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Abstract

For its unique ecological value, the Formosan Landlocked Salmon (Oncorhynchus masou
formosanus) is one of the target species of conservation works applied in the Sheipa National
Park. The required habitat environment and its associated ecosystem are gradually identified
and improved after the conservation efforts of decades. To reduce the impact from the check
dams on increasing water temperature and population isolation, four dams were partially
removed in previous years and the positive responses in population size of those reaches also
encourage the conservationists and the management agents. However, several check dams are
still located in the channels of ChiChiaWan Creek where the major salmon population habituates.
With differences in size, height, and channel characteristics for the dams in Gaoshan Creek and
ChiChiaWan Creek, the removal experience learned from Gaoshan Creek can not be duplicated
directly. Therefore, the decision on the dam improvement/removal of those dams anticipated
from this project based on the perspectives of hydraulics, environment, and ecology experts.

In this project, four working stages were scheduled to achieve the project goal, including
literature review of related studies and cases, environmental analysis and field investigation,
identification of decision-making principles, and assessment and prioritization of the dam
removal. From the literature, it is found that the size and height of removed dams around the
world are increasing, while few cases had solid information to identify the ecosystem conditions
before removal. The location, drainage area, surrounding environment condition, and
configuration of each candidate were first analyzed and surveyed. With the integration of
literature review results and local experts’ opinions, 19 factors of dam removal decision-making
were categorized into three major groups, i.e., channel environment, ecosystem, and operational
considerations. Through a meeting participated by stockholders and experts of related fields,
check dam #1, #3, and #4 were verified as the appropriate dams to be removed based on the
information and analysis results of those factors. The suggested sequence of the removal works
is #1, #4, and #3.

To conserve Formosan Landlocked Salmon, this project only concluded the priorities of the
dams based on limited information collected and analyzed. Detail model experiment or
hydraulic analysis is highly recommended for each dam before applying removal procedures.
The decision-making model described previously is developed under the scope of this project
such that it is alerted that further modification on the model should be processed before
applying to the other areas where structure functionality and social-economic considerations are
usually emphasized.

Keywords : Formosan Landlocked Salmon (Oncorhynchus masou formosanus), ChiChiaWan
Creek, dam removal, decision model.
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¥ oo 3 E2 ITEMAE RS G ARG EE (evaluation matrix ) & v B3t
B3 %2 L@ Cd 3 %z (2 N N
(9) - 4#iti% & Z (Generalized Concordance Method ) : ¢+ /% % Voogd *+ 1983 & 74
dt s HoAFd § oS gl g (Pair-wise Comparison ) 77 sV -FE > S B2 L 8 4
2 g # v (Quantified) - ¥ 1394 & #2& (Degree of Concordance) £ % % & 42 &
( Degree of Discordance ) {8 & %FE > %2 A #c> * 52 ELECTRE 2 5+ 2 £
B oo AZ2 BRI W FE e PFiEA SR e
(10) - 4t £ 451572 (Generalized Double Index Method ) : — 41t B € 4p #1722
Rpppba gz (- HBRE) M SEAZ I A BREPLHERLEA
Beo @A F ek F AR P HEE (Threshold Value) » o+ 5 27— st B 52 7
oo M2 2 BEER A FA R F AR P AR TR RGG A
(11) A= &% (Geometric Scaling Method ) : & i it = & ;2 (Multidimension
Scaling Method ) &2 # & S f#:F 5 2 22 2 2> 2 &322 d B8P E R 5
H#-FiE 2 & eng 2 E & @ (Effectiveness Ranking exi) = g > @ 2 - B
B BORERL O T UG ER RBEHGFE M o
(12) # % &2 (Qualitative Concordance Method ) @ B i % &7 2= &~ 42 > 2
BANIEE G UASEF ARG RO FR LR AE R (W) 2 B AR
Bz R E () BPRZELNFR  ZZ2ERBERNHERPL L= BER
(XXX XX 2 X B¢ XXX &7 %E& > TEEGEL v B X% (M
i~ #HEEH#H) o ”L\‘fv*E-f‘r i oo
(13) #2372 (Numerical Interpretation Method ) @ #cig fZ302 &2 5 it R 2 2
]‘\)'1'*}%7,__4\;' o Y RBERNEL RIS AR T AR B X A FKQ"# e
BOL Rl R 5 A F 2 EITRF A E G RN 2 RN BREE 2
% » (Priority Rank) £ %424 (Dominance Rank) z %% o = 2 B2 #Xfj ¥
Mo eEEEEE> C(12) Brrsaed (BREIBFE>Z) 45 %o
(14) B 7)72 (Qualitative Permutation Technique) @ 4 = 72 x % Qualiflex ;% »
GEFIEREE o AP N G TS 2R P bldct asbc = FES % 0 R
E g ﬁé kg R (485 a>b>c > a>c>b > b>c>a > b>a>c > c>b>a > 2 c>a>b
¢> CENZ R PR e S aEi i mAa o e T E R S
f&i&;’iﬁ CEBRIPE S AL
FdF B 7 e “‘ S BES (PROMETHEE PES ) PROMETHEE # # i*42/ 3 = » & R
(L)Ez - '“iﬂ’ o 4F S0 fgc > (2)3 8 % % P i 4% 4 % (Preference Index ) »
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(3) MmN > ZRELELEA  RPIF 7 RBAKF 2 B S
éTi%%&ﬁtu@é$@aiv<§%
(16) TOPSIS j# : TOPSIS j#d >t % Tamie gz fpftirini (03 N kP58 3 %
2L BAER >V UL A A - 3 KRR ERERITR RS T t—,)‘i*ﬁm"’r S
BEX A REMEERED 2 b Pt R B T B - AR F Y 23R D
(17) 5 Bt Sfoz (Multiattribute Utility Function Method ) @ H 3 (742 5 7 &
== % 2 (1) BRI B2ZIFGHEEXTE B aret S8k G (X)) (2)
Bt 2 s St M EE LS @ BRIt U(GI(X1), Ga(X2), Gs(X3) ..
(mn,aﬁWw?&wi%«&&aﬁﬁo
(18) ELECTRE ;2 (ellmlnatlon et Choice Translating Reality ) : ¢* = £z ¥4 5 %
A4 2 % Al Ampﬁﬁ*ﬁmwﬂ%—%z%ﬂﬁ’Lﬁﬁé”%nﬂ&ﬁlﬁ
LAER 04§ b AR 2 b & MOREL Al R Al - ELECTRE /2 2t 2 (73715 2=
FREERZEIR2Z BAER > @A (s kg B2 ELECTREN & % m:z i
ELECTRE i » fedd ¥ p~q @erir % g BB BEEnie s » 7 prq B
o - T2 AR
(19) A A7 FE R A2 B = (Analytic Hierarchy Process ; AHP) @ AHP /2 2. iT ¥ 42 5 3
oo Au L RER G LR SV REL  RRE R B EE TR
TH-RP 2 RfRE SR BEEE LT R BAER AHP 2 A
PEH AR (WP EFCBRF) 2 EEHEF, HES QP EE- RIEK T
RGN LR e G 4 e
(20) Bty g it 5 EpIeEiE 2% (Multi-Criteria Evaluation with Qualitative and
Quantitative Data) : A% > 2 £ T BITEARR » &4 B3 ARERER A L F
2§ it - 45 Boig4xqz & o0& p| (Dominance Measure ) C. i A% 48 & ek 2 1 >
D.RE E#nifdkfz & » E3X 8 & 2 % chip $37 & & #ic (Appraisal Score) ©
Wb Ry HiRAE P aRkiRe 7 - 5 ﬂﬂzgwﬁgwﬁﬂm
AR o SRR WL ek 2l ILER Sl SR O T UN R o 221 B I I S
WA E » Ao dkiv, 5 & J@a@w’&%ﬂﬁﬁiw&ﬁ;wmwi‘*wiﬁ‘
R i S G e R R S - HERG T NI FERER S 2 R
SE TR

2.2.3 23 FH 2 -
d AT F2Z P RANREFRTH RIS T#%é&b&w‘vl‘ By L 21V
AAPEE A AR DR > Ed K2 4 REAAR L RILESL FER ot d R
gy b2 T 1 IFR S RBEINE 2 P f&; fopEd Bcip E '“E‘ (ZERF B
Fo BARSRAKEERAR G R G AB RS %ﬁ%iﬁﬁg'\ mﬂ&%%
k) Fl@ 1L H (= (stakeholder) 2. = 32 ML fept i LiEARY 4 T R 2 AR FE
JHFEF AT R AT RENE TR LR RERZEFHM L 2 A% ,ﬁP EE]
WHERANA A BRI LR E R > B ET SRl E R
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BLLIRT-gr~ A2 HHFH L

FRyp R~ B2 22(1990)2. A7 7 > 7 MAeE M dig 2474 3R 2 e 351 MR (16°C
M) ®iRF (Bppm ) kB p 0 BE A ﬁ ¥ ﬁ’#”@:ﬂ LE o RSLAERY
GATA P 2T o A PR A H L SRR ke B 2 L
BRI FESBH R S A SR RIS K RN R e
Boo-dram g WiTH %%i%1%%’§§$éﬁ&%o%ﬁwz
Bofrfl & b kY BERENY L5 oA A EARRE MR AL ENL KR
K R AP A E AR T R EEE E R B RCRERRE S 2 H
V"W R EEECR A 0 BRI B ART R IR SR e A
BB ERR 0 R KR R o Bt o - E 2 2 e
3&3bm4 CERQEIPC Lt A HAE AR Pl BT ER A 9~13°C 2 T 5 i

—\.ﬁmi—;gg 4% ais ko AT Agre g d A R 2L W2 BRI AEICC LT o

M2 AR A EAE Y TR D PR RS TR R 4 e
4N AT AE R iR R (1997)F EITRE o 1Y KR Y 0 © R A 5L
TOREER R RIS P o = X A 65% 3 100%2. FF o B T A0 Hp chst
= X5 40%3 100%z2 F""o@rg m7]\u,_ g7 p ,&i}fﬁfufﬂp»ﬁtha% BRI AT AR i
il Hp e 35 RGR 12°C VAR A OmRiY HP e b PR o fp3tL - i F¥(1985 & 1 1997
#£)11.2°C &gt ﬁz}sﬂﬁﬁsq I.56kmc: & bR ‘@ GBI A 8RR AR B 1 F
Mo ARt RER T HPRF AR E L EF R JIR R RS

312 AP ¥ it 148
FHELRE TS 2 > ¢ AR L (1990) 42 B A 5 ST~ L B fod b
3%w°##w%mn%ﬁ€’éﬁééﬁﬁﬁ‘*@‘*wui%%ﬁﬁ#ﬁ%ﬁ*i

Fes o AEHATHERROERE o CEFL KRG Ak AR o Fanf
ﬂﬁﬁmﬁﬁmm»v”’éﬁ

AAEPBEE T FLRoA SR L AIL PRI 1 £

ke N B P o A F PR Bk PRSI gk kA fa g sl
FRYEERGE A (1990) 2 F7 7 > G AT M se L 1 (P AW L R RN BB K PR R
Tigén,,,,,, APA S NFRL S DAGET R B LR g Ei;’~lfzz5ﬁ e
o) A1 maE e w12 3) AT R HEM L Rw s uE(4) H
TV EA AR BRI SRR DA RS AR R KR KE R A

Bizd o

HETHr g  BRAREF T2 I Bk pnpm g B gy
EFIEIE G L 5 P A o oM R JELUR z%ﬁmlﬁr F o T A RA LSS (kB PR
1990): (1) # BehB ¥ i 5 (2) EimigenB e 5 3) /i &t (4) A1 kR aguE o
%m’%ﬁ&wmﬂﬂﬂ%maw%@vago—&a;,wyﬁgig,:nqqﬁw
ARk Favig () MR RACR T H i 0 (2) Pip A PIREL > RS & gD
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EER R L BRI A
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EH - PAEL TR LE e APAEHEN I 1B R EHER 2R RS
@?,amﬁAA\ T4 ERBE RS SHFNCL > AP RSP R niEY
TP R R RN B A(£3-])
%3 1 = REBEBFEFEN LY
REER | PR ERESN 3
cae g |1 RS 0 ke g
o g BNz A e SRR R
S FEIR K | @ (T BRI 2 45 Rl 88 3-4 1
AL Tdred 23F | @ Nple K1 HOREKARA R F LIRS B | BT BUR
=3 (2) Hierg > 50 EEAE
TR A .Z; ;j;i’%“af FIOHE A SR g9 5101
S Rl ot O p 1 LS o R B Lk~ D By P
AL (2) G E L,
e Y D Al 90£97 it
SRR T s | R L L
1+ N ® - - Z - BUFHA I RER f, ’
Ay () o em ikt e s L e
® 3 LA E A A ERY
s g | o DERREM
Lo %b T L - FEEZ B R R e B E
® BUEFILHEERZ BOKE A
A @ L1TE LIERALBRB LT R LEN
B oLEP R
1+ L2 4 78 2 b .
DAY fL%fﬁE@ e o Gl
BLERE W :?ﬁ%:%%iﬁ@fﬁ%&ﬂi E
fie s @ FUERRRE S KRS
BHEFFT(2)
PFHEEFEY | @ FLikpE g
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Falls 2 A |
1+3 AT RTEL F;“Ev/rnni*ﬁﬁﬁ}ﬁlgégﬂgzyﬂ V2K ®
B E 2 N4W$’£$4ﬁiﬂﬁﬁgéﬁ¢o\%
VTR ST S AR S S RREY R L b T
PR ARERES Fi’,‘%—ﬁ’i”l\if‘-i‘ﬁ?ﬂ\%*@@%;}-}:\ﬁal B
st W ANB LSRR TR
(=)
doTE AR EERGEE LMY 0 X BN Pl RS R T
Flt A FIAp MR E AT L 2R L AR AR R A RR R B A AP ERR R
PRELER  FELERFLTURPLRE THPULFRURT L i
FAAZBEERIN G 0 PRI CLE LG LA ST TN DL R
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314 WMy
R R A R PR 2
%
I o F @ fﬁ%%ﬂg": S A "
BB MY E AR
s I\?’Eﬁéﬁ“%ﬂ%ﬁ?i% ARt HmEFY
FRARGER BB BB o
- ~Bornetal. (1998) i Wisconsin+ #
19653 1998#p ¥ #1 4% “fi 301 3% ¢
FLA% BE T 2478 B IR 0 S IRIF
‘@%@,ﬁ%%%ﬁ;ﬁ

S L

e

hT $ais 4

(B3-1) ;

Y
=

POECA R RN A SR A 3 0 %
FHG LB Link @ L1 2 RT

sﬁ,gg’rﬁ% u% {Lﬁ,‘f_’ ® AL F e —;,% °

Sy F PRI R B
ﬁ@ﬁﬁ%%&_, R - STERT:
*éff’i%‘)é:eﬁ%u; KM AL EF
A SR G LA HRBEL
Mﬂﬁi%&’ﬁ@—imﬁjﬁg
i # ffé TAME AR P AR
AZ R TSR A ¢ fae

g.ﬂge;:;} AR N Rd

fitdeE p g N
FRIF e ER Y LR FE O AR AR R & # ﬂé’»—i#‘r%ii#?{;%’ Foip

Cost
differ-
Total ential
MName of dam removal Repair (repair:
(vear removed) Costs? estimatest removal)
Fulton (1993) $375,000 $900,000-1 millon 2.5
Greenwood (1994) $80.000 $500,000 6.25
Hayman Falls (1995) $180,000 $455,000-$800,000 3.5
Huntington (1969) $35.000 not evaluated n'a
Lemonwedr (1992)  $190,000 $700.000 3.7
Manitowoc (1984) 445,000 $30,000-%250,000 3
MecClure (1968) 50,000  not evaluated n/a
Nelsonville (1988) $62.,000  not evaluated n/a
Ontario (1992) 447,000 $100,000-$200,000 3.2
Prairie Dells (1991}  $200.,000 $725,000 3.6
Pulcifer (1994) $40,000  not evaluated n'a
Somerset (1965) 475,000 $30.,000 0.4
Woolen Mills (1988)  $80.000 $3.3 million- n'a
Young America
(1992) $74.300 $313.000 4.0

Average $109,500

"Dollar value at time (year) of removal; taken from engineering
reports, WDNR files, news reports and interviews.

PInformation availability varied for each case; taken from engineering
reports, WDNR files, news reports and interviews.

cEstimates for removal were not developed independently of other
infrastructure work.

B 3-1 Wisconsin - 1965~1998 #p /& 14 &: #%
K,ﬁz IR b * 4 47(Bornetal., 1998)

AL

10




&
‘
A
%*

—-A-

A
\y

IRy

i

R

J

5
(3
3N

Tm
4_.

Y

*F&

=%

.
E=f

e

=

CEEAEE A AN KD
ﬁﬁ@mb%a# itz %

ﬂ%
ﬁ
-3

~ ~ Whitelaw & MacMullan (2002) 4+ % % F & #5 fﬁiﬁ ENNGE S ERA PR Z
T BE LT RA

P
beic
o
)
ﬁ\
‘fu'
e
N
&
)
JiF
2
=5
~=y
#3
N
-
R
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2
S, . %5 L 2o Envi I
5. AFEEMEARFHIEeARE ¢ m  Jlronmena
BWLPRIP I RIFTAREESS: & =j?3
FTEFAEKATAS EE NI RS -9
EFARTAZ B2 RS gt
rﬂ% Srl‘g' 1:;\' ﬂ\ ’ i
6. AN BRT R AL G S :
4 i % ‘if:ﬁ’»%%f?‘ Y EAeR N H s Economic
B o en , Removals
KPR TE2LFERE - 18
B 1-3
— P
= ~Pohl (2002) 5 B j2 % FIs p SHfif3p 2 & 10 i

)L ARR T ek R HE R P
srgua AR FFEGHIDE 2 F

B bflr kp B BNENLI58BHB% o
FIFE G TR AR 4 39%:%%%?1% —t
B R BM%LFE X 2 E 0 18% 5 SA s
% AL} ST R HATRA B sl e
REAL L SLR =R o AL 4 Bl 3-2 5 H Kf ERREIE - E ol Al
SRR R S R Ak L S 2_ % 2 (Pohl, 2002)
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BT EM ﬁ%“fﬁciﬁ » M
Wisconsin¥ F]3k 4 N FREE A Purpose for
Dam Remowval 1970s 1980s 1990s
fl,-&—,rﬂLLJfﬂzmdk :é‘i
Safety 3 (60%:) 16 (52%) 28 (28%)
F '} R ECP » A ;
r'] f ﬁ{ Failure 1] 2 16%) 5 15%)
i - ¥ A
> o FB3-3 R ErxRe?rF Environment 1(20%) 3 (10%) 47 (47%)
&N IRIEH x/%;g_v‘c_; g A Economics 1(20%) 6 (19%) 19 (19%)
Other 0 4(13%) 2(2%)
Ea:l A NL FNE 2 I3
£2d » A S R Total 5 31 101

% (52%) » H = £_i } 19%:h

EAG LAkl &R 3-3 % Fsiff 2 % i 484 (Pohl, 2002)
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2_0%% i

1912-1839 1940-1945 1950-1858 18601969 1970-1970 1080-1086 1990-2000
Year of removal

Number removed
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>10-15 >15-20

® RIFHP VBRE A L OEFFER FRp 2 % R ~ % (Poff & Hart, 2002)
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?4%@@*’WTFQLW%§Z$ﬁJ;Eﬁ%gﬁﬁﬂﬁ%%ﬁﬁ"n
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Climatic and Watershed Setting
- Precipitation - Geology
- Temperature - Land Cover/lse

!

Flow
Regime
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Regime
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]ﬁ Biota

4

4

Chemical

Dam Operations | Ay Hyorauuc Resience Tue & [ Dam Size |

Water Thermal Dispersal
Sedimentation Transformation Storage Stratification Barrier
U g s I
Reduced Modified Altered Altered Biotic
Sediment Energy Flow Thermal Fragmentation
Transport Base Regime Regime
15 J
Y
Local and Landscape Effects
B 3-4 5RIFd 4 $ LB A2 AT A 4 2 B 4005 42 W] (Poff & Hart, 2002)
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