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Libby DamLibby Dam
Libby 
Dam



Libby Dam

Construction initiated in 1968
•Dam was dedicated by President Ford in August 1975
•Lake Koocanusa is 90 miles long (40 miles in Canada)
•Reservoir is 370 feet deep
•Dam provides power, flood control, and recreation



•Dam acts as a sediment transport barrier
•Reservoir acts as a nutrient sink
•Dam operations result in an unnatural hydrograph
•Floodplain wetlands disconnected by dikes and flood control



THE PHOSPHORUS STORYTHE PHOSPHORUS STORY



Total Phosphorus Total Phosphorus -- 20032003



RESULT: RESULT: 
TrophicTrophic collapse due tocollapse due to
“cultural “cultural oligotrophicationoligotrophication” ” 

Collapse of native fish populations Collapse of native fish populations 
including:including:
Kootenai River white sturgeon Kootenai River white sturgeon 
(endangered)(endangered)
BurbotBurbot
WestlopeWestlope cutthroat troutcutthroat trout
Rainbow troutRainbow trout
KokaneeKokanee
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The StudyThe Study

A largeA large--scale, controlled nutrient scale, controlled nutrient 
enhancement experiment is enhancement experiment is 

underway to stimulate productivity underway to stimulate productivity 
in the Kootenai River.in the Kootenai River.



Cooperators Cooperators -- IKERTIKERT

IInternational nternational KKootenai ootenai EEcosystem cosystem RRestoration estoration 
TTeameam

Kootenai Tribe of IdahoKootenai Tribe of Idaho
Idaho Fish and GameIdaho Fish and Game
Bonneville Power AdministrationBonneville Power Administration
BC Ministry of EnvironmentBC Ministry of Environment
Montana Fish Wildlife and ParksMontana Fish Wildlife and Parks
Academics and consultantsAcademics and consultants
USACEUSACE
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Monitoring ParametersMonitoring Parameters

NutrientsNutrients
–– TDP, SRP, TN, NHTDP, SRP, TN, NH44, NO, NO22+NO+NO33

Primary ProductivityPrimary Productivity
–– ChlAChlA, , PeriphytonPeriphyton and phytoplankton community and phytoplankton community 

structurestructure

Secondary ProductivitySecondary Productivity
–– Invertebrate abundance, biomass, community Invertebrate abundance, biomass, community 

structurestructure

Tertiary ProductivityTertiary Productivity
–– Fish abundance/biomass, community structure, Fish abundance/biomass, community structure, 

conditioncondition



Study DesignStudy Design

Monthly sample for water quality, Monthly sample for water quality, periphytonperiphyton and and 
invertebrates from April invertebrates from April –– OctoberOctober
Replicates (1Replicates (1--6) collected at each site for various 6) collected at each site for various 
parametersparameters
Fish population work once per yearFish population work once per year
Five years of preFive years of pre--treatment data (completed)treatment data (completed)
Five years of postFive years of post--treatment data (started 2005)treatment data (started 2005)



Nutrient AugmentationNutrient Augmentation

Addition of P (NHAddition of P (NH44PP22OO55) toward a ) toward a 
target level of 1.5ug/L in river in 2005, target level of 1.5ug/L in river in 2005, 
3.0 in 2006/2007/20083.0 in 2006/2007/2008
Target 20:1 N/P ratio in the riverTarget 20:1 N/P ratio in the river
Summer 2005 flow rate of 0.31L/minSummer 2005 flow rate of 0.31L/min
Flow rate is dependent upon river Flow rate is dependent upon river 
dischargedischarge
2km mixing zone2km mixing zone









Sampling Methods Sampling Methods --
PeriphytonPeriphyton

Artificial substrates (30 day Artificial substrates (30 day 
colonization times) for colonization times) for ChlAChlA
Scrape and filter known areaScrape and filter known area
Samples monthly at most sitesSamples monthly at most sites
One composite sample from natural One composite sample from natural 
substrate (3 cobble scrape) for substrate (3 cobble scrape) for 
taxonomytaxonomy



Control – KR10

Test – KR 9.1



Sampling Methods Sampling Methods ––
InvertebratesInvertebrates

Quantitative benthic samples using a Quantitative benthic samples using a 
modified slack sampler, 0.25mmodified slack sampler, 0.25m22 areaarea
Sample events in spring, summer and fall Sample events in spring, summer and fall 
(when flows allow)(when flows allow)
Six replicates per siteSix replicates per site
Full sorts by KTOI staff using 3x lensFull sorts by KTOI staff using 3x lens
ID to genus/species, worms to class, by ID to genus/species, worms to class, by 
EcoAnalystsEcoAnalysts
WholeWhole--sample dry weight and dry weight by sample dry weight and dry weight by 
order (Eco)order (Eco)



•Modified slack sampler
•Dimensions = .5m x.5m
•500 micron mesh net
•Allows sampling of large substrates





RESULTS
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Nitrate & Ammonia Nitrate & Ammonia 
ConcentrationsConcentrations
(Hoyle, 2006)(Hoyle, 2006)
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Chlorophyll Response, Chlorophyll Response, 
Kootenai RiverKootenai River
(Hoyle 2006)(Hoyle 2006)
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Macroinvertebrate Density
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Total Invertebrate Dry Weight
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SUM of Frequency Count by species
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Hilsenhoff Biotic Index

0

1

2

3

4

5

6

May-04 Oct-04 Apr-05 Oct-05 Apr-06 Oct-06

Date

H
BI

 V
al

ue KR 10
KR 9.1
KR 9.0

Hilsenhoff Biotic Index

0

1

2

3

4

5

6

KR 10 KR 9.1 KR 9.0

HBI Value

S
ite

/D
at

e

May-04
Oct-04
Apr-05
Oct-05
Apr-06
Oct-06

E. inermis/infrequens

highly dominant

Treatment

Treatment TreatmentTreatment



Fisheries



Fish Abundance
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Fish Biomass (kg/hr)
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SUMMARYSUMMARY

Saw immediate increase in primary Saw immediate increase in primary 
productivity (productivity (ChlAChlA) to 30km downstream) to 30km downstream
Increase in Increase in macoinvertebratemacoinvertebrate density and density and 
biomass immediately below treatment; biomass immediately below treatment; 
lesser response further downstreamlesser response further downstream
No significant alteration of No significant alteration of 
macroinvertebratemacroinvertebrate community structure community structure ––
getting more of the same bugsgetting more of the same bugs
Starting to see response in fish dietStarting to see response in fish diet––
expecting (hoping) to see increase condition expecting (hoping) to see increase condition 
factor/numbers soonfactor/numbers soon
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