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Figure 1- Location of Zone 1 in Tabas City.
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Figure 2- Pipelines and Valve Chambers of Zone.

el s 53 b peme e A 31 S ol 3 4l 2 V0 ssde i LoD eme ol 5l S Xy,

e A Oy ds Gy o, TN 0y a3 Sl [ sba 48 sl LIS O ms &l o ol resdle
Lo S 3 ot 31 30 W15 e Ly ol ol S j2ie o Sl ) YHA 55 0Vl 53l slas S ol 035331
358 1A e WL Lol o pde s 5 AEL Bl el se b Come Rl 53 (5 ans

foamn 3l 50 ey o053 03 2 4l VA e b S Seme 0 @ B e e n it o oler 0003 03
.Mvsudﬂjlsﬂuijuupuw s S8 w4l T INVY/FYF G me 43U I NY/eY

!l s o3l Jake 4 OF pecdiss LIS S 5,15 3 5m 5 ol 4T (63555 L3 oS o G L oK 055 0
o) Slm IS o s (O 35 eS Glmole 3 0350 v me Lol b s a5 Jie Qe IS iy alas LS
ol Bl A e 0 KL b LS ey

O b d xS e Oy e 5l OF sl 2 FY el 5 Sl S Y0 015 LYVEY ojled sl g
Lol 585 lasein o8t Sy i dde ol gl 51 S b)) S o Jize &K 055 (oxSe 20 O 00 O 5



L=y J:ﬂ—: Ll o gl Jtls hd o el 3 o ogles s gl a4 S 5 s 4 b 65 kb e il
O3 35 Iy S O35 o3 gdmme 558 0 arales 5385 O sanl IS 013 55 55 lad ) (6 5 AL atils Jue &b
Oyt 3l 355 Ol (ladlane O 0jn) (nSa 2 00 v a0 G 5 (GG 035 O5m) ol U S iz
el G 093 458w Gl J s S 055 05 5 3550 el Shey S 4 Sl 05 5l sl
ol Dyg0 45,

Oy s oS 5 3Ll b 68 G0 o i aSes (S Jde 05l S shitens (SRt cnl )
OF S8 5 aelyn s O Olee 385 5,551 0 s b odly 5,805, sl ol a3 S 0, Sl (sbaesls o 5
3 Sl gome s ol a3 S 18 iladie 5 bl dnT B ol Gl o8l 5 a3l Sl slaad jo o
Tl 3 b esls e Sl s S Lo s (oslaer SaoLs s Shee 5 OLis (s old e laesls

Lo Sley ol s (g reals (':‘“':”“51 oslital b ool slue ;2m3 055w 5l g 2 03 1055 (6 Reals e -
5 E w25 68 o gl Lol mr e Ol e aesls i i (655 0 wlbolis w5 b ol b 5 leids
.m;)\;umumwmm;)\)gi‘}swiﬁ

Slid el Gy pmian 45 Ul a4 glS LB s jlis SV ol&aus ot (SY) s> Sz, lis =Y
5 S Ol 5, See SIS0 (Las Sllu g aad QLIS L3 o 2 o3 aesls ) s sad oS3 ) (glabaxd
2l IS i e ol O sl S

S 05 8 i (§) (ool sl it 53 56 4 O (35,5 ool Doshast 51 (SO s s Sor Uil Lo s Y
G 53 Jdow 53 el cnl slaesls 3 S 0 S el a3 Cug A 5 e Slo3 Jeol b 55 | o 03
A s S e o 0L L Sl U e s ladkaie b e

s Laesls ol s 8 (6, Se3lll us Sojsons oo aat Ko s lid aSld Sl adad an o zws slasils ¥
e Sl ples Ol (Gl (Sngn OIS 5 lpl 3 51 S0 slacussiome o8 o 5 Lad il 555 3 b
S eslanal Jie Bldail dl b 5 s sy e LLG s o3 5 LAS 350

m_mjgé,\,\_ig;j_ﬂwwytc;@,mﬁ;«smgu adsl Gla oy SEOLES b s Sae s -0
Ate oy geods 5L DUl 5 B s ol pod g 2 o 53 S5 50 Sdedy ) LiS SO sl e 4 )10 LS
by 5y et G 53 LS Sl e e 5 WSS sy Sk 53 eesls pl 33,8 o

L amlie (S e b d G jlan ¢ sazen b 4l 4y 0dn olas s o OO Sy ) sl bl o
ol slaad s S5+ WaterGEMS 3l s 53 St s3ledie b o 550 5 els s O s
Sl rmed 5 L Ol 5 sl al il 5385 ressd Ol ade Jolos 5 Gl Slaesls oS 5 Al als
R e S

ol 5 D pen edlils )y pe s e aod sb 4

Sd e dd g slaald Jols glal Oledlbl @i 535 s shieds (s ckf o3 tlmesls E5ls 5t )
Ad Sl s el OMSL 5 O S 5 SIEVT S Candy 5 (05 o B sl g (S ate Sl 35
(3] €535 ) S LS b s gt Jolih S 2 YPFr Gl V¥ e Jlo iy 5 oslen slaess islas S
o G e 4y (sleyss Bilae s S (oslmer GIS i b 585 SLOG 5 (o f 5 o (sLb gl

Al dde a5 LS



laesls .os S o 0 WaterGEMS 15l 5 53 G 055 a5t (S soes s3ledie 1 (S sodes s5ledae =Y
Sl bl 03 5 VTt ) e S 5 0 Jie 158l 5 Jame & GIS 5 AUtOCAD o 3 L glatis
Slpey SLedlbl i eslinul (g Vs badlaie 1S 5 5 (baals dao S plis | onnd 5 shitens 0S5 A1
A BLSL e 4 5 ooy 5 b Gl ot Do g e L Lany 5 oSS LS

P23 S s mhaw 53 03 Jie Ol S LIS 5 (5 b ke O gl IS Y

A aglie Jde 3 sdd(g3luand 23 b s sdal Gty (6 el e 5145 Oe s 5 3 1050l IS 5 SLe
A ool OUT 5 e sle 53 53 35 il (ol slaesls (6 1S Sl L

> d\—"*@j’w)w 5 G (R 5 ol al GbLe 53) IS 5 5L SY 53 5l LEs glaesls 10 el (WIS 5 S
P o3l3 Gt aBly L3 L Jube 5Las (ol 15 5 bl (65 cal o oS b 23S 1S eslizal 35 e

Sesliad Uy st e ¥3lae pis Jom b aglio (6 ,20els (slaosls L O3n 5 (23 0ol ydlS 5 Sbe 3
Laail 3 (6550 alsbae 5l eslinal b LajLlis 0 sl (IS 5 S )3 sl Godas WaterGEMS s il 57 o, S
T

53 At eslial Sl 0L Jilas s 5l s b 5l (il DU S8 il 5 il U S Y
L o

s S alb O B Y Slel s (93555 23 Ol

el s 0 i s adlane (gl 05l ) Wl b G eme e Jlesl b s

FAVAD Jie ;s jlii-coi adal, gl o ((FAVAD s, elul ) JLis 05 5 el (b dalons =0
ts s (N) SLzs 015 5 (C) el oo (5528 OSB3 O o5 5 008 4 5 5l a3 S )

b S 5310l L Ol S (g a5 (S (b eSSt p 5 e s

Jioe 53 sl oS oy may 5 ol oz 4 U e Slol 3 0Lz 5 LS Sl Sl a8 (505 3l el o 2
A5 Jles!

A s Ay ee 5 (a3l GRP PE) Lo olid o el I 6l adsl 605 ol o 16,05 wal o Jles! =8
Sldy S s L S bl Bl 5L 5 Jie Sl e Bl Bua b cul s (pl O gl IS Al o 53 e
A o3ls SRl s Sty T 03 5 b

3lp = A el glad ) laasios 55 s 0Ly o s oS SVsline il a0l (S psben (s3lede
JorS s e s sl S e eslinad SVslae J ol EPANET bl 550 51 WaterGEMS
b o desl 5 O goa
ZQin,j :ZQout,j "‘Dj )
el ] oS 53 e ol Dy e 850 s 0l Qo g oS @ ssins obm Qjol s s
3 35 o 4nles DAICY-Weisbach Jge o ol 211 5 lae S @ ) 8 (gl (o551 L= dalas
L V7 ™

h . =f-
L,i i Di Zg



D w0 L easalon Swamee-Jain Jse s Ll ) Siol gy fi d 0y s e cahy s

sslial 6 5 Hazen-Williams Jse s« 5 ot sladls) sl ol 23,8 lid g 5 0k ce e Vi ol
I&;«w\

Li Q_l.852 (v)

1
1.852 4.87
Ci Di

h, =10.67-

el 84 3 04> 5 Qs Hazen-Williams . ,»C;
S ooy L=CPN oo |, JLas b e daly o5 A eslized FAVAD 5 s 5laceis giledis sl 5
b gl Uas Sla e Blis 25 L Ol IS e 05 5 diilons Jls glaosls ulid 5 € 5 as (553

A el el 5 (6 5l S

oy g b
0570 (8 yadli

Q)ycu.\)f)j}QEWIGw\éﬂw&bbgwcp&:&«{W&Q”w&ﬂwnQj-su
5 ekl é)}hﬁ V¥ )JTU \Yay Jle )‘ Qfm U'“'\ L5>-9J> duab‘.} .L\S‘;A de)ljg.';a J«.o‘jﬁb} aM&MQL»)
b ol Sl Sosder dde Ol IS AT 3 A er OUT 5 ee 55 o s 5 oLl Slles plil e 5L
AL sl el Sles

u:.-j_);'- =L ceLaf;)J A N G)')S&iqébj)) Ql.iJ} CJLL\N}J RAEK )ﬁ)@.i\"\ UJ.:SYYI JL“) ajl{)J
Sl rals Sle w5 0 ssd= 31 o SLSU pals el asl il ss adb 1) 2 Uél}nd&ﬁ)sofu
el esls =5 ) pale 5 Lo sl rg\&b@ﬁ;;l;f,;\}\)wgﬁc,;el}o;ﬁ&i;)wx;w:u

2wl g_afmvs Slele j3 &S das o OLS O35 s 2 o0 sole (slaesls w,ﬂ}gbkjjﬁﬂduobﬁ
L;.:J)is‘.)a-naJJJw\)J.@‘ehﬁﬁ)b)})J MUJ;].CJ\CVUYI\ ufdﬂ;ﬁﬁ@bb)bﬁ@bj}:g"ot;\vw
sl 03 4l I VA OT Plas 5 FANNF sdicd

65 : 3
il Pl Jlos
60 average max min
55
50
45
e
= 40
d
e
(6 249) 30
25
20
15 — - - - - = o
no2ad Calgusyl 3l 5 o 33 0 392 5ed g bl 1
21 March 21 April 22 May 22 June 23 July 23 August 23 September 23 October 22 November
20 April 21 May 21 June 22 July 22 August 22 September 22 October 21 November 21 December

A Jle gla ole s O (g B Rils 5 Ghas paiee Gllas oy S ¥ IS5
Figure 3- Absolute Maximum, Absolute Minimum, and Average Tank Outflow in the Months of 2021.
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Figure 4- Average Hourly Pressure at Logger No. 3.
A3 edd e eltes Gp i b5 e S eagdome 3 VT S YT SIS Y oLl las SV (Llie o
YL Sl &8s 5l 5 e Jde e 095 L Obejon SY gl slaesls (0 IK5) aS o 2 esls Sl el
23 IS 55 sl obadsl LB OLT 5 e o3b 5o Lis Sllus o gl OF el sy cpl 5l ol Sla 55 0
sl 035 ol Jde O sl IS



26

25 A

8

24 A

E

(=8

Sled

(5w) 23 A

D e I o e e e e L s e e B e B L B s E s p |
S S S S T T S T T S Y T Y S S TSNS S
TS T ST ST TTSETESSS

ok Time
¥ooyled ny B ";T.GL.« wﬁsg,us—o JSJ
Figure 5- Average Hourly Pressure at Logger No. 4.
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Table 1- Changes in Tank Outflow Rate Due to Variations in the Pressure Setting of the Pressure-

Reducing Valve.
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Abstract

Background and objectives: Non-revenue water (NRW), comprising real losses (physical leakages
from pipes and fittings) and apparent losses (unrecorded consumption due to meter errors,
unauthorized connections, or data recording inaccuracies), represents a major challenge for urban
water distribution networks in arid and semi-arid regions like Iran. This phenomenon reduces the
economic and operational efficiency of water supply systems and increases operational costs. In
Tabas, a city in South Khorasan Province characterized by a hot, dry climate and limited water
resources, effective water management is critical. Zone 1 of the Tabas Golshan water distribution
network was selected for study due to its size and significance. This research aims to develop a
hydraulic model of the Zone 1 network, perform precise calibration using field data, accurately
estimate NRW, and differentiate between real and apparent losses. The study's innovation lies in
integrating water balance methods, minimum night flow analysis, and the FAVAD approach to
precisely estimate leakages and propose practical solutions for loss reduction in arid regions. This
research aligns with the objectives of the Journal of Water and Soil Conservation Research by
contributing to sustainable water resource management, reducing water wastage, and enhancing the
efficiency of water distribution networks in water-scarce environments. Additionally, it provides a
scientific approach to water management in regions with aging infrastructure or limited monitoring,
serving as a model for similar areas in Iran and globally.

Materials and methods: The study was conducted in Zone 1 of the Tabas Golshan water distribution
network, located in South Khorasan Province, Iran, a region facing significant challenges in potable
water supply due to its hot, arid climate. A hydraulic model was developed using WaterGEMS
software, based on updated AutoCAD and GIS maps containing detailed information on pipes, valves,
reservoirs, and network nodes. Consumption data from 2,640 subscribers during the fourth and fifth
periods of 2021 (October and November) were collected, including hourly consumption rates, usage
types (residential, commercial, green spaces, etc.), and geographic coordinates. These data were used
to determine consumption patterns and allocate demand to model nodes. Field data included tank
outflow rates from a telemetry system, hourly pressure measurements from two automatic loggers in
the Amiralmomenin and Maskan-e-Mehr areas, flowmeter data from a transmission line, and manual
pressure and flow measurements at various network points. Model calibration was performed at two
levels: macro (matching tank outflow) and micro (matching node pressures). Macro-calibration
involved comparing tank outflow with telemetry data, while micro-calibration aligned simulated
pressures with logger measurements. Minimum night flow analysis (1-5 a.m.) was employed to
estimate leakage rates and distinguish real from apparent losses. Emitter coefficients and pressure
exponents (assumed as 1.5 for longitudinal cracks) were calculated using the FAVAD method, as
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outlined in Publication 556 of the Iran Water and Wastewater Company. Pipe roughness coefficients
were determined based on material (PE, GRP, asbestos) and pipe age, and adjusted during calibration.
A field experiment on December 6-7, 2021, increased the pressure-regulating valve setting from 1.1 to
1.9 bar and then reduced it to 1.0 bar to assess the pressure-flow relationship, aiding in the analysis of
pressure impacts on leakage and consumption.

Results: The modeling results indicated that NRW in Zone 1 of Tabas accounts for approximately
37.5% of the input water, with over 90% attributed to physical leakages (real losses) and the remainder
to apparent losses (meter errors and unregistered consumption). The calibrated hydraulic model
showed good agreement with field data from October and November 2021. The pressure difference
between the model and logger data from 1 p.m. to 7 p.m. was approximately 1 meter, likely due to
assumptions of uniform consumption patterns, homogeneous leakage distribution, or calibration errors
in pipe roughness coefficients. Minimum night flow analysis revealed that leakage flow during low-
consumption hours ranged from 0.016 to 0.022 md/s (16-22 L/s). Emitter coefficients for the
Amiralmomenin and Maskan-e-Mehr areas were calculated as 0.002 and 0.000653, respectively,
indicating variations in leakage intensity across these regions. The field experiment increasing
pressure from 1.1 to 1.9 bar showed that flow rates increased by up to 0.0012 m3/s (1.2 L/s) during
peak consumption hours, while the increase was approximately 0.0002 m3/s (0.2 L/s) during low-
consumption hours. The pressure exponent ranged from 1.32 to 1.5, consistent with the predominant
types of pipe failures (longitudinal cracks and joint separations). Telemetry data indicated tank
outflow rates of 0.062 m3/s (62 L/s) in July and 0.042 m3/s (42 L/s) in November, influenced by
climatic conditions (summer heat and water cooler usage) and pressure-regulating valve settings.
Subscriber consumption analysis showed average consumption rates of 0.0168 m?3/s (16.8 L/s) in the
fourth period and 0.01307 m?/s (13.07 L/s) in the fifth period, with the reduction likely due to seasonal
variations. Residential usage accounted for over 90% of total consumption. Additionally, an annual
consumption increase of 0.00115 m3/s (1.15 L/s) and an additional per-subscriber consumption of 24.9
liters per year highlighted growing water demand in the region.

Conclusion: This study, utilizing hydraulic modeling in WaterGEMS and precise calibration with
field data, provided an effective tool for analyzing NRW in the Zone 1 Tabas water distribution
network. The 37.5% NRW rate, predominantly from physical leakages (over 90%), underscores the
urgent need for active pressure management and leakage detection strategies. The study’s innovation
lies in employing the FAVAD method, minimum night flow analysis, and region-specific emitter
coefficients, which are applicable to similar arid regions. Precise adjustment of pressure-regulating
valves can significantly reduce leakage, particularly during peak consumption hours when pressure
increases have a greater impact. Limitations, such as outdated data, limited measurement equipment
(only two pressure loggers and one flowmeter), and simplifying assumptions (e.g., uniform
consumption patterns), affected result accuracy. Recommendations include collecting pressure and
flow data across seasons using more precise tools (e.g., smart sensors), which can lead to a 15-25%
reduction in real losses through continuous monitoring and early leak detection. Continuously
monitoring pressure-regulating valves, which, based on similar studies, can reduce leakage by 20-
30%. Applying machine learning algorithms for more accurate consumption and leakage estimation,
with potential for 20% NRW reduction. Developing District Metered Areas (DMAS) and installing
continuous monitoring equipment could further reduce losses by 15-20%. These findings are valuable
for improving the efficiency of water distribution networks in arid regions and align with the Journal
of Water and Soil Conservation Research goals of promoting water conservation and sustainable
management. The results can guide long-term planning and implementation of loss reduction measures
in other arid cities in Iran and similar regions worldwide.
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