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Abstract

Over the past decade, Taiwan Water Corporation has established 3,469
District Metered Areas (DMAs). However, there are only 93 leak detection
staffs. Therefore, the improvement of leak detection efficiency has become
a critical issue.

In order to analyze the efficiency of DMA non-revenue water (NRW)
reduction project (outsourcing and self-managed) and systematic leak
detection, the research collect data from DMA inspection reports and leak
detection database of the last few years. Parameters for DMA are determined
by reviewing references and practical requirements, including Non-Revenue
Water per kilometer (NRW/KM), percentage of revenue water, number of
service connections, average water pressure, and the percentage of Ductile
Iron Pipe (DIP),then the efficiency was evaluated by comparing expenditure
cost saved by reduced NRW. The efficiency of systematic pipe inspection are
evaluated by inspecting labor, time and performance.

The results indicate that only NRW/KM and number of service
connections are significantly related to the efficiency of DMA NRW
reduction. Among these factors, NRW/KM shows the highest correlation,
and the most economical leakage range falls within 20 NRW/KM to 22
NRW/KM for Taiwan Water Corporation’s DMAs.

The results of the systematic leak detection study show that selected
areas with higher DMA coverage rates, in addition to high NRW values, can
significantly enhance leak detection efficiency. Furthermore, staffs with
lower seniority and less experience tend to incur relatively higher costs.
Therefore, outsourcing and leveraging experiential learning opportunities
could be considered.

keywords : DMA, Non-Revenue Water per kilometer, number of service

connections, average water pressure, DMA economical water leakage,
coverage rate of DMA
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MR HEE R HWM e § W F e d0 B 2 49 B &k $L v 2
GUTERMANN &+ % 8LiB-Kip B kL SPIRE Tk o8 ® | H
LR FE MR CRR A KE RS DRk o B A2 ks
FARK 0 i - - A Rk ERRS 1k K RI(F 7
% ,2016)

|

BRI T Sk 2 P E M BRI K RE N 2 A E
TID7 F R ER L7 R T ERRRA L A T ARG
kApM R, 2 TS BERRAPM R 3P0 ok DVRAR > IR B R R
AR TS iRk BERE IR (F o

a.LDS1004% &¢ b.4E » $5F 2 £ 5
B 17JD7 #£ 5 = § ffw @

28



%/\

w=

S
=)

sn\-}
4

3 R T AP MR G Tk AR AR R W3
FIRR & AR & B KR ﬂrzam%arwg FHR PR A
B REF R 2023 &£ SR B REF T S %*?. B RES

ko7 peag s gt % (PVCP) 2 F i -k & 4 1.1kg/em2
23 % o A Bl SRR PR GER] 18 27 REEERF R R
3 SRR G A SR A MRS %R > X EFER 19 *F P AR T
LRIER 200 £ 4 5 BIFEGAFPRR AL FRGRH 2 L4
< ¥ F oox i RIEEARIR K = 0 B L RIEESL YT & 25~30m F T S i3 o §E
PAX S FZ AR P FREY SR L WREEREAL R 7 < BREES
kP fg* 25~30m > ZH A EAPKR B AR LEFET L S A ORBN S i
FURAR B PERIE 2 e (e F % 2023)

8 \ = f
e ® A l r
e . -
T .8 s% -

P

N
-

N

(

. x"} \\ = —=
— oAERE) s _ =
S P sl e
— ‘ 2 =
I N ~
~ ~L
~ .
- —
- ~ ~_
~ ~L/
- ~L_
~ . ey
-~
\\ .
-

Bl 18 #F &g o K > F KR 7 & B

e 2 a«&#?{

%T‘_—*—ﬂ 7; 523 ns 8 w

1258 T 427
B o B 163% / 42z
i 63 103% oot 4

b 425
: 755 ‘}%
7 35 %fu 473

1?153?1 336 1738 2136 o5 %‘ 43 445 -'i%b .

LA SN

o
Q

1 303%
§’; 2 518 ‘l
e . z?éﬁﬁ = 1515% ; ]
BE s 12638 )
i 1 o /i
W19 * = LR RIELE W 20 % =B

29



# 3 L ®Seba KMT 7 2hip i iR % 2530 % = K & & P

e 3 e 35 5|34 5. (34 55145 %[ 35 5L |45 5o
FFRER XAz g
A B B C A C
B EE(mM) 30.7 23.3 54
-k & (kg/cm”2) 1.7 1.7 1.7
5 BLAp B R 7 A2 F Tk 7
3] 2 koK BEEEAE A(M) 15.6 - 4.6
F R K BREESE(M) 16.6 - 16.6
£ (m) 1 - 12

# 4 45 R Seba KMT % Bhip B k% 20041k R iR

H
prog tre ey |FURRFIRR) [ FTRR SRR $10k R
S 7 6 7 8 7
Pl EE(m) 54.4 40.4 255
-k & (kg/lcm”2) 1.1 1.1 1.1
5 BhAp BE iR F- AF R 3
3] € koK BLEE oo
# A(m) :
F R iR-KBLEE
%;t(m) 4.4
F4 () 55

FHE D (HERE 4, 2023)

30




2.3.2 SoRiR-K R H Bk 58 WADA

106&5% Soko @2 T A ddp g e o 4402 5| Takadu =
O E KRS g TEUN > p T IRK R Bk S (Water
Advanced Data Analysis, WADA) # *+107# 5% BB 42435 /] ¥ 38 B 401
% B33 T > 108& **WADA & Sidf 4T 5 # 1Bk % 2 4n 1072 3 )
10.3% 4 a4 4] % % #DMAS p R £ B F T 4 2 s 23 7o
FE I HRERLRERBRBRE SR T B TSR R A R
ZARRIY K E RAED ¥ ERREE R 02022 £ 2 E LB kLK H
#2196 RRFF o H Y R E R F1945 2 R4 B FI6L 2 kK P
¥O0 2o e ZEMBK ) RP G EKARIEEI ] R FFR
BB B EE T RH e F R A B P A RE S FALS G T

o

e

B E mooF| WADAT L5\ BB B (W] #3575 RE

mRE B4 ¥ 7 XGBoost
-1 hour,dayofweek

Ernstsstl =SCawT ) EsEss

EHEH EREZELIEEE 0%

O ER )\ i Ee B (V) AoDo01 7K 83

LM M M

(Thu) 00:00 g 19(58t) 00:00

B 21 WADA i svis-RABF 770
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2.3.3 &K Al iRk Pl

LR RBEREF] > Sk @3 109 £ R £ 321 R
TAl AR B RBEL2:2LPT | L2 &85 £IR5% ¥ -
#£CRAFRIRG RIBKE LA R BT T L R kA
ROl e R 222 230 227 053]0 A REHICE R
% At denpF iz » GUTERMANN-AQUAS- COPE-3 #+3t 300~450Hz
R X R R B 0 H =t 5 500~600Hz > m FUJI-HDAZ2 £ ITRI % #
5 3515 0 FUJI-HDAZ B R 8§ o9 5 F] 5 350~450Hz 2
> H =t 5 550~650Hz ; ITRI % & g & # & 4 F] = 350~500Hz -
H = % 550~650HZ * B¢ T @ Z R AR R RF S ITRI X
% 0 & ™ 5 GUTERMANN-AQUAS-COPE-3 e = ’ﬁ £8 72 x4
27 |TRI X &% £ 4p 1790 FUJI-HDA2 & fia 7 12
)iﬁp; = ** FUJI-HDA2 -

o ITRI X & R

‘I‘Il\"\

Aok R R FFE Y R e B12397 T 0 Rl Y T g 0 AR B R
> ITRIZ % #F #g ¥&* GUTERMANN-AQUAS- COPE-34F sf & M % 4 £
TR AR RE ﬁwﬁﬁ:g’[ﬂ“ % 350~500Hz » # = % 550~650Hz ; @
FUJI-HDA2 ¥f #f | R & % 4 & § B 5 350~450Hz # =x %
450~650Hz > ¥ ¢t % ¥ 5 M > = K K I R T o ITREK # R 5 &
B % % » @ FUJI-HDA22 GUTERMANN-AQUAS- COPE-3:11 & #f
iT o

ZRERAEKAF SR TOITRIGRRX K 2 Joq FH ey
it b F R R B2 RA G 5 R At B2 2 FUJI-HDA2 i 3%
R E Aa B Fr#E % 43T 0 @ GUTERMANN-AQUAS- COPE-3# B &
BRI e R > B RAE M T S fERIARE
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4 2% x5 kKK :}ﬁ #<(IL1)

& % iF; -k 4p #c(Infrastructure Leakage Index, ILI) & 57 7 i& -k £ (Current
real losses, CARL)¥ 7 ¥ #¥ 4. 4p 2 (Unavoidable Annual Real Losses, UARL)
2o 4ot 1o f9 CARL o kit 2 P g #m e s k R4k § ek
fc k87 @@ UARL - 42 F it S8R E - 58 A 472 a4
2o 3 F Ao o 35 [2] (Lambert A., Hirner W, 2000) » # ¢ Ly 2848 & &
WW‘M;&?&%Q%¢E%$i$w@i?ﬁ“FEWW P % Tiak
B2zt T B4R 29 258279 LnvNe2 Ly ¥ 5 a1z fdsa

2o Sl E RV X Rk P RR(P)E B AR 0 B 0 R
1 €44 -k E % %] 2 (Water Losses Task. Force, WLTF)#-iz i 45 £ -k £
7&&\ ST Aavwd 2k kE J(UARL): 72 Va4 2R KE &N & WIS

ﬁm%ﬁéﬂﬁ%$ﬁ&&&ﬁﬁﬁﬁ%@%’&%ﬁ&ﬁﬁﬁﬁﬁ¢€
(5 42, 2010) » 2% & P43 oAt a4 T » Tk SLen§ ’?/ﬁi ik T
A2 Rk E ) (UARL)Z W o 2k B -Kdn Bic(IL1) » 24 Bicdk 0% 1
Bk Al T o FRREANE MURR S P R

CARL
||_|_UARL T

UARL = (18Ly, + 0.8Nc + 25L,)P « « « + « « = « « -« - [2]
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27 BBk R Fl2 Ak
do e gtk RV NG N BT R e A A g
*“ﬁm@ﬂ’%%@ém%av%’%*$%«&ﬂiﬂ%@$%ﬁ~

FARFG 2 e 2 B KRR RS
2.7.1 § H#
FRAPERFAT R ERFE HEPRER RS

BEY R4
1. - 4 $ () fe-k# &%z > 2 DIP~HDPE 3 &R -

2. BARKE () ALY RERT > ER DIPkign FERT &
$#* HDPE ~ HIWP 1k % #4788 % % DIP -

3. irA % 54 DIP 44 &+ * HDPE ~ HIWP ~ DIP+PE % % o

4. EiP e F i * a7k -k F] LS| (Langelier Saturation Index, LSI) i i »
%wﬁlmPH%m‘%L? Jed:* HDPE ~ HIWP 2 7k § #1745
$8 % % DIP+PE % "¢

5. % = ¢ha s 1t HIWP ~ SSP (7 g4 ik § ) 5 AR
6. k¥4 11 SP~SSP (A &4 F ) & RAl

ik E B2 e d 6 M Tk T 45 E (DIP)FIL § SR B - ut B
B2l mt oo R B S EM PR AT 0T i 43kgHmm2 s s &
%%éiwpi%%@WoL?ﬁqq;7’BmmtérL4‘w<#gﬁzu£?
o Ripp AEEEB Y R G LR P RE P AL FEAREL 8 W
R ORCREEATT R - S R AR REE B 7~10kg/em®  ~ 4§ iE
KRR A2 1~3 kglem? 2o B > AR ot aE (RS AT R R 2 A R 4 0 A
i &’% CHE PR E RS BT LA RS B R

MPaEmE DB AT ERZIRBRE L SR > R RIRRR T RS

42



giF

&

Bl it At S (MR EEEE TR B8 EAET > p ok

%31 £5% 2 #)
# 6DIP g i H L E
yd s B (kgfimm?) WE S (%) % <" B (HB)
43 2t 10 w2} 230 T
(M Pk 7 BB R R B F BARS > p Rk g% 31 252 9)
27 BAFE@E D Sk MkERI R e P AEL)
. o il i R &
- HHEEE | B RARL B o B * & B mﬁ:ri:%
(DIP) (HDPE) (SP) (SSP) (HIWP)
6m~12m
5 LR 6m 9m 6m~9m 7m
F (7))
sx s £ | CNS-10808 |  CNS-2456 CNS-6568 | “N\So0%" | CNs-14345
% &£ 40 = 20 # 20 £ 40 £ 20 #
o BERETCRGR-TBE 2 e B AR s
B3 5 s amx b PRI% S 2 IR ER HrrR AL E A
i&?]}gﬁ W‘iﬁ?i\ﬁﬁf& Eﬁ'f&F‘EE FrIRALF A
LS 1 0.013 0.009 0.013 0.013 0.009
Fed [ i & i i ¢oE ¢oE
I 483k 5 iF & iE iz & iE & ix
Bt E e o % 18 it :
7.5 kgf/cm? 7.5 kgflcm? | 7.5 kgf/cm?
AR | 7.5 kgflem? - _ (v %5 AA | (7 &5 &3 | 1.5kgflcm?
(FiRERDE) ) )
et 4 i+ i* * ¥
I%’E)(? it ¥ P i LA i
Tg.’ b 75~2,600mm 20~3,000mm 75~3,200mm | 75~3,200mm |20~400 mm
Hi+£#| 7.850/cm® |0.95~097g/cm®| 7.85g/cm® 7.93g/cm?® 1.4g/cm?®
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4 8 & DIP § kR

# e kR B s kR
(mm) Kg/cm2 (mm) Kg/cm2
75~300 102 1200 66
400 95 1500 64
500 82 1600 63
600 79 1650 63
700 75 1800 62
800 72 2000 63
900 70 2200 61
1000 69 2400 61
1100 67 2600 60

(M ek 7 BB F R S F BABS > f Rk g% 31 £52 ¥)
2.7.2 ’gﬁlﬁ?‘%

SkRPRkERD B ELEEE § DY Sew BB E (DIP)-
453 (CIP)~ 4 # (SP) % 4 w3 (SSP) % - 24 B4 stdcy 9 3
(PVCP) -3 2R R ’{%Eﬁ"?’g (HDPE) 2 s b8 71 53 % ¢ (HIWP) >
RO EBEAULR Y B4 PR AR CFRFRLL R
va e KL ABE AT (Sk2P P ok AR AR
fapadEL):
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DB HCONRL T ER BN > kP ATEMN ,‘iugﬂ,' BE K
PAAWREEAXTFETPHFR BR S5 &t L FHE B E (Polyvinyl
Chloride, PVC) 35 % % 0.8 i#/km; CIP % 3f % % 0.45 /km; K %] DIP
LHFH02 Adkm 5 T% R eg HDPE ¥ 245 5 % 5 NS 4]2 GX 7
£t R DIP 455 2 2 (A AP RIBFF IR £ Lot (24548 F (DIP) R *
F3toop Kok g% 39 $%2 8 109) &L E DIP2 HDPE # % & &
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ARE PR REP P RLIFTETPERF ) RbEk2
HPOREP > UFREZRE DA KE -
MERZBLEAL N LRFRKFRDAF > * 5 L kBT 2

BB o
QF#Z> D AREFRKEEDARF WP H L2 o
2. Bk AR AT RN (AR PRS2 REDATERE
2023) :

(D) "RkEEBRITE ) RITES Z3E

FERZRRKED AL R F=100%

B aRE S R E s 3 =30%

(2) TiBk¥RITE | RBPIBEIE B B2 53 R

#4 e

PR F=(R kAL L RF Rk R Lk F)

(AR -kF—iF kA Edw & kF) x100%

BB 100% > ¥Rk A Bk FARE T AR LRI FA2E 1%
B4 2%z 3 v F (BB H 4 20%)

Bk ha ok S(%) | Rk S(%) | AR L kS (%)
0()~30(3 %) 50 70
30( % )~40(# %) 55 72
40(%)~50(% %) 60 74
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