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Reservoir hogs
Big dams built, by decade

™ill ,

1900 DJs 108 208 308 408 508 605 70s 805 905
Source: 1COLD

l i i r from thie Economist (2003)
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Precision medicine comes to
psychiatry p. 499

Secure sustainable seafood
from developing countries p.s04
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1000 dams
down and

counting

Dam removals are
reconnecting rivers in
the United States

By J. E. O’Connor,' J. J. Duda,?
G. E. Grant*

orty years ago, the demolition of
large dams was mostly fiction, nota-
bly plotted in Edward Abbey's novel
The Monkey Wrench Gang. Its 1975
publication roughly coincided with
the end of large-dam construction in
the United States. Since then, dams have
been taken down in increasing numbers
as they have filled with sediment, become
unsafe or inefficient, or otherwise outlived

their usefuln
A). Last year|

x| A major finding is that rivers are resil-

State were anj
over 10 millig
ment. Publist e

junction with} 1 e nt
and at least 2| ,
States are no
into how rive|

<4 dam removal. Most river channels stabilize

within mont]
particularly ¥

physical resp
upstream/do
to river systd- = e

monly begins at knickpoints, or short steep

496 1 MAY 2015 « VOL 345 ISSUE 6234

=z=l within months or years, not decades (4),

with many responding quickly to

former Lake Mills can be seen in the background.

O’Connor et al. (2015) Science

sclencemag.org SCIENCE

Published by AAAS
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(2016)
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GLINES CANYON DAM

Images courtesy NPS

Elwha Dam
32 m, 1913



Glines Canyon Dam
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Elwha River, Washington i
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Photo credit:
John Gussman
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How do ecosystems respond?

Drawing by Yiwei Wang



Terrestrial linkages
Marine-derived nutrients in the Elwha foodweb

The case of the American dipper (Cinclus mexicanus)

~ Photo by John McMillan
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21 Million Tonnes of Trapped Sediment

(A) Lake Mills (partially drained)

\ . Elwha Dam
Glines

Canyon Dam approximate
(in canyon) delta front

position before
dam removal

approximate
deilta front
position before
dam.removal

11 July 2012 31 August 2012

From Warrick et al. (2015)



Lake Mills
(15.6 million m?)

—— 1065 m high

56%
sand and
gravel

Lake Aldwell
(4.7 million m?)

—— 322'm high

96%
silt and
clay

44%
sand and
gravel

"‘I-,Amplc .
400 m track from Warrick et al.

(2015)




Dam' notching'chronoloéy

Glines Canyon Dam

P effective height
| Elwha Dam
: effective height :

25-yrevent

river elevation (m)

Height relative to pre-dam

10-yr event

2-yrevent

Discharge (m?/s)
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Blasting at Glines Canyon Dam
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Reservoir Delta Evolution

7). Rande et al | Ceamosphalogy 246
(A) 1921 to August 2010 (E) September 2012 to December 2012
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Project Location: Glines Canyon Dam Former Lake Mills
L L T

Elwha Watershed

Lower Lake Mills

Aerial Photos:

Laky Aldwell / Elwha Oam
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Science and Monitoring Questions:

a)W
b)W.

c)W.

hat will
hat will

hat will

hap;
hap;

nen to t
pen to t

ne fish?
ne ecosystems?

hap;

pen to t

/A PENINSULA
COLLEGE

ne sediment?

2009 2010 2011 2012 2013 2014 2015

Year

J&l WESTERN

WASHINGTON UNIVERSITY

Oregon Stats



SSC bins by week

USGS water-quality
monitoring station No.
12046260

Daily average
discharge m¥/s

Discharge (m?s)

Total suspended-sediment
concentration (mg/L)

>10,000
5000 - 9999
1000 - 4999
500 - 999
100 - 499
<100

—~
-—
=
(O]
2
Q
Q.
S
X
(O]
()]
=
D
(o]
c
il
g =
o
o
[e)
| -
o

Dam removal Elwha Dam Lake Mills Glines Canyon
begins removed drained Dam removed




-
o
o
o

Discharge

—
=
Q
-
@
-
=
@
Q
c
o)
O
=
@
E
S
)
s
!
)
©
=
@
Q
2]
-
w

25-yrevent

10-yrevent

2-yrevent

Discharge (m¥s)




>
N —
9
o)
| —
=
—
=
®
o
0]
o)
@
—
]
>
®
=
@
)
-
2]
=
=
)
o

(foramazin nephelometric units)

Comparatlve Turbldlty
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EXPLANATION

A early removal:
¢ Lake Aldwell release: 23 Mar.
O summer 1: 15 May
] Lake Mills release: 14 Oct.

¢ summer 2:
Ll Lt aaul L1111

< 23 Mar. 2012

> 11 Jul. 2013

T

Lol L nul L1111l
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2012-14 May 2012
2012-13 Oct. 2012
2012-10 Jul. 2013

Lol

Ll Lt

=
O—L
5=

1

10 100

Upstream average daily turbidity
(foramazin nephelometric units)

1000

from Magirl et al. (2015)




from East et al. (2015)

R - il Sediment Wave

Sl . (Rkm 5.4.56) Rkm 3.8

ELWHA DAM + ; Dynamics
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ELWHA RIVER Direction of flow
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Water-surface elevation (m)




Before Dam Removal
Water Stage

Before Dam Removal
Riverbed
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Near Peak Sediment
Impacted Water Stage

\

Near Peak Riverbed
Riverbed (Spring 2013)
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After removal
water stage

\

After removal riverbed
(November 2014)

54






56






from Warrick et al. (2015)
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Cumulative Sediment Reaching Coast




Elwha River mouth, estuary, & nearshore
2011 to 2016

s
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LiDAR slide & work courtesy of Jon Warrick, USGS -2 0 2
Elevation (m)




Mouth of the Elwha River - April 2014

Elwha River mouth 6 April 2014 IW and CWi
All Rights Reserved © i .
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Elwha River sediment budget

Marine Dispersal***
~13 Mtt**

8

—

Nearshore Deposition
5.5 Mt

53’(01?%' Ediz Hook

Port Angeles

Lower Mainstem 0.45 Mt
Floodplain® 0.6 Mt*

Mainstem 0.717 Mt
Floodplain® 0.004 Mt*

USGS 12046260
19.4 Mt**

bedload is assumed™*
Middle Mainstem 0.719 Mt
Floodplain® 0.3 Mt*

Erosion of Lake Aldwell
2.7 Mt

Erosion of Lake Mills
15.7 Mt

Total sediment discharge
during first five years of
dam removal,
in millions of tonnes (Mf)

== 5 Mt Upstream Sediment Supply
— 10 Mt 1.7 Mt

Source Flux Sink




Elwha sediment budget details

Preliminary Draft
ELWHA RIVER SEDIMENT BUDGET
First Five Years

A Annual Rates _
: 3 f Sediment Erosion '

Marine Dispersal*** o ’ | 10 Mt
N j, 3 :M.'..pe Transport and _‘

Deposition

Nearshore Deposition

5.5 Mt \ .

Estuary
0.03 mt

N

Lower Mainstem 0,45 Mt
Floodplain® 0.6 Mt*

Manstem 0,77 Mt
Floodplan® 0.004 Mt* ™\

USGS 12046260

19.4 Mt** “—‘\_\ -I...

Muddle Manstem 0,79 Mt
Floodplain® 0.3 Mt*

Erosion of Lake Aldwell
2.7 Mt e

= - W

Erosion of Lake Mills

Total sediment discharge 15.7 Mt “‘~-\‘
during first five years of =
dam removal
In milions of tonnes (MI)
— 5 Mt Upstream Sediment Supply
— 10 Mt 1.7 Mt ~
Source Flux Sink - ,w?‘?':—ﬁ’-
Year
Notes

" Fioodplain geposition Is estimated, measurements are forthcoming.
** Bedload is estimated to be 1.9 Mt

*** Marine dispersal is estimated by mass balance




Elwha sediment pulse comparable to May 1980 Mount
St. Helens eruption
% T R i W {1




Equivalent annual sediment yield (Mg /km?)

Size of sediment pulse
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Modified by East from Pierson and Major (2014)



——— Measured

= Model (wet)
= Model (normal)
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Actual Sediment Evacuation vs. Predictions
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20,000,000

2012

—<o—Konrad (2009) predictions
—0O— Sediment evaculation prediction,

exponential model
== Series3

2013 2014 2015 2016 2017 2018 2019 2020 2021

Water year

USGS Provisional Data; Subject to Change
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Total redds above former Elwha dam
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m Steelhead NOAA data (courtesy of George Pess)

m Chinook salmon
m Coho salmon

Juveniles have also
colonized new areas
between the dam sites
where adults have not
spawned yet

John R. McMillan NOAA /NWEFSC



Salmon can successfully colonize newly available

i Analysis by George Pess
habi ;
abitats Noox
Fraser River
500 ~1,800,000
S
= Cedar River
o
-}
0
(1)
S
2 300
(1°)
S
o
o
= 200 / Glacier Bay
3 ~11,500 A
o
S 100 / S.F. Skykomish
;\‘_’ &) ~22,000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Number of years since colonization



= weny Daily News

GET CONNECTED B e iy voepe i vt Norione 3 Photo: Amy East, USGS
Olympic National Park: ‘ 22 September 2016_

Fish continue to recolonize
Elwha watershed

Biologists say adult chinook salmon, sockeye salmon, steelhead and bull
trout have been spotted in the upper stretches of the river.

ROB OLLIKAINEN | Mon Sep 12th, 2016 1:30am | [JIEIH

PORT ANGELES — Adult chinook salmon, sockeye salmon, steelhead and
bull trout were spotted in the upper Elwha River last month, the latest
evidence of post-dam removal recolonization, fisheries biologists said.

Recent monitoring has revealed that the fish have passed upstream through
the former Elwha and Glines Canyon dam sites, Olympic National Park
officials said.

The observation is based on snorkel surveys that spotted fish but did not
show the numbers that are swimming above the former dam sites.

“We are thrilled to see this latest confirmation of the success and value of
dam removal,” acting park Superintendent Rachel Spector said in a
Thursday news release.

“As restoration proceeds, the benefits continue to mount along the entire

riviar armA fhiratichar it ite antira arcracyrctarm M
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