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Types of monitoring

1. Regulatory
2. Effectiveness
3. Research and river management

Joint Permit

US Army Corps Application Form
Of Engineers (Portiand District)
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Focusing on research: The acid test

* Rates, patterns, extent

Conceptual Recovery

 Linking abiotic and biotic
recovery

e Mechanisms of recovery
— Movement of bed sediments
— Change in food web
— Habitat and refugia
— Thermal regime

Knighton 1998



Dam removal to inform river
management

—— Flume measurement
=== Numerical simulation
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Downstream Distance (m) Cui et al. (2008)



Presentation overview
Learning from dam removals




Rigorous study designs:
Primary challenges

— Identifying and defining
control
— Removal timelines

— Number and location of
samples needed

— Mixed methods

Underwood 1994




Overcoming challenges: Principles
for study “rigor”

. Improve sampling design through definition of
“Impact” and explicit accounting of natural
variation

. Detfine objective rules for assessing uncertainty
in the results

. Standardization of data formats

. Articulation of analytical models, underlying
assumptions, and study deviations



Principle 1: Defining impact

1. Conceptualization:
Potential outcomes
and driving processes

2. Baseline assessment
to focus study

e Establishes common
set of data

 Identifies unique o e
aspects worth studying

Pizutto 2002



Principle 1: Considering variability

Decision resulting from H, false H, true
data analysis ("Change has occurred”) | ("No change”)

Correct decision Error {Type |}
(1-p: Power of the test) ()

Fail to reject Hy Error {Type ) Correct decision
("No change”) (B)

Power analysis: 1-f3

Effect size  Variability = Number of samples
Significance level Model



EMAP - USEPA 2003

Principle 2: Reducing uncertainty

» Responsive to dam removal
* Easy to measure
« Low natural variability

Hl Mean Substrate dia.
0 % Canopy Density

B Residual Pool Area

B % Sand + Fines

@ Bed Stability

O Riparian Agr.

O % Undercut Bank (visual)
B % Pool Habitat (visual)
E "RBP" Habitat Score

Signal:Noise Ratio
(ratio of between-site variance/within-site variance)



Principle 2: “Significance” isn’t only
a statistical concept

» Statistics — Are observed changes outside natural
variability of the system?

 Practicality — Are observed changes beyond our
ability to measure them?

« Ecology — Are observed changes relevant to the
ecosystem?



Principle 4: Deviations from study
design

Bad timing

-

Humility

-

Inadequate resources
—

Optimization: designing for efficiency




Opportunistic learning at 2 case studies:
Brownsville and Elwha dam removals




Brownsville Dam removal

As a small case study, tests

Brownsville Dam SHL :
our limits of detection.

River: Calapooia

Height: 5’

Purpose: mill diversion, esthetics
Constructed: 1960’s

Removal: 2007




Conceptualization and hypothesis

development

Conceptual model: Dam traps ~1.5 years of coarse sediment
that will be released with dam removal




Baseline Assessment

1. Sediment Release Scenario

— Volume of sediment stored =14,000cy, D50 = 50mm
— 1.5 years of sediment at normal winter flows

2. Downstream geomorphology

— Response areas and types (Channel units, Bed material, Stream power and
channel competence calculations, review of historical aerial photos)

3. Sensitivity of downstream habitat and ecology
— Characterized aquatic habitat, sampled benthic macroinvertebrates



Study Design: “controlled”
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Practical Significance: Channel change
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Ecological Significance: Grain size

head spawning preference

m DS1 surface
mDS1
subsurface

US surface

US subsurface

DS1-Bari Bl

Brownsville Dam Removal: Monitoring Sites




Length (m)

Opportunistic Learning:
Correcting conceptual models
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Opportunistic Learning:
Investigating detectability

Many changes were within bounds of natural variability and bounds of
measurement error

Change in Bar Width Change in Wetted Width Change in Wetted Width
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Elwha dam removals

Elwha and Glines Canyon Dams
River: Elwha

Height: 108’ and 210’

Purpose: hydropower

Constructed: 1913 and 1927

Removal: 2012??




Conceptualization and hypothesis
development

Conceptual Model: Removal of
Elwha dams will promote the re-
establishment of self-sustaining

anadromous salmonid
populations within one to five
generations (2—30 yr) following
dam removal




onceptualization and
ypothesis development

Watershed

Reestablish healthy,
diverse, self-sustaining
anadromous fish
populations and trophic
) interactions throughout
Upper Elwha the watershed
Study:
Estuary/nearshore | Salmon recolonization
Restoration of: Nutrient dynamics
Sediment supply Trophic structure
Nutrient dynamics
Reservoirs Middle & Lower Elwha
(@ Restoration of: 2\ | | Restoration of:
Fish and fish habitat Fish and fish habitat
Wildlife/wildlife habitat Wildlife/wildlife habitat
Vegetation Sediment dynamics
Sediment dynamics LWD dynamics
\_ LWD dynamics

J
(" Actions: R
Immobilize sediment
Site Plant native vegetation
Control exotic plants
kl’m\'idc shade/cover Y,

Adaptable Actions
Plant vegetation

Control exotics
Amend soil
Sediment control

Site of Management
Action

River Section and Nearshore Elwha Watershed

>

Woodward et al. 2008
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Baseline Assessment

1. Sediment Release Scenario
— Volume of sediment stored =14,000,000 cy, coarse material
— 2-5 years of elevated sediment loads

2. Downstream geomorphology

— Response areas and types (Channel units and floodplain channels, bed
material, review of historical aerial photos)

3. Sensitivity of downstream habitat and ecology
— Aquatic habitat, periphyton, benthic macroinvertebrates, fisheries



Study design: “controlled”




Statistical significance
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McHenry and Pess 2008




Practical significance

Assumption

Recovery rates of salmon
are steady state and
immediate following dam
removal

Uncertainty

Dam removal may
initially cause
populations to decline in
short term

Recolonization into some
areas may take longer
than expected

Unanticipated barriers to
migration may emerge

Recolonization rates my
change

McHenry and Pess 2008



Closing remarks

Yes, every dam is different
But...general process is the same

Be smart about our analysis and detailed

about our questions and hypotheses —
BECAUSE EVERY DAM IS DIFFERENT

Need baseline assessments and link it
back to conceptual models

Always consider and address your
uncertainties — errors and stat. power

Balance your statistics with your
ecological significance

Prioritize monitoring
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