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ABSTRACT

Keywords: Demonstration Case ; Detention facilities ; Maintenance Management

1. Purpose of the research

Due to fast urbanization and climate change in Taiwan, flooding occur frequently
in urban areas such as typhoons in 2001, 2008, 2010, and 2012. Rainfall intensity for
some storms is far more than the designed return period of urban storm water
sewerage system. This is the reason why urban flooding occurs. To confront this
change, people must recognize that this phenomenon will be normal in the future.

There is a limitation to the infrastructure work of urban flood control.

Increase runoff volume and shorten time to peak flow will have significant
impacts to both environment and ecology at downstream. Therefore, integrated
stormwater management, which includes flood warming, detention, retention,
decrease surface runoff, land management, operation and management, in urban areas
becomes the rule/standard for future urban stormwater management. The purpose of
the method of decreasing surface runoff is to increase the area of infiltration which
will increase the water conservation ability and further restore the healthy urban
hydrological cycle. For effective reduction of urban flood, detention/retention ponds
are usually used but need a lot of land area. Hence, school campus and park are
usually be used as a candidate places for constructing detention or retention facilities
in developed countries. At present, there is no such example in Taiwan. Also, planning,

design and construction technology are not well established.

The purpose of this study is to pick a school campus as a demonstration site for
demonstrating the concept of integrated stormwater management. In the first year,
preliminary planning and layout of stormwater infiltration and detention/retention
facilities on school campus will be designed and provided to local government which

is the partner of this project. In the second year, this project will help local
XV
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government to complete the construction work and provide training workshop.
2. Methodologies and procedures

It takes two years to complete the project. In the first year, coordination,
planning and design are the major tasks. In the second year, work will focus on
project construction, operation and maintenance, and propagate the results. Major

research contents as followings:
First Year
(1) Demonstration sites selection.

(2) Assessment, planning and design of available methods for stormwater
mitigation on campus including infiltration and detention/retention. Estimation

runoff volume/peak flow reduction effectiveness.
3) Construction cost estimation and financial feasibility analysis.
(4) Acknowledge the process of construction application.

(5) Compile all the results in the project and edit into a preliminary reference

manual in planning stormwater management on campus.
Second Year
(1) Assistance in project construction.
(2) Assistance in operation and maintenance of stormwater management facilities.
3) Propaganda and demonstration of the project.
(4) Effectiveness evaluation of the project.

(5) Edit reference manual for planning, design, and operation and management of

stormwater management on the campus.

(6) Prepare a draft of the long term popularization program for stormwater

management on the school campus.

XVI



3. Major findings

From literature review, most developing communities and construction sites use
Low Impact Development techniques in the developed countries to mitigate the
stormwater runoff and surface pollutants to reduce the flood peak at downstream.
From policy side, they have a complete measures and regulations to assist
implementing the stormwater management practices. From execution side, they will
provide a complete guidelines or manuals to help engineers in planning and designing
of stormwater management facilities. In the contrary, LID techniques are not so
popular in Taiwan to deal with stormwater mitigation. Among LID techniques,
rainwater harvesting technique is most popular used in both schools and public
buildings but for water supply use only. LID techniques are a brand new method in
Taiwan. The concept of LID which includes infiltration and detention/retention should
be widely used in stormwater mitigation. In planning for demonstration site, both
rainwater storage and infiltration techniques will be used. Both planning principles
and methodologies of construction for LID will be collected and provide as reference
for detailed design in demonstration sits. Major findings in this research are stated in

the followings:

(1) Assistance in detailed design, construction, and contract initiate for

demonstration sites

[2014 campus drainage system improvement project] in Lu-Chu junior high
school has been put out to contract in August 2014. The project includes building a
subsurface RC-based detention pond and drainage gutters improvement and will be
completed in the end of 2014. The detailed design of LID project in Ji-Cei junior high
school has been put out to contract in July 2014 also. Building Technology Research
Institute (BTRI) has been invited to attend the mid-term report examination in
September 2014. In the meeting, monitoring and operation and management issues for

detention/retention facilities, which will provide as reference in detailed design, have

XVII
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been raised. The project is expected to be completed at the end of this year.
(2) Raise the issues of operation and maintenance items for LID in campus

Operation and maintenance items for rainwater storage, rainwater infiltration and
rainwater storage/infiltration facilities suitable for campus will be collected and
analyzed. Checking list and frequency for operation and maintenance are

recommended for limited man power on campus.
(3) Propaganda and demonstration of Campus LID installation

Reference manual of detention/retention facilities in school campus initiated in
2013 is revised in this year. The manual includes five sections: Introduction, Planning
Procedures, Detention/Retention Facilities, Operation and Maintenance, Examples. It
will be provided as a reference for implementing detention/retention facilities in
school campus and be used as training material for workshop. Preliminary version of
management program for detention/retention facilities in school campus developed in
this study will provide some guideline in setting up management and monitoring

system in detention/retention facilities management.

(4) Initiate the short- , middle- and long-term programs for implementing

detention/retention facilities in school campus

The strategy for implementing detention/retention facilities in school campus has
four aspects: establishment the concept of LID in school campus and indicators;
establishment the allocation planning and management system; legislation system of
detention/retention facilities in school campus; Based on these four aspects, operative

norms for each aspect are proposed.
4. Major recommendations

Based on the above findings, some major recommendations are listed as

followings:

(1) For immediate executable
XVIII
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® More educational and training courses for operation and management of
stormwater management facilities should be introduced to promote the
technology of LID techniques. Set up the demonstration sites for each
county nationwide.

(2) For middle- and long-term

® Establishment of detention/retention facilities in school campus should be

treated as part of watershed comprehensive flood mitigation program.
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F 2 R%IEAL R ¢ (World Green Building Council ) Green apple & #

LRSI EHRL R ¢ (World Green Building Council ) s % ¢ 2 A% 4o
NdeE o KR R &8 100 5 B R Fe & 428 27,000 &‘« Fo A2 E B dE
AL A ¢ (GBC) ¥4 - %d 2 AFFEH2 - o Green apple | 1 & F 11 Kz

el IS e S W Bk I\:vkp"l‘#jwz—%-l}l | R4 e

Greenapple /&8> » 4 £ 56 P 52014 # 92 22 p 227 P » & EFEHA
WEAP  J 2RI ZRAL] §HPF LR DA PRIFIETE b Pk ®iF
B BREEFRE TS 0 4 #9523 4L T Get Up, Green Up | > B 5-7 #75%
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ARELAFREF TSN RTENE R REE SRS
WA VLR AR P AT APR AT 5N R AR R ER - HAERE R
FEERGHE RS R AR ARG oA A e S EP A KR

2 RABTERGRT BRBET o BB A RS E 3

R s LR PSAFHROT BB S E R A Lo A kTR~ AR
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TR fy Y 2R RRr L AR 2k F AR o R F e
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Pt L ERFEE AL F R MEERE Lo R FF AL kA FIEE

At E BE IR Aok 6-1 o 4o WIR FF 2 % A 45 % %5 (Green Infrastructure) ~ %
R & 7@ ep Ak k%L (Natural Drainage Systems > NDS) -~ 2 ei-kag;t
& 3+ (Water Sensitive Urban Design » WSUD) & & & =-X% 3§ FARE SIS & K
(Sustainable Urban Drainage Systems > SUDS) % % 2. c i8R 2 &% 2 2 F + 5 74
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#6-1
1 | =M
(fEEREHE
B )
2 | =H

(RFRE))

w
Bt
=

6 =4

(a.AHEIEE

Z - b.NIERELE
W3ERR ~ crdbm
B )

L RARME R R P R

REZER%

( Low Impact
Development )
REERR

( Low Impact
Development )

X THHEK 24
(Sustainable Urban
Drainage System,
SUDS)

KERBUKE TS
(Water Sensitive
Urban Design,
WSUD)

FRKATEE ~ N8R

a. EMRK -~ FRKET
SRR

b. JmHaR b

c. BIKIRKRIE
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FRRG &2 Wy o B L FS
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RGP AU RN R A R AL EED L RFE
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A
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A

AN
A
e

N

AR BB RT AP YRS o
1. 3R
(1) =9k = %A% %EE 4 s (Guidelines for the Design
andConstruction of Stormwater Management Systems )
BN RBEREA DR B AR R E tas o afLﬁﬁrz—ﬁ I3 A L

?,’;{w’ﬁ,,p eTE P AR E P NAE 0 A RRERSE SR 0 A

- AT REPER Y AR K F KR z’v’ﬂgi’-.fsmiﬁééf;m% °
GEAP T - F ﬂg,‘z.‘]'ﬂ—‘Fl'S'ﬂ]‘f;:J'FLJff‘fllE ,;ia,k—r,}\@/f‘i\f it
B A RTORGE AR BEE S RH T AL EE S L RARP R

EKPF 2N (e 3a kT kg ARBERSL) 2L RETE 22
BRI - ko2 s N RN E o R EETRSE AT
Bl ~ FKgf o 2 & RToRsE A% o

(2) B 2 jF M=% B % vt (Low-Impact Development Design Strategies- An

Integrated Design Approach)

~+# d Prince George's County, Maryland, Department of Environmental
Resources Programs and Planning Division #7%4£ > H ® #7d % K> {8 L £
B-k2 ¥k SCS i7" m &gl » %ﬁd G ERE B LID KX E W
B2 AR NERLEREERE N E 2 REM G Rk Bk AR
AT HinArk A S =304 > 2 35 LID Harkt ~LID £ & ?IEJ_"' F2 LID %
R KA X T w2 R b R AR ER T L B R R B K
% AT AR o

2. M
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SRR FE R T P EQ2)

(1) B L jFgss -k £ (Queensland Urban Drainage Manual )

ph R WECRHR R PR AR A ST P B S B ke g
i*ﬁﬁﬁfﬁ%%ﬁ“iiﬁ%ﬁiim’ii%%%?”?ﬁyﬁéiiﬁ
SP REAENPEREFFEFERP  FHFTERFE N AR
ARFEF P FT R A KRR NP & A kT R B RIE

PSR SR A AR R + %
PR RIP GAERT e 2 AP o R R LR RO R R B R

‘ Dand
7“_.
w
B
4
=
o

\
*P

~2

k& ¢ 3 {v¢ (National Water Quality Management Strategy ) i& {7 7‘;@‘4 B E 2T
MEFIE S B HIP G AT AR

B B FaFFepFREEFNNEFE

W owjTa ks g

W k¥ kAT gRT Kt (Water Sensitive Urban Design, WSUD )

W R ARk AT A RE M BRI E A

W PR R 2 R R TR
(2) "k#zsVzk 332 ¥ 5 (Evaluating Options for Water Sensitive Urban

Design — a National Guide )
HOATERT bR RS AT (sensitive) o Flut R ETIRD B R 0
=B &Ky ‘\*rs—ra %3+ (WSUD) - g‘g;tg:jgrs—r; KRR~ Bk Bk s B s BT
RIS RB K2 R k2 dps 0 35 S RN 230 4R o o e b

ﬁ#ﬁ'}i%%‘?&’ﬁ iﬁ-‘ %IJ—,'Z??{K;J- ’ '}FE'B%‘?-T" ‘—‘I—/n /}Ek"a > ’}\’Fﬁ— m£ ﬁ——l’?’w 75 o

(2 ) 4k WErFFF Lo § 2R &2 R4 & (Low Impact
Development Stormwater Management Planning and Design Guide)

nE A TR MEFRE RS R LA e T F-FFER RS F
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EES S A EE S AR TR E R D ANE S LR Tt b
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FOORPERE kLS BRI RP AT R B R ART 0 5 ERURR
DOAPMT Y TR R R R A R E R T R endE A o p oA L fEAD
E%@ﬁ%T*&‘*?%%i‘@ﬁﬁ%a#%w%’wgaﬂ%aﬁwza

7 ¢k 5301993 & entk B JL A2 (The Basic Enviromental Law ) % 1994 & e

B 74 A%k B3+ % (The National Basic Enviromental Plan ) 2 p¥§ 2 /315K %

Z A P TR TR R Y R S RE A B RT RIS ALK
fOAREE oA BB AR e K RT R BN R D &

EE- VAR IE RIS Ll )+ SN e IR Soh L S
B FET R M B EAn MAT B PR

AP EHEP AFFERGAPM R A A PR AR T L AN
B LACKRTR S BEAERAAMAIR 2.3 AN Y T AIR 3. 5 8
R L RAIR 4 3R TR AP B R TR AT B £ AT A PR o um]%z A Rp A
HHEBZE 2N o™ £ 620 NEERFF S FEARL LT o
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— - BRARMMKITE - BERIERBENERBEISRIESE—2

BT NI/ B B O L8 (#WEIER ) /FHER (HBERAT )
RRE | AREIER | RKTELRRREBAKEIE

IRERE | B2 MUEEKIERAEZEES T E

RIERE | 1. /\ERKITFEECPRR 500 AU TEER): UERE
i BEY 12 @B ( BREREE - BHEME ) - 814 35,000
Byt (°F 2 #@)®@BER LR -

2. REUTR/KETERE (#8318 500 AF ) : BEKAS 1,000
F+1 50,000 Hc#Bh - 300,000 Hits LR -

RRE | ZEHERIR | RKEREMHDEHEE

BRER WY RUABNSESAES 2 ARENESREY Y
PRKETERE LR —RREREHRLONITEERSHZR
1. EYRE - M N=rRKITER -

b1 40,000 Hit/m® BME/KE%E) - 1,000,000 Hth
FBR -

2. PRI KETESE !

4 BB R (FRP) S AR 888 2L- 120 120,000 Ho/m* &
E#8) - 300,000 BtA LR -

SRERI -1 45,000 Hit/m® B8%8) - 300,000 H
TTH IR -

3. /NBURRIKETEERE -

DIRKFEEBAE 1/2 #B) (BRERELRRE - HEM ) -
25,000 Bt LR -

ttHEE |RKEEREH - REMHIE
UKL | 1. B AIR R B SAERREL R RAS T -

EREDAR L Bt N KA Im U ERY& S -
BRER RENZEBZDANTGE 80cm RIFEEAM -

Tih - EENEBEAEENSEE -
ZADRERB—IZREE -

vk wnN
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BRI/ B B O

RRED

L3 (#HBIER ) /THE (HEBIERAT)

1. B&ERH (B 30cm - %#E 50cm ) : L 34,000 H
70/ BEfE %S IR -

2. BERH (ER 36cm - F=E 50cm ) : 139,000 H
7o/ BEfE 7S IR -

3. B&ERH (AR 36cm - FE 60cm ) : 1L 50,000 H
T_U/WT’EE_’.J:BE' °

4. BBEE : 19,000 Hit/m fE& LR -

rilleZE | mAKEZERETIEENHBHE
AR R I ﬁﬂiﬁ]‘%Lﬂ SKFALE ~ fBhth MK RFNE AR B IRER B
B % By - RIKBER (BBEHIEER B) - W
iﬁjﬁﬁia 1,000m* MIEAFREREY - EHERRER
B -
T## : 400,000 HioA#EEn £R -
sathmhir | RAKIEEERMESE
RHRE | @hEHEMEARR
RERR 1. U—FPARRE—ERRE -
2. mPHRER S8 100 A A L£500 AUAMNERE-
3. LB ERRY 1/2 BB ; 25,000 HooA LR -
FR7KZEH R E Bl E
MR EHREEZ—MER - DU N K@ I0E 2 it
& -
VIRIEEE 50m’ BEMAEA 1 E - 3RS 3 EARE -
NEFHT | RKET SRR BB H E
RIEES IR | AT A DR Z2EY) - MAKITEREEEELRRE
RERR | & (FRBERAKSERRES -

IRRK TSR RV E RS B1E 1/2 IARH#E) - 30,000 H
7oA IR -
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BRGREF R A P HQ202)

— - ARAARMKITE - ZERERENHERAGMEFIESL—EB

BT EE I/ B B O L& (WBIER ) /THM (HHERAT)
HmEeR | MAKEERESFREM#HBHE

MRKE | URBETANEAFREANEEEMSRES

S 1. UETEEBANNAREREHSR  RBLSERENE
EES) - L 30 mm/hr fEREREIRA - I AR E FRRUIRAE
& -

2. VIBFHHE LHR LR mEEA5LIA#E1E 400,000
HItREERE -
XAw 1,000 HyoA T8 -

(FH 5 1 25 R
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$A% RVERFFERGE Y CERRAT SR
362 PAFFTHERGHHIAEIREESHMMHERESL (F)
Z - iR BN BRI S0

BRI/ B B O L8 (#WBNER ) /FHER (HBERAT )
RRE | lamiZ | EEMSEHBIEIE

REEF | UEHHHER  ZERENELYEE - BESETERE
Zi#E | TR - afEEASASERSAERBES -

MerEiE | 1. BIESBAE

HERR HENEENERMEE 1/2 BRRA - HEEES 1m’
87 50,000 H7t - 11X 3,000,000 HoAmaE) LR -
2. meEAE

BB REYSE  mBHRAREZIEE - mEERL 1/2
HIRA - HEREMNS 1Im %5 1,000 Hit - WL
100,000 HcA#EpaEm EIR -

mEMR  MEHEB/VRIZIEE - MBERL 1/2 KR
8 - FHERELE 1m %81 4,000 Bt - WL 2,000,000
HicAmihEr) LR -

iR | R EEHEIEIE

RENRE |1 E—MEBEMEHERIEER/ES -

RERR 2. REEENER ZER B MEER -

3. IKEREMABRZBENEERBEAREY -

4. BERNSEUEBESEESELN 40cm ZERRA -

1. #Ee Z R8RS : %8 13,000 Hot/m LAA - 390,000
HoA LR -

2. WAEKIEERE A E RS : B 8,000 Hit
/m A - 240,000 HoA EBR -
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- #hAR(ER

SEHEEEMEHESER—8
L8 (#HBIER ) /THE (#HBERAR )

AERF | RIEEMN | EEREAICHESSE
KEERMR | @REAREESHANHEERE - NEBARMY - Ak
EEER | WEBREHEESSEER
FERERR 1. 2EBEMARRE  HBUREE 1/2 LUARRA -
20,000,000 H7o & LR -
2. BIR#E: mBLREE 1/2 LRRIRAI- 20,000,000
HoA LR -
3. iEEA{E: wB LR EE 1/2 LIAKIRAN - 20,000,000
HcA LR -
miix | mRmE | EIRSCHBIEE
mREER | BEEM(HEERE ) UAB i 2 BEEMEITRE
RERM | (BFESNEE  BSEIE) BER - NERE 500m? B
AR | FEREYERE ZO%LXJ:
#HR XRS5 FANBEHITET

BN =&AL 20,000 EIT_ls/m2 MUARIRA
1/2 kL1 1,000,000 Hio/ZEFR LR -

- MDA B ERAE BN

etk cwEbEE
DMENILB I RERZEYRHEEE BB AW
500m’ B -

1. BI&#{t : 20,000 Ht/m? A

2. EEIB&1E : 9,000 Ht/m? UK

3. BEEAE : 3,000 Hit/m MUA
4.
5.

RGBSR E - 8,000 Hit/m KA
TEIBAYRRE : 3T 8,000 HIt/m? A
X AER 1/2 & 200,000 Hro% LR -
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Bd RUERFTEAGEC CRPRAFE R

- SRR EHEAEERMHESA—8

Mﬁﬁfﬁ/l@%ﬁ@ﬂ L8 (#WBNER ) /FHER (HBERAT )
EAMT | KIBKEZNESHIE

BB |1 KEHEEEMCACHNEERE - MMOBEMERR
HE | gENE -

FREGR 2. IERIINER - RBGT - [TBEEEXRMVEER I
|?(_| o

3. BRFENUMIE RN XEEETE  mESEW
ReREBEZIAM -

4, #ZE]EHE 2 LML A SRR E R -

1. #&%&iEEesE ;. 3,000 Ht/m -

T&E#E{E : 1,000 Hit/m -

=318 : 5000 Hit/K -
chRFE4E : 2,500 BiT/Z -

5. &fI%E 500 Bt/ -

6.2m? Ll ERIERTEE 10,000 B7t/m?

7. 1m? LA ERIFRERIER : 20,000 Ht/m?

8.10m? L ERYTEE#EE - 5,000 HIt/m?

9.500m? U _ERYt3th >~ TERITEF#E4E : 250 Ht/m?
X HRBEN 1/3 & 500,000 Ht&m LR -

> w N

( TR KRR 2Y RE)

P BRFZERGHE > Z2ZALFE K

ARHARFL P RER B FLFHEAS L 0 TFR L S
B IPER R R H LS AN B ML BE T AR R A LS
2 M AEARZ BHE AHTARS ZREHARRERT ® 0 £ 8
%ﬁa%aﬁ@ﬁﬁJuaafﬁir%iﬁﬁjﬁrﬁﬁﬁ&J@’ﬁ@%@

-

fht HadTEs?Y S E P P T AEERAEY AN TEREE R
MERIFEREEFERG TR LR T FERK

SWOT A 472 % 45 fi % A 474 > - it Sgde g fm Haps A4 for 7 -
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FHREEFH R FHQ)

BHE R R 2 SRS cSWOT 2 B 32 A d B
(Strengths ) ~ % %* (Weakness ) ~ # ¢ (Opportunities) fr= §* (Threats) o 11 &

2 22

M5 SWOT ¥ A Za3Re @ %— 340 5 SWo 2 &% Rodrp izt &

7
A R OT L& AJ57H306E & o 17 485 3 7 Y BIHA < § flo @

-n\:y

g nFF R F L Al RER AT o F IR PR DR
PRE L PFEILES AR AT R T L R RIS E B &4 A PR

P H &G AR R R BF A B 15— BRS2enE 0 R Rt ek B R
SRR TR BRI R AT TR A R B 0k ke RaEL A

B0 R KA E b AAEFIRART T feAs k4 1A 4T P @I
PR R 0 A S ¥ A - R § DA R ol B R A
- K e d
% SWOT Ad5i% » AfERFERE RS E~Y - EPRABFT% > %2 1
B+ g @8 ipg (Strengths)~ % % (Weakness) ~ #% ¢ (Opportunities ) fr =
% (Threats) » 4c™ % 6-3 #75F o
#6-3 SWOTA 47 %

B2(S) L (W)
m ERTEERA  TRERA
N WERRIEESRT RO -
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