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Selected web camera photographs of Elwha Dam during its removal from
September 2011 through April 2012.

o T

Figure 23. September 17, | Figure 24. December 18, | Figure 25. April 13,[]12.
2011. | 2011.

| Selected web camera photographs of Glines Canyvon Dam during its removal from
Septembel 2011 through September 2012.

I igur 4. First notch cut on Figure 5. January 8, 2012.| Figure 6. September 9,

2012.

September 15, 2011.

Bl 3-6 #*%.%# (Randle and Bountry, 2012)
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| L S SR (N S S R | R, R S S (S |
15 e L T S B e
C LOWER ELWHA RIVER

— Rkm 55
= Rkm 3.8
— Rkm 06

05 |

Water surface elevation (m}

05 F

1 | 1 |
108 ————————————7
1wl D 1 Ot 2017 e

Bedload > 2 mm

(t/d)
[ =

s Bedload nol gaged

ge
[2e]

g
m

Dischar
(m?/s)

Sep 1 Dec 1 ‘ Mar 1 Jun i Sep 1 Dec 1 ‘ Mar 1 Jun 1 Sep 1
2012 2013

B 3-7 'k~ k®y %R (Eastetal., 2014)

O FEE DT RS BRI L K2 R EERERIAR
X b EEF4E D F K2 Hudson River * e Fort Edwards Dam »+ 1973
EICE P 1A RERT AP S 5 F (PCBS) kA B A 4 o § E
B RR AT 0 7 TR E PG AR 52 B Y 0i5 4 4 (Marks, 2007) -
ip B H = F]p T EEHEL e e EFEREROPFLI P EF RIS AR A H R
Kg R ’ﬁfuifﬂ?} AREY S FMFERBB L ¥ - k65 F F4 Y Clear
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Creek } ¢ Saeltzer Dam » 7 F3Ff:c L w1 3 IR FA A BB R E S
(Stillwater Science, 1999)#73% s 2 e L B R T  E R FEF M F LT 5T
HT a2 280 B < > 2000 # A Feef (2 5- FEAG
A ERE E (A EERE NS 35cms)r % 4500 mE FEEMF AT S
(Stillwater Science, 2001) » e 4 i & % F2 €27 > 2001 3 2003 & H F > =5 4
w4 F (%% >80ems) 0 & 40,000 M3 T R AARF LT ¥ Fla g T
SE & b R Z (Ferry and Miller, 2003; Miller and Vizcaino, 2004) - & %
PIRE T RBELHES TIPS EDTRZERY
3. Condit Dam

Condit Dam =*+ % B & g % ©» White Salmon River » F]-k 4 3 § 2 fa 2
¥ 1912-1913 & > Bk %o £ 9 990km?2 - HIER 38m o kP EKE S 1.6 Mm?3
(Mead and Huntetal., 2011) - "k & 4 & 3 5 » £ % fz 317 1.8 Mm3ik #) 4% (Finley
Engineering, 2006) » # ik #) 2 5 60%F) 2 ~ 359g7E fokk 2 > w2 59gF) (G
& G Associates, 2004; Kleinfelder, 2007; Mead and Hunt et al., 2011) » % 7) & & 4
BRPATREASELRE T E AL R Lt R as T E Ty e R R
2+ % 0.3 ton/ha-yr (Ambers, 2001; Roering et al., 2010; Czuba et al., 2011b) -

Condit Dam ** 2012 EA & KL ATRKE DS FF 7 H(F RE = hE ¢ 4
R¢ > 2002)  Flptdp b B -2 f 2011 & v g A fTicd 142 HIFR
LA R EAHY RN - FW 24 m s o NRAKEY kg
2011 # 10 7 26 P27 RAl e ladag = R EZ R =7 % fok § 5 160
MmM® > 3 4 20K R chik m) B HE LT 5 HARZ IS A B il S E
a‘;tz;:s‘;: =z o

HE G FE e REr R ERIL T RIS R T AR 2
PR 10%R Ak d TP 24 ) PER AL 20% R AL 2ZBERZH
kiwk B % i 850,000 mg/L 0 da A i‘ P38 PRI AT 25 EYE > e 3-8~ 3-9
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d PEERIEERT O BHFHECPEAREANEL > THR THE
= 253

NN

g
AR

Frrmes o BRE) S g T R iR 2R ) R ALt e

(R 5 e - 254p 4k, Wilcox et al., 2013)

139 4t b #52 pE R A 5| )
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(=) BP &6
1 BLii- T2 5L R

p 1999 £ 42> 2 % B R FIEH 1 F)IF IR0 i3 S AR 4 E Y PR R R AL
BaF LRl 2Py RHEAFD AL L1 R%e s 2348
Wiy d RV P32 F %233 Like B4R 1999 & 4 0 3 2001
£ 10 * Py - 3 Like AR AHE S RPIE- BEENcL pH T

ded 318 % 32 4 o

P00 NI RER R R el B B f R
L2 2R RFOFIAAAME R E TR AT RITRET B

PR AR A D B RN 3B e R IIERIT T B

digw BT 1000 £ 4 0 b bk

e

GRAAHAZ v R AR 0

-

WlEr S A R g o B kS 3 Z SRR R C E bt 2 A I
BT b PR R G LT R (2 1T 5 2010) 0 FRE 2 A F(2010)07 if #
R HEE TR AR R TR A AATAD R A 2 Hg #

R AR A LG AU FELIT 0 T B R S e

EAR IﬁPff_%}%d HoREAR HE > LR EDERIZEEM
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%31 B Lk REP R REL 0L B

(¥ p 29T > 2010)

/
¥t BEER *ifﬁ;g wyER i
v = A P (%18 20 %) ]
(m)
EEDBFREF LR L R D
% L% [1978.01.15 ~
10/4 1999.04 | BIFEEFPEEL o £
%2 5. |1978.05.16
F 45 3 - (2000.06)
EHEBAFRF LEDG - Tk
% L% [1978.05.16 ~
10.5/4.6 2000.10 |E e gL E LR o ¥
% =% [1978.06.19
CBIp AR Frend it
% L% |1973.12.16 ~
14/6 2001.06 |-
¥ - % |1974.07.21
% L% [1973.12.16 ~
14/5.5 2001.06 |-
¥ - 5. [1974.07.21
Fl 5 7 F A IR PR o
= R %(1972.04.21~ Se TS AL R 0 F f- B
13/10 2011.06

1972.09.11

Hend %) 30m Ak §osv 4 R

I A% e
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432 3 LAz

4

1=

i 1 %7 > 2010)

= )
B H 73 (2001)
3 % (2010)

FR

3 #% % (2010 ~ 2017)
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CTHFETRBEIERPVARRNL fgiﬁ;‘:@(%} ML) BB

AL BARBEN 0 A BF RN ET LA PHEE K 3,100m Ao ke A Ris i

TR EER ) AF 12kmo 2 1977 £ 1 0 S - B 38m 2 R
TARNFHFE TRFELE S 1047 Fm LB R LIFE SR URE TS
TRk EZ AR T E KRS 6(2&T »2010) -

b. 74 18 42

FHATMCILE: A LE D EE T AP 42007 £ 9 ¢ 18
Prtodeh XE - PFLALEATRF A E I HE LT85 2o FH T a2
B SERFFR AL FHo FOEFEH= 2 - > HFH#asd Fla 4
Moo HRIN F R MR AFEHE o T BE A
FEHTH HTBHE T L2km A EEFESEE THERET B4R 3-
10 #757 (2 #& % > 2010) -
C.;7 Ap & 1t

30 £ % 0 T B BB AR A FEFF PRI S ERPER T A

o

TEFF2ZE RARFIOF B AT HB B I MFRT R 0
PARRE R R AP R AT R FAR R A AR R T

BT s A, > p 2008 & 17 3 2008 & 9 i 0 T R 5 kmp 2
Bz R R 9523 8 MR A T AE5Kkm ph 2 EA R g 257 F md

FCK) G 266 F MUk B)NEP SRR E LT PR A
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1996) » 41417 145

7% 1 (2008) # * #& v = M- U‘*’ﬂiﬂ% 8 38 NETSTARS #-5¢ (Lee et al.,
5% 5k § FISE (7 82 2k i ) 00 B HEBE 0 99 H0R
GSEEHFHCL ARSI AHRF LT X AP AR LERE
Ky BRTZBEFFF 2 ELPHATEINRLT G FRIFMWA S e d > PR
A AEVEIRRATESRE > P R FERT L KB o & B kR
R (4o 3-11~ ) 3-12 #777) e e = ex L N fE AR BT 2L R g 2 p
PR FREBPILZRF A I RRPFLATFHFARETE wERAE
AR GRER G KPR L T E o
TIWE(2009)4~#% 5 . » s § o k1 S5 66 - 2 K o) E B E - R
SHERG R P EA R A T ANER € F Bt A A e VIR R AT A B AT
€3 TP G wp)E 4R % (finesedimentinfiltration) - i £ PFRF 2 {8 R
HeEg4 T FIAM ) A 0 N R i AR ) R o @ ek
SHFERERR S RPRER G 1223 At i
(9 BTHEHRSLE2E)

2006 August

(k9% # %

“00" \0\ cmbcr
BB 1)

Bl 3-10 = BEHERIR
20



107 # = A%

ke rmER S REL D

” 2 ¥ S B - S5 e D%
550 — — R HEET R I
ly
530 | - :
— + 4y I
5, 510 =
490 i
|
470 |
I
450 1 1 ! 1 1
0 2000 4000 A IEmM) 6op0 8000 10000
(7% 4 > 2008)
Bl 3-11 Hos = B34 12 -9 i ST o B S %
B3R W&
A & 18 & ¥ & 18 & &
— i S
— 30000 - ; |
¥ :
9% 25000 ’\\ : —— A& R (K)
20000 : ;
¥ 15000 : \%——* ———¢
% 10000 : ;
5000 : 0
0 . ¢ : : ' 4538 F- 3
0 1 2 3 4 5 (%)
(7 4 > 2008)

B 3-12 = 133

s it

35
u

P (K82 046  Hez W AR

Tullosand Wang (2014) # ¢ 3.3 33 & e 847 34 @F 4 18 > 7 5 &7 b prip

g it 2P E AR G

H(OF = ETREIRINE W g8 < S A }"%ﬁ%?"’—?‘ 2}
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<)

FWP o PSR FENNLIINB R EE AR P B AR 2 &

RSN
&

F2 TR PR

okt

PR 2 2R 2 JEAER Se @ R0 o
33 FHIEFPERBIMAY

P AR % 2 oo Pizzuto (2002)4% &) A iERE e L 1 g P O o 5 d P R
Fl et B F) A SRR Y PR R 2 LR BB RSP 2 R R T
EE AR R S T AP PR R ATDT ko B
310 5- M ATHUMAL SHFOBT R G LR AR AR 0 P Rt D
LB PAFROFER LRI E SR I R EANED TR ER M
FRec L g 2 P Apen® it B M R B B BT R R R
th Mo AREBLT R B MR R PR R R PR R RS e 0 3
L (p AR E G TR OPIES oa B MR R T L
B Aok Bl 3-11 #r o E AMFIR R chle R S mp R R 0 RiRRe S A B
BRASF o MR R T g S e R By et ] 0 AP F SRR B R
B2 T 2 SR $RE TR A DALy ERPHAIHE RSB T
N R FRAEN LB EE 0 RFF RSGUERE R AR

@ ST A (2 T % 4 2013)

+— Upstream Dam Downstream —— |
REMOVAL _
10"
Incision by Fransient adjustment
nl.l.gralinglhwdcur to increased sediment
or knickpoint foad and re-establishment

Bank failure in of natural Mow regime

Time Scale (yrs)

L incised channels
Development of
Mooadplains (7) '
v
1

107 1 NEW QUASI-EQUILIBRIUM CHANNEL

B 3-13 HEfgec L AR 7 L W (Pizzuto, 2002)
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pull'y

- Process Driven se—Event Driven -«

High

' Transport
i Liguifaction | -~ Only During
i High Flows

Migrating
Vertical
Headeut

Migrating Knickpoint

Relative Height of Sediment Fill

~
H

Insignificant Incision

Silt/Clay | Sand [ Gravel
DOMINANT GRAIN SIZE

B 314 7 F RS R e s EHM AE  (Pizzuto, 2002)
R L S RPE AR OERE B ARSI R R
Rebgze 3 BIFMc L 2R BB P AR M FEERY (Pizzuto,

2002; Doyle etal., 2002, 2003; Evans, 2007) » fe $f** & B ki #) A & ~ =3 2 L &%

ﬂ\

PR FENT L 2T R (2013);ﬁd = RAE- B L v S
K2 R AERHE PR B Rip- RE- B PF48m ek T 30 m ekt
o % it > 12 & Doyle et al. (2002)2 Evans (2007)#7#& 31 2. 77 1f 7 5% 0 A B 2
BEPTHELBES BREIARIE B 312 HP o R B FFERELS
E2 ~ E3 ¥2:4 Doyle et al.(2003)£2 Evans (2007)#7#t£ 4 F 77 Ik > H R 72 &
WA PE RL A TR LB RPERARE S S PR RS
Fl+2 £ R AP - FHELI SR AER TR YRR F
E2 S FREED BT G R 2 AR H e R o
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Doyle et al. (2003) Evans (2007) —H i LA RE —HIBTHIODRE
Al 3
A /—\ n| A A Lt
-—— oy
pre-removal P pre-removal longitudinal furrows
3

longitudinal furrows degradation and widening

B ¢ B'
lowered water surface main channel migration aggradation
early-breach drainage network
c ~ a [ c
-_—ie ~ ety |- Wl - ih
dagreciation I incision) ion and channelized aggradation
D [ D
-l T U aeap St
—— s

degradation and aggradation

degradation and widening  gugradation and widening
(due to ban failure by slumping)
: " e | E E2 E3 E1 E2
e Sk | Tl R S ’
-_—— ~ . Bk Loy
aggradation and widening widening and continued incision aggradation and widening widening and conti incision: ion and i i

:m ateral channel migration),
wing back-fill terraces (bfts}

ilibrium (due to bank quasi-equilibrium
sabillzation and re evegetation)
B HEADCUT
T R ©
UNDISTURBED RAL T 2= ~ = EHErRE
RESERVOIR
—
SEDIMENT AGGRADATIONAL
ZONE

B 3-15 = 7P ¥ (2 %T %+ > 2013; Doyleetal., 2003 ; Evans,
2007)

AEIFAIERTRIREXZFRE LT ¢ £ ¢ (Ecological Society of America,
ESA) 7%H iz 2 - American Rivers 2 US Geological Survey (USGS) s » %
2017 #8* 6p 187 11 p &I E RSN S+t € £ > Dam Removal:
A Synthesis of Existing Science and its Implications for the Practice | 3= # # % Tls
Dam Removal a wellaccepted practice in Taiwan? ; (% 3-3) » # ¥ ;ﬁ“ d P H=X 3
B33 0 12 USGS Powell Center # r2 5 & ~ 4+ 4§84 ~ 2 Fc il i o e o oo
Fitgec g #4141 iv/) 2 (Dam Removal Science Working Group)z #a B 7 7 = % %
A# W EREH S B ATE KA MNP A % B UEARY T D sk e

FERTEETARAMFOINER L EHF L FIFA LR ER R

o
bl
%\
=t
>\_
pi
>~

KA, EA &R » > § - BIREFW L I phenppip
VE o R R E- - BEMN R FRERD AR L R
kT RRP A PRBEFET O N2 R R TR, - REE- 5L

%
PR 2Nl S5 Bl B ARG S A EaET Y R k2

7
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B der R aD2 BRYT UL 2o RB T 08T

R TEFELZ > DB R T ERRRET AL R AP

# 3-3 Dam Removal: A Synthesis of Existing Science and Its Implications for the

Practice 3=t # <% 7| %

United States

b i 7
Status and trends of dam | J. Ryan Bellmore, U.S. Forest Service; Jeffrey Duda, US
removal research in the | Geological Survey Biological Resource Division; Laura

Craig, American Rivers; Daniel Wieferich, US Geological
Survey; Samantha L. Greene, US Geological Survey;
Mathias Collins,
Christian E. Torgersen, U.S. Geological Survey; Kaherine

National Marine Fisheries Service;

Vittum, US Geological Survey

Geomorphic consequences of
dam removal

Jim O'Connor, U.S. Geological Survey; Jon Major, U.S.
Geological Survey; Amy East, U.S. Geological Survey;
Gordon E. Grant, US Department of Agriculture Forest
Service; Andrew Wilcox, University of Montana; Mathias
Collins, National Marine Fisheries Service; Francis J
Chris  Magirl, U.S.
Tullos, State
University; Jennifer Bountry, US Bureau of Reclamation;

Magilligan, Dartmouth College;

Geological Survey; Desiree Oregon

Timothy J. Randle, U.S. Bureau of Reclamation

Ecosystem response to dam
removal: A synthesis

George Pess, National Oceanic and Atmospheric
Administration; J. Ryan Bellmore, US Geological Survey;
Jeffrey Duda, US Geological Survey Biological Resource
Division; James O'Connor, U.S. Geological Survey; Amy
East, U.S. Geological Survey; Melissa M. Foley, University
of California Santa Cruz; Andrew Wilcox, University of
Montana; Jon Major, U.S. Geological Survey; Patrick B.
Shafroth, US Geological Survey; Chris Magirl, U.S.
Geological Survey; Chauncey W. Anderson, US Geological
Survey; James Evans, Bowling Green State University;

Christian E. Torgersen, U.S. Geological Survey
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Landscape context and the
biophysical response of rivers
to dam removal in the United
States

Melissa M. Foley, University of California Santa Cruz;
Francis J. Magilligan, Dartmouth College; Christian E.
Torgersen, U.S. Geological Survey; Jon J. Major, U.S.
Geological Survey; Chauncey W. Anderson, US Geological
Survey; Patrick J. Connolly, US Geological Survey; Daniel
J. Wieferich, US Geological Survey; Patrick B. Shafroth,
US Geological Survey; James E. Evans, Bowling Green
Dana M.
University; Laura S. Craig, American Rivers

State University; Infante, Michigan State

Barrier removal prioritization
tools to inform watershed and
regional-scale restoration

strategies

Tara Moberg, The Nature Conservancy; Erik Martin, The

Nature Conservancy; Jessica Levine, The Nature

Conservancy

Designing for the predictable
geomorphic response in an

Paul Woodworth, Princeton Hydro; Laura Wildman,

Princeton Hydro

unpredictable regulatory

environment

Synthesis of common | Desiree Tullos, Oregon State University; Mathias Collins,
management concerns | National Marine Fisheries Service; J. Ryan Bellmore, US

associated with dam removal

Geological Survey; Jennifer Bountry, US Bureau of
Reclamation; Patrick V. Connolly, US Geological Survey;
Patrick B. Shafroth, US Geological Survey; Andrew
Wilcox, University of Montana

Dam removal in Canada:
Similar challenges at every

scale

R. Allen Curry, University of New Brunswick; Gordon
Yamazaki, University of New Brunswick; Tommi
Linnansaari, University of New Brunswick; Wendy A.

Monk, University of New Brunswick

Is dam removal a well-

accepted practice in Taiwan

Hsiao-Wen Wang, National Cheng Kung University

The future of dam removal

Serena McClain, American Rivers
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AR BRTERERNEL L FREFHCL R AN EHRE S 504
3-3°¢ EP B A2 PIH A2 T 1; TREE 24T 0 MR R P B4R
1. Status and trends of dam removal research in the US
TR R E RFEW LAy IRk~ 485 o 2k > Bellmore & 4 (2017)4z &
BT L R dp 0 G E 2 WG AW 1200 F ROk gk o R
3 A3 10%EGEFAETFL (R 3-16) ~ TR e (<4 £)8F T
PER(1-2 )7 ie T A ¥ M BnE R £2 % S H ] FEke

frripm % T3 CEREFFBPES G2 FRFAPTHREL - 59 TR

Wiy B PR RSP R - BEY BRI UET AR Y S

TERFEREho

(b) (a)
so[” 1200
a[

S

S 5 1000

8

£

& 20
o 800

0 <2 >2—4 >4-8 >8-16 >16-32 >32-64

Dam height category (m) 600

. Dams removed 400

. Dams removed with =1 study

200

1944 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009 2014
Year

B3-16 Fgecg g ad @AM LT e g ¥ 2L (D)

LR e A BT A
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2. Landscape context and the biophysical response of rivers to dam removal in the

United States

B1070 & %4k o % W ALE 1000 & A HRE o A o BRI

Fold o n g 130 BRGLEFL e FApiEe o B¢ R EMEM Y B A

& 13 (Before and After Removal, BAR)si#= 7 it 2 $|- X - Foley % « (2017) & *

FE AT RILFFM o (e LM AFBRERSE > 7% 7 63 B BAR F 7 3
el ($ehd P10k o B E RS 6 AL, INfod e s =
Bofow e )~ A F (<500 m)fo i (<590) ] T P R iR B E E (104
1000 km?)F 1 e B it i B f H 4 1T 1 bR RO o B 37 2 BAR
FUFR L A Y B RE RO EP T FRE A BRI A
i ek B & B iF 2 (landscape setting) » Flpt ¥ H s R A B E 2 T ML B
e iplie 4 £ 'Uhe A kB EE T G PPNl {2 R o
R AP mERY g S ERT A A

THWAIHI PP EE RS Y A0 BRI IRTRE - R
SORY AL 0 300 BRI L i B IR L B o 1 sk

(1) By #5507 PP E S WS R L i o 504 55 o Tg B

4
i

Blchlgha = 44 LA

"tﬂ

(Q HFHRecL 18> FEALTHAF B T INDF FRAFFESF R
PALFEFGRIBEHCLFNL VSRR E T RS
Q) ez ¥ iy A org kB Ap iR PR RS A R 0 F g A
RIRAL S B # it e g F -
(4) ¥ 41 * P peez o 2 L5 (Citizen Science ip = e afl8my )k gk

BEATRITHER o7 R LB STE Y REE S hgB o

E R E S AME R E L A ST AR (o 2R RS B
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/‘?H—— ‘Eka}B m,a 'g\_p_ P ) > /? i /n }\/.w. g »&_r-‘_z,] irvfé;af’"ﬂ t i%»iﬁfﬂ

) %i¥3 hp e 2B FHH> K423 2% FHR > ¢ 5 d £ F USGS ¥

122 3 RE L T o~ v (https://www.sciencebase.gov/drip/) e = R&E - 5L

>

\

X

%
e

FEB LiEe B2 FHWL A AT F kY o iRl 3-17 -

i % N Filter by Study Type:
}

+

=

5 * USGS DAM REMOVAL SCIENCE DATABASE
= UNSTUDIED DAM REMOVALS FROM "AMERSCAN RIVERS

T T

Bl 3-17 el T~ v = REEF LIE% b

3. Synthesis of common management concerns associated with dam removal

Tullos % 4 (2016);%- dFM I PEFTHAEFERI - BY Loy 2R
(Common Management Concerns, CMC) » #24 izt P i e 4 frd Fr 22t d £
#]+ (Biophysical controls) & e 58 o = B % L g 3LA 3 4o 1 oK B R BRI AR R
frad B KR FPEEAT T TR THEEAL R HE H kIR
PR R R MR B RAEPRRE o LR F R
Wk ' B H P R ISR X R A 2t R goirid A R
HEFHEHAB AR AR YB3 f 6 PP Fm T TR AG -
B 5 BEFhd fpfozid FRBFI > § BN HERE NS LRG> T HEP
R EEREOR G EZRPFYRE R FF o e RINBRRE BT o
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3-4 1 &

HiRee L7 8 RYARTERER Y L B2 — AR RAR S ey > 2 ¥
F 2% ARHE 10 m eh (R 3-17) 0 a0 B3 p B oL PRI AET R
% % o Foley & 4 (2017)1945 82 it e L A7 7 R 0| BH ML S hpig &
o PR O HREY L JE s BLE LU 4o

1. R %k r)ei8 # (Sediment can move)

BT agFiE 2 L AR 8% L% L @4 7 5 (Sawaske and
Freyberg, 2012; Grant and Lewis, 2015; Major et al., 2017) » 4] 3-18 - & ¥ I5 %

WERZIATHORPERPRL  FEARNERE VAR D REES I T

(Burroughs et al., 2009; Major et al., 2012; Tullos et al., 2014; Harris and Evans, 2014;
Tullos and Wang, 2014; Major et al., 2017) > @ &b ik ) &2 3k 3 cniE A ik 5 dufi (B
3-18) - &4 > Wisconsin -+ Koshkonong River F 1 Rockdale Dam (3.3 m) :c &
L& BRp 2 F 1% kit ik st T 2 (Doyle et al., 2003) » & £ %
Sk e Fig B2k ahds ity B (Wang and Kuo, 2016) » m Marmot Dam (15
M)E % P e ekl R #) 5 17% teifitec L (8w 60 -] ik 4 (] 3-18)(Major et
al., 2012) o FF e fiflec L VAV LR RN AT ¢ Z 2 kR
SREFER L TR REE DRBES

2. ¥ % (Species can change)

BRARE Ry enhe fE EOFRE L A R ML ORI R AR A B kv A AL

EFMc L B hp o IR L SRR PE o 2 BF bt THLE R

BEGBADHMIEE S NP IELAI S RF RS GRIAVEFLEF B
WAL X7 GERPHINE TR ik A3 PEe Ry i R
B B (e~ E)T e 0 ML T R LR 0 2 B RE LT
A e g (Pess et al., 2014) - 4 2 f A RPRABFFREFI 5 X S EFENT

FRFOFF > FPAPHRELDS Gr RSP amErRy - L HEREL
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Rpreh< o A H L@ EAPARMcL Kb g R ENPRIRERT TR
B e e PR 2R R Sihdegs o

3. ¥ene B HHP i el P¥(Size matters)

HRd kB Y ERBAHEEREPE S PEFH L P i s
AN hE B FS o 4 5 Boikre I AuE(04%) R HER A 10m (B 3-17)F B F A A
/5% 10,000 m® (Major et al., 2017) » @ s &L F2 | (<10 M)§Hir 4p e 4 fhid & eh

P2 B 4p i e (4o Skalak et al., 2011; Sawaske and Freyberg, 2012; Tullos et al., 2014) »
AT o e d AFEECIOM)E o { 5 £ & W 0 BT 7 &7 (Allenet
al., 2016; Major et al., 2017) o * 3F*TIFE FL FH 8 530 4 » 2 e L S
P57 ok B B (Podolak and Wilcock, 2013; East et al., 2015) » e 15 (& p

i FlhA3 - Bk 2T RIAZE 10 # (Bellmoreetal.,, 2017) - 14

S RBE-BEEI 0 32011 Ecf 3 L EpRE T E o

4, HRcd B2} P (Location is important)
LR DA R T R AR B b i > BFu AL e

AP BT AFGUF o i B R WY AFIBHER Y - o HrhaFRG Y

P F 2 + (Cooper, 2013) o d ** ZF W+ BHRBEF B F 17 < > Fpt 44§

S
o

IR R R R T L R

mh

LT SERIF A L A T T R
B TRIRR YRR T AL B Pt 0 bldes R B et A 3

B LER O EF-BFEEKHPER B - BHEZ? R APER

R BEAFFERRE PSR-

5. #wu| % & 98 4 (Surprises happen)

/T"

OB L R0 3 ATFEH T EFS SRR R T el B
ﬁﬁﬂﬁ’%ﬁﬁ*ﬁﬁéﬁiZkﬁﬂﬁﬁﬁ’i%ﬂ%ﬂ@ﬁ~iﬁﬁﬁ‘
PEREE LR TRELZ R IFY BRI NBRBDF LT R VIR
(o 2B TR SEPWL P PRRBHA N T AT JFL SR
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FPHI B RGEHT R ZFF AT AR ORRF R T RRET R A
i# = F2 Z(Wildman and MacBroom, 2005) » i]4- 1973 & 2 & Hudson River _+ Fort
Edward Dam B ¥ f ek £ % | % % 5% F (Shuman, 1995) o o 3t 2% 5 JF @t
Bt &N HP EF O MRS Rl R FE S E SRR B araeg L P
AL T bR BT A (i DDTE £ B3 & RS TR
%Qﬂggﬁﬁ%%ﬁﬁfﬂuﬁdﬂﬁiaxww‘ﬂ# TG ik PR
| T #5(e.g., Stanley and Doyle, 2003; Evans and Wilcox, 2014; Evans, 2015) -
6. I RBNPEF B> CPFERILNTRAERL I HE
(Response is rapid, but recovery trajectories vary)

Bt P EauE L 0 R RO ERPEEDFTATH TG PR

T B B e g P kg A ent TSI S R Rk chp e R

oA S SERRLE > A2 E o ¥ RBE BN ATIE R ehw 4 BF

R’k 17 E-(Major et al., 2012; Costigan et al., 2014; Tullos et al., 2014; Major et al.,
2017) o iRl L (8> kA A P e 2 ATEE A S Sier o BuldE b
R L - B ook p) e ¢ 5 % T K (Sethi et al., 2004; Pess et al., 2014; Tullos

2
>

b
She
_.\‘\

oz
T

etal.,2014) - % ¥ B2 F 7 U 4p i chig » 3T L B T

=
h’%

S
kil

e
At

BERFTFRNOERIGIPR A EFRIHELER - BHAEEY O

4 (Doyleetal., 2005) ~ & 4~ &2 423 " & ¥ (Bukaveckas and Wood, 2014) - 2 4 &
X ok~ g6 ) FL RS X P N REEERIRE -
LB iE - B e ak py e {8 > ¥ i ag w 4R (Stanley et al., 2002; Bushaw-Newton
etal., 2002) ; ¥t a Hdf « A~ AR HELAE DR ER DI P T 0 T ar
TRt MG BoE hpER %3 i w42 (Poulos et al., 2014) 5 & Bk Ae 4 B

% &t £ d 3 { & opF R (Orrand Stanley, 2006) °
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7. A T E vk R F R 4 7 4t eh(Pre-dammed conditions may not

be possible)

ﬁd PRl REFIPER T L R F - LML o PR AR T
A ke PR o F U H et s B L REB AN U R B I SRR
F gt ¢ PR E A w4 DB (B 3-19) 0 B R L S BB R R
2 % (Palmeretal., 2010; Feld et al., 2011; Webb-Sullivan and Evans, 2014; Magilligan
et al., 2016; Warren et al., 2016) -

PETRREF P o 2ot 6% 3 * (Predictive models are useful
but not widely available)

d NI L RAEX DF S ML MR BE R e B BB T e
PO R i 1 R 5 (4 Rathbun etal., 2005; Downs etal., 2009; Cui etal.,
2017) g B BN AR P B R R A Y g wiB g rtiEan o
Bt A B R ATERIFERLL ok & ‘@%ﬁﬁﬁﬁp@mam
20064a,b; Cui and Wilcox, 2008; Konrad 2009; Gartner etal., 2015) » ¢ 3 & % % %75

SN R E T PEEWM A TA5(Cuietal., 2014) o AR FRT > 05N AERIERIEN

L BRIFADERSTRNE B E R BR80T M2 T8 £ (Cuietal,

2014) o = 3 B R B S 3 A TR TR B4 K Bh e A S L of g an
i EAE S T Rl EAEARY A4 Y g (Cantelli et al, 2007) o + § #ahficiE
HEsS ik ) B R 3R R R R T TR PRI W
ZEE R L /NN I S [Che S AR 7 RS I R R =R VR
B - BEEREE LIERrs REE) R D 250 P G RE S
AR A N ERAUFHL RN TP AR L AR R IEES

RS RS Y LR S8 = R R R P L T
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9. FFHE P inL AP (Keep listening)

Boanig{s v A ke i R R FAPEP B RS L AR A
PRMRRTGHE Lo Pwit * S8 $40F7 48 A4l s
W 2R BHEITFFORE R @R F R Aare o R o BB
RLHNERL R ANPEE ZRFLELAKFE KT H S Fs B it th

FrpEekpyy {PhRjaeigdd B Band 34 2R EG 0
% 7% % (Hartetal. 2002; Bellmore et al. 2017a; Foley etal., 2017b) - » i k3 > > &
s L e N S e L%‘z,g,ualﬂ%ﬁ,,g: 38 B AL 1R

e
ER
g %2%’%’55’1’733 4 o

700~

614
B
600 |-
| | dams<10m
Il dams>10m
5 500
=
o
£
e
» 400
& 306
- 7
S 300 [ ]
g Chijiawan Dam (13 m)
=
200 -
100 =
2 2 2
T3040
ol 0
6 o ©
MR M,
¢ F & &FS
w L N e ™

(Foley % + > 2017)

B 3-18 2 & 3 F > 10m 2 <3 10m 2 itz

ﬂ\—x
g
(]
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e Coarse unconsolidated sediment (chiefly sand and gravel)
mmmm  Fine sediment (> 30% silt and clay)
Dashed lines represent phased dam removals

100 T T L T I T I

Milltown
80 [ (Blackfoot River Arm)
Condit

Chijiawan
Merimack

=

75% (Q,, event)
60
*

40

20

Cumulative reservoir sediment erosion,
in percent of total reservoir sediment volume

i J-------------.
10% (Q, event) |~
0

& Stronach
[ 1
1 2
Years since breach initiated

From Sawaske and Freyburg, 2012; Grant and Lewis, 2015; Major et al., 2017 ;
~ B Fy 2 iz

S

B 3-19 2 Fiipilesrizsd > §2 B

',

Short-term

Response Long-term Response

Condition Prior to Impoundment

Restored connectivity of
sediment, flow, and native
organisms within a
high-quality watershed

Plausible Range
of Outcomes

River Condition ——

Widespread contaminant transport,
Invasive species dispersal

Weeks to Decades

Time———
(Foley % +« > 2017)

B 3-20 HER e 6P i K BtEA
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3.4 R

S FRBPEPE AR RAE R E LT A RBERB LA REE X N
LMo REFERFRAZRIER ~REYFRPEERT 7 ~ THEMH T
AR EF Leng 2R 4E(Tullosetal., 2016) > 27 { 4e £ & o ¢H 4 F i g 2R
A0 2 &3 (2015)4 2 - FEE- LML e E R84k HdpiRiT R
G RERYERNERR TR YT RE RS RN EFHEERERR
o B AR R ITI B IR 6 o TR BRI ook igesk s o TR
BN L B R B E R BRI E LR R - A B R
FRERSY I RLAFERGOE L RE TS (2 T 0 2016) A BFR> 2011 &
57 24 pEALE FERARFARIE AL TRIRE VRERL YT
(012 7 % 30 p % 2012 # 8 " 3 p )R A (2 &% - 2012) 5 § F Aok il
#2011 # 57 24 p R FERREF TR et RFABBE EE R RE
REBERIEE > F ok TR F a1 2015 # 8% 15p (2 %% »2015) - 2 &

<2

BRS Bl F et 2017 & 17 16 p k2 LRy Rl 283k 0 ¢ 3 HAMH(

el

TRk R S ERER-ER) - BFERHEPR-ER)MNEBAL(FOE
PI-§ B )= Blek > 0lut = RAPIER T R R TR o B R R B (TR TR

B EEFNE Z - B 5502 200m 2 = ARl BAFAB A LR

Thyve et G SR FRPEZAATEN GE T RAREE IR A S RIRE

~Hoe *57?’)}»3‘;‘\%#' &S B EL
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Yr® FIFE

41 ¥ 2 FH
ISR

AP RZFLFR RN L Y R R AE RS AR RANRY
1,740~2,100 m > & - Bd T L LIRETRISER S end F AR L B o

BRI REINL S R B3 RE T RAWEERE TR AT R
P B A KRR KT o - RPEAB G £ N5 T2km? s B E 9 153km o A
X GE b pEeha B R P RATFL(3,325m) ¢ F (3,301 m) - 5w (3,524
m)~ £ L (3,702m)fr 2 Li(* ALEE L 0 532 3,886 M) & RlG 0 &R R
29 A2iE 3,000 mo & A Rl SRS G ER A L E(C LR FIE) R
BRI S R LA R R A S REEA R AR RS AT G F
RIHZ LE(* FLR L) B~ = FEEAR  ARF R R T E TR
MR 2 LR & % 7 R g o

S RET IR B A 30 1 150m 2 B~ had T a3 42 45 1,650 T 3,000
M(@ 4-2); 23| & LRI BB M R <30 5 55% (B 4-3) 5 &%

PR ARATR w R E K ot R A F ¢ TR R LK ﬁﬂ?gu(gg] 4-4) > =

FHEL L RE S £ /E’J‘E’?\}é}&%F%Eﬁzéwg’ﬂq’%fﬁgﬂ'i FE
BRALLE T RO ER I TER T 24 m L Sn kR T B

ﬁia"r—%éhi‘kr\f%—?&ﬁﬁﬂ? —qﬁ]""%ﬁ'/—»—m iira”l”\#']-l”\'lij( P&

2007 ~ 2008 ; * &% > 2010) -
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@ <Bi2E>

S0
™ BT
- . [HHE
— A%
BE(ZR)
B 1701 - 2153
EH ) /
f r I 2.153 - 2,508
A
o hRER Iilm‘lili: ey []2508-2861
o S { I 2861 - 3,236
A BRI ~ I 3.236 - 3,882
— A% T o 15 N o 1 2 4

[ mxE — Kilometers

Bl 41 - 7ALE LR Bl 4-2 = FHEE 3 AR

@ ewms

@43 - .?\L?H—m ii)i@] @44 - ?\L?H—/n f’l ﬁfﬁ_@
TR kR 2 g > 2010
BAEA GG AREFFBRTACHEETFELT S ABBRR LR

BRI ELICFRPADALFBERIFT IH O FERFT S RIZ -
FAEEA AR KRR S RFIWG R o S RIP L HFIL
RAFEFG o BRBERG (SR C REFEEIER) ARPERE

R BB A LSS AR SANER A U3 &T > 2010) -
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42 k= T

AFoET0f 8 5 15°C %

’}i"@ MR

Rl (T4 27

Boif A

€ x> #1970 1

2012 £ g > TI0E 'E G

)& BB RIPIEZ

fhrea gk
2016 423t FFEE KT BN
(Bl 4-1)» sbmz 2017 21 % 1p 3

d 2017 &= #hp A B BT o

A w4 200mm ~ 250 mm ~ 220 mm > E R Af E

3250 mm (2008 &) > &) ]

“~

5

7_«;_\._1

2018 # 10 * 31 p 2 p & &

BT -

R A

K

£ 5 1988.1mm > & < %

¥
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R

ZEE L EREF
F A 4oB] 4-5 -
CELES L F kbt pA R
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Hheh FEERE 300
BBEID  COF9Z o
AELEYE SFi
(ERE 121.268675 £ 20
bR 24388792 ﬂ% 150
e 3193%R E 0
bk EZPHFIFR (FILEESEEEE) ‘ ‘
FBEM PRASS %
EPAUEE TR e R hE o U “UH ﬂ‘\ T | LLJL el L W
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ERBIEERY 00Z24 65814 6F I
HES FIEERRE 300
BE5ID  COFOA 250
gERE 121.236339 £ 20
BE 24.388594 i;; 150
=14 35878 R (-3
bk EhHFIFER(E L9 8K-9.9K) “ 1l ‘
gﬁiz ;gfjﬁ‘ilﬂﬁ+@ﬁ+ﬁf§+ﬁﬁﬁl+Elﬁgﬁ*rﬂﬂu?h 0 ,LL“M\H. NJ.HL hh” 1l . ‘\ L“ ]JM“LLi
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BIERID  COFOY 250
BlESEE m8uh
EEFEE 121.303208 £ 20
Fo-dr-4 24432739 m% 150
BE 3313LR E 0
i EPRTITE ML LR AR N 1l |
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SRR 'F\;qjﬁhg_';gqﬁgh,/,} Pi,@*ﬂd S HTR R ,-Fxn,,

~1-\
=f
e

/ =

e gy = pint E oo B /—:ﬁ—/ﬁ',%_ié' 33 BB i B ;:7‘ 31.12 ka AP
F R =

=

Ald 1994 & B 4hedr £ o Bk pRPFiR R 5 233.95cms (2007/10/06) 5 < R

Brb b+ 4 % G A 11071 km? > SRR FAld 1964 £ B 4nieskT 4o
B4 pepEin £ % 884.70 cms (2005/07/18) » ¢ p jn & FAL(H 4-6)F s+ 2004 # (5
ke FEF A R T HR2004 0w G R o 50 RS RFIERIFTEFS
ZWEF 2B Z ERY T E(FTFL AN ENFZRENT R AT HERK) A

B g e - RFFE 1981 £ 1 2012 & pFiR £

FAL(E 3L A s bkt b
B AR 205 E) ) MiReE EE ¥ % (Extreme-value series)iE B~ & & 2k 4 pi
PR g 0 T (1) #Ec¥ & 4 i (Logarithmic normal distribution) ; (2) & f &k % =
% 4 i (Pearson type I11 distribution) ; (3)%+#c A # & % = %54 f# (Log-Pearson type
Il distribution) ; (4)#&:% & % — #f 4 i (Extreme-value type | distribution) = /7 '

EBGERRRA kR AR kY RS A (2 T PR 0 2007) © &

Blfpes 111 & £RPEEGE 5 f B> R RY Sl B 6 2220
FRPTRE(RrE 4-1) ESE - IRk 2R B F| 972 5 Py o

PR 2 d A B 2 RS AR AR RS
gL L BMIHod B0 v 2 Eh g g TR RIEd HEY &

ARSI AN UERFEX2RBRRERLSTRY > B EAaok 41
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d 2§ T (2011) 773k B 2 § E ok ipleh & 7 fo(B] 4-7) 0 p 2011 & 5
24 P FEM L 1 RB 4w 2 2015 £ 8 0 15 pHp R - ROEEEE SR - 4T
RN 11l EFRYEnE2 k> T2 (1 42) SR kXA > Aud
1 FEeh 20 K F %k (2011) - %ﬂm (2012) ~ F£ R h (2012) ~ = TR h
(2012) ~ # 4 ¥k (2013) ~ % % %k (2013) ~ & 46.4% %k (2014) ~ giid 34 (2015) -
F8(2015)¢7 — B4 M R 485 5 A (2011) 0 % A B4 § 2(2012 & 6 ¢ 10 p &
2013 # 47 6p) WL oFFR2HUBEFG SR A - 2 AR
SR e F MR Rl ATRe AL B ok g 40T 2012 EF BRpEER 0 ok ik
%% 4.75m (2012/08/0204:55)> % iT 20 & € M FE2 F 1255 B -k =4 2 * 2015
£ R R 0 ok 4 5 3.90 m (2015/8/8 15:00) » L iT 5 & £ M FEZ T 2 (2

T+ 2015) -

5
4.5
4

3.5

K 3
fir ;s

m

H | L

2011/5/22 2012/1/17 2012/9/13 2013/5/11 2014/1/6 2014/9/3 2015/5/1 2015/12/27
RF ]

(2 %% > 2015)
B 4-7 F Hafk imipl s 2 POk R
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4.3 #BF TR

AETEGE > TR ELR §R3h Bz BIETHEE A R
PRl %2 K2 e B YRR AL AT B8 1980 - 1987 -
1996 ~ 2001 ~ 2003 ~ 2005 ~ 2008 i #<fE B » 41 * # M3 % 5L ArcGIS iz & &
B 4 (W) 4-8) > - Hds i = FRIERE R (B 4-9) 0 d BT it
TR s AR T B ARSRNTNRTF FR TR R PR TR
A N EEERE B FIER CERACECAHBREREEE R M T
WA B R I#;ﬁd SR BFES B2 E- o P SRR RiB 2 R T dn
REAAMAIT ST B NP EEr SR AP ARG SR e A AR
MHAPM 1 T2 ABI(2 T > 20105 3 &% 5 2012) -

BoAkdnz Bl TR & 2 Gk SR BB BGE BT AR R (S B R (e T
KERREFAF A EFF A4 o= 78ER 5 > PRy 22TmE S % Fig
ERAURR A BHEH o AR ESRLFA LR GIS winfpe ET gy
B2 MR AL APERL RS G f R AR AN B T

Hr ey AT o
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75 150 300 [ ‘ 300
Meters 3 ot O | e — Vieters
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75 150 300 2 y
Meters ot e — \icters

75 150

0
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2017

B 4-8 = FHILA = Uk B (3/3)
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N 7]
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u Ly P} !
ChiliaWan creek #1 Dam — k215 ChiligWan creek #1 Dam
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{ i
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e
S
./I
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)
M |
| |
| |
U 1%
u 1y Py ».‘I L] 128 Fr J 175 70 .".
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44 HB/ypapEHE
3T (0I0) K A7 7 Fa2 Hm R ARM T UG H 2 Fp L s
& S ] 2] 98 2001 & (F¢ 3T meh 3)~2002 # (FH3TBR 14)27 2009 & (X R A b W
fE) M AT o S RAEIS MM R Y N B OR TR (L  RREEE F 02 2002
& H3n e cf #2001 & ~ 2009 & % (4] 4-10) > 2001 & ~ 2002 & 2 2009 & 2

MM G AW 113 F m?~ 279  m?r2 2 180 § m? e
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XA NE
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a5 T
[ e b s e

[ +=gmexm 2 4
1Kilarmel
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3 %% (2012)43 453 B Hesuip] 7B~ 18 2. 2010 £ 4 pB B2 2012 £ 7 a8 8 1
FRRF AL S FEE- S PFLAKM 2T R 18 KM 2 Tk e (7
B AR R BE RN G o R T RS RE
NARE T B H500m 2 TE200m P £ T A E: HEHE R 2]
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m % w A 5 2010 #(2 14T > 2010)T e A A2 T dae > Hepz s
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LMEPEERER > R fFF NS R R BT RBHEYL IR R EIR
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T
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s

T

Fx

49



107 & = 3855 k2 Rp SR S %2 3

Legend P & Legend

Cross section { o — Bedrock
— Bedrock o p Cross section
~ 7 Landslide * Landslide

Bl 4-11 gz Hamp [ (@) P 5HB 2 AERBES () TN i
AR TR

2010 BT

“ Legend
Landslide_2010
[ Landslide_2012

(2 %% » 2012)

Bl 4-12 378 830 000 4
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45 PR EFFH

Frgtie i B PR PR3 (6T (011) 3 HiRE s ¥ (6(2010# 7 0 10 p)
St REIE- L T 5L km At 2 T 5500 M s & = At (7 1 mx1 mxl
m 3 PP BB RS RE AT SN 2 Rk 2 REFERERE S 37
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