the known unknowns

“As we know,

There are known knowns.

There are things we know we know.
We also know

There are known unknowns.

That is to say

We know there are some things

We do not know.

But there are also unknown unknowns,
The ones we don't know

We don't know."




history and philosophy

why dam removal?

Oregon Chub (Oregonichthys crameri) — E

Columbia River Chum Salmon (Oncorhynchus keta) — T

Oregon Coast Coho Salmon (Oncorhynchus kisutch) — T

Southern Oregon Coho Salmon (Oncorhynchus kisutch) — T

Upper Willamette River Steelhead (Oncorhynchus mykiss irideus) — T

Lower Columbia River Steelhead (Oncorhynchus mykiss irideus) — T

Middle Columbia River Steelhead (Oncorhynchus mykiss gairdneri) —T

Snake River Steelhead (Oncorhynchus mykiss gairdneri) — T

Snake River Sockeye Salmon (Oncorhynchus nerka) — E

Upper Columbia River Spring Chinook Salmon (Oncorhynchus tshawytscha) — E
Lower Columbia River Chinook Salmon (Oncorhynchus tshawytscha) — T

Upper Willamette River Chinook Salmon (Oncorhynchus tshawytscha) — T

Bull Trout (Salvelinus confluentus) - T

Hutton Spring Tui Chub (Gila bicolor sap.) - T

Borax Lake Chub (Gila boraxobius) — E

Bosket Spring Speckled Dace (Rhinichthys osculus ssp) — T

Warner Sucker (Catostomus warnerensis) - T

Snake River Chinook Salmon - Spring/Summer (Oncorhynchus tshawytscha) — T
Snake River Chinook Salmon -Fall (Oncorhynchus tshawytscha) — T

Lower Columbia River Coho Salmon (Oncorhynchus kisutch) - E

Lahontan Cutthroat Trout (Oncorhynchus clarki henshawi) —T

Lost River Sucker (Deltistes luxatus) — E

Shortnose Sucker (Chasmistes brevirostris) - E Source - ODFW 2004




dam removal as restoration

restoration is:

* reconnecting -
habitats and L
material transport 'ﬂ_-.«

releasing 18 M -’
yds3 of sediment?

effectiveness monitoring and
uncertainty about dam removal




uncertainty about dam removal

geomorphic processes

where will the sediment go?
how long will it take to get there?

biological responses

how much recovery is detected?
how long does recovery take?

known unknowns -
geomorphic processes

How high and for how long does turbidity increase during and following dam removal?

Where and when will the released sediment be deposited downstream?

What depth/volume of sediment deposited on the various downstream channel features (pools,
riffle crests, bars, islands)

How does the downstream bed material grain distribution/class change over space and time?
Where and when do bed habitat features (e.g., pools, riffles, bars) form?

To what depth do fine sediment intrude interstital gravels downstream?

How much riverbed aggradation occurs during low-flow periods?

How does aggradation affect flooding?

Do high flows flush fine sediment from riffles?

Do high flows flush the sediment from pools?

What RYI storm would transport all sediment?

how long will it take for all sediment to be eroded from reservoir?

Where does channel form through reservoir?

What are the sediment erosion rates (volumes and times) from the reservoir and delta terraces
during and following dam removal?

Are terraces that develop in reservoir stable?

how does the river planform and channel geometry (w,d, ER, BHR, WDR, R/D84) change over
space and time in response to increased sediment loads during and following dam removal over
space and time?

what fraction of reservoir sediments would be eroded and transported downstream during and
after dam removal?

how much aggradation occurs on the flood plains over the short and long term?




baseline assessments to reduce
uncertainty

e volume of sediment is
stored

annual sediment
discharge of river

e texture and size of the
sediment stored

theme?

effect size of dam

some dams have little/no effect
on channel morphology
(Williams and Wolman, 1984;
Inbar, 1990; Fassnacht et al.
2003)

relevant to prioritizing
monitoring

relevant to removal strategy —
“the single most important
factor managers can use to
influence the outcome of
removal” (Grant 2005)




large dam definitions

size matters

NID - H>1.8m or W>30.5m

WCD - height > 15 m or 5>height<15 m
and reservoir > 3 x 106 m3

Federal Guidelines for Dam Safety -
Storage capacity > 50ac-ft

USACE - hazard based
Stanley and Doyle 2002 - hydraulic

residence time

predicting effect size

* 1 & 2D transport models

* classification (Brandt 2000)

o T*, S* (Grant et al. 2003)

High(==1)

§*, ratio of sediment
supply below dam lo
supply above dam

Textural shifis at conflusnces
Island and bar construction
Vegetation encroachment
Channel aggradation

Bed scour
Armored channel

Bar and island erosion

Channel degradation, narrowing

Low (==1)
o

(Grant et al. 2003)

T#*, fractional change in frequency of
sediment-transporting flows

High (=1)




predicting effect size

volume stored sediment
avg. annual sediment discharge
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uncertainty in effect size

leads to uncertainty in biological
responses

how many more fish?

how long before we see more fish?

is dam removal responsible for more fish?
what metrics are reliable and relevant?

Is change detectable?




Estimates of the Run Size of Rogue Basin Adult Coho Salmon Past Huntley Park, 1980-2004

known unknowns

TOTAL | HATCHERY | WILD |
YEAR| N [95%CI[ N [95%Cl N Jos%CI|
1980 5,388 1,929 4402 1,744 986 825
1981 12,207 3,758 7411 2928 4,796 2,356
1982 715 581 122 231 593 511
1983 1,184 899 735 708 449 554
1984 10,564 3,594 3,717 2132 6,847 2,894
1985 1,731 429 665 266 1,066 337
1986 4,451 2454 3258 2100 1,193 1,270
1987 6971 3,716 4,029 3052 1942 2,119
1988 14,368 3,272 8,858 2569 5510 2,027
1989 2152 1,074 1,372 858 780 647
1990 3306 4,502 255 1,251 3,051 4,325
1991 3244 1,913 2,217 1,582 1,027 1,078
1992 3422 2917 1,214 1,737 2,208 2,343
1993 1,008 928 645 743 361 556
1994 12651 1,700 7,212 1,284 5439 1,115
1995 13,311 1,159 9,550 981 3,761 516
1996 13,321 1,109 8,699 895 4,622 853
1997 16,992 1,516 B,710 1,086 8,282 1,059
1998 5447 859 3,131 651 2,316 560
1999 6,193 673 4,755 590 1,438 324
2000 21,083 2,320 10,117 1,607 10,966 1,673
2001 25379 1,860 13,166 1,340 12,213 1,290
2002 20,559 1,547 12,759 1,218 7,800 953
2003 14,050 1,659 7,298 1,196 6,754 1,150
2004 33,573 3629 9,092 1,888 24481 3089

adult coho population estimates

effect size

Required power for Effect Size




beyond a black BACI box

Issues with BACI for dam removal
— US/DS not independent
— short/absent pre-removal
— highly variability of indicators

implications for targeting monitoring
resources?

reducing uncertainty

adult migration timing and attempts
larval drift outmigration

community composition

spawner recruitment

genetics

primary and secondary productivity
habitat (spawning, rearing, etc.)

theme?
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* how to choose?

mechanistic monitoring?
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case studies

case studies vs. replicates

* not replicates — “one of several identical
experiments, procedures, or samples”

e not observational studies — more than
purely descriptive

e case studies — inform science and assess
recovery
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Chiloguin dam

River: Sprague

Height: 21’

Purpose: irrigation diversion
Constructed: 1914
Removal: 2008

Savage Rapids
River: Rogue

Height: 39’

Purpose: irrigation diversion
Constructed: 1921
Removal: 2008

Sodom dam
River: Calapooia
Height: 15’

Purpose: mill diversion
Constructed: 1940s
Removal: 2009

Brownsville dam
River: Calapooia
Height: 5’

Purpose: mill diversion, esthetics

Constructed: 1960's
Removal: 2007

dam removal

dam removal
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effective monitoring

documenting:
* physical
— substrate size distribution — bulk samples, pebble
counts

— discharge — various gages
— channel geometry, features — ADP, LiDAR, total
station

water quality
— temperature - continuous
— turbidity - continuous
biological
— vegetation (EMAP)
— benthic macroinverts (EMAP — targeted riffle)
— habitat quality (EMAP)
— fish — partnering with agencies
social?
economic?

effective monitoring

with the objectives of:
* identifying dominant geomorphic processes
» develop ‘effect size’ procedure
* evaluating reliability of indicators —
— responsiveness to dam removal - S/N, ANOVA
— detectability - high

— feasibility of measurement and low measurement
error

understanding indirect causal relationships

satisfy permit requirements, scientific interest,
and stakeholder outcomes
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towards known knowns

learning from mistakes

HISTORY - An account
mostly false, of events mostly
unimportant, which are
brought about by rulers,
mostly knaves, and soldiers,
mostly fools.

Ambrose Bierce
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effectiveness monitoring- a process

define monitoring objectives
identify relevant and accessible existing data resources

baseline assessment
aerial photograph/historical records

bathymetric surveys of reservoir and downstream facies/features (e.g. bars,
margins, islands, pools, riffle crests)

habitat quality
bed material characteristics
hydrology and suspended sediment regimes

determine dam ‘effect size’ and define appropriate

monitoring questions and metrics
implement pre-removal study design

drawdown and removal monitoring
post-removal monitoring

what are appropriate questions and
methods?

1.

2.

3.

linking ecological and
geomorphic processes
selecting appropriate
metrics and methods:
uncertainty/error

data type (quantitative or
qualitative descriptive,
probabilistic, statistical)

advantages
disadvantages
$/activity

resources availability

15



selecting appropriate metrics and

methods

‘monitoring timeframe
category objective or method statisticsl of datatvpe  advantages  disadvantages hrp-\::::;:'llv reference
question response : g
hypothesis
How high and testing:
Sediment  for how long opportunity : .
and docs wrbidity  continuous 0.8 hort titativ for ; w""—?‘. hl':s&
channel increase during  readings PO — Auantitalive o orrelation ! e wis
. - analysis (2002)
change and following with
dam removal? suspended
sediment
b limited
sa%:]alcs pro.s short qualitative  incxpensive information Jain (2004)
P gained
How does the
downstream s
bed material Shaactecions ol
in bble onl !.swﬁrg amrelson
g e 0.8 1 atal.
distribution and counts biased agai 1994
texture change iased against { )
; fines
over space and
time?
relatively
bulk pro.s short/lon; uantitative mﬁg::‘u time KT::dnll"&
samples i g q cfficient at consuming (._.,E.E‘!}
capturing
fines

for more information:
http://rivers.bee.oregonstate.edu/index.html

guestions?
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