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ABSTRACT

The purpose of this thesis is to presents the design of water loss inspection system in
District Metering Area (DMA) using information technology and the simulation of this control
network system. Inspector can check Pressure, Flow rate and Minimum Night Flow; NMF
include sending Alert in case the Pressure, Flow rate and NMF is over the range of controlling.
This is used as equipment to implement water loss in international proactive and can keep on
water loss reduction more efficiency. The system consists of microcontroller which collects data
of Pressure, Flow rate from DMA Master Meter and send data through GSM Module in GPRS
format use FTP Protocol into FTP server at control center. Output can control pressure reducing
valve by estimate demand and adjust pressure base on demand to be consistent between pressure
with flow rate. FTP server uses database system can show graph and table for system leak

analysis on internet network.
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Lowest Possible Losses for DMA with Standard Good Condition

AZNP (m) PCF (report 26) PCF (1.5 power law)
20 0.33 0.25
25 0.43 0.35
30 0.53 0.46
35 0.64 0.59
40 0.75 0.72
45 0.87 0.85
50 1.00 1.00
55 1.13 1.15
60 1.27 1.31
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65 1.41 1.48
70 1.56 1.66
75 1.72 1.84
80 1.88 2.02
85 2.05 222
90 222 241
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(CARL)
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Maindenance
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Rehabilitation
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2.9.4 Inssaaveslislanea TCPIP

FafinondnBudinTlsTanea  TCPAP ﬁmsiTmxﬁmn'lnmsv'imuaamflui‘r"uq
%30 layer 1MilUAUNATFIU OSI Model 1Az A MNTDINGUIALINVINIAFIUYDI OSI Model 18
Falunaag layer voaT1s Tanea TCPAP az1lsynoudas

1. Process layer %30 Application Layer

2. Host-to-Host layer n3o Transport Layer

3. Internetworking layer

4. Network Interface layer
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2.9.9 M5 Bind IP Address
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DMA rffeauazadnuazdszaninmlumsusmsdamsaunsnensuazaunaauiu
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310 3.2 naasdeyaszuniduviedsgiwesiundninoulszsthawimmsysmsn 185 uen

nsdlsgdhunsvang
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3 Juitunithse e OMA) Rdniiussesnuuuasinse uanas TatiTian1elu 1 Juim
. v 9 '
s ieaiud lumssauswdeya anwdeIns 14111 (Consumption) e 1uImMITNIY
: A 1o a a ' s o’ =
1 e 1vinas 1018 (Non Revenue Water) ssziagdumssnasiatimelulosumsusws
v
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danmhgadsas Wuduaenialu 3-4 U ifeanugndesvesdeyaluszduTounsuinms
v
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3U7 3.4 naasveuvaniui Tsunisusmstamsthgydevesdninauilszih

maynslsms 11d5udeyaninarudisinniesa (ans.)

39



" DMA BOUNDARY
./ Pipa
*  roadedge

5 o 5 10 Kilometers

40

v ¥ v 3 3 .ﬂ
7141 3.5 nanaveuvaituiidhse Safteenuuuluiiesdu Tasordadeya s Soyad1shir deyn

J T * 4
NAIUAI1TIINDIT unz'ﬁ'aummmxmmmuﬁ

& a
unthszdsean

4 {4 e s
319 3.6 naasveuANUN TauusTisdanisigayds ua

ee
=

nuuudaade



41

13 b4 ] » ] 1 4
31 3.7 naasvemvaiunleu 06 vesdninnulszthmviagmsysinmsmhimsesnnuuiun

k4 . k4 ' '
Taru 06 vesdninalszthawiaamarls s uisitufithsg Yeeendlu g iun dsasd 3.1

Tudnmiiwus e uuil ldvinsdidny nun T 06 TuRunidhs=33 DMA-17-06-02 ¥84

duinnulszthamnaymalsms

M & ¥ ‘i &
m9af 3.1 naeateyaiesduvesitui Teuos munaymsiliims niwenidlu 8 DMA

il et ﬁwmué"h‘hﬁ‘w audasmslshh s Inadn gns1ms Inagege sarimslnamie
@w) (AU aedu) (AU Ao -9.) (@U.. 7D 311.) (L., A0 W)
1 17-06-01 3,418 4,008 125.23 26491 200.69
2 17-06-02 2,953 %l57 208.93 464.95 361.55
3 17-06-03 2,696 6,049 179.54 389.45 301.87
4 17-06-04 2,951 7,411 209.77 463.30 358.16
5 17-06-05 3.2 5,884 174.14 365.78 277.63
6 17-06-06 1,488 2,295 61.71 132.67 101.60
7 17-06-07 3,751 4,758 150.48 319.77 241.81
8 17-06-08 2,888 4,212 135.46 288.87 219.12
23,917 41,774 1,245 2,690 2,062
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A A .
3.2 msaammuwuﬁsﬁnzu DMA-17-06-02

A: P o o Y ' : a J A'
mseenuuuiuiithsziduduszdesdnulassadszuumsnioiuuwauneuive
v ¥ ’ v
Nildidanansenudunsaduiit nazdmuaveumvanuiudsz Jalaglduuaniti aneq auu
: 9 v & 3 ¥ A
1IR3 STULYE Az LA U uAsAIRY aneasushinsnaaeuANgnAeIvesiuidh
@ ° A ﬂ a [ dy & v & 9)
s52¥4 TasN1391 Zero Pressure Test ienaasuaImniludaszaniuvesiunifssdes¥eezsild
2’ a v At U4 " ey
18 wunithszIanangaaunuein1seeniUUAINNIATFIUYY International Water Association
%30 IWA
g d' o o o/
msesnuuuiunifhszis DMA-17-06-02 vesdninnudsziavaynsdsins A

9
s10nzideaae 11T

v x 4 W
3.2.1 msudavevua NNl 15z 33 DMA-17-06-02
o a dy A o 1) -g 4' o o [ o
Taguiiumsdrsaenuiazdandsiunthse Jsamvauwea Iaserdevanyasiaas uay
Fd ¥ I3 v

deyaiugiuaie ningudeya GIS uazdeyad 191 Asaaslugun 3.8 uazgili 3.9 mends

o ¥ $ —d A o o e Y :
vinmsimuavetwaiiuihs TanFanundl 1dduiumsdiaslszgihnuveuiva (BDV)

3‘ 9 =< Q 3 o o o X (% P
uazmaind saudsgadaasginsaidanssduiduaaslugli 3.10

< d 4 @ P A Y @ P e
;‘ﬂ'ﬂ 3.8 uaasnunithsgds DMA-17-06-02 mmaqmmﬂmmumﬂvmwuwﬁmmmﬂ-szlhmm

aynslsns
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4' i 4 @
317 3.9 naasswaz@oanuubhiz i DMA-17-06-02 az1vay I8 1n089,0uu

JoyaudnsiAitruRswes DMA-17-06-02
Neauntioasaauummsnyg
Aal&vsanuurumaugannssy
finaz Yusenlndseamming 20

NAAZ TUANIIARUUAYNIN




44

4 i = s ot —— 7 T p
51l 3.10 naagvenvanufidhsz Juazlssmihnmuveuvasndemaiiduaz yaandsglnsa

£ GGG AR
Janssautiluiud

1 v ¥ ]
m3af 3.2 naasdeyadia il 2550 veswuiihse 3 DMA-17-06-02

Foyadldnin foyavamans
o o o 4 A A
$nudldhinGo) 2,953 | 15IAUIAAYYBINUNQL,) 5.918
Vv

Amdeams 141 dasn1s Tnagege

(au..f0TU) 7,157 | (au..0 3. 464.95
#n351M3 Inamae

igayde % 30.40% | (AU.1.90 W) 361.55
8n31m3 Inadige (au.u.Aewu.) 208.93




14

M 9 vy ¥
M7 3.3 doyaunasgadannnasilszginuusuvagaiauswulazyanateums g
fdudt ' 53 1 MNWING
1 1afndeansImin 1
(DM-17-06-02-01)
2 Usegririuvouun 5
(BDV-17-001)
(BDV-17-003)
(BDV-17-004)
(BDV-17-005)
(BDV-17-014)
3 Wadumasdiimsaad 3
gunsalausedui
(FH-17-077) (TP1)
(FH-17-079)(TP2)
(FH-17-078)
4 Ao uns 4 1
A
] o ]
a1 3.4 uansdeyaszuuvielszilill 2550 yesun DMA-17-06-02
foyaviealsalil 2550
YUIA (mm.) AC PVC GI PB ST 5 ()
100 413 17,291 - - - 17,704
150 1,767 4,798 - - 6 6,571
200 1,255 8,031 - - - 9,286
250 - - - - - -
300 1,360 1,842 - - 39 3,241
400 - - - - - -
39U (1) 4,795 31,962 - - 45 36,802
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3.2.2 igalunisesnuuunuiiii5233 DMA-17-06-02
9 [
anmitufideussudrofisnilossnoummmiing faazTuanosaouugyuin fis
o [ Y4 - 4’1' P
aviusenusalndyeomming 20 unsfinldesaouurmiugaamassu iuiuiivunau
9 [ d []
amafliszane 2,953 110 daulugjeziuglfisesendsainniiinerds mithuiaass
4 o o & o v ' v g & dav 4 o
namsdiminfiesanimiuithsy Sanudwssduluiunidundoydssuns 7.00 s M1sve1eid
: 1 ar H J 1 r
vosfldi hiannsovenldinminidieanniuimuuniuugs
14 1 4 [ Yy 9 [
111nmsf‘hi'amﬁ'aw’fu‘mmﬂszm‘iwamnnﬁﬁmﬁ’tﬂuﬂs"ﬁmnuuauwmzﬂuﬁmvm
ﬁuusmmmuﬂﬂau msﬂﬂmwumﬂﬁnq"lﬁmmumﬁ‘lﬂmmuﬂugmmmﬂ s fufurlsygh
BDV) lumsmisiufithes 31 snnseenuuuldansoindiiuisna 1 9 '
e fuiiiisanasiditige mmdesmsldiirTaolszanm 7,157 avadedu
v ] L4 9
uadulngiiudldiswdes Taefigasienir (M) fuhninviedszsuyuia 1200 mmu3iw
jd & A % -~ ed i . :’ ¥ d' y
ouummsny Failusadung sudenusnadenarauilugas ot (oM) 1917ufl DMA 17-06-02 i

é y H .74 . %3 L g
Falumsesnuuuiuiithsz Jezdludsde i

} 4 (]
1. firazTuseniitiaiun DMA TaglFusuivanany

H
=

Tasuvenwainnesszuinithiifelndusammsing 20 Tvierszideussnirediud
199
- ouumnsndlndwesmmny 20 minSounese 1 nmwud Yu1a @ 300 mm.
dmualiilu BDV 17-005 il Tnlet Valve Seiimsdaie il lnahlufuduazuis
YBLIVATZH I DMA 17-06-02 1a¥ DMA 17-06-03

2. fldutiaiud DMA Tauldueumavesauy
Tastsveuwafiouuasumugammassudalual fvedszihideusznirefiud 1 9
- ouuguIndatuauIuINgATMAs SRR E Sus e 1T Um0
300 mm. fimualifiu BDV 17-004 14 Inline Valve Uu%io @ 300 mm.amuuiouugyyinia
eusiaiuisyH 310 DMA 17-06-02 1iny DMA 17-06-05

1 4 v
3. Nemileutaiuy pMA Tasldveuvavesauu

] A o oI & i 4’ P
Tammwauwamuummmv tinedszilurBussnaenun 2 14
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- QUUMITAY V1A @ 300 mm.SsuImsndns ne swvualditlu DM 17-06-

[ [ v ¥ [
02-01 1§11 Tnlet Valve i TAP 910015574 ¥11A @ 1,200 mm. iariieifugasindriiud

¥y s
o <ial

~ 41 A 4'1 -] [ :’ Aa 1 o~ ﬁ d’l' Aa o
UFnadMUNYesiuiiBInnus WU MANI M DUUTYIN una 1y lufundusdutima
- puummynd aaendilse usafleud131999197 ¥R B 300 mm.
9y

dmualiidiu BDV 17-001 15 Inline Valve #1 cross Smauummnsnyg 3svimsdariie il

9
Tnadh lufiuiuagisvevanu DMA 17-03-04

[ )
4. Maaziuanuuaiiui DMA Tagldveuwavssauy
' & a s P v A 4
TasmiweuwanouugyuIn Uredszluvenseningui 2 99
- auuguuInySnadumiyd Isanile vu1e @ 300 mm. Amualiidiu BDV
v 3 L 4
17-003:511 Inlet Valve i TAP 910918152571 Y110 @ 1,200 mm. v nsDaiie 11 1vhin Tvadh
A 4
Tuiun
- Y e o o o/ ° 9
- auugyuIN WS Auid 1993130 911A @ 300 mm. fnualhidu BDV 17-

v I 9
014 1114 Inlet Valve i TAP 91098152514 YU1A 0 1,200 mm. evn1staie lilvhi Tvadhlu

& =
#ud
o 2
YARTIVABLUTIAULT (MPS)
FH-17-077 (TP1) SuoungyuInthnaesmming 8 YU 2 300 mm.
FH-17-079 (TP2) Suouugyuinlndeesgyuin 117 w1 J 300 mm.
FH-17-078 Tugeammisny 14 vu1a & 150 mm.
Peak Tuzsamming 12 yu1a J 150 mm,

3.2.3 wanmsdionunithszis
as 4:’ a o ° é o o~ c’ o
agvdensesauuidissdunduade lddaiunuioduiiunisdisanlszqia wa
Y] =y . ﬁ ] d‘c i‘_l [] 1Y) 5’..' .ﬁ' d' [V é
qunas uazidunsdszimsutludemsssauuvusziaasiuiniise 3 Fawmanisdrisisaiuise

aqlademrs i 3.5
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: ? v a 2 A4 o
ﬂ15]\1ﬁ 35 l!ﬁﬂ\lﬁ’ﬂvjﬂﬁiﬂwﬂﬂ’ﬁﬁ'ﬁ?ﬂﬂss%ln IRV ‘Uﬂ\‘wuw!ﬂ'ﬁz?\’ DMA 17-06-02

fwu | 3ver Code 0uf va | 194 WIS | aeue
AUUMIITNY V179 300 mm.
1 | DM-17-06-02-01 | 30 |V il
Fesumindns ne
o o a
auummisny anmend 159 uSnadlen
2 | BDV-17-001 ) 30 |V (la
fMINTTINS
3 | BDV-17-003 ouugyinSnudumiydilsunie 300 |V e
AUUTYWINAANUOUUIUMIUGATHAT T
4 BDV-17-004 N . 30 |V e
mimasfunesia
auummsn Indsoommisngg 20 mih
5 | BDV-17-005 ‘, . 300 |V i1a
SoUNDIB NI NINUA
a Y an o ey o
6 BDV-17-014 auugyIn miminsAadesiial 300 |V itla
7 FH-17-077(TP1) | Suouugyuinhnsesmming 8 300 |V Ta
8 | FH-17-079 (TP2) | Suouugyuinlndwosgyuin 117 300 |V ln
9 FH-17-078 lusssimmisny 14 150 |V Ua
10 | peak Tuaosmmisng 150 |V la

& A )
33 msnsmaevﬂ1saemmkum§hsma

3.3.1 Yun UM INATeL

» [} » 1 4
fiunithszds (oMA) A1&Sunisesnuuuiissdu exlinsd1sI9UazATI9ABUNIY

Al o z z i o v ]
fraaslumaauiy neussiinistaasszuuiufithse i oMa) edn1isdely Taseiints

] 9 ¥ s
Amuagadie ez Ifoumasuuidiasivasuunz@adsgilnsal Saussdumhiiadumaa d

[} 9 1 4 v [y
naaslugili 3.1 unzvuasunisnaneuiuibhss 31 (DMA) awaaslugii 3.12
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- S| o o
AU drrzfaeanuuu s

'

. - . ¥
A diuniraatunun
HhrsAsReanuun

!

¥ v
ATI/NDLITOLILIAWUIRA, Llrzpnin
. -
UA SV ALIWRY Nffaanae1H

l dfuudlrvouamnluad

AnslagUnmiiuiin undi o ?
aanfiuun

L)
VAR Zero Test URZ i

Peak Demand Test

HU

wFENUFaTINIRT
oo
uazqunrnmmeniiaq

[] F 4 » .
5111 3.12 Yuasunsnaasuiui sz (DMA)

3.3.1.1 MINANDY Zero Pressure Test
X 1 o/ 3 v - Q’I‘ o Qv
nsnareuiunifhszie (DMA) NeenuuuneunisAndaniasiai fie n1s
2 da o ; :

NANO1 Zero Pressure Test H38n15NAABUAINgAABIVBINUNAITZ T (DMA) tfeasisasuiid
:’ v H 3 r o v ¥ 3 H 3 é Lovd o ar
udhftuiinge hivdwinladuesiniudituil Fuflunsfiguiaiuiludaszenduves
4 o v v A d a a ag  d4 v
wunthszdadnziun Tasn15MATeY Zero Pressure Test HisoaziBoauazItnsiGudusInms

&~

\ oy 1 i 1 : 3 o o/ o : o Q'I -4 1
tanshimimaduvendigiunihszis OMA) udrfaussrnimasganssaeialinifun



51

)]
A o

[Y) :’ 3 o v da 5 3 3 [ T ¢ o
naey ussmnhfyaianndindasmeluiuiithsz s (oMA) szdeadinnfuguindaniniivh
. ¥ ' ' S g9 . Y 4 a o v 2
mstansnehnsuyadusionds aenminliidanistieiidmmizganszandanasimi
2 4 @ b K v o Ya s A L2 ar v oo - a o
veaftufithsz3e (OMA) amiuldewamssdnidansmile Salinuviinunielndifvedy

o : - ? 4 a : P - ¥ A o
uremininfvesfiufithsz 3 (OMA) 1 Ferdeulsyiudreindusmousaseusuldany

o - []
mmmmiaammumevlu

160z 1BORTUABUATINANGY Zero Pressure Test

1.ATI9AOUNAAUY

- dsrvdunnis waza1s i idventadumbsiioziinsAnguasaiufin
useduin

¥y ¥

- avnasuA ANy IiveslszgiifuveLva
a o ¢ o« o :
2.Aafgilnsaitiunnus v
o g o a2 o :, A v oo a
- Anavginssitunnussduimidumae
v ¥ v
- dgunnisiaedsednsaltiuiious sduni musadmualdninnanisiinsied
] [ : o 9t Aa ar : s n’ P P
Tasedeszuuvins i Tnsdimualdtigantiussdnihigege ussduinndaszinuganinng
v Y ¢ b4 1] ¥ ]
vesszuudutio) uayganiinssduiidqaluiiui (Critical Pressure Point ; CPP) Tunstiu#iil
a o - a’: o o <2 o : - - & o
vinuninewinsaaedtgnsaituiioussduniunnansn ¥3laena 1l lunrsnaaey Zero
o Py 3 o o a2 o q’ 4’{' P o A
Pressure Test 9z#1n15Aadgilnsaitiunnussduimeluitunilszinm 3 - 5 gada uazerelinis
a & o o o 4 dy a A g wd &4 o b
Aadsgataussiuissiuitafssaasnamngade 1Hiulehivuiths 3 (DMA) i
= A Ay d‘ =t o/ ﬂy =
lifinansznudefiufidraunsunzgauanesnsiniulasiugs
a2 a ‘:’ CAC IO - | o gy Y- | v °
- mstiunindeyaussauiluednsaitiuniaussdmin ssiiunndeyansunism
“o [+ ' ]
Zero Pressure Test 15z1ai 33U HOTINUMNNG FNINT S W
¥y ¢
3.mstadszgihiuveuua@DV)
22 A dqoald a & o 2 o <
- Tadszginuvsuvalufiud Wihiriudigadasdunasiabawsuaun
29NUUY
o Yo 2 da o . y 2
- asasoeunsanmihlufiuiidiszia (DMA) navhmstadsyginuveuva

o z y 9 14 v o . o :’ v
asumndrsuiumiuiluiuiidhsz3s (OMA) udz Tflussdminldsunlasnnlendiosla
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o 9 ¥
4 Jadszgrindwuinthsz3a (DMA)
:’ 1 y a § ] <
- Tadlszgrindiunusnugaiiszinmsnarsy Wunat 20 wvinTasdszana
o w oq & o s
wnsztasshlufiufinaauiugus

¥

¢ A A
WUN

o { o :' (Y 4 o
'ﬁﬁ\iﬂ'lﬂ‘?lﬂ'li‘ﬂﬂﬁﬂll!!'ﬂﬂuu‘lm‘lﬂﬂﬁutl (Zero Pressure Test) 103 INYINU
o o 3 da s o ¢ a : CAC A 3
ithsz s OMA) wzfansgausnilufiuidimswifnramaaiaely uarezaadsgunsaliiudin
as :’ v as v v A’ § [v o v
ussautide luondszuim 3 Ju Tﬁmﬁum‘nm F23a1 5 U uaziuiihss e (DMA) Aenan

¥ \ b & o 3 L J ’ Q’ z A
rognwldnisquoednlndda edesiuilymuasnansznuiiernfatudefldiluiun

3.3.l.2ﬂ1$ﬂﬁﬂ0‘l]ﬂ1i1§1f‘l’(j\1qﬂ (Peak-Demand Test)
mmﬁﬂeums‘l%{maqa (Peak-Demand Test) xﬂuifuasummgmﬁ“lﬁums
nageuRiufithsz s (DMA Testing) nﬁami’lm’fﬁmaﬂisnauiumsﬁﬂﬁuiﬂ“lumsﬁﬂﬁ”aﬁuﬁx%
7231 (DMA) %q'ﬁyumuf’faﬂmﬁmmsﬂszﬁuﬁm amns 133 (Service Quality Assurance) e
ﬁmmm‘fuazﬂmﬁ'uﬂmmmii‘}”mh:w‘izuﬁlﬂuzia (DMA) fi'awﬁ'ﬂm?mamﬁﬁms"‘l%ﬁ%qaqﬂ
wintu Lilssuasuil fiihunusigadulunisesniuy
mswﬂﬁanms‘l%ﬁmqm (Peak-Demand Test) iU unsUMsMATOUABLINA TS NATBY

y 9 » b 4 I 4 ¥ ] 9
Zero Pressure Test TavTatlszgihiuvsuvananua ud3 dinirdiuiisenuuuiiyadads

[3
Qs =

14 b4 v 1 4 v
wasTarinduna 20-30 i Tesdszana uaznniudatiwimdumdluiuinihss i1 (oMA)

v 9
Asa

fuanlszuna 5-10 urf iWe 1004 (Simulate) tgmssinstiniinmdsens 1dirgega uaz
1 o o’ ' s \d é i o cv L4 *
asvasumsiasunasvsussauilusisrainena Famnamssauilugadadieg
[] Y v 9 v ]
TasanzgaialunTnaniiussduiiigalufiui (Critical Pressure Point) in1s1dsuuilag
o Jd T d'; é = d‘ L 9 :’ .Y n’: g d [ o
ussdunilamdnnauasdali Tomagansznsenudedldii msdaasiunithszdseegnondn
3 I 4 v
reviinsdfuilgamseenuuy v wfeduiifhsy Jsdenanendesegmoldnsithse Suily

14 v
ArunenaInnstadsds 11 Tassigazideaisnssviusiumsumasnsuiudsuia

¥y
o1

] 1 4 y ¥
eidudumuveadldrimelufiuiidhse s OMA) fida
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Peak Flow

= (3.1)
Hydrant Flow

ile N fie swnuirumdsisuiiudeila
1 4
Qs o o e/ - A o -

Hydrant Flow fie 9a351073 Tnaveuhoinnsillanadumas ddmauTagdess

o - :’ a 9 ]
vinasinudSnahalddvienasguvesnisilszilhuasvaig

9 v 14 ]
Peak Flow fip 6a31113 ltavsuilusnrwdesnts lihgegaluiuibthsz e

(DMA) Tag#is Peak Flow d1315ou1 1d91naun1si (3.2)

Average. .Flow Into.DMA x Peak.Factor
24

Peak Flow = (3.2)

. . > H ,’ d 4 » Y

iile  Average Flow into DMA fie 8a31013 Inamasveailuiuiiudaz iugaduan

Cy 1 ' : -~ 3 1 L4 a’ \d é
nnnslfdeyanislfiwisenlumTauadldi TasRansindodeiu (30 Tu dewile

1eu)

v 14 9 v

Peak Factor A Adautsfiddmuanisldigegaluvissisnm siuvuie
v Nl 2 A o

AdBen I RMuYULazAAnAdeudug Taowa llinasguvesnisdsziuas

o vci -~ 1 [ d' :’ ﬂ? d' A v
HANNMUADYN 2.5 (M3iv 2.5 mwmﬂmm13'17:amﬁwmuﬂuwummamu)

o = x < s
3.3.2 Nam s liUNIIATISAB UM TRBNUUU NN 3533 DMA-17-06-02
v
3.3.2.1 Han13as9eUlTSgi ABUNTAUIUNIINATBY Zero Pressure Test
Y i 4 v 4
I8druazasvaeusygiiuusuiua (Boundary Valve) ysditufiflisz Saft

v v
Ifesnuuuiiiesdu daaasluaisien 3.6 AeuANUNINATBY Zero Pressure Test
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¥ ¥
o & 9y

4 Z ' oA
M99 3.6 uﬁmwnmsﬁwsmmmﬂﬁﬁenﬂszqmﬂuvaumﬂmamu ABUANUUNITNATBDY

o

¥ v v
Zero Pressure Test vadiiufhsgidnduiiunmsesnuuy

17y I Code o una | WIA| WA | aome
2.MM$NY Y11A 300 mm.

1 DM-17-06-02-01 - 300 |V ila
frusumsning Ing
o.mminy annendilse vSnaflen

2 BDV-17-001 . 300 |V la
#151893193

3 BDV-17-003 o.qyudnuSnademiid lsaniie 300 |V ln

0. YU INARNUDUUIMNIUGATINATIY
4 BDV-17-004 S = 300 |V la
wlnsfanidesin

ar o o
ammisaylndwaswmniing 20 mih

5 BDV-17-005 . N 300 |V e
Founosemisnud

6 BDV-17-014 o.qyin mhiwssanidnues o 30 |V iila
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Water loss Control in DMA Monitoring System Used Wireless Technology

PMalithong S.Gulphanich and T.Suesut

Faculty of Engineering, King Mongkut’s Institute of Technology Lakrabang,
Lakrabang, Bangkok 10520, Thailand
(Tel : 66-2-739-2406-7; Fax : 66-2-739-2406-7 ext. 103 ; E-mail: kgsuphan@kmitl.ac.th)

Abstract : This article is about using information technology to apply with water loss inspection system in District Metering Area
(DMA). Inspector can check Flow rate and Minimum Night Flow; NMF via Smart Phone or PDA include sending SMS Alert in case
the Pressure, Flow rate and NMF is over the range of controlling. This will be used as equipment to implement water loss in
international proactive and can keep on water loss reduction more efficiency. The system consists of Data Logger which collects data
of Flow rate from DMA Master Meter. PC is Wap Server which dial via modem in order to get data through FTP Protocal that will
convert text file to Microsoft Access Database. Wappage will use xhtml language to show database on Wapbrowser and can show the

result on Smart Phone or PDA by graph and table for system analysis.

Keywords : DMA , NMF , Leakage
1. Introduction

Nowadays, conservation of nature resources and environment
is a factor for everyone interests particularly water resources for
consumption. Moreover, water is an important foundation in
services and production industries. Therefore, water loss
reduction is very important especially water distribution system,
which caused water loss from the underground leakage pipe
that water does not flow up to the surfaces. There are many
factors and reasons that cannot survey in short time.

At present, MWA distribute water from distribution plants
located in surround service area. Water is distributed to pipe
network system similar to spider webs network. Water
distribute areas can be divided into 13 areas (100,000 — 200,000
customers per a water distribute area). The large water
distribution area will affect to management of water loss
reduction in large scale. Furthermore, it cannot indicate exactly
where the leakage area is high. Therefore, MWA has to solve
this problem all distribution areas to survey leakage pipes or
replace old pipes which has to spend unnecessary high budget
for implement.

DMA (District Metering Area) is a new system of distribution
management by cutting off the large distribution areas to small
areas (1,500-3,000 customers per a water distribute area). Pipe
network system is a closed system and independent each other.
DMA will have one spot to distribute water to service area
which install main meter and have a pressure recorder to collect
data of water pressure and quantity at a different time of period.

Due to reduction the area and closed system, it makes the water
loss management more easily. It can conduct step test in order
to analyze the system problem deeply to villages or allays.
Moreover, it can be arranged the important of problems
accurately and efficiency.

However, DMA is just equipment to manage water leakage in
order to increase the efficiency in performance, it is necessary
to conduct information technology instead of sending officers
to check flow rate and pressure in the field directly which make
the delay. By using information technology to apply with
measurement, the officers can monitor pressure and flow rate
via mobile phone / PDA or alert incoming message if the
system is unusual.

773

2. Principle

DMA is a water distribution area, which is limited by DMA
boundary. The water distribution is controlled by the main
water meter in order to monitor and continually record water
flow rate.

Water treatmont works

Fig. 1. Division of Distribution into DMAs

Night Flow Data from the water meter is used for water leakage
calculation in DMA, which is the basic information in
considering the method of reducing the water leakage in DMA.
It can also be used in comparing with other DMAs to prioritize
the leakage solution.

Nk meters
Tk e
Local yervice reservor
o
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2.1. Pressure and Leakage Relationship

The rate of water leakage and water loss in DMA are
significantly related with the operating pressure in the
distribution system. The higher operating pressure, the more
increasing leakage and loss in the system as the leakage
formula shown below.

Ly =Lo(P/P)™

1)
‘Where
L, = initial leakage loss in m’/h
L; = new leakage loss in m*/h
Py = initial pressure (m)
L, = mnew pressure (m)
N; = pressure exponent (non-dimensional) , may be

anywhere between 0.5 and 2.5 for individual
small zones, for large systems with mixed pipe
materials, it is reasonable to assume a linear
relationship, thatis, N, =1.

In order to determining and analyzing water leakage and loss,
Average Night Pressure (AZP) and Average Zone Night
Pressure (AZNP) as major data are included in this research.

Average Zone Pressure (AZP) - the pressure in a Pressure
Managed Area (PMA), which is calculated or measured at a
surrogate point, and deemed to be the average of all the
pressures in the DMA

Average Zone Night Pressure (AZNP); like AZP, but for the
minimum night flow period.

ANZP = (2)

3)

[ Pmsmx S ] =9 (l-S)X le,,

= (Puignt + Piow)/2

Ppign: is the highest pressure in Zone,

Py, is the lowest pressure in Zone,

P,, is the average pressure in Zone, and

S is the ratio of number of measuring point having
higher Pressure than P,,

2.2. Leakage

The most important thing in DMA management is to manage
the water leakage within DMA. Following the figure 2: Typical
24 Hour DMA Flow Profile, it can be seen that the Minimum
Night Flow consists of the Customer night use and Leakage,
which can be separated into two types of Background leakage
and Burst leakage according to the theory.
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Typical 24 Hour DMA Flow Profile

-— | Varying customer use
. : Customar night use |

+

| Minknum Night flow [ NMF |

| ¢

Fig. 2. Typical 24-Hour DMA Flow Profile

2.2.1 Background Leakage (LB)
Background Leakage (LB) is the very little amount of water
leakage from joints within the water pipe system, which is
difficult to inspect. The leakage depends on the lifetime of the
pipe.
The background loss estimate at 50 meters used in the
Managing Leakage series was:

LB (50m) (Vhr) = (4 x No. of properties) +

(0.04 x meters of main)

)
A more flexible approach has been the following equation:

LB (50m) = ICF {4 x No. of properties) +
(0.04 x meters of main) (5)

ICF is the Infrastructure Condition Factor. Its value normally
lies between 0.5 and 2.0, depending on the condition of the
mains - 0.5 if the mains are considered to be in good condition,
or 2.0 if they are considered to be in poor condition from a
water tighmess point of view.

Presently Lowest Possible Losses of DMA
Lowest Possible Losses for DMA with Standard

Good Condition (6)

ICF=

The background estimates also require a pressure correction
using the average zone mnight pressure. There are several
pressure correction factors (PCFs) in use. Two of the
commonly used ones are given in Table 1. The Report 26 value
was derived as a relationship between the pressure and
night-flow losses. The 1.5 power law value was derived
specifically for background losses.
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Table 1. Pressure correction factors for background losses

AZNP (m) PCF (report 26) | PCF (1.5 power law)
20 0.33 0.25
25 0.43 0.35
30 0.53 0.46
35 0.64 0.59
40 0.75 0.72
45 0.87 0.85
50 1.00 1.00
55 1.13 1.15
60 1.27 131
65 141 1.48
70 1.56 1.66
75 1.72 1.84
80 1.88 2.02
85 2.05 2.2%
90 2.22 241

So, overall the background losses in a DMA could be given by:

LB = ICF x PCF x (4 x No. of properties) +
(0.04 x meters of main)

2.2.2 Burst Leakage

Burst Leakage is the most kind of leakage in the water pipe
system. Leaked water sometimes can be seen on the ground
surface, which the current technical tools can be easily used for
investigating this kind of leakage. The level of Burst leakage
can be calculated by multiply the Burst Flow rate by the
duration since the pipe is leaked to the repaired (ALR).

)

Leak Volume = (A+L+R) x Flow Rate 8)

ETnme makes leak volume different
p

Leak Duration

Fig. 3. ALR Time

ALR = Awareness Time + Location Time + Repair Time (9)

Awareness time is length of time taken from a leak first
occurring to the time when the water services organization
aware a leak exists, location time is time to locate the leak
(depends on intensity of activity to locate it) and repair time is
time to repair the leak (generally a short period)

Furthermore, Burst Flow rate is depended on the size and type
of water pipe, including the water pressure.

Typical value at 40 m ANZP

e 25 m?/d for an underground service pipe burst
e 75 m’/d for typical distribution main burst

e 150 m/d for typical trunk mains burst
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Typical Minimum Night Flow into a DMA
Occurance of large burst & repair

Grachsal increase In
burst heakage e

Customes nignt une s3sumed comtant Bme

Rarkgrund leakage 535med comstant Sme st (urmen! piessre

0 a0 L 190 120 140 100 100

Fig. 4. Flow rate affected by Burst leakage

In the normal operations, Location Time will not be taken more
than 1 week and within 1 day for Repair Time. Therefore,
Awareness Time is the factor that much affect to water loss. As
the faster we receive the leakage information, the more we can
reduce the water loss (See figure 4).

3. How the system works

Gh PV
w

s

Fig. 5. DMA Monitoring System

This system comprises of the followings. Firstly, “DMA Master
Meter” monitor and measure the flow rate, then send the data
measured to store in “Data Logger”. PC that functions as a
‘WAP Server then connect to data logger via dial up modem and
retrieve data via FTP Protocol. It converts Text File to
Microsoft Access Database. PDA users can also use the .
WAP-Browser to access/browse the WAP-Page displayed in
xhtml language which can be shown in table and graph format.
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35 \DMA 04-08-01
F 0'

Auto matically J 15. f"‘ N‘/{'
; ”w ‘t‘( f

7 / 10 |
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Fig. 7. DMA 04-08-01 Flow rate Profile

Figure 7 represents the flow rate measured from the Master
Meter of DMA 04-08-01. As we can see that the value of
Minimum night flow on 5 July 2002 increased abnormally, the
communication system we settled had sent the alert via short
message (SMS) to the administrator. Then the administrator
monitored the minimum night flow of the two following days
(Awareness Time = 3 days) to make sure if the leakage actually
occurred. When the leakage is guaranteed, the inspection team
is sent to mvesngme the leak pipe (Location Time = 4 days) and
then repair (Repair Time = 1 day).

After finishing the implementation; we can reduce the UFW in
the system 432 value of ALR is just 8

days.

{OLD SYSTEM

Fig. 6. System Work Flow

4. The results of the experiment
DMA 04-08-01, completely established in the early of the year
2002, is the responsible area of Sukhumvit Branch Office of the
MWA. We found that the acceptable Minimum Night Flow is
10/s after implementing the Water Loss Management by
DMA.
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According to Figure 8, in the former water loss monitoring
system, awareness time of leakage recovery may be extended
to 6 months or 180 days since the leakage was started in the
system.

In the old system, there are two sources of leakage information;
Call center gathering information from people in service area
and Water Leakage Detective team. The leakage alert from
people means that the leakage must be visible and quite severe.
Whereas the lead time in surveying the service area of Water
Leakage Detective team may be 6 months per time (2 times per
year according to MWA’s water leakage surveying lead time).
Therefore, the leakage information the leakage data
components such as possible leakage area, Minimum night
flow and operating pressure are too late to be acquired.

In order to reduce lead time of water leakage and awareness
time in water loss control, DMA , mater meter and wireless
technology are integrated to be the new monitoring system. By
utilizing the faster gathering information, instant NFM alert and
online monitoring via smart phone /PDA, the awareness time
will be decreased from 180 days to 3 days. Certainly, this will
result to decrease significant declination of water loss (From
79,920 m3 to 3,456 m3).

5. Conclusion

DMA is the effective tool for managing with the losing water
and it will be more effective to use with the Information
Technology System. Watching the Minimum Night Flow
(NMF) is essential as it can indicate the level of burst leakage in
the system. The sooner the in-charge administrator gets the
information about the change of NMF, the lesser the Awareness
Time of Burst Leakage may take. Therefore, DMA can greatly
help reducing the losing water causing by burst leakage.
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