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Developing the assessment methodology of
a small hydropower potentiality coupled
with sabo dams in the perspectives of
green and renewable energy
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Abstract

This research aims to develop the potential evaluation module for small-
and micro-hydropower constructed with existing sabo dams and
groundsills. The technology will also be implemented into commercial
services through complete industry-university cooperation. The scope of
the application contains water resources simulation, a comprehensive
assessment model, and a tradeoff optimization model. Therefore, in
addition to evaluating the power generation potential of each site with an
economic model, this study incorporates a hydrodynamic model and an
eco-hydrological model to estimate the impact of different release
strategies from power generation on the local riverscape and habitat
structure and quality. While appreciating the green power and clean
production supply for the development of a circular economy, it can also
consider the conservation of the downstream aquatic ecosystems. At the
same time, we also evaluate and explore the co-benefits provided by
various research programs regarding flood control, carbon reduction, and
structural safety. The expected results can be used as the basis for the future
design of new sand control dams by the Water Conservation Bureau or the
improvement of existing sand control dams. The study area is the upper
reaches of the Sulfur Creek, located at the lower edge of the Yangmingshan
National Park catchment area. It has the following advantages for
conducting this study: (1) An existing groundsill is in-situ for examining
the proposed hypothesis of this study; (2) The river water quantity and
water quality are good and stable; (3) The ecological and corridor impacts

are relatively low; (4) The location is highly accessible, and relevant units



have conducted surveys, so collecting historical data and field surveys is

relatively manageable.

The main research progress and key achievements can be found as

follows:

1.

Evaluation modules have been established: ecohydrological, habitat
corridor, and economic benefit models.

Data collection and on-site investigation have been carried out, such
as digital elevation model, aerial photos, basin rainfall records, river
flow records, ecological data, river bathymetry, water depth, and flow
velocity.

The primary situational goals have been set for the following scenario
simulations: river flow of 0.1-0.5 m®/s and installed power generation
of 6000-8000 kWh/year.

The SRH-2D hydrodynamic model has been constructed and
validated, while the habitat structure, endemic fish habitat quality, and
river corridor characteristics have been incorporated for quantitively
simulated and analyzed. The results of the analysis of habitat structure
for fish habitat quality and corridor connectivity confirm that the
present design scenario can satisfy hydropower generation and

enhance ecological benefits.

Keywords: small-hydro, groundsill, eco-hydrological model, habitat

structure, economic model
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FEARAURT HA ) o R —1Z R s k2 A RERBE] S R E
BOTHAE o H 5 o ) > ¢ 45 HEC-HMS ~ SWMM ~ HEC-
RAS % ,x,érttbiﬂ WMS 4% i1 — w377k et it > dod TR F L 4
(Geographic Information System; GIS)#cdg s » o 47 ~ 3= A ey
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BE - B G B e S c WMS 5 - Br i %50 @ ke
B> v §Tet e T w2 k2 g fos 47 A R F-‘X R

B Rl A E Y WMS @ dd-KiE gk F % A2
(Digital Elevation Model, DEM) F #L 3£ {7 7 4L a2 ~ 22 4 1 SRR VEI

K & &> T HEC-HMS & -k % #-7] - 3% >t HEC-HMS *© %
TEHE TR ER BE A ’F“*q‘i@?l DA AL o

HEC-GeoHMS (Geospatial Hydrologic Modeling Extension) ¥ - %
d F WrEEE 1 2 B(U.S. Army Corps of Engineering Center) B 2 e01 B
B2 B Wb 2y ke k SfiEEEt & o HMS(Hydrologic

Modeling System) % # RIpE & 1 & B F 3 0% & — 30083 > ¥ % 3%

PR AP AR R R AR S R B AT Y AR A — i
FAlguE > P A B RA SBEE S F PR TS A3

THFLBIF B KRR BELE R AR R
R SR EFE A AP R R L A E R ERE
B E R F 2k 50 2 % ho@ 3-1 B 32 477 o Mt A

W kR BRI AR E Rk E S BB R
i 7R
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Project Explorsr EP)
© Puokect
Bl Tensin Data

[ Huang Creck.ti

O«

1) 10 Hyd Contedine
-0 Maeials

1€ 10-Hyd Cross Section
O sai Tyee

¥ Hydrologe Modeing Tree
D5 Hydraulic Schematic Date
= 0IE3 Hydraulic Model
£ 10Hyd Centerine
- 1D Hyd Cross Section
= 0¥ Hydrauke Schematic

Elg 20 GidDas
@ 20 scaterDste

(302771.0, 2794062.0)

25715 15.9447" N, 121731" 25.9502" € Select Feature Objects Tool Selected Transverse Mercator, Zone, Taiwan Datum 1997, meters

rEeoTaa G

W 3-1 mikingd2 WMS kK= #3228 = 5§

W 3-2 gikind2z HEC-HMS -k = #7322 8 = & W
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h‘P‘
I
Hels

o8& RIT4RE R B0
- RIS

* 2+ 34 & * SRH-2D(Sedimentation and River Hydraulics — two
dimension) k S #0502 2 oK k2 BcEH0F] - SRH-2D 55 & 4 K
FFEERBBAEFFELDETZH 2 i Teacip AR L7 0o
FRFie 2 G BN 8 (dobd BE B ERNE) o A
MoRIT AR o B DR R - A G i (structured) e 2 27 24
(unstructured) 4 & » éf#%%émﬁ.%;#k 7| R B ?L,‘@-F—Ef#:}i,%]&%%
Pt B2 PSR ERET o SRH2D 7 1 d SEF SR A e
oWV F T LGP AT B SRR Y B £ e
A3 o SRH-2D 2 k32 74 = #2358 4o #757 ¢
oh  d(hu) N A(hv) _

— 4 7 3-3
ot~ ox | 0y !
o(h d(hu?) a(h
() o) | a(huv) _
Jt dx dy
;v 34
0T | W(MTy) 0G4 ) 3Chn) 5
0x dy gh 0x ap
a(h da(h d(hv?
(hv) | o(hur) a(hv?) _
Jt dx dy
;v 3-5
d(hT, 0(hT, 0(z,+h) 0 — —
( xy)+ ( yy)_gh (zp +h) (Tby)_I_D <+ D,y
d0x dy dy dp

;}iﬂ’tafﬁ‘:ﬁ& h,a}wryupX”f?'”J\/r—Ii”’mx?A\ﬁ;V

Ly kRIS E e s BREAF g S LA

Txx‘Txy‘Tyy?i’}(?ﬂkg‘li;}:)‘ﬁ),@‘; , b,~b,~D,~D

Xy yX vy

KR $ang

TR

o]

i ARBAR p 2 BR oy » AT R
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A3t F 3% SRH-2D #58 Y a3 BB IR E 4 BRI

BT o fkERE R R 2 B I H KRR g2 g0
BEEFVEEL kN0 4H 4 H 4 L,j,é_L*#

= YRR e S R RSN P S SR

WAL W URE R AR H e R R R A S R E2

R RRIL T AR TR AR MR DR T R E R
R W M e SR IEHCS 2 R - AP 2 KRR Y RS
B P AERE TR A AFERIYE R Flekk s (RS
AM2EN) A SReF i r R s A Al RR mAY R SRE ALY
;gL; (4- Chow, 1959 ¥ ) 23k 2 & ®#nEfH  ~niEz 0.03-0.04-
0.05 »tHi58 ¢ 2 73k 7 715 i > 51332 £ (root-mean square error,
RMSE)te sk it 2 R i=F Al H I 72 & B niEe > oRELT
BOANIER AN AER R R 4 o TR TR AR T A P2 M
PR A E D F R EAR] R A RO TORARRET R RI TR 0 28 2 2 e
X 3-60 % TR L 2 F & % A w4 0.0056(n=0.03)~0.0117(n = 0.04)
~0.0321(n=0.05) > &g+ & B niE 5 0.03 i {7 ficktae 7 D85 REIT
R T AE ST A

§V=1(0i - Pl)z ;\‘ 3_6

RMSE =
N
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I
Hele
ht!
.
S
e
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B e b
D1 Sester Dt
T v 0 %
B9 GiS Des
0% AD esnDEN: &
(1% frocesmng) icek inagery @
129 Sewiaton Dt =
A
i
/
=]
=)

W 3-3 jf-ki%k2 SRH-2D R 2 § = %

R E A2 EE G RLE

£ H - (morphological unit; MU) 2 & /@ " eryin & ~ GriE > oK
FEREBEE I PERE (A SFRCRTE) TRA P L
SR Z RS AR L2 B H Aok H g e d
B0 5afE % - AT ARk Bi(Fr)d] 4~ 0 4o Entwistle et al., (2019) >
T oRge B oA SR (riffle) ~ SRk (run) ~ iFiE (pool) ~ % (glide) 2
&ir(cascade)® 548 > 4r@] 3-4 0 % = AR EURF TR Fl A
¥~ 2w g0 G R pg(riffle) ~ &0 (run) ~ 7% (pool) ~ 3% i (glide) =
#&(Chuang et al., 2016)4r# 3-1 #7577 o A3+ & BE KO ~ ik 44
=3l R

P20 Rk AWPFIRF]ZE L RS fEN Goid s i
Al A G i & & (Bovee, 1982) > ip A S R R R E IR
g & 1 E (Mouton et al., 2007) « F] 4 5 EHE» g KRR > T+
PRI I MBUREE PR AR o T IR o e
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FEFEHRGD )5 R bl 00 AT R
A E oA B INE R FENEA ARG AN RE S T
(Opsariichthys pachycephalus)f-p® % == #& 7. (Rhinogobius candidianus) -
KPP Pl R g 5 v @i - BB X Uha
Ko B LR Y T2 R KRS R R N e %
B ARG PR KA B AR REA GG A PR L
PG R 0 A ORI P PF2 R E 2 JEF R o ok d
RN ol A o 8 o

3 i & & 45 $(Habitat Suitability Index; HSI) £ 1345 483 # fcifr
T EErR Fa g e 5 17 4 (U.S. Fish and Wildlife Service, 1981) -
Elkins et al. (2007) # i »4 2 % 4& 3 i & & 4p #% (Global Habitat
Suitability Index, GHSI) 12 £ 77 /7 " e ds & 0 2%4p 7 140 d TRk i
ERIpIEAkiRE S Rp e SR TR Ea B0 h7 i & e
(0&) A3 didiy (La) » *30 Gk & B2 i fo k7
SRRl el FHCT B EOREEREE L 5T F A P ik s 4T
2GR 6 R SUT Y (AR RIARRIRS T 2010) B i
BAE g md Rkl ¥ dpdkz » ¥k 4ozt 3-7 #7m o ElKins
etal. (2007)* #-GHSI %]~ % 5 fite# & & (Habitat Quality; HQ) » *
55 L % & F1&¥ (High-quality habitat) » # 77 $* fE7R 7% 6 T 2 3%4p
bk ezt 3hi 25 1 5574 (Non-
habitat) - # 7= S fEnF Rk BTzl A8 g2 2 5 0 A didcd
3204k W X ERE Y 3 FRGE T F AR 2R
BRREEE CBERFAAIEL I TE-HIRBREEFET

R
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PR S e Sy hiniEiE A Rt RFEE AR TS
WiniE 2 KR A e
FE i AR IRRR kB2 R H A FRERFK
E2 g (AT R R RE L RRERT &Y S
AR B A PRI T At 2 62
WAL 0 0 fRA R Lk F R o a BB 1N R PR

A A R T A RTRE 2 o E & o

““—'H

F 31 B iRz A REILERP

e 5l et
e (run) RIFAIT0T7 2R i 3 0.6 o R [F vk
7% (pool) RIFA LA R i ] 3 0.6 o ) [F ek

<32 0.6 2 ¢ Fy ks
< [k g

A g (riffle) -k
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% 3-2 #¥ &F 4 %4 (Elkinsetal., 2007)

GHSI Habitat Quality Class
0 Non-habitat 1
0-0.1 Pool-habitat 2
0.1-04 Low-quality habitat 3
0.4-0.7 Medium-quality habitat 4
0.7-1.0 High-quality habitat 5
BIOTOPE

Cascade /
Glide Run Riffle rapid

0 0.04 0.15 0.245 0.49 1
Fr
WATER SURFACE FLOW TYPE

W 3-4 riigik#cd] 4 @ ' 248 H = (Entwistle et al. 2019)

N9 R Sl R
R TERREFABRFEDZERY AR EY FRE ET

(USDA) (McGarigal et al., 2012) #+ B 3 0§ g4y #c 3= ¥ o0 #
FRAGSTATS » # ¥ & 474 % Bu(habitat patches)snie & (f i 7 &2 &

BAgAla i o § RAPM P HOfofe E GRP 0 R ¥z B4
BefeEs s R &2 %) ¥ R RREa s R ¢ 3
Eon KR S R e 7 8 00 % (McGarigal etal., 2015) - FRAGSTATS
MR AR R R R A 5 = % aF R 4p fR(patch metrics) ~ % %] 45

#(class metrics) ~ # BLip & (landscape metrics) » 3. % 4 1L B T & (7
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B R ETLIRY L E e R RT R R E
WEMA RS 2 2 Rl g iR —‘ﬁ?ﬁiﬁé’s—iﬁfé\z_@f—?a\ KF 14
LApeleapt B o TR RN AR L F R
9K PR 2 B Y- RESLECE IR R EN R Y
B e d o L] i (pattern) ~ & 4 ~ % H.(patch) ~ 5 ~ A5 -

(w,

B 4817 (nearest-neighbor) ~ & %4 (contagion)f+% i (interspersion) & = &
FiEM T 11 Bt E % i A 4 Bc(proportion of landscape;
PLAND) ~ % 3. #ic & (number of patches; NP) ; T 35 % #. ~ -] (mean patch
size; MPS) ~ 4,4 (total edge; TE) ~ :¥ % % /& (edge density; ED) ~ ¥ $54)
A4 #c(mean shape index; MSI) ~ & £ v 18 T 32725 ]k 1 #ic(area-weighted
mean shape index; AWMSI) -~ T 35 % 5. & 3 % (mean patch fractal
dimension; MPFD) ~ & ## *v 1L 32 % 5. » 7 % $#c(area-weighted mean
patch fractal dimension; AWMPFD) ~ - 355 #8:7 #E 4t (mean nearest-
neighbor distance; MNN) ~ ¢ i & 7] 35 #&(interspersion and juxtaposition
index; 1J1) &4 2 2 40+ 4 Shannon Weaver #% inri#ﬂ #c(Shannon
Weaver diversity index ; SHDI)# 7= o H ¢ » NP fo MPS fdg #£2 & 5.
<ol e B G MO TEfrED dp#kz 8% %A F M MSIAWMSI »
MPFD ~ AWMPED i 5 22 R B Ak eig Ref2 & 5 B - "~ ] ~ %
PR~ B5 B3R - RGO e « T IOE TR {oigF T
Fldp Bt A TR R B R A g R LER
1§ gL B 2718 4 (McGarigal and Marks, 1994) -
AVRAEMAPHRL ERFEAERE ST AR LATRER
78t 2 2 % o g & d 575 dpik(class metrics)i& 7 ip izt B 0 T

{12 NP ~PLAND ~ TE ~ ED ~ MNN # 47 5 #8423 54 > NP~ PLAND
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ED ¥ % A ddfie» 2 i EA2Z80h B 77 404573 by
23 i SMNN 7 % iAo des B A s B R IR 2
FEAE . 0 R A SRR H A2 B S h g VERD Ry
% (landscape metrics)2. SHDI 4 17 & 4873 ¥ 2_ 43 § {4 SHDI 3
OPF4 7 B2 5 - fates > & SHDIARZ B4 7 § L7 2 0 4%
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Hele
it
P
A
W

FpEAtihh 12 2L 4R AR n Ry a0
k4B THREL DB 2 500 EEAEE 0 Y S F R 48936 & -
500 &4+ 4 2 2000 EE3%A  § pEf 5 & 4.2285 32000 KLY L o
MEF 111 E R F FokE > TE B 28599 Ao At Fa o RE] (M)
kA FE R RS GEE R (3FE 3 N4t 3-8) o3 500 RE 0 F gt 1Y
PRET WS R 48936 ~ TR EAHRFE ALEFTAT A W
TERE T EA B TR IR S | R tR o B Tk
FPRPFETEBLA A FE ST (R R BT LFRD A
g2z 5 2019)

P=QXxHxXxpXgxn ;¢ 3-8

He P L %R FEKW)Q 5 i ks e £ (m¥sec) ~ H

57 okEEEA(m) ~ g AE 4 4o B (msec) ~ o Aok R A (kg/md)

ARME AT AR E S R M E AP S R
EorgE (TRFR-ARE) Z MBI 0 dost 3-9 4
N c
t Yt
NPV = ~i -\ 39
(1+10)
t=1

He NPV ZERE -REFtEAINE () " CGiFte
Pordh () snEfser 23] 23FmMF o
%l‘g‘,/’é“f‘ﬁ j‘LL%ﬁ?l’ﬂ‘]%ﬁg’gﬁi/{ﬁ%%?g%ﬁ;\;j‘,fﬁffg&?,

E 2505t 3-10 45T e

l)t/z (1 + l)t ;¢ 3-10
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Y= Py
HeY sBagdiseibig (=) ~CaFE 2 AR () o
PRSI N R R kg HPE R R AAE ok
FEWR2ZITWE WL NI F o p %Kiﬁﬁ’”f}',ﬁ"‘ ’ 'ﬁfﬁ—/@ﬁﬁﬁ’
TE oSN dest 311
SR, —C
T ;311
1+t
t=1
Hoe o Zp3magpps (%) o
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Bw o RpH SR

2RNE AR R & R kE 4 58 SRH-2D~
2Rk HEE R RGE N 2 AR E RS Ao 4-1 4T e
z e e e g&:ﬁﬁ'ﬂﬁr‘f : (l)’]( ~ i EEFTRERTE gi“' &l p

FREFGE T REFLNEAITE KP4 N R

depth) % ;:& (velocity) 5 (3)2 Aa -k~ H38 i-kd 4 N enB K 2ip
Mk SRERE BT - ()5 R ARG T I ke mE
T2 (Quw=050—Qu> # ¥ Qso 5 P T IR E > Qg 5 7 M dF
B BREETFNE) S REBRRT LFadnkzh ke ~ 1 E A3
HaER T Mok 4 8 T 48 e (PowerSpout LH) shif s b 4Ly i (7 7

EER TR § NP ETE



Bed R R

Economic Benefits of
Power Generation

ADCP

RTK/UAV Q,=Qs0-Q
:
DEM, DEM cross-sectional geometry
QSO
WMS, GWPS SRH-2D
I
water depth
MU, WUA flow velocity
[

Q,

Pool-Riffle-Run

Fish

—

W 41 FE2 TR EEE

Habitat-Corridor

AT E )
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B g R

Fo8 KBRFERVZILGEBF AN
At dd e NIRRT v 2 5O B AH
AV TR 5 0 VBS-RTK 3R 32 2538 4 2 = % » % SRH-2D #-5¢ ¢ 22
TR MRZBER A c Y REBIIFZFAENA00 2% T
04 2> = 2 B> @ PFR| A3 84 o0 F 82 o) ’}'E’iﬁ“ :‘;JF < Al B
EEPEPN BARNINA RIS G LM WA TS A0 82 2% 1 80
DR TFHERITEE I TR TS LR D FA s B AR

MEL (80 28 ) o plBcE B AR R B N K MR IR R R

- S IR

A3tdd 2021267 28 p 3 2023 &5 9 p BerE Rl g
TR BlACAR S B 7 AT 0 A RO Rk R EHT o LR
ok IR 2 SRR A M B AGAR S 5 5 50%(Qso)2- i £

Fe b3ty NETR 2 S A REZ T HELFERZ TS

\ﬂ
“‘”’33 e

B(Qu) > T ERIPEFE AR 2 »FEL
BT BRERRT LRI Rl R2 T E(Qu) (T e R i o
B KiER Rz g 2 R deR] 42 Bl 4-3 0 IRER Y T
ZRiFEEGE S BT EH L0 SR o R s ApERE 0 53 05 2

SRy P EPKIRRC] 0 5 R 2 05 2% s i Bl ¥ 1.0
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B g iR g

DRFo I HTRBRFE AR ES AL N EARE O RIFH eI G o
ERUELINIL 3 IEANTE -
AVEERFSIMERFEAGHEE S THE IR EER (£
4-1) » BFH G fFE F A 0 fE H A A v 5 uiRE (pool) -
a-(glide) ~ JE(run) ~ % g (riffle)ie 7355 > & pest(land) 226> b 5E
Bl TR H G ff o 2 FF RN R (glide) 5 A& 2 g
B 4 ffiE 9884 T 2 % i EEREFE B A RHE2 76.3% 0
PEE T OEE R RCHATIRE 2 A A5 L% #E(riffle) - @ 4 3055

Tk REARER H RS2 236% 0 @ ¢ g - ] 304 R B

—

S EI(run) 0 S A 3009 T 2 o R b EREER § A 42 01%
4ol 4-45 e H AR ot 2B R o~ JEE (pool) ~ i n(glide) ~ F
a(run) ~ X FE(riffle)ie 724 5 > @ pRi (land) 22 B3 A ey > At
FERPEGH o BE R ERLSIELR 45 MR FH LB ET
4 (Class=5) » o 4  729.0 T > &= » LR 6 4 2 56.3% > ¢
& i 124 (Class = 4)fris 5424 (Class = 3)4 &] ik 93.2 T 3 = ¢ 2

7
] <~

1619 & & v = gt = 'ﬁi‘&\i fFiE 9841 T3 2k EEH G

4
=k

80% - &F"Tlﬁa 2 i%‘% ,'a-_.E\—:' r/?}'@g/4 ‘E—’»’J\i\’)} ° g“m%"rﬁ&\

a\‘;s}

177 B

AR B TR L PR T AES N gl o ) A e

Rrig o BT o B EMERF 2 EREA G LZER TR T



Bw o RpH SR

ZBERrHE o FhHINEFF LGRS SR (o2 B R
AREIPER )T ALY ST R TR LA R RS BB
LIBREEASRR RPN T LA GHA A h @
FRAGSTATS §§vfﬂﬁt€ B #5581 2 NP~PLAND~TE~ED~MNN-
SHDI » 7 FER 18 B4 > 4o 4-2~ 4 430481 8 22 J g it
B kv duRin(glide) FApad = - At G fF 2t o NP=1,
PLAND % :£ 68.6% > TE A % #8 2 369.3 =% » &7 a3 & 8 » &
i(glide)d 5 % 5 o ARy R BRI IS EERS 3T
# (Class =5)2. PLAND Z # % (33.1%) > @ TE R|d ¢ 54 (Class
=4)2. 8321 2% ZEB Ko RFREFRTISHEL SRR
2230 > RPIETEERZZRFZ Y &HEE 70 Flo ff b5 7
2B EFHER AA > &G k2 TE . B 7 i ## (Class = 1)2- MNN
BE 117 2% > AT A AR RIAI TRAEBATT R 2

BB Y A o ST S TR 7 s 2 FTes

% 41 RREB 2 A8 Ege BN

e - % FF R , B R B oAt
weas | oh oy LR | e
7% (pool) 0.0 0.0 1 168.3 13.0
% a(glide) | 9884 76.3 2 142.4 11.0
;‘ﬂ"é‘;ﬁ(run) 0.9 0.1 3 161.9 125
N iiﬁ(rifﬂe) 305.5 23.6 4 93.2 7.2
s (land) | 1467 - 5 729.0 56.3
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Bw o RpH SR

% 42 ARy I AR RpEkL

47 %] 45 #&(class metrics)

= H <~ | NP (i) | PLAND (%) | TE(m) |ED (m/ha) | MNN (m)
%% (pool) 0 0 - - -
& o (glide) 1 68.6 369.3 2562.7 -
7= (run) 1 0.1 3.7 25.6 -

X R (riffle) 7 21.1 261.4 1814.0 4.9
F£ 32 (land) 7 10.2 107.9 748.6 11.7
# B.4p #%(landscape metrics)

B SHDI

FokiE 0.8245

% 43 RRFHEL Y &R RhEKZ
7 %) 4p %(class metrics)
ey &5 | NP ()| PLAND (%) | TE(m) | ED (m/ha) | MNN (m)
1 7 10.2 107.9 748.7 11.7
2 40 17.7 397.4 2757.9 1.9
3 12 18.4 719.6 4994.3 1.9
4 7 20.6 832.1 5774.9 2.4
5 12 33.1 418.6 2905.1 2.2
# B.4p #(landscape metrics)
» B SHDI
FokiE 1.5642
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AP REGEEI L ek F RPN
TR RGBS E2 R ERAD R LESHAFLI T FZFERERR
FhREr BHEERS LR AN P AP ERFTI A
P2 A B drd 44 F k1 2 FE B QuA Bt 4 01402+
0.3-0.4-~05m¥s> ™ 24 g Qefl % 0.403~0.303 ~0.203 ~ 0.103 ~
0.003m3s » I iFHB 1U#0 4 7 o

PRRFERLEE E AR A TR RP (IR 4-6~
B 4-10) o AREY oy n(glide) s A B H A ATk g f A0
982.1~1017.8 L = = ¢ F » (L ERE4R H i 75% 0 H =P 5 R
(riffle) » & # 5 43t 262.4~311.9 T = 2 ¢ F o (b EEr LY
20~25% o FiE i E Quir 2 3 04mYUs BF (R EBHL) o AT
A E Qe 5 0.103méfs s ¥ AT A BRI ¥ S KIFE
2 R (Pool)?s X AT E 98T e a FEMERL T 05mYs
PR (RS EBH5) o T AR R Qg 43t 0.003 m¥s > & (pool)ih
BAES A (R AFE 128 T2 2w ) » g H At ed 450304
g LR BRI RAL 245 H G A b B S TEE 0 6

i 3% 647.4~T45.8 T = = © | > (L ERRE BT 50% 0 X T A

S S TAEZ R g 0 AR &g (Class = 5) ~ ¢ E R



Bw o RpH SR

(Class = 4)fr ™ & F 124+ (Class = 3)2 & # B /i *+ 928.4~994.4 T = =
SR E AV AR T0% ) BT LR REFRN P R
SHTIER LB ST wINERR TR 2 TR SR
PEA TR B § 5 57 if 4 (non-habitat, Class = 1) -
HofF~ 43D 18521865 T &% s o wik 14.3% ~ 14.4% > B v
TEA S SR S EEES 30 5 R P R R 2 W
A7 P T QU JE 5 0.203m3/s (HEHFEHI) o S EHE I ZFE IR
£ 503m¥sy REABR AT F T MR E R 03mis 5
Bt 4o 4-6 0 A G Blec@ 4-11~8) 4-15
VEFFBRpEZE > A hdo~d 414 d e HEARFIR
dhlicty (£ 47) » FEFRLAFEFR LR (glide)ivig & - <
B fA e NP iF4F 5 1@ PLAND 7 5 & (i85 2 & = JF]‘ » X137 68~70%
B> H =2 Pl 5 X #E(riffle) » PLAND 4 »% 18~21%FF - ;%% (pool) i+t 2k
EBHAL 2 #5 ¢ I e AriEt )] > PLAND % -] 3t 1% o TE v
ED rt% in(glide) 5 & first 2 5~ K 7 o(glide) B 7 % el s 2
HAZA LT IE* o MNN P 10 gg(riffle) 5 &~ > &7 2 TR 20 X UE
(riffle) 2t 4p gEd i o ¥ S (glide) ~ JF i (run) B Fldead = B - 23 (NP
=1)> #@&z- 52 MNN - ¥ 4473 F prdy #ic(landscape metrics) 2

SHDI > 4- % 4-10> # 2 K 3 18 #5 22 SHDI & &+ > i 0.8363
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Bw o RpH SR

BMraiszgr 255 %% 0 2R %5 FE@ool)®>t &k 355
#4 2 #5 ¢ A58 H P X R EB#5 2 7% (pool) ik vt i < (PLAND

5 0.9%> >tk #4 ¢ PLAND % 0.7%) - @ K 8 #3 2. SHDI

gﬁi

TN Y bl 08115 Bm R RAS 2 53 B 2 ik
B B SRS E X2 44 B 2 PLAND -
T LR B3 ¢ v sa(glide)2 PLAND 5 69.8% » i 2K 2t

X » X

&

LIEBH3 W 7 = fEe H o Flet g 2 SHDI i) o

-\1\«

K3

B S PR REEFE S RT L4 411 BEHUF ST
(Class =5)2. PLADN #.% » % 43" 30.1~33.5%z2 & » NP p] 5 10~12
BooRTHEX SApd > ¥ ARG Bt 0 @ 7 e (Class =
1)PLAND % #-] » %] 3 12% > # i $4 (Class =2)2 NP % % » %
BPEAT B HrHEAr RIS -TEZ ED P ZF ik 5 &
BoRAY RFRERE XA TR P CHFTETRE S
BE 3P B R cMNN R E 7 i (Class=1) 2 3% > % 5 10
N it iaH AR TAIEL G A NPERE 2 7§ (Class=2)
2 MNN 5 1.9 =& » 5 =] F > 73R4 i 25 (Class=2) F] 4
gk o RHERMZE AR B o VAR R
(landscape metrics)2. SHDI > &2 43 8 ~An B 2 fi i e &5 5 B 7

CERBTL R RIE BN ST EL FRG T ER
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LRSSl ALt

B 489 B - § 5 50 0 7 47 SHDI#ic] » A 452 & 7
BILH P U EEHAL Sh) 0 @ 15305, A HAE ¥ - HE 5

Fomagii it s 28 &1 5 8 & F &+ (PLAND =33.5%) -

H 5P e (PLAND = 20.7%) > &7 AR E ¢ 0 iR iE 2
BE ZABEA  $0 SR E 2 5T k2§

2 44 RRALERLINEL A

A Qso Quw Qu(Qs0-Qw)

I H#HO 0.503 0.139 0.364
X EBH#L 0.503 0.100 0.403
X BH#2 0.503 0.200 0.303
P BH3 0.503 0.300 0.203
B 0.503 0.400 0.103
RN BHAS 0.503 0.500 0.003

¥+ :mds
mENEE
0.6
-=-Q(Q50) ——Qw ——Qd(Q50-Qw)
0.5 = - O o -
0.4
E
iy 03
1=
0.2
0.1
0.0
#0 #1 #2 #3 #4 #5
BIRRE
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L i n Ak

345 AP R ES E AN

R
. #1 12 #3 # #5
o 7&‘: —ﬁ A i ﬁ?‘: —]i:l‘ AR W ﬁ?{‘ —F‘]‘ AT H ﬁ%’— —]'::l‘ A =4 ﬁ% —F;I‘ AN L
(m?) (%0) (m?) (%) (m?) (%) (m?) (%) (m?) (%)
% (pool) 0.0 0.0 0.0 0.0 0.0 0.0 9.8 0.8 12.8 1.0
& (glide) 082.1 75.8 990.1 76.6 1006.5 77.9 1013.5 78.3 1017.8 78.7
e (run) 0.9 0.1 1.1 0.1 1.1 0.1 1.1 0.1 1.1 0.1
& ¥R (riffle) 311.9 24.1 301.9 23.3 284.3 22.0 269.6 20.8 262.4 20.3
F£ 3 (land) 146.7 0.0 148.4 0.0 149.7 0.0 147.6 0.0 147.6 0.0
546 RPHRLES BT AP
Bt
. #1 #2 #3 #4 #5
32 \—’r":”%ﬁ— ‘iﬁi‘ —I:;I-Aa\l,l, ‘iﬁl: —Fl"/w\ LU ‘iﬁ? —FT/’"\ LU ‘ifg —F:l‘A’\ L ‘iﬁ —F'l‘AQ\LL
(m?) (%0) (m?) (%) (m?) (%) (m?) (%) (m?) (%)
1 160.6 12.4 170.9 13.2 174.8 0.135 185.2 14.3 186.5 144
2 139.8 10.8 146.3 11.3 170.9 0.132 177.4 13.7 180.0 13.9
3 155.4 12.0 169.6 13.1 190.3 0.147 192.9 14.9 194.2 15.0
4 93.2 7.2 91.9 7.1 90.6 0.07 89.3 6.9 86.8 6.7
5 745.8 57.6 716.0 55.3 668.1 0.516 650.0 50.2 647.4 50.0
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e f iR

F 47 KPRy A J RApEL (1)

3¢ %] 4p t5-(class metrics)
B %! K HBH2
B H A NP PLAND TE ED MNN NP PLAND TE ED MNN
() (%) (m) (m/ha) (m) (%) (%) (m) (m/ha) (m)
& (pool) 0 0 - - - 0 0 - - -
& oe(glide) 1 68.1 377.1 2617.1 - 1 68.7 372.9 2588.3 -
7= (run) 1 0.1 3.7 25.6 - 1 0.1 4.6 32.0 -

& B (riffle) 7 21.6 269.2 1868.5 4.4 7 20.9 261.4 1814.1 4.8
k£ 32 (land) 7 10.2 107.9 748.7 11.7 8 10.3 111.6 774.3 9.8
% 4-8 WP HR 2By I AJ RpEL(20)

3 5] 45 HE(class metrics)

K BHA3 KB HA
ol B NP PLAND TE ED MNN NP PLAND TE ED MNN
(&) (%) (m) (m/ha) (m) () (%) (m) (m/ha) (m)

7% (pool) 0 0 - - - 2 0.7 14.8 102.4 2.3
& e (glide) 1 69.8 360.0 2498.7 - 1 70.3 343.4 2383.6 -
7= (run) 1 0.1 4.6 32.0 - 1 0.1 4.6 32.0 -

X # (riffle) 7 19.7 246.6 1711.7 4.4 5 18.7 217.6 1510.1 9.7
£ 3 (land) 8 10.4 113.4 787.1 9.7 8 10.2 111.1 771.1 9.8
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F 49 KRy AR RApEKLQN)

e f iR

KT B#HS
B H A NP PLAND TE ED MNN
() (%) (m) (m/ha) (m)
7= % (pool) 2 0.9 16.6 115.2 2.3
& e (glide) 1 70.6 335.6 2329.2 -
e (run) 1 0.1 4.6 32.0 -

A g (riffle) 4 18.2 207.9 1442.9 6.3
k£ 3 (land) 8 10.2 111.1 771.1 9.8
% 4-10 KPR 2y H A 5 R4 &(SHDI) %

BBk 2 SHDI
BB # 0.8245
Bl R 0.8296
Bl 0.8248
Bl R 0.8115
Bl R 0.8337
Bl R 0.8363
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2 411 TR L &R R84 (U3)

L i n Ak

3¢ %] 4p t5-(class metrics)

R AL

B NP PLAND TE ED MNN NP PLAND TE ED MNN
(%) (%) (m) (m/ha) (m) (%) (%) (m) (m/ha) (m)
1 7 10.2 107.9 748.7 11.7 8 10.3 111.6 774.3 9.8
2 39 17.1 388.6 2697.1 1.9 44 17.8 407.1 2825.1 1.9
3 14 18.6 712.2 4943.1 1.7 12 18.7 733.9 5093.5 1.7
4 8 20.7 831.2 5768.5 2.4 8 20.5 838.6 5819.7 1.9
5 12 33.5 418.1 2901.9 2.2 11 32.7 418.6 2905.1 2.4
3 412 FPHBR L B0 BT R R KL (20)
3¢ %] 45 HE(class metrics)
K Bi#l K B#H2
b g NP PLAND TE ED MNN NP PLAND TE ED MNN
(&) (%) (m) (m/ha) (m) () (%) (m) (m/ha) (m)
1 8 10.4 113.4 787.1 9.7 9 12.0 121.2 841.4 10.2
2 47 18.5 415.4 2882.7 1.7 37 17.1 411.7 2857.1 2.0
3 10 18.9 753.7 5231.0 2.1 12 20.9 712.7 4946.3 1.9
4 8 20.9 872.2 6053.3 2.2 9 20.3 798.9 5544.6 2.2
5 11 31.3 440.7 3058.6 2.3 10 29.7 396.0 2748.3 2.5
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3 413 TP HBR LS TR REEKL(GH)

3¢ %] 4p t5-(class metrics)

K BAS
ey NP PLAND TE ED MNN
(%) (%) (m) (m/ha) (m)
1 9 12.0 121.2 841.4 10.2
2 38 17.0 408.0| 28315 1.7
3 10 20.6 703.9| 48855 2.0
4 10 20.3 789.2| 54774 1.7
5 10 30.1 392.3| 27227 2.4

3 414 3B 24 § 2 5 444 #(SHDI) 2

3¢ %] 45 t(class metrics)

FHR L SHDI
% B #O 0.8245
22k B # 0.8296
2B # 0.8248
22 #3 0.8115
kR H4 0.8337
22k #5 0.8363
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3 iuk=-br
I it (mudflat)
Il %% (pool)
B 27 (glide)
[0 % (run)
I £ (riffle)

Wi
[ HxmE
BRI

1Eih T

I %3t (mudflat)
Il & (pool)
I i (glide)
[ iF i (run)
I 3 (riffle)
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BT
3 iuk=-br
I it (mudflat)
Il i%3E (pool)
I 557 (glide)
[ F 3 (run)
W SE#(riffle)

Wi
[ HxmE
BRI

1Eih T

I %3t (mudflat)
Il & (pool)
I i (glide)
[ iF i (run)
I 3 (riffle)
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B iR g

4] g5 © PowerSpout LH

(3 2 ;5 -k #5148 propeller turbine )
#Eki=Z (k) 115m

i &-king 1 25-56 L/s

B = @?—]ﬂzﬁ F 11600 W
&«’ﬁig]:':a*:im 132 %8

1 E ¥ gt st 3 LH150/250/400
& =t : 300mm (D) x 1050 mm (L)
£% :250kg (#3728 %4
e

i

gl

N o ok~ wh e

=
—

N

W 4-19 #ok 4 5 T ERBERP
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Head (m)

W 4-20 #ck+ #RPBEET W
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L Sk

KRG AT DR FFRE - BE A5 PRk 0 2 <o

£25 2% 52020 2§ 032 R AREE 4% 0 kLR T

m¥s B3P T 4 R g H - E KRR LR AT

$ % 3 5 PowerSpoutLH 8t o i % Biw 1 4ok & kiR 65 F -

092/ FREVELAR (L EERFTE > TARTE

"=
~=h
7.

RN ) o H o ApRE-K 4 i % (Hydro) ~ 3 4 % % (Electrical) -
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Bw o RpH SR

% 4-15 PowerSpout #-#t3 P 5

Preferences

Type: LH/LH Pro
Units: Metric

Hydro

Results:

Available Flow: 120.0 Ips (i.e. liters/s)
Used Flow: 117.0 Ips

LH Head: 2.5 m

Flume Material: General steel

Flume Fall: 10 mm

Flume Width: 2.0 m

Flume Height: 300 mm

Flume Length: 2.5 m

Water Depth in Flume: 65 mm at 0.9 m/s
Flume Capacity: 1,298.0 Ips

Draft Tube Diameter:190 mm
Number of PowerSpout LH Units: 3
Operating RPM: 1,088 rpm

"No Load" RPM: 1,632 rpm

Electrical

Results:

LH Output Voltage: 162 V
LH "No Load" Voltage: 325 V
Target Cable Efficiency: 90 %
Actual Cable Efficiency: 96 %
Cable Length: 20 m

Load Max Voltage: 400 V
Load Min Voltage: 50 V
Actual Load Voltage: 155 V
Cable Material: Copper

Cable Size: 0.949 mm2

Cable AWG: 17 AWG

Cable Amperage: 9.1 A

Actual Total Output

1,416 W

4-30




t?:‘l“fl e F‘LI%_E: *ﬂ‘v‘]’
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BARAI 2 2 EIEE S A o ew EUE LB TR GE R LA
¥, 0 TR EE ) (M) kA FROMBERER o AT iR

BRI BRELZ TR PHBEIE 2NV AR =T 5 =

0416 2 A EAHRBEFER R LE A AFA - R
FE o AEFAY 30 EVEERTEA o PE SHK L TR
PowerSpoutLH 4 7| (Hg) k4 #F TP eai-Hhz i 25 258
~/Rt (2023 & ) > {x M IARFLEFFEFS AL 3B F~ > 5 -
EREPKRLLADEE X AN 5% KEFhF ZEE X AD 1%
(pPrh'eyE) @ 2 ERFELH L FRdpdcs 2% mEfI* 55
80% (W& — & oy T PRl B E ez, 80% 0 ¥ 5 7,008 o) pE) o
PTG HE35.25% > ST R L 48936 ~ (20 £ &)

¥ O ek g% PowerSpout LH > 1% LH A& 24 2 § 4 kg p
AMERSE R FE T e F m@ﬁ%}*i—? BT LR PR
FOAE H AT g 7 5 ERiE B (Maximum power point tracking, MPPT)

B

W

R REG P EB 4-22FP RPN ERLH R Y i B (P
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B RS RE

AL SR AL AR F IR PV-3000S-V T 5k 2 i

<
,%ﬁ
R
.
==
A=
AN

e

gr'% r:"f’lﬁlf’%?f

o
[pai)

4 416 *3EAH R R FHRK

* B &

e &

’

=t

REREBREE

NI G| grl‘gf ff”ﬁ?%}?’ #* oo
B4R

oo RSRERMBRG &2

SXAFPRIRHGN o

1 >

~

ol (o) kAR 9 R Ao X BT s T

A
ey
W

Ny B

FENUPRTE

BERA (B FTE | EFRRE | REF A [FA | ERE [ PIEREME | ES AR |
(kw) (B1£) (=) (=) (30#) | (30£) (30%) (30#) |1 R EAMHCLkY A 2 5005E) 48936~/ 1 &
14 9,811 48,012| 350,000 1.00{ 3,280 4.84% 2.43|2 A HE L+ # 25 ~/ KW
wpan | BEEE | BrFh [ R00cg ln g [Eap| £SAC | EokEB R4S A Rf0RE g4 [E50 SR
i (&) (R) (0] (+#) (=) (=) (=) (=) B/IC (=1%)

350,000 21,000 371,000 48,012| 5.25% 1 352,494 45617| 352,494| 45617| 0.13 35.93
0 21,420 21,420 48,012| 5.25% 2 19,336 43,342| 371,830| 88,959 0.24 18.95

0 21,840 21,840 48,012| 5.25% 3 18,732 41,180| 390,563| 130,139| 0.33 13.27

0 22,260 22,260 48,012| 5.25% 4 18,140 39,126 408,703| 169,264| 0.41 10.41

0 22,680 22,680 48,012 5.25% 5 17,560 37,174| 426,263| 206,439 0.48 8.69

0 23,100 23,100 48,012 5.25% 6 16,993 35,320| 4437256| 241,758 055 7.53

0 23,520 23,520 48,012| 5.25% 7 16,439 33,558 459,695 275,316 0.60 6.69

0 23,940 23,940 48,012| 5.25% 8 15,898 31,884| 475594| 307,200 0.65 6.06

0 24,360 24,360 48,012| 5.25% 9 15,370 30,294| 490,964 337,494 0.69 5.56

0 24,780 24,780 48,012| 5.25% 10 14,855 28,783 505,819 366,277| 0.72 5.16

0 25,200 25,200 48,012| 5.25% 1 14,353 27,347| 520,173| 393,623 0.76 4.82

0 25,620 25,620 48,012 5.25% 12 13,865 25983| 534,037 419,606] 0.79 454

0 26,040 26,040 48,012| 5.25% 13 13,389 24,687| 547,427| 444,293 0.81 4.29

0 26,460 26,460 48,012| 5.25% 14 12,926 23455 560,353| 467,748| 0.83 4.08

0 26,880 26,880 48,012| 5.25% 15 12,477 22,285 572,830 490,034| 0.86 3.89

0 27,300 27,300 48,012| 5.25% 16 12,040 21,174| 584,869 511,207| 0.87 3.73

0 27,720 27,720 48,012 5.25% 17 11,615 20,118| 596,484| 531,325 0.89 3.58

0 28,140 28,140 48,012 5.25% 18 11,203 19,114| 607,687| 550,439| 0.91 3.44

0 28,560 28,560 48,012| 5.25% 19 10,803 18,161| 618,490 568599 0.92 3.32

0 28,980 28,980 48,012| 5.25% 20 10,415 17,255 628,905 585854| 0.93 3.21

0 29,400 29,400 48,012| 5.25% 21 10,039 16,394| 638,944| 602,248 0.94 3.10

0 29,820 29,820 48,012| 5.25% 22 9,674 15,576 648,618 617,825 0.95 3.00

0 30,240 30,240 48,012 5.25% 23 9,321 14,799 657,939| 632,624| 0.96 2.92

0 30,660 30,660 48,012 5.25% 24 8,979 14,061| 666,918| 646,685 0.97 2.83

0 31,080 31,080 48,012| 5.25% 25 8,648 13,360 675567 660,045 0.98 2.75

0 31,500 31,500 48,012| 5.25% 26 8,328 12,693 683,895 672,738| 0.98 2.68

0 31,920 31,920 48,012| 5.25% 27 8,018 12,060 691,913 684,798 0.99 2.61

0 32,340 32,340 48,012| 5.25% 28 7,718 11,459| 699,631 696,257| 1.00 2.55

0 32,760 32,760 48,012 5.25% 29 7,429 10,887| 707,059| 707,144| 1.00 2.49

0 33,180 33,180 48,012 5.25% 30 7,148 10,344 714,208| 717,488| 1.00 2.43
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APD 2 ty WA (H®)
A5 BN PrimeVOLT # & s v s 0
RARGTEERR v 70 - 580 150 ~ 980
L] v %0 250
axue A 13 3 1x2 3
srunwn A 15 15 152 15
wiEn 1 1 2 1
=EENa ol
MPPT B 1 2 1
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W 3 16 S 5
WA 33 3% s ss
A 143 172 238 28
v 20
He S0/60
* 978 978 %80 %80
* 970 972 972 95
< -6
rRun
P66
% 0-100
arum
Lo
m vl

mm  285x336x125  285x336x125  335x4%x125  3Ix426x125
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"
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o WiFi RIS REE SEMBEROHARALT B4t www primevolt.com.tw
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GRS IS L

¥I & MARE

AP ERBI e ZFLENTFRY ﬁ%?’?jﬁiﬁﬁ F AR AL
AP AT o e R (DR FAEER? QLT £ FRE ?(Q) AL
FUHMBEHEE 2L TRPILENS ? DRTEPF A RLR?
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“ték= ~ Powerspout LH #m= 14 %

-

gPowerSpout

Low Head (LH) Info

.A..Q*. Hilua o — (=
S =Y =

Required head and flow per turbine (According to the turbine selection
diagram): Head: 1 - 5 meters; Flow: 14 - 55 liters/sec.

The PowerSpout LH is a propeller type turbine. This type gives the
maximum shaft rpm from the lowest head of water. The propeller is
completely submerged in water (unlike the Pelton and Turgo turbines that

run in air, driven by a jet of water).

11



The Powerspout LH propeller is situated at the top end of a tube that
connects two bodies of water. The head of pressure on the propeller is
actually created by the suction effect of water in the draft tube below the
turbine. It is important that this tube is full of water, so both the turbine at
the top, and the mouth of the tube at the bottom must be completely
submerged in water.

The drive shaft connects the propeller to an alternator above the water
level, which produces electricity. The current is rectified within the unit to
DC suitable for a Maximum Power Point Tracking battery charge
controller or a grid-tied inverter. Contrary to popular myth, DC is more

efficient than AC for transmission of power in cables.
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One advantage of situating it at the top of the draft tube is that the
PowerSpout LH turbine is very unlikely to suffer flooding at times of
exceptionally high rainfall. The rising water level in the tailrace will
however reduce the operating head, and therefore the power output (Watts).

A PowerSpout LH turbine is more likely to be closer to your home
than a PowerSpout PLT or TRG. LH turbines will be installed on larger
streams which tend to meander down valley bottoms where homes are
typically closer. PowerSpout LH turbines are best employed by locating a
part of the river that drops 2-5 m quickly (over a set of rapids). The
generation capacity of your site is determined by the water supply,

primarily by the vertical distance the water falls (head) and how much

#4-13



4

water flows in a given time (flow rate). Please note that the "head" for the

LH is the drop in height between the water surface at the tailrace.
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