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N/A
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N/A

Backeround Information

In January 2007, the quagga mussel, a thumbnail-sized invasive species from Eastern Europe, was
discovered at Lake Mead.

The discovery generated instant concern, as these mussels can potentially colonize water supply
systems at hydroelectric power plants and similar facilities to the point of disrupting operations.

The Bureau of Reclamation's Lower Colorado Region immediately embarked on a concerted effort
to learn more about these mussels. The objectives were twofold: to ensure the mussels did not affect
power generation or water delivery operations at Hoover, Davis and Parker dams, and to gather
information that could be shared with other water facility owners and operators about the mussel, its
potential impacts, and methods of preventing or combating those impacts.

Throughout 2007, Reclamation conducted literature searches, inspected its facilities, established
partnerships with other water utilities in the Lower Colorado River Basin, conducted a sampling
program to determine the density of mussel larvae in Lake Mead and Lake Mohave, and supported
public outreach efforts.

Reclamation also contracted with a consulting firm experienced in mussel control for a further
assessment of Hoover Dam and Davis and Parker Dams, and for recommendations of possible
methods of preventing or controlling infestations on critical operating systems.

As a result of this effort, the Region has implemented specific control measures at:
Hoover Dam
Davis Dam

Parker Dam
Imperial Dam/Yuma Area
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Quagga Mussels, continued

In addition, Reclamation's Research and Development Office in Denver and other agencies are
conducting further research and testing new quagga mussel prevention methods at these dams and
other facilities.

It may not be possible to eradicate the mussel from the Colorado River system, but, working in
partnership with others, the Lower Colorado Region is taking steps necessary to ensure Reclamation
hydroelectric facilities continue to provide water and power for the American Southwest.

The presentation will provide an update on quagga mussel control efforts in the lower Colorado

River, and update on status of quagga mussels in Lake Powell, and implications for future
management and operations of Glen Canyon Dam.
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Managing Water in the West

Facility Vulnerability Assessment
Template

Invasive Quagga and Zebra Mussels




Impacted Systems
(Source ACOE — ZMIS)

Piping Circulating water Service water
systems systems

Traveling screens Once through Pumps

Water towers Pumps Piping

Trash racks Piping Raw water makeup

Trash bars Condenser water boxes | Heat exchangers

Forebays Condenser tubes Emergency systems

Holding ponds Fire protection systems | Area coolers







Environmental Requirements
e —d

Adults do not

Uncertainty of

Moderate Infestation High Infestation

Parameter survive long-term veliger survival Level Level
Calcium (mg/L) <8 to <10 <15 16-24 224
Alkalinity (mg CaCO3/L) <30 30-55 45-100 >90
Total Hardness (mg CaCO3/L) <30 30-55 45-100 =290
pH <7.0 or>9.5 7.1-7.5 or 9.0-9.5 7.5-8.0 or 8.8-9.0 8.2-8.8
Mean Summer Temperature (°F) <64 64-68 or >83 68-72 or 77-83 72-75
Diss‘;[y‘ie:aa’gﬂgz)mgl L <3 (25%) 5-7 (25-50%) 7-8 (50-75%) >8 (>75%)
Conductivity (uS/cm) <30 <30-60 60-110 >100
Salinity (mg/L) (ppt) >10 8-10 (<0.01) 5-10 (0.005-0.01) <5 (<0.005)
Secchi depth (m) <0.1>8 0.1-0.2 or >2.5 0.2-0.4 0.4-2.5
Chlorophyll a (u/L) <2.50r>25 2.0-2.5 or 20-25 8-20 2.5-8
Total phosphorous (ug/L) <5 or >50 5-10 or 30-50 15-25 25-35
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112-228 Microns
140-347 Microns

4FA12 Microns
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#0-100 Microns Straight-Hinged

: 1
Adult Male &
Female 6-45 mm







Forms of Problems

* Flow restriction
— Roughening (Friction loss)

— Blockage
 Chemical degradation

 Biological/Environmental

— Food chain
Habitat
Water quality
Water resource industry

Toxic accumulations




Source - Michigan DNR, 2007
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Chinook Weight at Age 3 — Lake Huron

Age-3 wt at age, Chinook from

recreational catch, Michigan waters of Lake Huron
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Hoover Dam Pressure Relief Valve Shaft
Corrosion — April 2013
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Spillway Gates — Parker Dam
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Davis Dam

RECLAMATION



'S F o
B

et 5"

£
=




enerator Cooling Water Hea
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Hoover Dam
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Historical Observations-Hoover Dam
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External surfaces Inspection — Oct 2008

Penstock Lateral Sheli Penstock Drain —
Debris (13ft diameter) Heavy Settling




Penstock belly drain — Oct 2010
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Hoover Dam Generator Packing Area
Problematic Mussel Fouling

N

'maII water opening '-
supply packing stuffing box
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Hoover Dam Oil Cooler Sept 2010
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Hoover Dam’s 10-Year Budget for
Mussel Control




Transformer
cooling water

Fire nozzles
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External Structures Options

Mechanical Cleaning

 de-water and use
power wash

* underwater, scrape and vacuum
or power wash
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Installed Bio-Box Sampler for Monitoring
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Wa_ter Blasteg

Ready for Pseudomonas Fluorescens Study




Water Jetting Equipment

Video

> pre inspection
»> water jetting

» post inspection













Parker Dam Trash Rake Coating
Research Summer 2013
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Fish Screen Material (Cu- Ni Wedge Wire)
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Cooling Water Filter Options

40 & 80 micron filter
cartridge inside of all
housing




Self Cleaning Ballast Safe Filter
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Hoover Dam Cooling Water Mussel
~ Control Uv System (research)

Renata Claud| (RNT Consulting)
starting 4 lamp evaluation

Upgrade to 4 lamps to increase
dosage April 2011
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Hoover Dam Cooling Water Mussel
Control UV System — Aug 2010

. Total Cost: $116K

UV Unit, Pump, &
Piping: $70K

B Installation: $46K
PSeB 10" cooling water

: fﬂlhidmm 13:28 line 1250 gpm @
= 150 psi

1/8” strainers prior

to UV unit RECL AM ATION



Hoover Dam Cooling Water Mussel
Control UV System (resea‘rch)

Cleaning Gel
storage for
wiper system
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Power Plant Mussel Control System
Atlantium (HOD) UV Light System

UV Cooling Water System
installed July 2013 on a
4000 GPM system

AR T

"'(f";; s

’ y -~

)

o

H o ‘A

0 «!“' "ﬂ.hk\'n Jm -
' O

s ; -
-
vARY “_ ’ A n




~
— [ 1 s ’
- - -
= "} o e P e
.- ’ -1 = M
ey
B - ; ™
- , U
| ' | . y A \
/ I

Invasive Mussel Control
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Marrone Bio Innovations and
Bureau of Reclamation
work at Davis Dam, AZ

By Marrone Bio Innovations
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Zequanox Regulatory Status

North America

« Bacterial product (Developed at NY State Museum
and commercially developed by Marrone Organic
Innovations for quagga & zebra mussels

« How does it work? The bacteria produce natural
compounds that kill the mussels when they use it as
food source. It destroys the mussels’ digestive

system.
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Zequanox Trlals DaV|s Dam Mar 2009
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Zequanox Results for Adult Treatment
Bio-Box Trials Davis Dam - Mar 2009

Trial Week and Percent :
Water Dose Mortalit Std. Mortality

Temperature L)
(degree C) (%)

(mg/ o [V Check
Y (+-%) (day)

100 87 34

March 23,2009 90 84 33

25 75 32
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Zequanox Accomplishments at Davis
Dam

« Biobox studies

— Provided ability to field test formulations and provide
valuable feedback to correlate with lab studies

« Cooling water subsystem treatments
— 3 successful treatments

— Achieved — both one time
treatment and cumulative treatments

* Juvenile periodic treatment program

— Achieved with monthly
treatments

— Demonstrated effective control of recently settled
mussels




$16,000

$14,000

$12,000

$10,000

Normal Flow 3800 GPM

$13,700.00 Per Month
$137,000,000 Per Year — One Unit

Minimum Flow 1500 GPM

$7800.00 Per Month
$78,000 Per Year — One Unit

Costs based on average run time of
10 Months, Bl-Weekly Treatments.

2000 3000
Cooling Water Flow Rate
gpm per unit



Extensive Ecotox Studies Show No
Impact to

Other c SPEcieT




Zequanox Treatment Programs

Product applied with Annual

standard equipment Designed for facilities with tolerance
for moderate to large shell sizes
Treatments can be (larger than 4 mm in size)

completed within hours Treatments occur annually;

— ~2-6 hrs depending on typically end of season
program

Mortality occurs over time,
reducing damage to e
equipment from shell Goal is to limit the number of mussels

that exceed 4 mm in size (adult sized)

debris
: Ideal for sensitive systems and
Safe for employees in the equipment

surrounding area Treatments are performed every other

: : k throughout the settlement
Mortality typically e
monitored via biobox




Bi-Weekly Regimen Reduces Settlement

by 90%
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Native mussel restoration

« Zequanox® to aid in native freshwater
mussel (unionid) restoration efforts)

— Conduct non-target studies on native unionid
species and additional fish species

 Focus on Great Lakes and Mississippi River Basin
species

— Apply product to restoration cages or unionid
beds to reduce fouling by dressenids
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Proposed Copper lon Generator Unit

Anodes are installed in e
cells (fresh water units). A '
side-stream of water is

passed thru the unit and a
copper-rich concentrate is
formed. The treated

solution is then distributed

to one or more intakes to

treat all the users.







FUTURE-Pulse-pressure evaluations
for invasive quagga mussel control

—— e ——
By =k . = = § = ‘ I-.
A. WATER GUN OPERATION :. =
“ g :
\

A
:
\
.|.
\

._"}r

iy 4




Leonard Willett, Quagga Mussel Coordinator
LWillett@usbr.gov (702) 494-2216
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