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LenticLentic to to loticlotic

Improved water qualityImproved water quality
↑↑ DODO

Less temperature, pH and DO fluctuationsLess temperature, pH and DO fluctuations

GeomorphologyGeomorphology
Channel dimensions Channel dimensions 

↓↓ depthdepth

↓↓ widthwidth

Enhanced sediment transportEnhanced sediment transport

Recovery rate < 2 yrsRecovery rate < 2 yrs

Dam Removal: River RestorationDam Removal: River Restoration

Upstream Biological Recovery Upstream Biological Recovery 
Rates Rates (see Doyle (see Doyle et alet al., 2005)., 2005)

Migratory fishes (passage limited) Migratory fishes (passage limited) << 1 yr1 yr
NonNon--migratory fishes (habitat limited)  migratory fishes (habitat limited)  << 2 yr2 yr
MacroinvertsMacroinverts. (habitat limited). (habitat limited) << 2 yr2 yr
Mussels (habitat and host limited) Mussels (habitat and host limited) >> 4 yrs*4 yrs*
Riparian VegetationRiparian Vegetation

initiated in weeksinitiated in weeks

Dam Removal: River RestorationDam Removal: River Restoration
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Recovery and DisturbanceRecovery and Disturbance

Upstream habitat recoveryUpstream habitat recovery
◙◙ ↑↑ water velocitywater velocity

◙◙ ↑↑ grain size grain size 

Downstream disturbance: Downstream disturbance: 
unintended consequencesunintended consequences
◙◙ ↑↑ Fine, nutrientFine, nutrient--rich sediment budgetrich sediment budget

◘◘ SmotheringSmothering

◘◘ EutrophicationEutrophication

ItIt’’s All So Dam Confusings All So Dam Confusing……

Source  Source  
◙◙ TSSTSS

(Doyle et al., (Doyle et al., 
2003a; Ahearn 2003a; Ahearn 
and Dahlgren, and Dahlgren, 
2005)2005)

◙◙ TNTN
(Ahearn and (Ahearn and 
Dahlgren, 2005)Dahlgren, 2005)

◙◙ NONO33
(Ahearn and (Ahearn and 
Dahlgren, 2005)Dahlgren, 2005)

Not a sourceNot a source
◙◙ TSSTSS

((BushawBushaw--Newton Newton 
et al., 2002)et al., 2002)

◙◙ NHNH44, NO, NO22, NO, NO33
((BushawBushaw--Newton Newton 
et al., 2002)et al., 2002)

◙◙ SRPSRP
((BushawBushaw--Newton Newton 
et al., 2002)et al., 2002)
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What We DonWhat We Don’’t Knowt Know……

◙◙ What controls the degree of sediment, What controls the degree of sediment, 
nutrient and organic matter exports nutrient and organic matter exports 
caused by dam removal?caused by dam removal?

◙◙ How do dam removal fluxes of How do dam removal fluxes of 
sediments and nutrients compare to sediments and nutrients compare to 
historical flood fluxes?historical flood fluxes?

◙◙ How can managers better anticipate How can managers better anticipate 
systemsystem--specific responses to dam specific responses to dam 
removal?removal?

◙◙ How are released sediments and How are released sediments and 
nutrients routed through nutrients routed through dsds channels?channels?

MethodsMethods

◙◙ Automated water samplers for Automated water samplers for 
upstream and downstream upstream and downstream 
concentrationsconcentrations

DOC DOC –– DDissolved issolved OOrganic rganic CCarbonarbon
TDN TDN –– TTotal otal DDissolved issolved NNitrogenitrogen
TSS TSS –– TTotal otal SSuspended uspended SSolidsolids

◙◙ Generated hydrologic, TSS, DOC, and Generated hydrologic, TSS, DOC, and 
TDN budgets (using USGS gage data)TDN budgets (using USGS gage data)

◙◙ Events monitoredEvents monitored
Reservoir dewateringReservoir dewatering
PostPost--dewatering flooddewatering flood
Dam breaching/floodDam breaching/flood
Complete dam removal/floodComplete dam removal/flood
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Your Topic Goes Here
Dam Removal as River RestorationDam Removal as River Restoration

USGS gage

TSSTSSoutout:TSS:TSSinin = 1.8= 1.8 DOCDOCoutout:DOC:DOCinin = 1.2= 1.2

TDNTDNoutout:TDN:TDNinin = 1.4= 1.4



6

Conclusions

◙◙ Gradient was controlled by Gradient was controlled by 
the dam (back water)the dam (back water)
◘◘ Sink to source Sink to source –– can be managedcan be managed
◘◘ Complete removal greatest export Complete removal greatest export 

of sediments, TDN and DOCof sediments, TDN and DOC

◘◘ Dam removal fluxes are Dam removal fluxes are 
similar to historic flood fluxessimilar to historic flood fluxes

HydrogeomorphicHydrogeomorphic ControlsControls

Little River, NCLittle River, NC
TSSTSSoutout:TSS:TSSinin < 2< 2

KoshkonongKoshkonong River, WI River, WI (Doyle et al., (Doyle et al., 
2003)2003)

TSSTSSoutout:TSS:TSSinin > 10> 10

Murphy Creek, CA Murphy Creek, CA (Ahearn and (Ahearn and 
Dahlgren, 2005)Dahlgren, 2005)

TSSTSSoutout:TSS:TSSinin > 30> 30
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Geomorphic DifferencesGeomorphic Differences
a) Deep River, NCa) Deep River, NC b) b) KoshkonongKoshkonong R., WIR., WI

BeforeBeforeBeforeBefore

AfterAfterAfterAfter

R2 = 0.91
p = 0.01
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Advective-Dispersive Continuum

Bedload data from: Wohl and Cenderelli, 2000; Lisle et al., 2001 

ConclusionsConclusions
◙◙ Greatest export of TSS, DOC and TDNGreatest export of TSS, DOC and TDN

◘◘ Controlled by gradientControlled by gradient
◘◘ Loads comparable to historic floodsLoads comparable to historic floods

◙◙ Significant Significant hydrogeomorphologichydrogeomorphologic
controls on sediment and nutrient export controls on sediment and nutrient export 
following dam removalfollowing dam removal
◘◘ Reservoir width : channel width Reservoir width : channel width –– good 1good 1stst

indicatorindicator

◙◙ Downstream routing of dissolved and Downstream routing of dissolved and 
particulate loads exhibit different particulate loads exhibit different 
mechanisms of transportmechanisms of transport
◘◘ AdvectiveAdvective--dispersive continuumdispersive continuum
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