabﬂl.];a District.

LAKE QUALITY

Moses Lake is classified as a Lake class under Washington State wate ua ity standards
(Chapter 173-210A WAC). Rocky Ford Creek is classifie@has Class,A, andCrab Creek as Class
ed thehui?ements for all or

. 'hgdustrial, and agricultural water

B. Lake class and Class A waters are required to meet
substantially all, of the following characteristic u&sz d
supply, stock watering, salmonid and other n, rearing, spawning, and harvesting;
wildlife habitat, recreation (primary comfact tecreation, sport fishing, boating, and aesthetic
enjoyment); and commerce and navigation. Cwers are required to meet or exceed the
requirements for most of the precx_ing usW@ﬂ 2000).

Moses Lake exhibited
During the Clean Iék roject,

onditions prior to the Clean Lakes Project in the 1980s.

grant funding from EPA and DOE, about $8 million dollars
in projects were impl d to,clean the lake. Key projects that significantly improved lake
water quw?m the &em 1) eliminating direct disposal of wastewater in the lake; 2)
ColumbiaRiv: hr*versmn from East Low Canal down Rocky Coulee Wasteway and into
Moses bake, d 3) conversion of rill irrigation to center pivot irrigation on surrounding

agriéul “The MLIRD was the lead agency managing these projects and the lake.

Large algal mats that were common and contributed to fish kills were eliminated. However, as
is common in lakes, the clear water provided a better habitat for submerged aquatic plants.
Both native and invasive aquatic plants became well established due to the clearer water

coupled with the ever increasing sediment deposits on the lake bottom. The MLIRD owns and
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operates two weed harvesters to remove excessive growth of aquatic plants that hinder

recreation and boating in the lake.

Despite improvements to lake quality, the phosphorus concentrations still exceed state water
quality standards. Therefore Moses Lake was placed on the Clean Water Act 303(d) list in 2004

for elevated concentrations of phosphorus.

&

Annual inflows of feed water from Rocky Coulee Wasteway during the er months

continue to have positive impacts on water quality in Moses Lake igating water

quality concerns for significant parts of the year. This is a successfu th gontinuing.

The efforts of the MLIRD, such as the water pumping station rker Pelican Horn
and the weed harvesting program, have also contributed to im ovemen\owater quality in the

lake. This project is addressed in detail as a demonstrationyproject i\the}/lanagement Plan.

In 2006 sampling efforts were focused on determini

rces 6f phosphorous that may be
entering the waterbody of Moses Lake. Twgof t ary sources evaluated was the
wastewater to groundwater at the Lars@i*Wastewatep Treatment and from residential septic
systems. These were chosen as the point of fcw% since they are known sources of

relatively high loads of phosphorc}s to theWwater. The resulting data would determine if

it would be necessary to controlvia available wastewater treatment technology. The goal was to

estimate phosphorou m these sources and compare them to load reductions

recommended in l& gton State Department of Ecology TMDL assessment (see

Summary of Wat mg\For Moses Lake, by Peter Burgoon).

GEOLOG OFMI\‘)SES LAKE AREA
Y o

The'subsurfacetstratigraphy of the Moses Lake area consists of a series of thick Miocene-age
basalt lava flowss and interbedded sediments is known as the Columbia River Basalt Group
(CRBG). most recent basalts underlying most of the Moses Lake area are Roza, member of

the Wanapum Basalt formation of the CRBG.

Throughout much of the area, the basalts are directly overlain by fine-grained deposits known as
the Ringold Formation. Ringold sediments in the Moses Lake area are primarily comprised of

lacustrine, clay, silt and fine sand. These sediments are thicker to the west and thin out east of
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the lake waterbody approximately one mile west of Crab Creek. Previous research indicates the
Ringold sediments separate Moses Lake from the underlying basalt units for much of the area

between the airport and the City of Moses Lake.

Overlying the Ringold sediments are a sequence of Pleistocene-age flood deposits that surround
the majority of the lake. These flood deposits, known as the Hanford Formation, consist of
large, well-stratified boulder to granule-sized basaltic gravel with some deposits b sand, silt and

“Q
non-basalt gravel.

The Hanford Formation flood deposits are highly permeable and carﬁll round ater
movement. Reported hydraulic conductivities in this formatio ¢ fro 028,000

ft/day. In addition, because of the coarse nature of these depo

atloarates through the
vadose zone are considered to be quite rapid with little aftenuati capac y for pollutants (Pitz,

2003; MWH, 2003).

Moses Lake has been described as a regional ture fobshallow groundwater within
the Columbia Basin. Groundwater elevatlonm anford and Ringold deposits just east
of the lake indicate the main direction grou ow in this area is in a south to
southwest direction, with groun&vater discharging to the lake along the eastern shoreline

(Figure 13). Groundwater disehargevolume e lake from the lower permeability Ringold

deposits is at a limited i\ & (Pitz 2003; MWH, 2001).

Table 2. External TP load contributions to Moses Lake (May through September) during critical
load conditions and TP loads following 35% load reductions (Carroll 2006).

TP load, TP load after 35% TP Load reduction
External Source K . .

g reduction(kg) ikg)
Crab Creek 1765 1147 551
Rocky Coulee Wasteway 87 447 240
Groundwater 2150 1398 752
Columbia Basin Hatchery' 7T A0 22
Columbia Basin Hatchery Spring 1582 1028 554
Troutlodge Hatcheries' 394 259 139
Focky Ford Cresk a0a9 2008 1081
TOTAL 3379

'Hatcheries contributions based on 2001 production levels.

Recharge for both the unconsolidated aquifers and the basalt aquifer is primarily from irrigation.
Primary creeks entering Moses Lake, Rocky Ford Creek and Crab Creek are both groundwater

discharge areas. The recharge to the Rocky Ford stream area comes from the northwest
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(Ephrata), and north (Soap Lake), and the northeast (Adrian). Recharge to the portion of Crab
Creek between Adrian and Moses Lake is primarily from the east and northeast. Direct

groundwater recharge to Moses Lake is from both east and west (Figure 13).

\

$ e 4

Zologic Basemep Soume: WLNE, 1528

/ \\ afier Crulk, 1980
¢ r T DY e
\ 4

Figure 133Groundwater flow direction in the Moses Lake basin (arrows). Tan areas around

lake are Pleistocene gravel and sand flood deposits (from Pitz 2003).

GROUNDWATER QUALITY

A historical median TP concentration of 20ug/l has been reported from wells sampled between

1942 and 1992 in the central Columbia Plateau (Pitz, 2003). These data showed no clear trend in
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TP concentration with depth as might be expected from a buried geologic source. Reported TP
concentrations averaged 35 ug/L as P in groundwater from wells less than 150 feet in the Moses

Lake area since 1980 (Pitz 2003).
NATURAL CONDITION OF PHOSPHOROUS IN AREA GROUNDWATER

Existence of surface or subsurface geologic deposits containing phosphate minerals were

suggested to cause elevated phosphorous concentrations in the groundwater ifythe

area. Detailed mineralogical descriptions of the Hanford and Ringold Formations ar¢ limited in

literature but there are not references to the presence of significant %})sp'x\
it

\

eral deposits
2N

in these formations in published geologic reports of the area. In
Ringold Formation underlying Moses Lake are thought to originate in rani& and volcanic
regions northeast of the Columbia Basin. Such sedimentsiare notlikely tabe a significant source

of phosphate-rich sediments (2006 Summary of Groun and L}e Sﬁmpling).
The slightly higher OP concentrations in the gs area (BSug/ L) compared to the central
Columbia Plateau (20 ug/L) may possibly be due to al mineral contribution; however,
%
previous research suggests human impets (PW

Rocky Ford Creek provides an ar&naly tothe presumed groundwater phosphorous levels of
35ug/L. Fed by a spring, Rock d'€reck has had historically elevated levels of phosphorous.
Carroll (2000) reportedan a Cor&utration of 9lug/L TP in the spring water entering
Rocky Ford Creek@Pit 3) andBain (2002, 1997, 2002) speculate that the spring is fed with
shallow grougilw r %ing from the flood deposits northeast of the springs. Using
trilinear arfalysiswef water samples and historical geological evaluations, reasoned that the spring
Wat/er "Q ﬁt‘ to Soap Lake (a lake north of the springs which has phosphorous
coneentrationsias high as 6300 ug/LTP)

Bain (1987)determined that phosphorus may originate from Brook Lake and Round Lake.
Nutrients in these lakes apparently originate from agricultural activities in the upper Crab
Creek Basin and upper Grant and Lincoln Counties. Bain found no available evidence for a
natural stratigraphic source of phosphorus that could explain the elevated concentrations

present in the groundwater.
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Anthropogenic Sources of Phosphorous Contributing to Groundwater

Usual sources of phosphorus in groundwater are disposal of municipal, residential and
agricultural wastewater. In 2006 the source focus evaluation was municipal and residential
wastewater in the Cascade Valley area. This area and sources were carefully evaluated since
many findings imply that this may be a significant source of groundwater phosphorus. The
study led to circumstances which are: the hydrology, gravelly soils, the rapid incre}se in the area
development, the close proximity to the lake, and the long term practices of wast er disposal

in the area (2006 Summary of Groundwater and Lake Sampling).

‘ V'S
CRAB CREEK SAMPLING )

N\

The Columbia River Water Management Program is evaluatin ternati% methods to develop
new water supplies for the Columbia River Basin. Ong of the alterane imethods considered is
to move water from Brooks Lake down Crab Crega in tholes Reservoir (WA DOE

2006). An early implementation study was s ited Sh{es Bureau of Reclamation in
August 2006. A sampling program was esta@

h
flows in Crab Creek (2006 Summary &roqu Lake Samplings).

LAKE SAMPLE STATISTICS \ V

6 to monitor impacts or additional

The RPD for each set of ld
the RPD of 10% was éxceeded

'gesented in table 3. During analysis of the July samples

o P during analysis of the known standard and for Total N

%@
during analysis Qﬁe ample spike. During September the average RPD for the laboratory
analysis weréall lessithamythe 10% target (Table 3).

N

=N
\Q
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Table 3. Summary of QA|QC Statistics (relative percent difference, RPD) for the two sets of lake
samples.

Ortho P Total P Tatal N pH
July Sample
Laty Duplicale 4% &% 0% Fi
Sample sgike £% 3% 79% FM
Known standard 29% 3% 2% FId
Mwvorage BPD 13% 5% 7% FIM
September Sample
Lab Duplicate U4 14% U4 o
Sample spike 3% 3% (0% na
Known standard 0% 3% (0% 1%
Average RPD 1% 6% 0% 2%
Yl = Fielc measurement

GROUND WATER SAMPLE STATISTICS Q \

The average RPD summaries for groundwater samples are presented in tables 4 through 6.
These include samples collected from wastewater efflu monitorm‘gweﬂs at the Larson
Wastewater Treatment Plant and those collectet& m domestig private wells.

The 2005/2006 winter was very wet and Cem tion flows from Rocky Coulee

Wastewater were expected to be very ‘W in WCe the critical season for TMDL is for

low flow years the plans were to @ample ‘the lake during this critical time.
b p p g

)
0‘{\ f

¥
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Table 4. Summary of Average RPD for Larson Wastewater Effluent Samples

Date Total P Ortho P Sodium Chloride Boron
7192006 4% 6% 3% 2% 5%
7/26/2006 4% 13% 3% 9% 5%
81212006 4% 1%, 3% 1% 1%
8/972006 4% 1% 3% 3% 3% 3
8Mer2006 5% 2% 1% 1% 4% _
BIR2A2006 5% 14% 1% 1% 4% A
2/30/2006 3% 2% 29 29% A% .
96,2006 3% 1% 2% 2% 4% \
91372006 6% 2% 2% 0% 4% 4
92072006 6% 25% 2% 0% 4% \
9/27/2006 4% 1% 2% 3% 4%
10/47/2006 3% 1% 1% 2% 5%
10/11/2006 12% 9% 1% 1% 5%
10M3/2006 5% 2% 1% 1% 4%
11/8/2006 1% 2% 2% 1% 4%
Water Quality Survey 2006 I \
Peter Burgoon conducted a water qual!y surVMwaterbody of Moses Lake in 2006 and
compiled extensive data support}g the h1 ata previously tested. The data as noted

throughout this document spe leaﬂy about the 1) phosphate and nitrate loading, 2) the

sedimentation concer, Ved oxygen levels, 4) the eutrophic conditions, and 5)
the Eurasian wateMﬂ etati problem All of these concerns need addressing in this
integrated awtlc tion management plan.

Lake Samplin \ar shown in figures 14 and 15. These sites are consistent with the 2001
TMDI Take assessment and other historic sampling records (MLIRD 2005).
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Figure 14. Cascade Valley Sampli SiteMon, 2008)
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Figure 15. Vicinity of PelicamHornSampli es (Burgoon, 2008)

Water Flow
Flows from Roc ee (Rocky Coulee flows into Crab Creek) have significant impacts on
nutrient | ter quality in the lake. Total flow to Moses Lake in 2006 was 194,802

d
acre-feet:{I'his was significantly less than flow added in six previous years (Table 5). From 2002

tal annual flow was greater than 316,900 acre-feet for each year.
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Table 5 Moses Lake Dilution Water Release Record

Dilution Release
Year (act)
1976 64,070
1977 150,630
1978 81,840
1979 214,540
1980 19,540 \
1981 56,050
1962 144 180
1983 73,250 |
1984 0
1985 164,350
1986 106,230 .
1987 137,770 ‘
1968 207,300
1989 207 300 \ \
1990 229930
1991 286,095 A \\
1992 267 846
1993 120.976 gl
1994 289356
1995 132,211
1996 60,685
1997 26.886
1998 111,026
1999 17,928
2000 243,072
2001 242,039
2002 316,900
2003 340,418
‘ 2004 372,315
2005 326,875
\ 2006 194 802
90th percentile 316,900
@ 75th percentile 242, 556
\ 50th percentile 150,530
@y A i
Total amﬁal 18, not “always a good indicator of lake quality during summer since

signifieant s dilution flow is available in the summer months. Figure 16 shows that in 2006
most'@ dilutien flow were added before July 1; of 194,000 acre-feet added in 2006 only 87%
of the ammual“flow was released before July 1. Thus dilution flows in July, August, and
September were very low in 2006. This was a major factor in high concentrations of TP and

algae in the September lake samples.
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Figure 16. Comparison of Dilution flows fR oulee\/asteway in 2005 and 2006

Lake Water Quality- Phosphorus ( h

The lake was sampled on July 26,\006 an@tembet 21,2006. Both samples were taken
from the surface and were,col atiall lake stations (Table 6). Samples showed that less than
40ug/L at all locationsdn July: em& sample results were above 50ug/L TP at three of the 7
stations. The av he entire lake was 26 + or - 12 ug/L in July and 54 + or - 14 ug/L in

age
September. \e\ \\ ?

? 4

Se];ym@ ated ccurred for several reasons, 1) TP release from the sediment increase in
the summer d velopment of anoxic sediment conditions, 2) a uniform temperature
gradientaci s mixing of the entire water column, and 3) dilution flow was low in August

and September. Elevated TP and eutrophic conditions resulted from combination of all three

reasons stated above.

Surface water samples were analyzed for algae type and chlorophyll a. Chlorophyll a (Table 6)

and algae densities (Table 7) were significantly elevated in September over July. The algae
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populations were dominated by toxic blue-green algae during July and September.
Concentrations were highest in September and toxic blue-green algae were at levels that have
moderate to high probability of negative health effects. The World Health Organization
considers concentrations greater than 1000,000 counts/100 ml a moderate risk (WHO 2006).
During this type of condition, the WHO recommendations are to discourage swimming and

post on-site risk advisory signs. The risks are greatest from the toxic blue-green

Microcystistis. This alga was at elevated concentrations throughout the lake mber.

Concentrations were at the highest in the southern portion of the lake,
of 554,000 counts/ml at site ML3.0 and 704,000 counts/ml at site
7). It is common that these algae species drift with the winds
downwind sections of the lake. The high concentrations in Septe

strong northerly winds the day before sampling.

S
Q
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Table 6. Summary of lake sampling 2006 (Burgoon, 2006)

MLCCO ML2.0 ML2.5 ML3.0 ML4.0 ML5.0 MLE.0 ML7.0

ﬁ', uglL
TI26/06 35 12 45 39 9 17 32 15
9121106 29 59 ns 69 439 T 47 ¥l

Ortho - P, ug/L

Tr26/06 34 = 1] 17 4 = 18 5
921106 ] 9 ns 13 9 5 8 12
Total M, mg/L

TI26/06 =0.7 <07 1.85 13 =0.7 <07 07 <0.7
921106 =07 =07 <07 =0.7 =07 =0.7 =0.7
pH

TI26/06 53 576 7.95 &6 555 861 877 8.7
9F21/06 79 86 ns 8.7 8.5 8.8 8.7 5.99
Temperature, oC

TI26/06 233 261 2385 259 26.7 275 27 263
21106 13.8 18.0 ne 18.1 17.8 16.2 175 18.0
Dizsolved oxygen, mg/L

Tr26/06 715 9.16 7.95 8.2 8.67 10.56 7.99 B8.03
921106 53 10.7 ns G4 10.4 100 a7 895
Secchi depth, ft

Tr26/06 5.2 6.8 12.2 6.3 45 6.5 10.8
921106 7.0 3.3 ns 23 39 52 ns 23
Chlorophyll a, ug/L

Tr26/06 ns 9 ns = 6 7 9 14
921106 4 20 ns 29 16 12 27 9

&
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Table 7. Densities of algae in the lake in July and September (Burgoon 2006)

21-Jul-06 9/21/2006
ML2.0 ML2.0
Phytoplankton counts/mL counts/mL
Total 220,400 544 000
. Microcystis (59%)
Aphanizomenon ’
Bluegreen 230,000  (87%), Microcystis 500,000  -¥"9bya (33%), Apha-
| 10XIC) (13%) MIZOMENDN (2 vo), Afd-
baena (5%)
ML3.0 ML3.0
Phytoplankton counts/mL counts/mL
Total 4 100 800,400
BI Microcystis (76%),
Uegreen 5 noo Microcystis (100%) 730,000  Lyngbya (8%), Apha-
(Toxic) : a
nizomenon (3%),
ML4.0
Phytoplankton counts/mL counts/mL
Total 61,900 625,900 Ulothrix
Aphanizomenaon Anabaena (58%), Mi-
Eluegreen (66%), Microcystis crocystis (31%), Lyng-
Toxic) 22990 (30%) Anabaena 900000 ,ia (3%), Aphanizome-
(4%) non (8%),
ML5.0 ML5.0
Phytoplankton counts/mL counts/mL
Tatal 31,800 626,100
Anabaena (65%), Micro-
: o i
Bluegreen 5 45 Anabaena 600,000 CYSUS (28%), Apha
(Toxic) nizomenon (6%), Lyng-
bya (1%)
ML6.0 ML6.0
Phytoplankton counts/mL counts/mL
Total 14,600 269,600
Microcystis (87%), Ana-
Bluegreen 16100 Microcystis (100%) 200,000  baena (9%), Apha-
(Toxic) . o
nizomenon (4%)
ML7.0 ML7.0
Phytoplankton counts/mL counts/mL
Total 160,000 867,300
Green =200 <200
Blueareen Aphanizomenon Microcystis (88%), Ana-
('Er]oxicj 160,000 (93%), Microcystis 800,000 baena(11%), Lyngbya
(7%) (19%)
CCO cCco
Phytoplankton counts/mL counts/mL
Total ns 7,100
Bluegreen
(Toxic) ns 700 Microcystis (100%)

ns = no sample

Page 40




The liver toxins from these algae can cause skin irritations, gastrointestinal illness and potential
long term illness. Pets are most vulnerable due to potential ingestion from drinking or licking

the algae off their fur.

These blue-green algae are associated with lakes with elevated concentrations of phosphorus. In
September, the average concentration of TP in the surface water samples of the lake was 5ug/L.
Elevated concentrations of phosphorus contribute to elevated concentrations of blue-green

algae.

v/

f 4

| G
B ovrem Fasting Sache Gystams [ i
Lnsgwared Residerial
Lngzwared Agricu Hural

Figure 17. Current and potential development of Cascade Valley using drain fields for

disoposal of the residential wastewater. (Burgoon, 2006)
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LAKE SEDIMENT SAMPLING

Site specific sediment samples and depths were taken from Laguna and Wild Goose inlets on
September 21, 2006. The depth of sediment above cobbles was measured with a steel rod. The

rod was forced into the sediment until it would stop with the force of two men pushing down

on the rod. The point at which it stopped was considered the depth of the cobbles. Sites and

mg/kg. The sample collected at the inlet of the Laguna channel was also had

about 1000 mg/kg of TP. This sample was not anoxic. Q

Q
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Table 8. Sediment sampling sites in Laguna and Wild Goose Inlets on 9/21/06 (Burgoon,
2006).

Site Description Coordinates
1 Laguna/Pier 4 Channel 47 6.051
119 19717
Water Depth 3.8 ft
FProbe depth (to water surface) 12 ft
Depth of sand and silt sediment 821t
One sediment sample collected ponar grad, strong sulfide smell, fine sediment and
2 Laguna/Pier 4 Channel - west of dock ot ﬁlﬂ; 6 057
119 19.653
Water Depth 26
Frobe depth (to water surface) 12
Depth of sand and silt sediment 9.4
No sample
3 Laguna/Pier 4 Channel - east of end of 47 6058
dock
119 19.601
Water Depth 3
Probe depth (to water surface) 76
Depth of sand and silt sediment 46
No sample
Laguna/Pier 4 Channel - between east
4 end of dock and inlet 47 6.057
119 19.54
Water Depth 3
Frobe depth (to water surface) T
Depth of sand and silt sediment 4
No sample
_LagunafP|er 4 Channel - south side of a7 6048
5 inlet
119 1952
Water Depth 28
Probe depth (to water surface) 12
Depth of sand and silt sediment 9.2
One sediment sample no odor from sample, coarse
4] Wild Goose na na
na na
Water Depth 3
FProbe depth (to water surface) G
Depth of sand and silt sediment 3
No sample, DO less than 1 mg/L
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2008 Aquatic Plant Point Intercept Survey
Sediment Type Breakdown
Moses Lake, Washington
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FISHERIES AND WILDLIFE

Fishing is a major recreational activity on Moses Lake and fishermen utilize the lake primarily
April through November. At times hundreds are fishing-especially for Walleye and Bass.
Common fish species table 9 furnished by Department of Fish and Wildlife.

Table 9. Common Fish species in Moses Lake waterbody (WDEFL). 'Y

Black crappie (Pomoxis nigromaculatus) N
Blue gill (Lepomis macrochirus) \

Bullhead ‘

~
Common carp (Cyprinus carpio) \
Largemouth bass (Micropterus salmoides) \\
Pumpkinseed sunfish (Lepomis gibbosus) N 4

Rainbow trout (Oncorhynchus mykiss)

Sculpin (Catostomus spp.)

Smallmouth bass (Micropterus dolomi?il

Sucker (Catostomus spp.)

Walleye (Stizostedion vitreum)

Whitefish (Coregonus clupeafommisiProsopium williamsoni)

Yellow perch (Perca flagesc
\
Wildlife live in a ce pandyaround the lakebody. Bird watchers, school children, and

others oft’mi%}oﬁake a chance sighting of wildlife. Wildlife viewing sites are
Vg D

located i 1 long the lakeshore. Very limited hunting occurs in special areas.

AN
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Table 10. List of Audubon Society Bird Species in Moses Lake (1998-2003)

Species Name

Species Name

Species Name

Accipiter sp.
American Coot
Adnerican Crow
American Goldfinch

American Green-winged
Teal

American Kestrel
American Robin
American Tree Sparrow
American White Pelican
American Wigeon

Bald Eagle

Barn Owl

Belted Kingfisher
Bewick's Wren
Black-billed Magpie
blackbird sp.
Black-crowned Night-
Heron

Blue-winged Teal
Bohemian Waxwing
Bonaparte's Gull
Brewer's Blackbird
Brown Creeper
Brown-headed Cowbird
Bufflehead

Burrowing Owl

Buteo sp.

California Gull
California Quail
Canada Goose
Canvasback
Carpodacus sp.
Cedar Waxwing
Common Goldeneye
Common Merganser
Common Raven
Common Snipe
Cooper's Hawk
Dark-eyed (Oregon) Junco

Glaucons-winged Gull
Golden-crowned Kinglet
Gray Partridge

Great Blue Heron (Blue
form)

Great Egret

Great Horned Owl
Greater White-fronted Goose
arebe sp.

gull sp.

Herring Gull
Hooded Merganser
Hormed Grebe
Homed Lark
House Finch
House Sparrow
Killdeer

Lapland TLongspur

Lesser Scaup

Lesser Yellowlegs
Long-billed Dowitcher
Mallard

Marsh Wren

Merlin

Mourning Dove
Northern (Red-shafted)
Flicker

Northemn (Yellow-shafted)
Flicker

Northern Flicker
Northern Harrier
Northern Pintail
Northern Shoveler
Northern Shrike

peep sp.

Pied-billed Grebe

Pine Siskin

Prairie Falcon
Red-breasted Nuthatch
Red-breasted Sapsucker
Redhead

Savannah Sparrow
Sharp-shinned Hawk
Short-eared Owl
Snowy Owl

Song Spairow \

Sora

Spotted Towhee
Swamp Sparrow
Tundra Swan

Varied Thrush

Virginia Rail

Western Grebe

Western Meadowlark
White-throated Sparrow
white-winged gull sp.
Wood Duck
Yellow-headed Blackbir

Yellow-rumped Warbler
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Species Name

Dark-eyed (Slate-colored)
Junco

Double-crested Connorant

Species Name
Red-tailed Hawk

Red-wmged Blackbirnd

Downy Woodpecker Ring-billed Gull

duck sp. Ring-necked Duck
Dunlin Ring-necked Pheasant
Eared Grebe Rock Dove

Furopean Starling Rough-legzed Hawk
Gadwall Ruby-crowned Kinglet
(Zlaucous Gull Ruddy Duck

&

S
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Table 11. WDFW GAP analysis avian species list for Moses Lake area (WDFW, 1997

Species Common Name

Species Scientific Name

Spotfed Sandpiper
Clark’'s Grebe
Western Grebe
Red-winged Blackbird
Greater white-fronted goose
Northemn Shoveler
Green-winged Teal
Cinnamon Teal
Mallard

Gadwall

Great Blue Heron
Short-eared Owl
Long-eared Owl
Redhead

Canada Goose
Red-tailed Hawk
Swainson s Hawk
Gireat Horned Onwl
California Quail
IIouse I'inch

Great Egret
American Goldfinch
Belted Kingfisher
Commeon Nighthawk
Killdeer

Northemn Harrier
Marsh Wren
Northemn Flicker
Commeon Raven
Rock Dove

Horned Lark
Brewer s Blackbird
Prairie Falcon
American Kestrel
American Coot
Common Snipe
Dlack-necked Stilt
Cliff Swallow

Barn Swallow
Bullock's Oriole
California Gull
Ring-billed Gull

Actifis macnlaria
Aechmophorus clarki
Aechmophorus occidentalis
Agelaius phoeniceus

Anser albifrons

Anas clypeata

Anas crecca

Anas cyanoptera

Anas platyrhynchos

\
@ \
Anas strepera ‘ \ &
Ardea herodias A 4
Asio lammeus \\
Asio otus \\
Aythya americana [
Bramnla canadensis \ 4
Butec jamaicensis
Butec swainsoni
RBubo virginianns
Callipepla califcrnica
Carpodacus mexicanus
Ardea alba
Carduelis tristis
Cervle alcyon
Chordeiles minor
Charadrius vociferus
Circus cyaneus
Cistothorus palustris
Colaptes auratus
Corvus corax
Columba livia
Eremophila alpestris
Euphiagus ¢yanocephalus
Falco mexicanus
Falco sparverius
Fulica americana
Gallinago gallinago
IIimantopus mexicanis
Hirundo pyrrhonota
Hirundo rustica
Icterus bullockii
Larus californicus
Larus delawarensis

Page 49



Species Common Name

Species Scientific Name

Song Sparrow
Brown-headed Cowbird
Black-crowned Night-Heron
Ruddy Duck

Lazuli Bunting

Deer Mouse
Double-crested Cormorant
Black-headed Grosbeak
Wilson's Phalarope
Black-billed Magpie
Downy Woodpecker
Pied-billed Grebe

Sora

American Avocet

Bank Swallow

Rock Wren

Say s Phoebe

Caspian Tem

Forster s lern

Northern Rough-winged
Swallow

European Starling
Violet-green Swallow
American Robin

Barn Owl

Eastern Kingbird
Western Kingbird

., [ -

Yellow-headed Blackbird

Mourming Dove

Melospiza melodia
Molothrus ater
Nycticorax nycticorax
OXyura Jardicensis
Passerina amoena
Peromyscus maniculatus
Phalacrocorax auritus
Pheucticus melanocephalus
Plialaropus (ricolor

Pica pica

Picoides pubescens
Podilymbus podiceps
Porzana carolina
Recurvirostra americana
Riparia riparia

Salpinctes obsolems
Sayornis saya

Sterna caspia

Sterna forsteri
Stelgidopteryx serripennis

Sturnus vulgaris
Tachycineta thalassina
Turdus migratorius
Tyto alba

Tyrannus tyrannus
Tvyrannus verticalis
Xanthocephalus
xanthocephalus
Zenaida macroura

N

v/ /L
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Table 12. WDFW GAP analysis terrestrial species list for Moses Lake area (W11997). Bold

text indicates priority species

Common Name

Scienfific Name

Tiger Salamander
Pallid Bat
Covyote
Rubber Boa
Painted Turtle
Big Brown Bat
Porcupine
Western Skink
Hoary Bat
Bobcat

Striped Skunk
Montane Vole
Meadow Vole

Long-tailed Weasel
Long-eared Myotis
Small-footed Myotis
Fringed Myotis

Yuma Myotis
Bushy-tailed Woodrat
Mule Deer

Muskrat

Townsend s Big-eared
Bat

Raccoon

Pacific Treefrog
Bullfrog

Northern Leopard Frog
Westemn Harvest Mouse

Vagrant Shrew

Nuttall s Cottontail
Western Terrestrial Garter
Snake

Common Garter Snake

Ambystoma tigrinum
Antrozous pallidus
Canis latrans

Charina bottae
Chrysemys picta
Eptesicus fuscus
Erethizon dorsatum
Eumeces skiltonianus
Lasiurus cinereus
Lynx rufus

Mephitis mephitis
Microtus montanus
Microtus
pennsylvanicus
Mustela frenata
Myotis evotis

Myotis ciliolabrum
Myotis thysanodes
Myotis yumanensis
Neotoma cinerea
Odocoileus hemionus
Ondatra zibethicus
Plecotus townsendii

Procyon lotor

Hyla regilla

Rana catesbeiana
Rana pipiens
Reithrodontomys
megalotis

Sorex vagrans
Sylvilagus nuttallii
Thamnophis elegans

Thamnophis sirtalis
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Western Grebe Nesting(Department of Fish and Wildlife)

The department of Fish and Wildlife conducted a study on the Western Grebe’s nesting sites of
Moses Lake, and provided data and photos on the location of the Western Grebe’s nesting sites.
This will be valuable in developing the management plan to provide conservation concern and
aid to this species that is now on the alert for possibly being placed on the endangered species.

The Department of Fish and Wildlife also provided and verified data on plant andganimal species
and habitats of the lake. They will participate in the dredging process and thegnanagement plan

Figure 20. Gailey’s Island Grebe Nesting (Dept. Fish and Wildlife)
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Marsh Island
Recent grebe nesting

T19-0N R28-0E
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Figure 23.

Crescent Island
Historical grebe nesting
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Figure 25. North ce Grebe Nesting (Dept. Fish and Wildlife)
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RECREATIONAL USES OF THE WATERBODY

Figure 27. —Beneficial and recreational uses of the Moses Lake waterbody
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The proposed “Use Map” is a compilation boating areas, harvest, special projects (fish rearing

area, youth/senior fishing pond) nutrient sources and Grebe nesting areas

Moses Lake Irrigation and Rehabilitation District
Current/Proposed Uses
Moses Lake, Washington

*Areas designated on map by Legend
are graphical representations

= | Boating
@m0 7] Harvest Areas

@ special Projects

b
- Nutrient Source

Grehe Nesting

| | Historical
il rotential
o Recent

Created by Lakeland Restoration Services, LLC for the Moses Lake Irrigation and Rehabilitation District

] =m
—
Universal Transverse Mercator - Zone 11 (N)
horth American 1983 (mean for CONUS)
Thursday, April 30, 2009

Figu ed Use Map for Moses Lake Waterbody
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LAKE VEGETATION SURV 8

Dave Klutz of LakelandiRes n Services conducted a vegetation survey, mapping the entire
e survey inventoried the variety of plant types, their population
their location via GPS (global Positioning System) map readings.

y, bathymetry mapping of the water depths, and the sediment areas were

significance and provided data that will have an impact on the treatment application of the

vegetation in the lake.
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Survey of Aquatic plants

getation, water temp., dissolved oxygen
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Figure 32. Plant Sampling (Kluttz, survey'2008) \
The use of an Airboat allowed the survey crew to@asily traverse shallow areas in addition to
providing a good platform for identificati
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2008 Aquatic Plant Point Intercept Survey
Litoral Zones
Moses Lake, Washington

w R

Depths in Feet
I o - 5 (Litorsi Zone)
| §- 10 {uitaral Zane}
[ REXY

-

. s

-

e L T T T L e —— H
# @ Universal Transverse Mercator - Zone 11 (N) @
L North American 1983 (mean for CONUS)
January 2009
h 4

Figure 33. 2008 Aquati¢,Pl oint Intercept Survey Littoral Zones (Kluttz, 2008 survey)
Map A icP
Th aps and'captions illustrate and describe areas of concentration of Aquatic Plants
(Th wa pleted on October 11, 2008):
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American Pondweed found in few locations and primarily in the lower part of the waterbody in

Pelican Horn

2008 Aquatic Plant Point Intercept Survey
American Pondweed Report
Moses Lake, Washington

Figure 34. American Pondweed Report (Kluttz, 2008 survey

Potamogeton nodosus
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American pondweed is a perennial plant that has both floating and a few submerged leaves in an
alternate pattern. The floating leaves are elliptical to oval 4 to 7 inches long and 1 to 2 inches
wide on long petioles. Submerged leaves are not abundant and are blade-like, somewhat
transparent and smaller than floating leaves. Fruits are on spikes that often stand above the

water’s surface and are brownish to reddish 3 to 2 1 inches long and 1/8 to ¥4 inches wide.

Submerged portions of all aquatic plants provide habitats for many micro and ma

invertebrates. These invertebrates in turn are used as food by fish and other wil ecies (e.g.
amphibians, reptiles, ducks, etc.). After aquatic plants die, their decom

i
fungi provides food (called “detritus™) or many aquatic invertebrate r

highly utilized as food by ducks and some other types of Wildl\'Q

1

Q

Big Leaf Pondweed was found along the shoreline and in lake fingers throughout the lake.
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2008 Aquatic Plant Point Intercept Survey
Big Leaf Pondwesd Report
Moses Lake, Washington

Unisast] Tewrarvarns Marcaizr - Sana 11 (M)
Fiash Arvarican 1903 {rean lor COHLE)
Sasuriuy, Cetckar 18, 395

Leaf: Alternate leaves of two types. Submersed leaves: bright to dark green, translucent, 8-20 cm
long and 2-7.5 cm wide, folded along the midrib, curved backwards into a banana-shape, and
sometimes with wavy margins. They have short stalks (1-2cm) and 19-45 lengthwise veins.
These leaves often decay in late summer. Floating leaves: often absent. The opaque, leathery, oval

leaves taper at both ends and are 5-10 cm long and 2.5-5 cm wide. They have 25-45 veins and 3-

Page 68



10 cm long stalks that are generally longer than the floating leaves. Sheaths (stipules) are up to
10 cm long, whitish, translucent, occur at leaf bases, but are not attached to the leaves. They

become stringy with age. Stem: Few or un-branched stem to 3mm thick to 5m long,

Flower: Small flowers have 4 petal-like lobes. Up to 16 whorls of tightly clustered flowers are
arranged into an up to 5 cm long spike on stalks rising above the water. The flower stalks are

thicker than the stem and are 5-15 cm long.

S
&

Bulrush was found in varying concentrations throughout most of the lake-some shoreline

without evidence of Bulrush. Growth was along the shoreline.

Page 69



2008 Aquatic Plant Point Intercept Survey
Bulrush Report
Maoses Lake, Washington

¥

Dz collaciad and compied by Lbslared Resioraion Servios, 1L oa Sefoldf of te Mome Labs Irigation sad Befusbilivion Dierict
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Harth Arssricun 190 [ rar for COMUE)

Sy, Octobsr 11, 2008

Figure 36. Bulrush Report (Kluttz, 2008 survey)

Description
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Rushes are grass-like herbaceous plants with cylindrical or flattened, solid stems. At their bases,
leaves are tightly sheathed around the stem, and leaves are sometimes absent or little more than
bladeless sheaths on green stems. Flowers are small, greenish-brown to purplish-brown, and

borne in clusters near or at the ends of small flower stems.
Habitat

Generally found growing in clumps in wet soils or shallow, standing water. Rashesiare widely-

distributed, and there are more than 20 rush species in Western Washing

Advantages

Rushes provide excellent soil-binding and erosion resistance. T ide cover for small

mammals and marsh birds. Seeds of bulrushes are consunied by d other birds while

geese, muskrats, and nutria consume the rhizomes an

S
3

Coontail
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Coontail was found in the upper reaches of the North end of the waterbody and Parker Horn.
These area are primarily the inlets to the lake. Coontail are growing in very shallow water

depths, 0°-5.

2008 Aquatic Plant Point Intercept Sursey
Coontai Report
Moses Lake, Washington

Urivaes! Traspsarss Maeser . Teea B (F)
Mzl AT PR (v far CORUS)
Fiuy, Ciciobm 1, 3508

Figure 37. Coont tz, 2008 survey)

Coontail'— A Fre ating Native Plant

eratephyllum demersum) is a completely submersed plant commonly seen in

Washi akes with moderate to high nutrient levels. It is also known by the common name
hornwort. The common names refer to its full, bottle-brush-like growth form and its forked,
antler-shaped leaves. The Latin name Ceratophyllum pertains to the horned leaf edges — Cerato

derives from the Greek word “keras” (horn, as in rhinoceros). Phyllum means leaf.

The serrated, forked leaves of Coontail are arranged on the stems in whorls, with usually 5-12

leaves in each whorl. It is generally a dark, olive green color, and is often rather hard and crusty
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to the feel. This is especially true where it grows in hard water lakes (the calcium in the water

becomes deposited on the leaf surface, making it seem crunchy)

S
&

Curly Leaf was found in mainly shallow areas of the lake, especially at the inlets. The growth is

in very shallow area of the lake, 0-5".
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2008 Aquatic Plant Point Intercept Survey
Curly Leaf Report
Moses Lake, Washington

D, coecisd andl compled by kel Resiomies Sarvioss, LLE 50 befel ol the Mooss Labe Imigation. and Befusbitrion Disaict

a Lmi
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leaf tip
leaf margin is blunt

is smooth leaf margin
is serrated :
l 5 i ’

vt e pe

leaf base clasps
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leaf tip comes.
to a point leaf base
does not
clasp the
stem
h

Figure 38. Curly Leaf Pondweed Report (Kluttz, 2008 survey)
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Figure 39. Curly Leaf Pondweed

Description: Curly-leaf pondweed is an invasive aquaticperenni native to Eurasia,
Africa, and Australia. It was accidentally introduc States waters in the mid-1880s by

-green, oblong, and about 3

inches long, with distinct wavy edges that a 71 ed. The stem of the plant is flat,

reddish-brown and grows from 1 to 3 féet long ant usually drops to the lake bottom by
early July Duckweed were found only in Parker Horn just above the
confluence of Parker Horn a y. The duckweed was found in very shallow
water.

Distribution and Hab pondweed is commonly found in alkaline and high
nutrient waters, strate and shallow water depths. It tolerates low light and
low wate . s been reported in all states but Maine

Iny, : -leaf pondweed spreads through burr-like winter buds (turions), which are
mov ays. These plants can also reproduce by seed, but this plays a relatively

small role'eompared to the vegetative reproduction through turions. New plants form under the
ice in winter, making curly-leaf pondweed one of the first nuisance aquatic plants to emerge in

the spring.

It becomes invasive in some areas because of its tolerance for low light and low water
temperatures. These tolerances allow it to get a head start on and out-compete native plants in

the spring. In mid-summer, when most aquatic plants are growing, curly-leaf pondweed plants

Page 75



are dying off. Plant die-offs may result in a critical loss of dissolved oxygen. Furthermore, the
decaying plants can increase nutrients which contribute to algal blooms, as well as create
unpleasant stinking messes on beaches. Curly-leaf pondweed forms surface mats that interfere

with aquatic recreation.

S
Q
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Duckweed was found in low concentrations only in Parker Horn just above the confluence of
Parker Horn and the main waterbody. The duckweed was found in very shallow water. Figure
40.

1008 Aquatic Plant Point Intercept Survey
Duckweed Report
Moses Lake, Washington

-
3
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resssrasl Tranaverss Macabar - Sas L1 (H) ’
Harsh Arwricsn 1967 s bor COUE) i fckans; bsed
Enbmdary, Sadaker 12, 3330

kweed Report (Kluttz, 2008 survey)
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f/‘} Lemna minoe
. i

Common duckweed

,.'/_\'- Spiroldela polyrhiza
| Giant duckweed

J e,

=EE

\.

Lemna minor

Figure 41. Duckweed

Common duckweed is a very small light green f

to 3 leaves, or fronds, of 1/16 to 1/8 inch in ler
each frond. Duckweeds tend to grow i c8\in quiet water, undisturbed by wave

action. Often more than one species of duckweed e associated together in these colonies.

Duckweeds can be aggressive invaders o ds/lakes and are often found mixed in with

mosquito fern or watermeal. I cover the surface of the water, then oxygen depletions
and fish kills can occusf The 1d be controlled before they cover the entire surface of

the pond.

Duckweed iespro at for micro invertebrates but if duckweed completely covers
the surfdace of a po e for an extended period it will cause oxygen depletions. These colonies

wi liminate submerged plants by blocking sunlight penetration. Many kinds of ducks

cons and often transport it to other bodies of water.
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Elodea

Elodea was found in small concentrations in Lewis Horn and Pelican Horn with a trace amount

on the edge of Pogo Island. The elodea was found in shallow water, 0-5. Figure 42.

Urbvesss Trarevirse Mircater - Zone 11 (H)
Parh Asmerbcan 1983 {ssean For CONUS)
Friay, Gt 10, 2008

Figure 42. Elodea Report (Kluttz, 2008 survey)
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Flodeais a genus of aquatic plants often called the water weeds. Elodea is native to North

America. It is also widely used as aquarium vegetation. The introduction of some species of

Elodea into waterways in parts of Europe, Australia, Africa, Asia, and New Zealand has created a

significant problem, and it is now considered a noxious weed in these areas Elodea canadensis,

sometimes called American or Canadian water weed/pond weed is widely known as the generic

water weed. The use of these names causes it to be confused with similar-looking'plants, like

Brazilian elodea (Egeria densa) or hydrilla (Hydrilla verticillata). American water We an

attractive aquarium plant, and is a good substitute for Brazilian elodea. It cambe used fox science
experiments in classrooms as it can show how plants use carbon di‘l theusage of

bromothymol blue (BTB). Ry,

The American water weed lives entirely underwater withgthe exegption &small white flowers
which bloom at the surface and are attached to the pl elicate Sealks. It produces winter
buds from the stem tips that overwinter on the 1* bottom. Ttialso often overwinters as an

evergreen plant in mild climates. In the fall, m ill detach from the parent plant, float
ericamw

away, root, and start new plants. This ‘iche weed’s most important method of

spreading, with seed production playing a relat or role.

Silty sediments and water richin nutrientMe growth of American water weed in

nutrient-rich lakes. How

nlawﬂl grow in a wide range of conditions, for example,
in‘many sediment types. It can even continue to grow

from very shallow to deep wat

. @ . . .
unrooted, as ﬂoa? fragments. It is found throughout temperate North America, where it is one

of the most eemmon,aquatic plants.
? 4

Americanwates wee i‘\n important part of lake ecosystems. It provides good habitat for many

aquiatic inver and cover for young fish and amphibians. Waterfowl, especially ducks, as
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High concentrations of Watermilfoil were found in various locations on the waterbody; the

highest concentration in Pelican Horn in 510" water levels, figure 43.

2008 Aquatic Plant Point Intercept Survey
Eurasian Watermilfoil Infestation Estimate
Maoscs Lake, Washington

vl Temiawirse Marcater - Bone 11 (H) 0 Eurdan Watemilial Found $
 J
Fig Eurasiaf®Watermilfoil Infestation Estimate in Moses Lake (Kluttz, 2008 survey)
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Non-Native
Freshwater
Plants

Figure 44. Eurasian Watermilfoil

Myriophyllum spicatum--Non-Native

Eurasian watermilfoil is a perennial plant native to Europe, As

leaflets. Reddish flowers are borne on

Eurasian watermilfoil can spread from

seeds are , while muskrats and nutria will consume the stems. Furasian

watermilfeil i ive and should not be spread (AgriLIFE EXTENSION-Texas A & M).
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This second Milfoil map is a good indicator of the density and location of Milfoil in the

waterbody, figure 45.

2008 Aquatic Plant Point Intercept Survey
Milfoil Density
Moses Lake, Washington
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Myriophyllum spicatum

- range established 0_ 15? 300 800 900 ufi}dwety!
L’_.s__-G_s_ states with records
April 2003 states without records
h
Figure 46. Areas of United States with recor sian watermilfoil infestation.

Q
&
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Floating Algae is concentrated primarily in two areas with smaller concentrations along the

shoreline. The water depth varied from virtually O’ to 30", figure 47.

2008 Aquatic Plant Point Intercept Survey

Floating Algae Report
Moses Lake, Washington

Univieral Timresire Mercaier - Jone 11 (W)
Pt Aamserican 1963 | e i OONUS)
Cucnober 11, 2008

Figure47. Floating Algae (Kluttz 2008 survey)
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The arrival of spring often presents a problem for pond owners as the beautiful, clear green
water of their ponds/lakes disappears beneath a blanket of lime green, slimy, stinky pond scum.
“Pond scum” is actually a popular term for aquatic algae, which tend to “bloom,” or grow
excessively in the early months of spring, spreading over the surface of the pond in unsightly and

odorous mats of green and brown.

Aquatic algae are primitive plants, having no true roots, stems, or leaves. Pond/lak’e\ algae can be
. . 2 .

found either floating on the pond/lake surface or attached to other plants, bottom'ediments or

other hard surfaces. There are thousands of species of aquatic algae, butfer simplicity they can

be classified in three categories: microscopic algae, filamentous algaan attached-eréet algae.

\
Microscopic algae, also called phytoplankton, are tiny, free-floating algae L%t give the pond
water its characteristic green color. Microscopic algaeam&pr ry pr&ﬂucers of dissolved
4

oxygen in pond water. The presence of a healthy

R

level of microscopic algae in a pond is imporma- aining%ood water quality and health
r

of the aquatic organisms in the pond, such ag fish. opic algae can undergo excessive

x
blooms during mid-summer months, r‘ng to the surface of the pond as a layer of yellow-green
or reddish scum. A sudden die/o@f micrescopic looms, caused by a change in water

temperature or a stretch of seyeral oyercast an deplete dissolved oxygen levels in ponds to

tiaorganisms.

ntrol of microscopic algae is to look for a change in the

The clue for the poad o
color of the v&a:ei\a ight \signal that a bloom of microscopic algae is taking place. This color
change wafild omithe

To gftickly cHeck the density of microscopic algae in a pond, nail a light-colored object, such as a

a critical level for the su

ar green water of the healthy pond to a bright, pea-soup green.

coffee ig or inum pie pan, to the bottom of a yardstick. Place the yardstick in the water
and observe the depth at which the light-colored object disappears. In a healthy pond, the light-
colored object should be visible at a depth of 24 inches. If the object disappears before a depth of
24 inches is reached, a bloom of microscopic algae is taking place in the pond. If sight of the
light-colored object is lost in less than 10 inches of water, the bloom is heavy and the pond

owner may want to seek advice about control of microscopic algae.
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Attached-erect algae are a less common problem for pond owners, but excessive blooms of
submerged attached-erect algae may occur across pond bottoms causing difficulties for anglers
or swimmers. Attached-erect algae, commonly called stonewort or muskgrass, is often mistaken
for more advanced pond plants because it resembles a higher plant with leaf-like structures
arranged about a long stem-like structure. Attached-erect algae have a gritty texture due to
surface calcium deposits. A positive identification of attached-erect algae is fmpoggant for

chemical treatment because chemicals used to treat many submerged aquatic plantsioften do not

provide good control of algal species. \
Green filamentous algae are the last category of pond/lake algae an*l hich gives the
most headaches. Many species of green filamentous algae are t

temperatures and undergo blooms in early spring. Typically, po s/lake*zhlg recurring
problems with filamentous algae begin to exhibit algal blogms as eatly,asMarch, although some

ilamentous algae begin in clear water in
each th soil of the pond bottom. Algal

hich grow in fur-like clumps along

blooms in late February have been reported. Blo
shallow areas where sunlight can penetrate atent

cells join together in long stands resemblir:gms,
the pond bottom and edges, breaking ‘ and W the surface to form dense mats. Sudden

die-offs of dense blooms of fﬂam‘tous algae can ire e serious water quality problems, not to

mention unattractive and oddkeus cendition: e dead algae decays.

\

%

\

é'

/
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Floating Leaf Pondweed was found in few areas and in shallow water, 0"-5’, figure 48.

2003 Aquatic Plant Point Intercept Survey
Floating Leaf Pondweed Report
Moses Lake, Washington

Lniwer Trandwess Mercaie - Fone 11 (H)
Pt amberhoan “BE3 | e For ODRLES)
iy, Db 11, P0G
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Leafy pondweed was found in the upper reaches of a finger (spy glass bay) off of the lower main

waterbody and in Parker Horn and Stonebridge Harbor. Map49.

2008 Aquatic Plant Point Intercept Survey
Leafy Fondweed Heport
Moses Lake, Washington

Uniwersal Tramsverse Merator - Zone 11 (W)
B Amserican 1963 jraan for COMUS)

Leafy Pondweed

Figure 49. Leaty Pondweed (Kluttz, 2008 survey)
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Leaf: Submersed, alternate, stalk less. Small pondweed: linear leaves, 2-7 cm long, 0.5-2 mm

wide, have pointed to rounded tips and 3 veins. Membranous tubular or open sheaths (stipules)

are 1-3 cm long, free of the leaf base, and usually disintegrate before the leaves. Leaty pondweed:

linear leaves, 2-10 cm long, 1-2.5 mm wide, have pointed tips and 1-5 veins. Sheaths (stipules) are
free of the leaf-base with the lower portion forming a tube that eventually ruptures as new

branches emerge. Stem: Slender and profusely branched. Small pondweed: often with small

paired yellowish glands at leaf base,. Leafy pondweed: slightly flattened, paireéhglands lacking.

Flower: Small pondweed: in 1-4 whorls on spikes measuring 3-15 mm lo ikes not always

nin2”4 whorls

-3 cm long.

above the water; on stalks to 5 cm long, often curved at the base. Le

on an initially crowded spike (1 cm) that elongates as the seas esses; s

d ach‘ beak 0.5 mm long.

Leafy pondweed: To 2 mm long, with distinctively wa

N
Fruit: Achenes. Small pondweed: 1.5-3 mm long, rounde:ack straight lxak to 0.5 mm long.

Root: Small pondweed: Fibrous, from base o& non/r}}zomatous Leafy pondweed:

fibrous, emerging from threadlike rhlzomes

Propagation: Seeds and winter buds f m at Mch tips and near leaf bases. Leaty

pondweed also has rhizomes. \ V

Importance of plant: S ndiye t&)n provide cover and food for aquatic animals.

Distribution: Smallpo d: widespread in northern hemisphere. Leafy pondweed:

widespread in No er\l\tral America.

Leaty and s pondweed may be confused with: each other and other narrow leaved

submersed plants. Careful examination of the glands at the leaf bases, leaf characteristics, and
fruits is required to distinguish them. The wavy keel of the achene of leafy pondweed is

particularly distinctive.
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Naid is found primarily in the southern portion of the waterbody, concentrating in Parker Horn

and Pelican Horn with plants found along the shoreline on the main waterbody, figure 50.

2008 Aquatic Plant Point Intercept Survey
Maid Report
Moses Lake, Washington

Sabirday, Drober 11, M08

(Kluttz, 2008 survey)

Brittle naiad or marine naiad occurs in fresh or brackish waters. It is a rooted submerged annual
plant that resembles southern naiad except the leaves are highly toothed (3 - 12 teeth). Leaves
are up to 1% inch long and 3/16 wide with several leaves at each node. Flowers (1/8 to 3/16 inch

long) are found during summer, in the leaf axis.
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Submerged portions of all aquatic plants provide habitats for many micro and macro
invertebrates. These invertebrates in turn are used as food by fish and other wildlife species (e.g.
amphibians, reptiles, ducks, etc.). After aquatic plants die, their decomposition by bacteria and

fungi provides food (called “detritus”) for many aquatic invertebrates. Brittle naiad is readily

consumed by ducks.

S
Q
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Nitella was found in small concentrations at six sites, five of which are in the southern portion

of the waterbody, figure 51.

2008 Aquatic Plant Point Intercept Survey

Nitella Report
Moses Lake, Washington

Lo

Il Trareverse Mercaler - Jone 11 (H)
Horth Aemerican 1983 | mean for CONHUS)
Fridry, October 10, 2008

uttz, 2008 survey)

Nitella spp:

Stoneworts are branched multicellular algae that are often confused with submerged flowering
plants. However, stonewort has no flower and will not extend above the water surface. Nitella
has no odor and are soft to the touch, unlike Chara. Stoneworts are light to dark green in color

with forked, bushy branches 1/16 to 1/8 inches in diameter.
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Submerged portions of all aquatic plants provide habitats for many micro and macro
invertebrates. These invertebrates in turn are used as food by fish and other wildlife species (e.g.
amphibians, reptiles, ducks, etc.). After aquatic plants die, their decomposition by bacteria and
fungi provides food called detritus-E for many aquatic invertebrates. Stonewort’s have no

known direct food value to wildlife.

S
&
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Sago Pondweed, figure 52.

Moses Lake Irrigation and Rehabilitation District
2008 Aquatic Plant Point Intercept Survey

Sago Pondweed Report

Moses Lake, Washington

Unhersal Trangweess Marcator - 2one 11 (4}
Neeth American 1981 {mean for CONUS]
Tuwsday, &l 14, 2009

.

Poramogeton pectinatus
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2008 Aquatic Plant Point Intercept Survey

Cann Dandwaad Danare
—agC ronGwell RCplirc

Moses Lake, Washington

Data collected and compiled by Lakeland Restoration Services, LLC on behalf cf the Mases Lake Trrigation and Rehabilitation District

0 1mi
_—
Universal Transverse Mercator - Zone 11 (N) ©  Sago Pondweed Found
North American 1983 (mean for CONUS)
Saturday, October 11, 2008

Figure 5238ago Pondweed (Kluttz, 2008 survey)

Sago pondweed is a perennial plant that arises from thickly matted rhizomes and has no floating

leaves. The stems are thin, long and highly branching with leaves very thin and filament-like,
about 1/16 of an inch wide and 2 to over 12 inches long tapering to a point. The leaves grow in

thick layers and originate from a sheath. The fruit is nut-like 1/8 to % inches long and 1/10 to 1/8

inches wide.
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Submerged portions of all aquatic plants provide habitats for many micro and macro
invertebrates. These invertebrates in turn are used as food by fish and other wildlife species (e.g.
amphibians, reptiles, ducks, etc.). After aquatic plants die, their decomposition by bacteria and
fungi provides food (called “detritus”) for many aquatic invertebrates. Sago pondweed is an

excellent food for waterfowl which eat both the fruits and the tubers.

Spatterdock —A single location was found in Pelican Horn and noted on figure 53!

2008 Aquatic Flant Point Intercept Survey

Spatterdock Report
Moses Lake, Washington

Uiversal Transverse Mercator - Zone 11 (M)
Heortd Ao 19633 [mman Ao DOHLS)
Saturdas, Ociober 11, J00E

Figure 53. Spatterdock (Kluttz, 2008 survey)
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Thread Leaf was primarily found in Pelican Horn, Parker Horn, Lewis Horn and Spyglass Bay-
also, found in small concentrations in sparse areas, figure 54.

2008 Aquatic Plant Point Intercept Survey
Thread Leaf Report
Moses Lake, Washington

Universal Transvirse Mercrler - Dane 11 (M) @ Theead Leal Found
Horth Semsrican 1983 | mean for DOHUS)
Sstunday, Doiober 11, J038

-

af (Kluttz, 2008 survey)

Page 98



Threadleaf pondweed

Suckenia filiformis (Pers.) Boerner (formerly Potamogeton filiformis): Threadleaf pondweed Mineleaf
pondweed, slender-leaved pondweed. Potamogetonaceae (pondweed fam

, growing
submersed and with only one type of leaf. Stems emerge from anetworkiof rhizomes that can
form tubers at their tips. Stems to 0.04 in (1 mm) wide, and slightly flattened, branching into
two near the base of the plant. Leaves are very thin, 2 in (5 - 12°ém) long; they have one
main vein. The lower part of the stipule sheathes he base of the leaf blade; the
upper patrt is free of the stem and up to 0.2 in (0.5 g. Thestipule can be pulled away from
spike stalks are slender to thread-like;
rowded along the stalk.

Q
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White Pondlily was found at a single location on the Pelican Horn as noted on the map, figure
55.

2008 Aquatic Plant Paint Intercept Survey
Whiite Pondlily Report
Mases Lake, Washington

Figure 55. White Pond Lily (Kluttz 2008 survey)
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Widgeon grass is sparse and was found at four sites as noted on the map, figure 56.

2008 Aquatic Plant Point Intercept Survey

Widgeon Grass Report
Moses Lake, Washington

indversal Toarsverse Mercier - Jone 11 (W)
orth American 1983 | mean o OORLS)
Salurdary,

small («<1/32 inches), dark-green and pear-shaped. Widgeon grass can live in
ish water to 10 ppt (parts per thousand) salinity or higher.

fresh or bra

Submerged portions of all aquatic plants provide habitats for many micro and macro
invertebrates. These invertebrates in turn are used as food by fish and other wildlife species (e.g.
amphibians, reptiles, ducks, etc.). After aquatic plants die, their decomposition by bacteria and
fungi provides food (called “detritus”) for many aquatic invertebrates. Widgeon grass is a very
important wildlife plant with the stems and leaves being heavily utilized by many duck species.

Page

101



2008 Aquatic Plant Point Intercept Survey
Species Diversity
Moses Lake, Washington

Species Found

Universal Transverse Mercator - Zone 11 (N)
Ll A X % North American 1983 (mean for CONUS)
=D Thursday, October 09, 2008

Figure 57. Species Diversity (Kluttz, 2008 survey)
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Terrestrial/Riparian Plants

Areas of high plant diversity are indicated on the map. It should be noted that the highest
diversity of plant species are located in the Pelican Horn and in shallow water, 0’10, figure 58.

2008 Aquatic Plant Point Intercept Survey
Yellow Flag Iris Report
Mases Lake, Washington

Figure 58. Yellow Flag Iris (Kluttz, 2008 survey)

Page

104



Yellow Flag Iris is found primatily,in‘the southern sections of the waterbody with the greatest
density in the southe i hodyand Pelican Horn. The map indicates the various
densities of plants fo

Description: The
only yellow i
has alon

height, and are spaced from about 36-48 in. apart. The plant is the
nited States. The yellow flag iris has a robust stalk, and the plant

the Mediterranean region; unfortunately yellow flag iris is sold over the internet on gardening web sites.
Yellow-flag iris entered the U.S. from Canada as an ornamental plant in the early 1900’s.
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Tree of Heaven was found at two locations in the Pelican Horn, figure 59.

2008 Aquatic Flant Point Intercept Survey
Tree of Heaven Report
Moses Lake, Washington

Uil Trareirse Mescsiad - Zoné 11 (H)
A | 1983 e ML) 0 Tad of | sdvia feded o e Shoiolie $

Satvisty, Dt 11, 208

ree of Heaven (Kluttz, 2008 survey)
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Aggressive root growth — can spread long distances
High evaporative transpiration rate

Reproduces asexually and sexually
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It is noted on the map that Salt Cedar was found in one location on the waterbody, figure 60.

2008 Aquatic Plant Point Intercept Survey
Salt Cedar Report
Moses Lake, Washington

O SalvCeder modid on e Shonsing

Figure 60. Salt Cedar (Kluttz, 2008 survey)
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Salt Cedar

* Escaped ornamental tree

* Planted in semi-arid areas

Prolific seed production

* High evaporative transpiration rate

» Can extract water from unsatutated so increases competitive ability

 Pulls salt out of the soil and concengrates it below the canopy
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Purple Loosestrife was found in low density and location along the shoreline, especially in the
southern portion of the waterbody, figure 61.

2008 Aquatic Plant Point Intercept Survey
Purple Loosestrife Report
Moses Lake, Washington

1mi

Unieersl Mraneverse Mecalor - Tone 11 (W)
ety e 100R v e T )
Sy, Octosber 11, IHE

oo
_
£

4

|

Figure 61. Purple Loosestrife (Kluttz, 2008 survey)
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since the early nineteenth century. The pl
ballast and as medicinal herb for treatme

as a contaminant of European ship
entery, bleeding, wounds, ulcers and sores.
Ecology: L. salicaria is a herbaceous, wetla ial'that grows in a wide range of habitats.
Established plants can reach heights tems forming wide-topped crowns that dominate
the herbaceous canopy. One ma
easily dispersed by water i d to aquatic wildlife, livestock and people. High
temperatures (>20°C) a '
can approach 10,000420,
for growth in spring a

RS

th if the above-ground shoots are cut or damaged.
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Map indicates density of the Russian Olive trees along the shoreline of the waterbody. Several

areas indicate a high density of trees, figure 62.

2008 Aquatic Plant Point Intercept Survey
Russian Olive Report
Moses Lake, Washington

65 trees were noted between
these 2 locations

300 trees were noted between
these 2 locations

[ L mi ity Unkno 1
—— c ; DermFyhU e n Donotes locations during i
nsi
Universal Transverse Mercator - Zone 11 (N) e";? g fly Ihe_survey where Russian
North American 1983 (mean for CONUS) ©  medm Densiy Olive was noted on the
Saturday, October 11, 2008 @ Heavy Density shoreline

The RussianOlive plants are vigorous growing plants that require little water to grow. These
plants were brought to the Moses Lake area by cattlemen seeking quick shade and shelter for
their livestock. The lake waterbody and wildlife have enabled the scattering of seed and

infestation of large areas surrounding the lake shore. The olive trees have become a risk to the

health of the lake.
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Phragmities was located along the shoreline of Pelican Horn, south of I-90, figure 63.

2008 Aquatic Plant Point Intercept Survey
Phragmites
Moses Lake, Washington

"\% .

0 1mi

Universal Transverse Mercator - Zone 11 (N) A, Phragmites Found along Shoreline \‘"P
North American 1983 (mean for CONUS)
Tuesday, February 03, 2009
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Phagmites photograph illustrating population density in wetla

S
&
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2008 Aquatic Plant Point Intercept Survey
Percent Cover - All Plants
Moses Lake, Washington

Unvearil Toanteers MesCsier - Done 11 (H)
Wt Aderican 1953 | e For OORUS)
Thirsday, Doebesrs 9, 2008

Figure 64. Percent coverage of all plants in Moses Lake (Kluttz, 2008 survey)
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Figure 65, the native plant population illustrates where the vast number of native plants are
located.
2008 Aquatic Plant Point Intercept Survey

Native Plant Population
Moses Lake, Washington

Universal Transverse Mercator - Zone 11 (N)
North American 1983 (mean for CONUS)
Tuesday, February 03, 2009

Aquatic Vegetation Survey Summary

#@ Littoral Zone: 10 feet or less with no milfoil growth at deeper areas.
@ 60% of the lakebody is deeper than 10 feet which eliminates approximately 60% of the

lake for plant presence and the need for treatment.
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This map illustrates the extent of vegetation survey using GPS points to document the coverage
of the waterbody and shorelines. All sites can be accurately revisited to determine the efficacy of

treatment, figure 66.

2008 Aquatic Plant Point Intercept Surwey

Survey Log
Moses Lake, Washington

Figure 66. GPS location documentation (Kluttz, 2008 survey)
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BATHYMETRY

This map clearly illustrates the depth throughout the lake. The littoral zone is shown in the

zero to 10 foot depth range where the growing plant species are located.Figure 67.

2008 Aquatic Plant Point Intercept Survey
Depth Information
Moses Lake, Washington

Linivessal Trareverse Mercater « Tone 11 (H)
Poorish Aemerican 1053 (medn K COMUS)

mlm{elm

Figure 67. Waterbody Depth Information (Kluttz, 2008 survey)
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Figure 68, illustrates the bathymetry of the bottom depths of the waterbody.

MOSES LAKE BATHYMETRY 2008

| [ AT [t

Figure 68. Waterbody bottom depth contour readings (Kluttz, 2008 survey)
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Figure 69. Graphic waterbody bottom contour in multiple legend colors.

MOSES LAKE BATHYMETRY 2008

Figure 69. Graphic bathymetric recorded waterbody bottom depths (Kluttz, 2008 survey)
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Integrated Vegetation Management Plan

Demonstration Project
The spring/summer of 2007 a project to test control of increased water flow through the

lakebody during high temperature peaks to reduce waterbody temperature in order to affect
eutrophic plant growth. The results were very favorable as the lakebody showed reduced
eutrophic growth over past years with comparable air temperatures. The outcom@of this

project proved so positive that MLIRD will continue the practice of increased IR y water

| p
Ecosystem-Wide Management Issues Moses Lake
Current ecosystem issues relate to the accumulation of sedimentin the l&c@Ford and Crab

flow during spring/summer.

Creek confluences, as agricultural erosion enters the watershed and aresdeposited behind

Rocky Ford Creek. The

o

Drumbheller Dam reservoir as the water enters M*s
sediment has accumulated behind Drumhelﬁ

and deposits in the confluence area of the lakebody. “At
sedimentation due to the heavy flow f: Crwd agricultural erosion across the

watershed.; \ 2 ’

The accumulation of s

oint where it now flows over the dam

Crab Creek entrance there is heavy

T e volume of water in the reservoir and contains

contaminants sucl‘@s ate nitrates which affect the water quality and the ecosystem

of lakebody’s vegetation suecession. As the at risk plant vegetation increases in population, it
consumes OXygen and nutkients from the lakebody negatively affecting the fish habitat and

breeding practices. s
V o

\
Pelica ascade Marina, and Parker Horn wild life habitat enhancement areas will have

the development of island wetlands as a part of this plan. Cascade Marina and across from
Connelly Park are two areas that need to be developed for fisheries. The department of fish and
wildlife has targeted these areas and will provide the lead to develop these areas in partnership

cooperation with the Moses Lake Irrigation and Rehabilitation District the management plan.
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Another ecosystem concern is the Western Grebe nesting areas in the waterbody of Moses Lake.
The nesting areas have been identified by the fish and wildlife personnel, and continue
monitoring the Grebe. The Grebe constructs their nests on top of pondweed and/or milfoil so
their nest is supported on top of the water by the vegetation. However, the boats passing near
nesting may create enough water disturbances to break the nests loose causing them to float

away from the original nest site by wind or other water disturbances. Commonlygthe grebe will

not come back to tend that nest, resulting in loss of the hatch. With the successful'elimination
of the milfoil and pondweed, the Grebe will nest on other more stable ﬂoa%&ta

boating will be restricted from these areas during nesting times.

\\

Shoreline Management Jurisdiction
Shoreline management will be the responsibility of the @ityof Moses Fake and Grant County,
who is in the process of developing a shoreline m& ement plan. The Moses Lake Irrigation

and Rehabilitation District plan will support andS%workin cooperation with the City of Moses

Lake and Grant County in the manage?m of ihe shoieli

The terrestrial/riparian plant Veg&dtion thentiﬁed, given location and populations by
the Survey of the lakebody in The survey was completed by Lakeland Restoration and
submitted to MLIRD

survey and this plan submitted will provide means of
controlling or elimfnati etation that is a risk to the waterbody of Moses Lake. The
vegetation that is Xf? thie’survey as a risk are; Yellow flagged Iris, Salt Cedar, Russian
Olive andﬁlan tree of heaven). These will be referred to the City of Moses Lake, Grant
Coyty‘& nt Cm&y Noxious Weed Board with treatment methods to control these
threatening spegies®f terrestrial/riparian vegetation.

The tree of heaven has been identified only in Pelican Horn, near the border of McCosh Park.
See figure 59. Salt Cedar is on figure 60. Yellow Flag Iris is on figure 58. Phragmites is only
found along the shoreline of Pelican Horn and is figure 63. Purple loosestrife is found on figure
61 and is located in inlets where minimal flow occurs. Russian Olive is found on figure 62 and

infests many areas of the shoreline. It was introduced in the early years of Moses Lake by
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cattlemen to provide quick shade for their animals, and has since quickly spread its infestation

along the shoreline areas. Russian Olive does threaten the life of the waterbody of Moses Lake.

Environmental Manipulation

The water flow through the waterbody of Moses Lake is controlled at the south end of the lake.
Currently the MLIRD extends the time flow six weeks during spring season to he@ keep the
lakebody temperature lower. This started in 2007. This keeps the flow time si%gweeks longer

and therefore keeps the water temperature lower which shortens the plan owth

Dredging will be a way to manipulate the ecosystem. Removal of sedimentifromyspecific

permitted areas of the lakebody will indeed change the size of t se deepening
areas of the lakebody it will help control the spread EMF, enhance bo n\ Qﬁl recreational use,
as well benefit the fish and fish brooding areas.

gl
Reduce sources of nutrients to the waterbody ‘ §
Currently the inflow is providing considerable p e and nitrate loading from both the
Crab Creek and the Rocky Ford inlets.g4Bachinflow ptesents some unique problems when
considering reduction of phosphate an nitraM The most common problem stems from
phosphates and nitrates entering}le creekiin runoff and ground water from both residential and

agricultural areas in the The most effective approach to this would be to limit the

use of phosphate con ilizers'and to adopt practices that prevent large runoff from
irrigation. It is di & roundthe problem of seasonal runoff due to snow melt or heavy
rains.

O
i ho thods

Hand pulling is$'not a viable option for the control of EMF and pond weed since the size of the
waterbody and the numerous identified areas and dense infestations. This would be expensive
require a large trained work force to accomplish this. Also any fragments of EMF that are
broken loose during the hand pulling generate new growth and new areas of infestation. The
turbidity of the waterbody is so poor that hand pulling would not be effectively used. This
method is not appropriate for Moses Lake due the cost, water turbidity and the size of the
infestation.
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Advantages of Hand Pulling
8 Can be a very selective process
@ Viable in very small infestation areas.

Disadvantages of Hand Pulling
@ Very labor intensive.
8 Special labor certification requirement therefore creates an expensive labor force.
@ Potential for plant fragmentation and further infestation.
@ A short-term solution.

N
Hand Pulling Costs \
& $1200 - $1600 per day for two for divers and support boat an ator. &

~

@ Typical coverage range is from 400 - 2000 square feet p \

Bottom Barriers \ \

Bottom barriers may be synthetic (geo-textile) fabricsyburlap, sand'grayél, polypropylene,
synthetic rubber, polyethylene fiberglass screens . The materials are used to cover
lake sediments and existing plants to prevent plai‘ rowth in these areas. The method is a non-

selective control which may eliminate plantm cessary to support fish habitat. Even
though this method is considered 100% effective, if astalled and maintained properly, the size of

D
Moses Lake’s waterbody proves this t eXpewlﬂy maintenance is required by a dive

team to remove any sediment build up amnd/or re rrier material.

thed thatpVM very expensive for a lake of this size and

X Rer acre and the barriers must be serviced each year and
ance and the disturbance of fish habitat seriously limit the

imited possible areas may only be around boat docks and

The use of bottom barriers is
characteristics. The cos
require permitting. The'high
employment of bottom Is.

hard to access arx o
N \\ 4
Advantag ofN Barrier
z g chemrir&s
vides complete removal of plant vegetation, where placed.

in small dock areas or inlets.

-] visible
# Some materials can be reclaimed for use.

Disadvantages of Bottom Barrier
# Very high cost for materials
W Excessive cost for diver labor
# High maintenance costs
@ Not selective to vegetation
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8 Permit restrictions impact use.
® May require removal too allow native plants to re-establish.

Bottom Barrier Costs
@ $0.50 - $1.05 per square foot per year.
B/ $0.45- $0.75 per square foot for installation

#® $0.35 - $0.60 per square foot to remove
&

Sediment Management o

Glen Grette and Associates of Wenatchee are designing the dredging pl &mg cate of the
permitting (sedimentation report 2008). ‘

The practice of dredging will be limited to specified areas (permitted). e&ic sedimentation
areas will be scheduled for dredging over a period of years,as per sewely plan. The objective is
to remove inflow sediment accumulation to: 1) i 1n e ody depth, 2) increase reservoir
capacity, 3) increase flow to slow sediment ) establish lake habit areas for birds
and other wildlife, 5) aid in water quaht 1mm ake, 6) reduce opportunity for

Eurasian watermilfoil growth, 7) aid i educ of water temperature during warm season, and

8) reduce eutrophic algal accurm‘tlon ang bloois

Construct a sediment t th &eek, Moses Lake waterbody confluence.

%

An alternativ\eis&d%:fet/éd areas which will not need chemical herbicide treatment or
minimal sPot tr cht. ging will be used as specified by the sedimentation plan of Grette

Assyia{, ith maps permitting.

Nuisa ncentrations would be managed using a cutter-head hydraulic dredge on a
floating barge. A cutter comprised of steel blades appropriate for the sediment type/consistency
would be used to dislodge the weeds and sediments. The cutter-head would be mounted on a
boom at the front of the barge and swung through the substrate to cut it. As the cutter head
dislodged the sediment and weeds, a centrifugal pump would be used to “vacuum up” the slurry
(sediment/water mix) and weeds, which would be piped to a dewatering site on land. Here, the

water would be drained off and the sediment and weeds would be left to dry. Removing the
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plant fragments from the lake is a key advantage for control of undesirable weeds such as milfoil

because it limits their spread to other parts of the waterbody.

During dredging, the barge would be stabilized through the use of spuds. After a cutter-head

swing was completed, the dredge would “walk” forward, using the spuds.

Use of a hydraulic dredge is preferable for Moses Lake because hydraulic dredgin&is faster than
mechanical dredging, creates less turbidity than wet mechanical dredging, a}i effectively

remove loose, watery sediments (greater than 70 percent water). Potemtialyeffects oftgurbidity

togan upland
y
\these dredges

are able to work where there is debris and weeds, and remove'all aquatic weed parts and roots.

would be further minimized through use of a pipeline to transp‘
dewatering/disposal site. A cutter-head dredge in particular i sé“ae

The dredge operator is able to closely control the cutting dept acyeve target depths and

species control. By controlling the target depth, S e managed by dredging to certain

depths where desired species would be ];Kr y dr&ing to depth to eliminate all
jectl

aquatic growth depending on management ette Sediment Plan, 2008).

R

Over 200,000 cubic yards of sediment gnsportw the Crab Creek water shed and
Columbia Basin irrigation feed WXI‘

a, QQ§

¢
\\§
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e
flows of Crab CreelyParkér Horn (confluence of Crab Creek) has a water feature located at a

A
site just wes&fth Y Stee€t fill” highway crossing. The water feature has lost much of its

ccumulated sediment. Simultaneously with the removal of the

effectivergs dN§
Sedw rn part of the sediments will be used to develop wetland islands to
ildli tat.

enhanee
Priority two: Rocky Ford Creek inflows have a recent accumulation of sediment in the most

northerly tip of the Moses Lake water body. Presently the water is less than five feet deep due to

the sediments. The area could be used for boating and fishing subsequent to sediment removal.
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Priority three: Montlake area water body. When culverts were initially installed under
interstate 90 the bottom of the culverts were twelve feet above lake bottom, today the top of the
culverts are at the same level as the lake bottom as a result of waterbody sedimentation. The
plan is to remove the area sediments back to the original level to increase water flow from

Montlake to Pelican Horn.

Associates, October 2008. Each phase will be project specific and implemented as resources and

\
Please to the Moses Lake Sediment Management Plan prepared for MLIRD bﬁrx

emoval of Furasian
oy

time permits. Listed in the report are several projects that will enhaﬁ
vai c'of water in

Milfoil, increase fishing habitat, enhance boating and increase t
Moses Lake. \\
Advantages of Sediment Removal and Habitat Rene e/

8 Removal of nutrient rich sediments. ‘ \

Fines deposited from irrigation ﬂowm
¢

Re-establishes water depth at tt&t sedimentation areas (below littoral zone).
Increases the volume of the resegvoir.

Enhances fish rearing area(exposesicobble)

Long term lake enhanc £ \
Disadvantages of Sedi Rem
8 Operation CostStare typically expensive and labor intensive.
P N e

# Pofenti short-term turbidity.
) {é itfing re L‘tments
A

Cost of Sediment Control

Capital Costs
@ Equipment purchase (dredge) $260,000
@ Upgrade dredge $40,000

@ Piping network for sediment removal $40,000
@ Support barge $30,000
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@ Support equipment $360,000 (equipment is used for other district projects)

Project Parker Horn Specific Costs

& TFuel cost $22,000

@ Cubic yards to be removed, Parker Horn project 200,000

# Handling lake sediment to dewatering area $80,000 (6200 gallons @ $3.5%gal)
# Transporting dewatered sediments $150,000 T

8 Wildlife habitat restoration to be determined \
‘ 4

Costs for Future Projects

@ Project by project costs to be determined \
e Wildlife habitat restoration \ >
e Rocky Ford Creek o
e Montlake/Pelican Horn ‘ Q N
Harvesting =
A harvester is the basic machine built g stairMons with cycle/mower as a cutting bar

with a series of conveyors to tran@ort CUIWl from the cycle to the hopper for later

transport onshore off-load site Wa)ﬁ of a conveyer to trailer. The material is then transported

to composting site. Thispro volves two harvesters, one being a model 250 having a 5 foot

cutting head and a‘mo has an'8 foot cutting head.

Typically‘e?; ste%?ec{ for three months each year to maintain the growth of the
Euyi% m e harvesters are operated on an 8 hour schedule or less due to weather,
envitgnmenta mechanical conditions. The fuel, fluids, and grease are all biodegradable
marine gtade. “Bhe harvesters are equipped with GPS units to give location sites where they

operate to provide data as management tool.
Mechanical harvesting will continue as a practice to maintain areas of active vegetation growth

and will be included in the integrated aquatic vegetation plan. The harvesting will continue

this maintenance of the lake both pre-aquatic herbicide treatment and post-aquatic herbicide

Page

129



treatment of lake areas of warranted need. Currently the harvesters operate on a scheduled plan
to cover the entire lake areas where Eurasian watermilfoil, along with many other vegetative
species are established. Harvesting could become a much more selective process, once the
integrated aquatic vegetation, management plan is established and the aquatic vegetation
becomes manageable. Harvesting could be used more as an administrative tool, rather than a

maintenance tool, etc helping to maintain shoreline habitat and removal of undes'@ble floating

bio-mass. «\ \
Advantages of Mechanical Harvesting \

@ Control open water pathways for boating. ‘ A /‘
# Immediate of removal of plants. \

@ Minimal bottom disturbance. \\

# Harvested plants can be used as compost. g/

# No chemicals added to the lake. < \

@ Labor and equipment intensive, involvesplantgutting and handling of plant material.

Disadvantages of Mechanical Harve:?g m

Requires repeat cutting ang théseaso
Non-selective and cou sﬁos non-target plants.

High cost f@ imes, m nance and operator.

Creates f% s whichdiave potential to spread and re-establish
& N

@ N\

|
@
# Slow process.
L
L

esting
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Water Features

The lake has one water fe Parker Horn, west of the Alder Street lake crossing.

The feature was placed at this hetic value and in the spirit of friendship of Japan
Airlines with thego of Moses Lake. However, during the lake survey completed in
2008, it was t a surrounding the water feature was; 1) higher in dissolved

oxygen, er Water clarity, 3) no signs of algal growth,4) increased water flow,

an of Eurasian watermilfoil 6) the most diverse desirable aquatic vegetative
envi served surrounding the water feature..

By increasing the number of water features in a heavily impacted areas or areas, a much larger
area of the lake could be aided. The water features that would not only provide improved
aesthetics for the lake, but would serve in lake water quality improvement. Once again, the cost
of selecting, purchasing, installing, and maintaining the water features would be of concern and

would require priority ranking.
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Woater Fe ure of Al treet Lake Crossing

Advantages of Water Features
8 Assists in local aeration afid oxygenation.
a

8 Greater water clarity

® Reduces algal

Disadvantages o

Water Feature Costs
@ Purchase price $35,000 - $85,000 depending on design and capacity (amortization over 5
year life expectancy $10,000/year)
#@ Installation cost varies, depending upon complexity system
# Cleaning, filters, and servicing $7,000 - $10,000 for 1 unit. (additional units reduce cost

per unit)
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Water Level Drawdown

Historically the waterbody is drawn down in November of each year to maintain a level with the
southern water body behind O’Sullivan Dam. The water was often drawn down at a rate of 800
cubic feet per second. This rate of draw down did not maintain an adequate flow of water to
cause water temperature to lower significantly, so in 2007 a program was initiatec\to keep the
water flow at 2800 cubic feet per second which significantly kept the water témperatures lower
for a longer period of time. With the lower water temperatures the plant ngs&
reduced and therefore the lake has fewer problematic plants to cont ¢ reason for the

drawdown is two-fold; 1) maintain level with the south reservoi déquate space

for flood control.
\ \
gl

sur a(, however the roots are often

Hand Cutting

This technique involves cutting of plants below t&

not removed. Tools for cutting include scyt s, thin wire cables or other specialized

devices which can be towed through t eds byboat or by a vehicle on shore. A popular
device is two single-sided stamless ste blades a “V” shape for cutting and is connected

to a four foot handle and tied to a

Hand cutting is not a or in Moses Lake, since the District already owns and
operates two har &8ein ines, which are much more efficient in cutting and handling the
large amoun&f ege{atyve growth that infests the large waterbody of Moses Lake.
Ady, }nﬁg }Attmg

ility ove nuisance submerged vegetation immediately

t costs are minimal

# Repetition of hand cutting will be performed throughout the growing season.
Disadvantages of Hand Cutting:

@ Highly labor intensive

@ Not species specific
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@ Disturbs waterbody and creates turbidity and visibility problems.
@ A short-term method of plant control, requiring multiple times a growing season.

# Difficult to contain and handle plant material as well as floating plant fragments.

Rotovation
Under water cultivation or rotovation is a concept of non-specific aquatic plant cqltrol

providing a longer term control of some aquatic plants. This method can remove

greater depths (approximately 12 feet) as these underwater rototillers churiythe bot
edded In the

sediments to a depth of 12 inches. The action tills up plants and rooﬁro

bottom sediment. \ \

and oved.\Rotovation should

the p‘i@erﬁlg stages of an

t expected to control non-

As plant material comes to the surface, it must be collect

not be considered in lake or river systems where plant

infestation and/or spread by fragmentation. Thls hnigue is

rooted plants such as Coontail (Ceratophylm

This method is not an option for use 1n(he largewottomed waterbody of Moses Lake, as it
would be too expensive and too &nagmg@sh and wildlife habit.

Advantages of Rotovation:

#@ Techniqu
L Longer ef& ss r{an Hand Cutting or Harvesting.
reat tend to reduce aquatic plant density.
&\
Disadvantagesief Rotovation:
@ Difficulwor not possible to collect all the plants and fragments which are tilled up.
# Damages bottom habitat and fish spawning areas.

@ Increases turbidity with potential release of nutrients.

Cost of Rotovating:
@ $1500 - $2800 per acre
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Diver Directed Suction Removal

A technique of diver suction hand removal has been employed where sparse colonies of milfoil
exist. The technique employs a small barge or boat loaded with portable suction pumps and
hoses directed by SCUBA divers. Divers use the suction hoses to dislodge plant and root system

from the bottom sediment, vacuuming the material back to the barge. After screeping the water

and sediment back into the water, the plant parts are then taken to land for p@eﬁal.
'encxo

Diver suction removal can be highly effective under appropriate con*ion E
a

removal is dependent on sediment condition, plant size and de ater visibility.

It is most effective for small localized infestations of low plant he&plant

fragmentation must be minimized. This technique also allows theydiver to target specific

gl

species within a mixed population area.

An environmental issue with diver suction idity and nutrient release from the
sediments. Light, organic sediments wiieh often settle out in heavy weed beds are most
desirable for this method. Divers typically atte event suction intake from disturbing
sediment materials. Sediment cu%ains camibe used to minimize drift of sediment materials and

escape of plant fragments, T is nxvay of controlling the release of nutrients during the

employment of diver Q
\‘

Diver operated suction‘does n\ot ﬁave applicability at Moses Lake’s waterbody as it is too

expensivedér th%elie d dense populations of milfoil above the littoral zone. This
ooe

tech)icge

thistechniqueis noflincluded in the integrated aquatic vegetation plan.

sive to employ in the large rocky waterbody of Moses Lake. Therefore

Advantages of Diver Suction Removal:
 [tis species selective and site-specific.

# Minimal disruption of sediments and habitat in preferred target areas.
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® Minimal release of plant fragments.
@ Effective in areas difficult to enter because of obstacles or deep water.

#® Effective in large areas where there is very light plant growth.

Disadvantages of Diver Suction Removal:
# Expensive and labor intensive

@ Not appropriate for large waterbody or dense plant infestations.

@ Short term turbidity
# Potential release of nutrients from disturbed sediments.

@ Rocky or gravelly bottoms prevent removal of all root fr

Cost of Diver Suction Removal \
@ $1500 -$2400 a day for two divers and support
@ Typical coverage is from 0.25 to 1.0 acre perday \
Water Column Dyes g 2
Dark colored dyes are added to the lakebody M to suppress aquatic growth by shading

vegetation or algae from sunlight\‘he dyw a blend of blue and yellow to absorb part of
S L:Sﬁ to promote photosynthesis by submersed plants and

ly

the visible light spectrum that

algal cells. The use o ost effective at depths of two feet or more. Use of this

technique is hml &hto r pondswhich have minimal dilution with clear water and no
outﬂow \¢

This je& h le for use in Moses Lake, (a reservoir) since there is dilution with clear
water,as the es through from Crab Creek, and Rocky Ford Creek to O’Sullivan Dam.

This techmiquetwill not be a part of the options to use in the IAVMP for Moses Lake waterbody.

Advantages of Water Column Dyes:
@ Potential to control both aquatic plants and algae.

@ Water use restrictions not required.
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@ Treatment will not harm fish, wildlife or pets.

® No special equipment or applicator certification required.

Disadvantages of Water Column Dyes:
# Not species specific (can affect all aquatic plants and algae)

# Not effective to plants or algae near the surface. N

# Dilution from inflow sources would reduce effectiveness and need frec@n\

reapplication.
@ Dyes may not be allowed due outflow and domestic water ri%s. N

Cost for Water Column Dyes \ \

@ $12.00 to $15.00 per acre foot for materials.

gl

Biological Control Methods ‘ N
The control of aquatic vegetation through tm iological organism is a technique that
has an impact on the growth of a targeggplanty, This te¢hnique is expensive and must be
considered only a backup technique tore emMen other planned techniques fail to
control target plant populations.\‘[any OFWogical control techniques have not yet proven

to have scientific data to supp eipuse on a large scale. Some success has been reported with
the use of some organigms in tr‘f aquatic weeds. Also there have been some
undesirable effects%ro troduetion of some biological controls.

G \? v
Biologicaldont ents argoften of two types. There are general agents like grass carp that
Wi]l)()l{ st aquagic vegetation. As such, they are of limited use when trying to target
specific plants: econd types of “biocontrol” agents are those that are target-specific for
problematic t species. Typically research focuses upon the area of the world where the
plants have come from and then researches the organisms that keep the plant species in check.
Organisms identified are brought through quarantine protocol into this country for further
research to determine if there is the potential for control desired. Currently there are no other

biological agents in the State of Washington which are considered effective against Milfoil,

other than grass carp, and recently the Milfoil Weevil.
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Developing Techniques

There are a number of techniques under investigation as proposed control agents; primarily
biological agents. Included are plant pathogens, herbivorous insects, competitive plants and
plant growth regulators. Research with these agents has a primary focus on noxious submersed

plants such as Eurasian watermilfoil and hydrilla.

R
i

Grass Carp

Grass carp (or White Amur) are plant consuming fish native to Chl x These fish
eat a large variety of aquatic plants, but have very definite feedi ocking rates
are dependent upon climate, water temperature, type and exte@\ @es and other site-
specific conditions. It is recommended that 25 fish per acte by (Benar et .1996) and 9 fish per
acre by (Hamel 2002) be the guide to follow. Apparen rass ca used in Washington

have had either minimal effect or have consumed&l aquaric vegetation.

It is necessary to periodically restockf lostito pre! tionor disease, and to maintain a strong
population of young fish with active a etites. 101d (sterile) fish can be planted in
Washington and only by permit. %rass caw be imported by approved suppliers who
certify the fish to be diseage an ra mussel free and sterile. The body of water must have all
inlets and outlets screehed o proved by WDEW biologists prior to stocking.

%
Water qualit is% %aﬂy improve following introduction of grass carp; with the
eliminatioft’of large mats ofyegetation, bottom dissolved oxygen levels generally increase from
levﬁ l{h sh and‘i generally decreases with decreases in photosynthesis (WDFW).

increase where grass carp stir up the bottom sediments. Effectiveness of

s upon feeding preferences and fish metabolism which vary from region to
region. Some preferred plant species appear to be pondweed species, Coontail, and Elodea.
Plant control effectiveness is site specific and significant control of vegetation may not be

apparent until two to four years following introduction.

Grass carp are not a viable option for the control of Milfoil in Moses Lake for a number of

reasons: 1) the lake has a population of sport fish which promotes heavy fishing activity; 2) not a
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proven control for Milfoil which is a targeted plant in Moses Lake; 3) turbidity is already a
concern and grass carp would add to the issue; 4) may destroy plants which support fish

brooding and habitat areas.

Grass carp will not be included as an option in the Moses Lake Integrated Vegetation

Management Plan.

Advantages of Grass Carp:
# Non-toxic

Disadvantages of Grass Carp: \
@ Not known to control Milfoil which is problemati¢in M Lak\

#@ Possibly destroy submersed aquatic plants an e algal lems.

@ Possibly damage native fish habitat <
#@ Inlet, outlet screens must be constrm st allow passage of native salmonid

fishes
# Potential for carp to cause incr ed chﬂe foraging by disturbing bottom
sediment.

Cost of Grass Carp:
@ $12.00 to $18.0 sh (plusidelivery)
@ Stockmg& 15 hﬁr acre
L I]Illlal\\ ective inlet and outlet screens. (cost site specific)

N

Milfoil Weevils
The following description is taken from the website of the Washington Cooperative Fish &

Wildlife Research Unit.
(http://depts.washington.edu/wacfwru/recent/Weevil Life History.shtml)
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Eurasian watermilfoil (Myriophyllum spicatum) is an aquatic plant native to Europe, Asia and
northern Africa. This plant was introduced into North America in the 1940’s and has spread rapidly
across the United States and Canada. In Washington State, Eurasian watermilfoil is present in over 100
lakes and rivers, particularly along the Columbia and Okanogan Rivers and the Interstate 5 corridor.
Eurasian watermilfoil has become a nuisance in many lakes and rivers. The plant reproduces quickly
and can spread easily into new locations through fragmentation. In addition, it can create deNg mats

that can interfere with water circulation, increase the rate of lake sedimentation, change wa

orfish and

chemistry, displace native plants, and create aquatic habitats that may be unsuit

&
invertebrates. Eurasian watermilfoil can also hinder boating, swimming andﬂ is considered

by many property owners as undesirable. 0 \\

Several methods are being used in Washington State to con sian watermilfoil. These include
mechanical harvesting, chemical treatment and biol ogq arp) Since 1996, we have been
evaluating the milfoil weevil Euhrychiopsis ecom al biol oglca control. This weevil has
been associated with declines of Eurasian termilfoil in the.United States (e.g. Vermont, Minnesota,

Wisconsin). Studies in Vermont found tha oth adu ae negatively impact Eurasian

watermilfoil by reducing its biomas&nd causWnt to lose buoyancy and collapse. Furthermore,

X

resedrch in Minnesota hasshow

§eevil is a watermilfoil specialist. Surveys conducted in

Washington in 1993 indicated t as present in the state. During 1996-1997, we conducted

a comprehensw waterbodies in Washington to determine 1) the weevil’s distribution and
2) enviro Ma tors velatcdfto that distribution. Overall, including the 1993 results, weevils were
found' rs two of which were in western Washington (Lake Meridian and Sawyer

ﬁkc,\éing unty) nd the remainder in eastern Washington. Weevils were associated with both
ernwatermilfoil (M. sibiricum). The water quality data collected in 1996 and 1997,
suggested that in Washington the weevil was primarily present in waterbodies with pH >= 8.2 and
specific conductance >= 0.2 mS cm-1 (i.e, hard-water lakes and rivers). Furthermore, we found that
weevil presence was correlated with waterbody location (eastern versus western Washington) and

surface water temperature (Logistic regression: Chi-square=24.3, P<0.001).
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Currently our evaluation has focused on 1) estimating weevil abundance in 13 lakes, 2) characterizing
the weevil’s terrestrial and aquatic habitat, 3) comparing the weevil’s developmental performance (egg
to adult development) among watermilfoil plants (Eurasian and northern) from different lakes, and 4)
developing criteria for selecting lakes that may be suitable for weevil treatments. To date, our
abundance estimates range from undetectable levels to 0.6 weevils (eggs, larvae, and adults) per stem. In
addition, we are currently processing and analyzing data collected in 1999 and 2000 in order
characterize the weevil’s habitat, compare the weevil’s developmental performance, gnd deve

guidelines for selecting potential weevil treatment lakes.

hi

=rn watermilfoil

In Washington State, the milfoil weevil is present primarily in €2

(including Fan and Sacheen Lakes) and occurs on both Milfoil
he summer of
1999, researchers from the University of Washin ed the abundance of the
Milfoil weevil in 11 lakes in Washington. Th bundance ranged from
undetectable levels to 0.3 weevils (adults an tem. Fan Lake, Pend Oreille
County has the greatest density per st . ils)adults, larvae and eggs per stem)

although the weevils there were

abundance results are well b recom ation made by other researchers in

in of having at least 1.5-2.0 weevils per stem in

Milfoil Weevil Eurasian Milfoil Weevil eggs and larvae
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Research information does not support the use of weevils in the State of Washington as a viable

alternative for the control of Milfoil. Moses Lake waterbody contains populations of spiny rays,

which are known to feed on weevils. The lake is a reservoir with water flowing through the lake
and would not be able to contain the weevils. The Moses Lake Integrated Aquatic Vegetation

Management Plan will not include Milfoil Weevils as treatment option.

Advantages of Milfoil Weevil:
@ Non-toxic

@ Potential long-term effectiveness ‘

4
/'
<>

Disadvantages of weevils:
# Weevils may not control Milfoil in lakes with population fnatlx watermilfoil.
# Weevil densities may be reduced below effectiv due to reﬁatlon by sunfish and

other environmental factors. ‘ \

O\

Cost of Milfoil weevils: \(
# Milfoil weevils currently cost i excesMaCh from commercial producers.

Chemical Control

One of the leading Teth f effec ely controlling, eliminating noxious aquatic plant growth
is the use of 1c1ckes , "The herbicides which are approved for aquatic use by the US
EPA are v@l re nsidered compatible with the aquatic environment when used
acco el dlre ns. In addition to the review and regulations provided by the EPA, the
Washin ent of Ecology completed an Environment Impact Statement (EIS) in 1992
for the aquatic'plant management program which allows for the introduction of a number of
compounds into state waters. This EIS was recently updated by WDOE and information
contained in the Supplemental EIS documents (WDOE 2001c, 2003) has been used in the
preparation of this IAVMP. Note that the application of chemicals for aquatic pest control can

only be performed by a licensed pesticide applicator with an aquatics endorsement.
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There are two general types of aquatic herbicides in use; referred to as “contact” and “systemic”
products. Contact herbicides kill susceptible plant leaves and stems, generally leaving roots and
some reproductive structures alive and capable of regrowth. As such, a contact herbicide is
generally considered a maintenance tool, one that can provide relief from aquatic plant
problems, but not something that can eliminate the problem from the lake system. Systemic

herbicides are absorbed and carried throughout the plant structural system, thereby making

them capable of killing the entire plant. \

Aquatic Herbicides (the following excerpt is taken from the Dept of Ecologyaweb p 009)‘
www.ecywa.gov/programs/wq/plants/management/ aqua02b

Ecology currently issues permits for seven aquatic hefbigidés and twalgaecides (as of 2006

treatment season) for aquatic plant treatment forﬁke
irrigation canals is covered under another pm
2006 under the Aquatic Plant and Algs?‘,pn rol Per

Glyphosate \ I

Trade names for aquatic

AquaMaster®, and A

iVers, a{i streams. Plant control in
micals that are permitted for use in

the Noxious Weed Permit are:

ystemic broad spectrum herbicide is used to control

floating-leaved p figs 1 and shoreline plants like purple loosestrife. It is generally
applied as a qu1 eavgs Glyphosate does not work on underwater plants such as
Eurasian @ter ilyAlt gh glyphosate is a broad spectrum, non-selective herbicide, a good
aplyl'cagr mewhat selectively remove targeted plants by focusing the spray only on the
plants to be remgved: Plants can take several weeks to die and a repeat application is often

necessaryyto rethove plants that were missed during the first application.
Fluridone

Trade names for fluridone products include Sonar® and Whitecap®. Fluridone is a slow-acting
systemic herbicide used to control Eurasian watermilfoil and other underwater plants. It may be

applied as a pellet or as a liquid. Fluridone can show good control of submersed plants where
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there is little water movement and an extended time for the treatment. Its use is most applicable
to whole-lake or isolated bay treatments where dilution can be minimized. It is not effective for
spot treatments of areas less than five acres. It is slow-acting and may take six to twelve weeks
before the dying plants fall to the sediment and decompose. When used to manage Eurasian
watermilfoil in Washington, fluridone is applied several times during the spring/summer to
maintain a low, but consistent concentration in the water. Granular formulations Qf fluridone

are proving to be effective when treating areas of higher water exchange or when applicators

need to maintain low levels over long time periods. Although fluridone is comsidere
broad spectrum herbicide, when used at very low concentrations, it can betwsedhgo selectively
remove Furasian watermilfoil. Some native aquatic plants, especi %m\ are minimally
affected by low concentrations of fluridone. N

\

2.4-D ‘N.. v

There are two formulations of 2,4-D approved for aguati¢ use. The granular formulation
contains the low-volatile butoxy-ethyl-estet formulation,of 2,4-D (Trade names include
AquaKleen® and Navigate®). The liqui ormulation contains the dimethylamine salt of 2,4-D
(Trade names include DMA*4IV¥). 2,4:Dis Mfast/acting, systemic, selective

herbicide used for the controlof Eutasian lfoil and other broad-leaved species. Both the

granular and liquid form

be effective for spot treatment of Eurasian watermilfoil.
2.4-D has been shown to be se §J

to Burasian watermilfoil when used at the labeled rate,
leaving native aq%c spe€ics relatively unaffected.). By court-order the butoxy-ethyl-ester

formulation ef 2,4-B,cannot heftsed in waters with threatened and endangered salmon-bearing

waters inf ge PN{tb est.

N
Endothal

A trade name for the dipotassium salt of endothall is Aquathol®. Endothall is a fast-acting non-
selective contact herbicide which destroys the vegetative part of the plant but generally does not
kill the roots. Endothall may be applied in a granular or liquid form. Typically endothall
compounds are used primarily for short term (one season) control of a variety of aquatic plants.
However, there has been some recent research that indicates that when used in low

concentrations, endothall can be used to selectively remove exotic weeds; leaving some native
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species unaffected. Because it is fast acting, endothall can be used to treat smaller areas
effectively. Endothall is not effective in controlling Canadian waterweed (Elodea 145rograml45en)

or Brazilian elodea.
Diquat

A trade name for diquat is Reward®. Diquat is a fast-acting non-selective contact Rerbicide
which destroys the vegetative part of the plant but does not kill the roots. It 1S‘p asa

liquid. Typically diquat is used primarily for short term (one season) co a varie

submersed aquatic plants. It is very fast-acting and is suitable for sp oWever

turbid water or dense algal blooms can interfere with its effecti Dhya allowed for

use in Washington in 2003 and Ecology collected information about its 1c\y against Brazilian

elodea in 2003. A littoral zone treatment in Battle Grg ake in k 9ounty Washington in
2003 resulted in nearly complete removal of Bra21 that water body.

Triclopyr-TEA m

A trade name for triclopyr is Renovate formulatlons of triclopyr. It is the TEA
formation of triclopyr that is regi§gered fogu quatic or riparian environments. Triclopyr,
applied as a liquid, is a relati asbacmlec selective herbicide used for the control of

Eurasian watermilfoil leaved species such as purple loosestrife. Triclopyr can be

effective for spot tiga n watermilfoil and is relatively selective to Eurasian

watermﬂfoﬂ whenmus e labeled rate. Many native aquatic species are unatfected by

triclopyr r e verfusehul for purple loosestrife control since native grasses and sedges

are unaff P&bicide. When applied directly to water, Ecology has imposed a 12-hour

swféml restriction to minimize eye irritation. Triclopyr received its aquatic registration from
<

EPA in as allowed for use in Washington in 2004.

Imazapyr

A trade name for imazapyr is Habitat®. This systemic broad spectrum, slow-acting herbicide,
applied as a liquid, is used to control emergent plants like spartina, reed canarygrass, and
phragmites and floating-leaved plants like water lilies. Imazapyr does not work on underwater

plants such as Eurasian watermilfoil. Although imazapyr is a broad spectrum, non-selective
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herbicide, a good applicator can somewhat selectively remove targeted plants by focusing the

spray only on the plants to be removed. Imazapyr was allowed for use in Washington in 2004.
Adjuvants

There are a number of adjuvants (surfactants, stickers, sinking agents) allowed for use under the

NPDES permits. \
X

Algaecides \
Endothall - Amine Salt

A trade name for the amine formulation of endothall is Hydrot‘l 191®.Yﬁthol 191®is a
rapidly acting non-selective contact herbicide or algaecideyIn W ngt Hydrothol 191® may
only be used at very low concentrations for filamenteus control or Cyanobactena control

(blue-green algae) in selected waterbodies. Severa ents each season may be needed to
control algae/cyanobacteria. Hydrothol 191
with extreme care. Because of fish imp N E%s not allow concentrations higher than

0.2mg a.e./L of Hydrothol 191®. Unlike cepper co ds that are also used for algae control,

ute toxicity to fish and must be used

Hydrothol 191® does not accumulate in se and breaks down rapidly. There are water use

restrictions associated wigh th of gdrothol 191® in Washington.
Peroxygen-based GranulabAlgaceide

Trade nam &clux Grex‘l'taﬁ@§ and Pak27®. These are peroxygen-based granular algaecides

used for‘the pr
poeﬁ, and f

. N
activit

eVN nd control of algae in ponds, streams, irrigation systems, ornamental

tains. Areas being treated with these products must be closed to recreational

for two-hours after treatment.
Copper Compounds

Copper compounds are no longer allowed for aquatic use in Washington state waters except

under the NPDES permit for Irrigation Districts.
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Advantages

Aquatic herbicide application can be less expensive than other aquatic plant control methods,
especially when used in controlling wide-spread infestations of state-listed noxious aquatic
weeds.

Aquatic herbicides are easily applied around docks and underwater obstructions.
Washington has had some success in eradicating Eurasian watermilfoil, a state 1iSted noxious

weed, from some smaller lakes (350 acres or less) using aquatic herbicides. |

Disadvantages \
R p

&
A
Treat

Some herbicides have swimming, drinking, fishing, irrigation, an te&.lse ictions (check
the label and general permit). N
Herbicide use may have unwanted impacts to people use t @*ateynd to the environment.

Non-targeted plants as well as nuisance plantsimay.b

rolled or killed by some herbicides.

ays to Meks or several treatments during

Depending on the herbicide used, it may take s

a growing season before the herbicide contro treated plants.

Rapid-acting herbicides like endoCla diquat'may cause low oxygen conditions to develop
as plants decompose. Low oxygen'€an cause ills.
To be most effective, genera&herbici@ be applied to rapidly-growing plants, although

sometimes fall applicati f perennial plants can also be effective..

Some expertise inst icides is necessary in order to be successful and to avoid unwanted

impacts.

Many peoﬁi e streng feelings against using chemicals in water. Find out what your

nei hh]:s th \\henﬁcal use before deciding to treat your water plants with herbicides.
Some cities tles may have policies forbidding or discouraging the use of aquatic

ther . Chec efore hiring an aquatic herbicide applicator.

t or MLIRD -Herbicide

Planned treatment of the lake waterbody shallow areas (less than 10 feet deep) where Eurasian

watermilfoil has established dense growth and is categorized as a nuisance area and of high

priority will receive treatment with aquatic herbicides. The cost of aquatic herbicide

application will serve as a factor in site selection and treatment schedule. The district MLIRD

will need to assist in meeting the costs through careful budgeting and supporting grants that

may be available. The 2008 lake survey by Lakeland Restoration provided all of the established
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aquatic vegetation sites on the lake with GPS locations, density of growth, and vegetative types
that will be invaluable in determination of site selection for treatment and evaluative monitoring

of treatment results.

District Funding
MLIRD (Moses Lake Irrigation and Rehabilitation District) is a subdivision @f the State of
Washington operating under RCW 87.84.050.  The District receives furiding Wia a special

taxing district established many years ago around Moses Lake. Curre prop owners
within the District are assessed $1.00 per thousand of tax assessed value omth property.

Property owners within the District receive value for their dofars By, tappin the District’s
surface irrigation rights, and MLIRD is devoted to improve water‘w}ty of Moses Lake,

enhance the recreational aspects and rehabilitate the lake to fur@ ;}ae health, welfare and

Property owners may at any time petition tm art of the special taxing district in order
agyprovided t

to obtain the important benefits MLI?)hh E : he citizens of Moses Lake since the

District was formed in 1928.

\ \J
u 1
y sea

District Staffing

MLIRD staff consists o xmbers and three working Board Members. In addition,

approximately 3 temperar staff is hired during the busy season to meet the needs and
|

R
demands of man&g ects of the District.
G 4

’ 4
N
Wg Pge ;

Information fo c input with GPS updates of sites to be treated as well as dredging sites.

quality of life of the citizens that surround it. ‘
Vi

Shorelinegesidents will be able to access information on any and all herbicides that will be used,
schedule of treatment, and permitted areas to be treated, along with all safety information for
those shoreline residents and or agricultural shoreline owners.

The MLIRD Website will be advertised on notices in the Columbia Basin Herald, local radio,

released printed documents, and public meetings.
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No control
Lake management will practice no control on bird nesting and wildlife sanctuaries. The long-

range plan is to develop additional wildlife habitat.

Low level of control
The long-rang plan is to enhance boating, swimming and fishing by increasing the depth of the

lake by sediment removal in targeted areas (please see sediment management pla ette2008).

Moses Lake is a waterbody which the inflow and outflow can be cowﬂexinga
¢

situation in which herbicides can be contained in a targeted ar plication will

be in accordance with all government guidelines and product s

The implementation of sedimentation and/or herbigi ent will Ee scheduled for late
August through October. This is nearing the time f thafall reségvoir draw down. During this

time there is reduced irrigation.

( ‘
During each phase of sediment removal; downstthrriers will be in place to catch any

floating materials. The sediment}directl d to a dewatering site as it is dredged from
the waterbody. Q §

Public Involvemeit;

Public meeti@;&nxn(up;water quality institute involving high, middle, and elementary
students;ﬁuth ing derby; 3 hydro/inboard/outboard races each year at Connelly Park;
Morning | has ad%ted Neppel landing as a community shoreline maintenance region;

GrangCount use inmates from Grant County Jail to clean and maintain the south end of

lake shorey known as sand dunes; the local Job Corp is involved in several lakebody projects.

Identify interested parties
To date there have been no significant concerns voiced by lake shore residents and/or general
public concerning the lake management plan. The City of Moses Lake is actively supporting the

lake management plan, as it will provide improved aesthetics and recreation. The Grant County
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Noxious Weed Board is supportive, as it will leverage their efforts for shoreline weed control.

With the improved fishing conditions the Walleye and Bass fishermen will be supportive of the
project. The local Audubon Society is supportive since the management plan compliments their
goals. The Department of Fish and Wildlife have been active in developing the fish and wildlife

in conjunction with the lake management plan.

Conduct public meetings (See appendix)

S
Q
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PROJECT EVALUATION LOGIC M#

Will not commence Starting date is This will be initi

Parker Horn
removal during umtil Parker Horn is dependent upon ;
. _ Angust 2009 B project
Mlay-03 dredging Project . 'ngillas completed and completion of Rocky ma i .h:
Angast 2009 as : permits have been Ford and partial L .’ " .
. lews 1 fandi funding is availabl

Dredei qup-;;sﬂ;;:nm Monitor and

equipment Boi on site prermiks = sibe. compliance with

thtﬂuiunqr purchased & proent i estahliched Mug . -:ur::mgnlm
. . . prodoct

sediment removal in . ions of

Work with
Department of following updated 2008 itarine denth of
Ecology for Revision | sediment remaoval Check tredping and 1 Intionship to
F culverts. Flant R
Sediment Plan ierat . applicataion
MLIRD General .
Bureau of . Seek available gran
(]:;TI:IBWMQ Mlm;fdaml MUEE.F;::EL';I Recl iom will F'und:ngm:;;dﬁecm Funding to fi
assist in funding fandi g targeted project
MNew Waterbody | The depth has been | The sediment level is .
depth with increased and the | 2 minimom of 12 feet si]nm E to
/30,2009 10y 30/2000 sediment trap sediment has helow the culvert. u" ]] 1
established Oht- dewatered and Increased water flow il
10 remaoved through calvert o
The sediment
Purasi il is

Due to unforseen 3 . collection in Rocky -
cire the Aplantha.rrm Sadmﬂ:rmmla] Ford and Eehind S-Eﬂ.IIIElII-m'Bl tic and is
- will placed down is again in - will take place ; -
completion date of flow duri Ii it Drumheller Dam iz a ontside of Gret targeted noxions
the grant was e the cedi responsibility of the ine season plant of the
extended to 2009 ems E Bureau of g seas management plan
Reclammation
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MLIRD TIMELINE

Lake Inflow [
down
[
Jan. Feb. Mar. __ Apr. May June July Aug.
n @ L]
& &
* - * - +* -+ * + +* -+

Public Involvement activities

Fishing Derby z
Lake Cleanup

Water Quality Institute

Board Meetings

Budget Due

Boat Races

Wake Board Competition
Public Meeting

Q

& &Vr-Em G
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APPENDICES
APPENDIX A
Public Notice

The Moses Lake Irrigation and Rehabilitation District (MLIRD) is the recipient of an Aquatic
Plant Plan Grant from the State of Washington, Department of Ecology. The purpose of the
Grant is to study, map and manage noxious weeds that are a detriment to the ri

aesthetic values of Moses Lake. %

reational and

The goal of the project is to protect the waters, shorelines, wetl
communities of Moses Lake from invasive non-native freshwa

integrated aquatic plant management plan that will target ‘
other noxious weeds. ~Alternatives to current weed harves
installing bottom barriers, manual methods and aquatic he
suitability of each method for use in Moses Lake will be evaluate
wildlife, water quality, and other environmental param:

MLIRD is holding an open meeting December 9, 2008
and Rehabilitation District, 932 E. Wheel: S

public to attend. ( »

QQ\

\ Public Meeting

V 4 \
December 9, 2008

n Introduction and overview
Q Slide Presentation on weeds in Moses Lake

d aquatic plant

d develop an
rid milfoil, and
including dredging,
ill%e reviewed. The

,J&lu(ypg impacts on fish and

5:00 ]&1 at the Moses Lake Irrigation
ke WA. MLIRD cordially invites the

Education plan for public awareness and assistance with lake
weed problem.

Discuss need for herbicide treatment and permits.

Discuss time line for lake survey by Dave Klutz.

Question (concerns) and answer time
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Aquatic Weed Grant

Public Meeting Minutes

December 9, 2008

Richard Teals opened meeting at 5:00 pm

Curt Carpenter introduced special guest David Klutz with Lakeland Rest\Se%InC.
y 3
4

See attached list of meeting attendees. 3

X
tion
Curt Carpenter presented slides on different kinds of weeds t e‘t

ses Lake.
Dave Klutz spoke of his August survey and showed a map of Mases Lak }hng there is no
Milfoil below 10’ deep. Dave and Curt both talked on the ferentWresent in Moses

Lake. Weeds in the lake tend to increase based updi®uaterflow and settling.

Curt spoke on the need to get education form with the weed problems not to add to
the lake problems. n
There will be a need to get herbicide p&ﬂtsv
Mkeco
Dave Klutz said he could havg the \e CO\M] -10 days.

Jetf Powell stated that 0 s are willing to help they just don’t know how or what
to do.

xiategic zones in the lake for designated habitat and recreation.

Curt spoke abou }e n
Next meeti N el }A&ary 27,2009 at 7:30 pm
Mee)'}& sed a \O
‘&

Page

154



PUBLIC NOTICE

The Moses Lake Irrigation and Rehabilitation District (MLIRD) is the recipient of an Aquatic
Plant Plan Grant from the State of Washington, Department of Ecology. The purpose of the
Grant is to study, map and manage noxious weeds that are a detriment to the récreational and

aesthetic values of Moses Lake. R

The goal of the project is to protect the waters, shorelines, wetla d aquatie plant
and &evelop an
id milfoil, and

other noxious weeds. Alternatives to current weed harvesti activi‘s\icluding dredging,

S,
communities of Moses Lake from invasive non-native freshwatg

integrated aquatic plant management plan that will target Eura Xd

installing bottom barriers, manual methods and aquatie) herbicidesgill be reviewed. The

suitability of each method for use in Moses Lake Ql evaluated, including impacts on fish and

wildlife, water quality, and other environme r IS.

MLIRD is holding an open meetingcﬂua\w9 7:00 p.m. at the Moses Lake Fire
Department, 701 E. Third, Moses Lake ML dially invites the public to attend.

({Q\ agends

Public Meeting
I
\ “ January 27, 2009

V o %
N : Introduction and overview

Presentation (PowerPoint) of 2008 Aquatic Weed Survey results
GPS mapping of every site visited.
Large maps posted on walls for audience review
Use of survey in the development of the management plan

Question (concerns) and answer time
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Aquatic Weed Grant Public Meeting Minutes 1/27/09

A published public meeting was held at the Moses Lake Fire Department on 3" street to discuss the
survey of the lake and shoreline in conjunction with the Aquatic Weed Grant. Curt Carpenter opened

the meeting at 7:05 p.m. N

19 survey maps were available for the public to see where the weed concentrations Were in.the lake.

Curt explained that there were no plants findings below 10’ deep.

Dave Klutz explained the survey encompassed 6800 acres surveyed @7 IQ approximately
every 8 acres that included 680 locations. The survey measured water pth tipes of sediment, water
clarity and plants at each location. The shoreline was also s d at the same time for plants. Dave

said there is approximately 1200 acres of lake bottom‘w s Lake w@ere the plants flourish. He
added that aeration of the water, such as with tm ure, positively affects the health of the

lake, helps with clarity and, promotes goo l!ant wth Davepointed out there are approximately
500 - 600 acres of Eurasian Milfoil that ne d to be t ontrollmg the milfoil promotes growth of
native plants. \

Dave talked about u!ng t technigues to control aquatic weeds such as dredging, using herbicide

treatments that are r fish.but would kill the milfoil, creating habitat areas in the lake, and the use
of harvestIQmaﬁ or c ing up certain areas. He said stated the best herbicide is 2,4-D which
inliqui

ranular form. Proper timing and application of chemicals allows for healthy

aveymentioned that the sandier the soil, the less the plant density.

The survey of the shoreline revealed noxious weeds that need to be treated. Curt stated the Noxious
Weed Board may have some money for applying treatment of these shoreline plants and he will be

working towards coordinating that effort with them.
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Mr. Cargo mentioned there were not as many weeds throughout the summer of 2008. Curt explained
the change in the flow of water which was coordinated with the Bureau of Reclamation to allow the
water to run longer, keeping the temperature of the lake cooler, which inhibited some of the
undesirable plant growth. Curt also explained that Moses Lake has a high concentration of oxygen in
the water which allows the consideration of herbicide treatment of plants, as well as keeping the fish

healthy. \

Mrs. Cargo asked about the dredging project MLIRD has planned for Parker Horn Iatg?*th ar. Curt
pointed out that there is a lot more sediment than this time last year and partief t

create fish habitat in that area. ‘

roject eto

Y

Dave Klutz explained that all programs would be ongoing for the treatmen undesirable plant growth
whether it be dredging, chemical treatments or harvesting. The time for chkmical treatment would
depend on the availability of money. Dave would like to t with chefilical treatment on a few
acres to show the community how safe and effect thi*ype tre nfilt can be. He stated the cost

could range from $500 - $800 per acre.

The Department of Fish & Wildlife has ex;fssed W to work with MLIRD through these

processes.

iIIing to worm with homeowners and/or homeowner associations
c&&rolling noxious weeds on their shorelines.

Curt and Dave mentioned they

around the lake if they ar,

On February 7, 20 urt ave will"be making a presentation on the history and survey findings of

Moses Lake a‘h ashmgton Lake Conference in Spokane at the SCC campus at 3:00 p.m.

Everyone |§1V|te‘\ ‘

Met{ting§djo ed 8:30 p.m
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APPENDIX B

References

Shoreline Inventory and Characterization for the City of Moses Lake, prepared by Geo-Ecology
Research Group, Department of Geography and Land Studies, Central Washington University,
400 E. University Way, Ellensburg, WA 98926-7420.

Grette Sedimentation Plan Prepared for: Moses Lake Irrigation and Rehabilitation ict, by

Grette Associates 151 South Worthen Street, Suite 101, Wenatchee,

2008 Aquatic Plant Point Intercept Survey, prepared for Mose
District, by Lakeland Restoration Services LLC, Dave Kluttz, 78 5 d., Priest River,
ID 83856.

*All References within the document areéaccounted for in the above studies.
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APPENDIX C

Figures
Figure 1. Aerial View of Moses Lake Waterbody

Figure 2. City Jurisdiction of Moses Lake Shoreline

Figure 3. Urban Growth \

Figure 4. Moses Lake Watershed \
&

Figure 5. Illustrates the City Storm Sewer Outlets of the Waterb(&'.

\
Figure 6. Locations of City Shoreline Boat Launches and Docks \ N\
Figure 7. Storm Sewer Dry Wells and Storm Sewe

Figure 8. Multiple Family Homes on Lake Shor

Figure 9. Wetland locations and W mﬂ

Figure 10. Septic Tank in Cascade Area aneroundﬂow Direction
Figure 11. Wells and groun ter sampMes
Figure 12. Drumhell y§rd Confluence

Figure 13. Groun water flow direction in the Moses Lake basin (arrows). Tan areas

around la%%e Pleistoc e%ravel and sand flood deposits (from Pitz 2003)
Figurel4. il- Vic&ity Map of Cascade Valley and Lake Sampling Stations

Figurel5. al

icinity Map of Pelican Horn and Lake Sampling Stations
Figure 16. Comparison of Dilution flows from Rocky Coulee Wasteway in 2005 and 2006

Figure 17. Current and potential development of Cascade Valley using drain fields for

disoposal of the residential wastewater.

Figure 18. Lake Sediment Sampling
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Figure 19. Sediment Type Breakdown
Figure 20. Gailey’s Island Grebe Nesting
Figure 21. Goat Island Recent Grebe Nesting

Figure 22. Marsh Island Grebe Nesting
\

Figure 23. Crescent Island Historical Grebe Nesting ay,
Figure 24. Mae Valley Grebe Nesting \

) | p
Figure 25 Northwest Moses Lake Grebe Nesting \ h
Figure 26. North Moses Lake Grebe Nesting \ N
Figure 27. - Beneficial and recreational uses of the ake w}rgody

Figure 28. A Proposed Use Map for Moses& body\
Figure 29. Parks located within Mos(l!aki I

Figure 30. Private Docks and P‘*lic Ban Launi

Figure 31. Lakebody survey2008

Figure 32. Plant Sa

Figure 33. 2008 ua ic nt Point Intercept Survey Littoral Zones

Figure 34. \ed Report
Figu ( hhweed
Figlh‘e eport

Figure 37. Coontail Report (2008 survey)
Figure 38. Curly Leaf Pondweed Report (2008 survey)
Figure 39. Curly Leaf Pondweed (close-up)

Figure 40. Duckweed Report (2008 survey)
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Figure 41. Duckweed close-up

Figure 42. Elodea Report

Figure 43. Eurasian Watermilfoil Infestation Estimate in Moses Lake
Figure 44. Eurasian Watermilfoil

Figure 45. Milfoil Density

Figure 46. Areas of United States with recorded Eurasian watermilf8il infestation.
Figure 47. Floating Algae

Figure 48.Floating L eaty Pondweed

Figure 49. Leafy Pondweed

Figure 50. Naid Q

Figure 51. Nitella Q

Figure 52. Sago Pondweed : l

Figure 53. Spatterdock

Figure 54. Thread L

Figure 58 ellow Flag Iris
Figure 59. Tree of Heaven
Figure 60. Salt Cedar

Figure 61. Purple Loosestrife
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Figure 62. Russian Olive
Figure 63. Fragmites

Figure 64. Percent coverage of all plants in Moses lake
Figure 65. Native Plant Population

Figure 66. GPS location documentation

Figure 67. Waterbody Depth Information

Figure 68. Waterbody bottom depth contour readings

Figure 69. Graphic bathymetric recorded waterbody botto

S

Figure 70. Launching Dredge

Figure 71. Harvest Map 20

&
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APPENDIX D

Tables

Table 1. Physical Characteristics of Moses Lake (Bain 1990) (Based on water surface
elevation of 1045 feet).

Table 2. External TP load contributions to Moses Lake (May through Septemﬁer) during
critical load condition and TP loads following 35% load reduction (CarrokZO

Table 3. Summary of QA/QC statistics (relative present diffusive RPD%O sets of lake

samples
‘ B,
Table 4. Summary of Average RPD for Larson Wastewater ﬁg{ <

Table 5. Moses Lake Dilution Water Release Record \ \

Table 6. Summary of lake sampling 2006 o

Table 7. Densities of Algae in lake in July a&%200

Table 8. Sediment Sampling Sites in najand Wild Goose Inlets on 9/21/06.
Table 9. Common Fish species ‘Moses ake waterbody.

Table 10. List of Audubon SeeietyBird Sp in Moses Lake

Table 11. WDFW GAP, si r@ecies list for Moses Lake area
Table 12. WDFW ngm estrial species list for Moses Lake area
L. \ \\ y
’ 4 \ \

¥
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