[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22516174.1401.13.26.30.8 ]

[ DOI: 10.52547/jwmr.13.26.215 |

Sl b e 9 559 WS pole olSuiil>
sl 09 Cu e dcliudingsy

VeV i) g 50l /Y5 0 )losds /o2 jow Jlo )._>u| 059> Cu e dolidiangy

"‘_;‘M-hs)-’ ‘\J&Q"
oS A (A 9 (Swold] Of CudsS o (il 9 o O (Gilwlan ST o)y
(Ol 38l (50595 153,90 anlllan) (Juoj 25 & 2olio

* oy fus,tis Jow e ‘VM oWl o5 cr‘_;wlm.’i&l [W-JRVEN c‘oaljm aobld
ig.{M.C o0 9

53 o8y ¢ )luily g skl (63> (gomiily —0 o ¥ o)
(zhosseini@yazd.ac.ir : Jgguw ol 5i) 35 oKl Hholiwl -V
Cgir olyg ol ol oKl (ol lyee (65 (coeiils -
95 Ol sl aibate O €85 alepto e polle 23] (ol 5 =5
VBT b g VEYNA bl s
YYA LYV aan

b s 0052
bl cpl )3 (pywd o ool ol mie (Cung gy (oo gl illa b ojlaen «Sis blie Sl (gly uv_xﬁ.obj o ol HEKES 9 doddo
35 olimcn cudd jul ojen .l 0ad ol wlie Cpl (6ye8 Ll & ymie 0 yiw il g iy il e s )3 bl Conl najp; sl
CdS (S )1 il e (AS &S Cawbdy (Ll drajpj Ol @lie ol (Bl g 0pb Ol el ol @ite g Cones (s E9090 (0 ]
b 3o ol el 003 WA Jlo 5l 038 Ol (g0 ety sloolSyle sl b cudligg 9 0 O (gloliz gl sbml a4 oeie ninj of @lie
slaoly 5 &l 5l iy Ol ladisel samlie SaSTL @b ol Glpl ploj I CeS b Gaelal O (el (08 Bime Glie ooy p B2

sl oy ol mlie CutS add ans g o Mol 5 (o (glod llinl b ey

LOYAYIYN) s sloj go3b 10 xje5 (a8 ladiges g oy slaoly I o cuily o ladigas lanl (ings opl 5o :Lhuss) 9 5‘94
cblas Lulil WHO ‘(\~A\j) Oyl i Sladss lojle 3)lkiwl Jols o laibusl cpl s duslie o el 4 g[a b llinl b g (oyglaes
9 S8 b by (gwojy ol mlie (&S (ol il (gdiding (s D Jous pl,S1d 5 (EU) L)l y0l] (EPA) 1S 50l saoxie Y] oy j aymo
plosl RMSE Lo 5ta8” (slivays 9 )bl oo 1 (2lins)® oy ot SB1 L (olnl 23 b Ol (S gy 2 llil 93) 1-0F 5 o o bkl
P ol a8 clbyahl ol polie widg glhae Cundg g 3,5kl a1 @jer aSus jo Ol LS cla el )b oles a5 ol Ui pols a8l
5 o3l 3y50 (olmd bl polie 4 drgi b wglaol (S (ol ¢ Sawels] OT (el (clmoly 5o Ol S (ool )b aSls 55 el vy
s> paw slaoly plo j3 g plp B F LM ausls clools 5l osel coants O (sladiges ;> CL Na TDS TH EC yalis 45 jokoy $5dg) guios
Ohg) 45 ol Gl 3 by eejns ol (S syl sdbaig ol @l g 2l slagadls )3 dgrse polie wly Y LD 5
SNmsod 5 LS yel ol &S bl o TH 4 TDS EC dlos ol cuns O shol b yially ) (cdaing sl e o yieS” glyl> Co-Kriging
bl SouS b s o O S syl Y

Gl Gl S 51 B Cngllas (S95 ol o 0 i 0y O i b 5 ey 5 9 )3 bediges saalie Sl Job gl 36 puS aoe
wlols g o wlbio cuisS 4 2aS iy LM (godgamme wudd dunjp; o @lio CutS (oaids 4y Sl b cpiomed Cawlyls |y codaS b Soeli]
bl oo g osllae curS gl B> (godgame 50 £l

Ol s gads il g opd ol (gilubir (a5l (Saelsl O S gWojly

o lskuol (el Canl o O ol g Cond odudigy (S PP
S (VAQ) sl (syio polyy CoMs Lais cqa pyY g odes mbio 5l S byl laglgsol b o yhw

390 Ol glio pimw Cople g drwg ) &S sdes Sk
2 g ol Lol Sl b el OF cutS sl ar g
13 oxiS3gama Jale S 4 cubsS St ] ) oolizad
Ol i bl loans 3 (V) 3580 a5 dnwy
o Lials Lol ol al ¢ 54l Ko ) yho o Siuels]
5 b 3l sl bl (aal cdls 555 (oeiny &
I V) 25 sl plaizgs ) Ol el JSudie oyt
oed 3 Mg ol (Saald] Ol &y (g jod 05 (g9
sl 3 8 s VEA Ly Ll A5 (55l Lo o
4 by (V) Bl wwpiwd ol Sueldl Ol 4 4l
Suid gblie  (BlpSy gladbie (o) g oyl
wl el mle cunS plpls Cwl lds asuie
g Suis 3blia > Lol lacygps jl opb Ol pogasy
sboyiall ool (o) Jbe ly bl o Suiddas
15 }| i 51 TDS, TH, EC, CL ks s ol LisS

4 Caio g 0y il Gilas car ol 2y
Sbooly i 4 pli8l oS sblie el 3 e Slus
Ol looyis  lid 4D )0 5 oAl Bresdod 5 Gres
2 exd ol ol ol aie (W) Gl 0 5b5 e
b ylgsul (Sogll ol puejp; ol mlbe «Sis gble
dilato (] orldl g (olidiye; bl Sl e conl e
S0y & 4 G (deej el ol (Y0) 2l
Jus lp ol b g (b Gl ol o Sl eslid
Cuol eloinl b (olail ¢ Joocians ) Cllos oy o)
S gle @ ol » ol gblie (5l (VA)
3985 sl ORI e atly (o (Gnej)
ol eleg] (sl i 3 0T i)y lsin o9 o
@ by 1) bedey s 4y c85 5 arg dye
arwg sy O Cuenl (YO) dges jeb Ol olyjSa
Sly @l dnogi g AD) emes 5 Cuilie 5 Cedle


http://dx.doi.org/10.52547/jwmr.13.26.215
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.30.8
http://jwmr.sanru.ac.ir/article-1-1198-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22516174.1401.13.26.30.8 ]

[ DOI: 10.52547/jwmr.13.26.215 |

Mo dome 5 el Cpunes ()50 Jaw s (s Cpaladl 5 b ¢ polaid] Lo iz 0dljiase dabld
A\l i) 2l lie CubS 4B (A g (Sdeeldl Ol CudS e g 0pb O (ilelin ST owyp

Cowl 43,8 )15 odlil 3550 5)l> p s O wlie 39068
@l b il g Wl O G5 4 oo 2 gl (V)
@ OlFie oged (nl L LS 5 398 Alja (Bpas opb
rlply 28 S8 O dejin e b g Of yg0
b g b S 9> 4 paye (L) Of el iy
5 Junl @bal e e slodizie U9 s
Sl 36 poye lho 1 5 3985 oo p3y0 4 Ol higos
ol pise (10) a8 ange )b B 5 Wl Of (el
e 3 (8 5 i) Oliwom B e @l Span
Sy Cullige g b B 3 Mopd Tl (g5)5liS
ol 5l Bam (YY) g e edliinl o 5w 0 do
ol gle ©pd Ol (&S ol ool (o 30
S iy gladigel b o] (saumlio 5 (ol Joxo)
On 9 e sl b pliom b 0pd O @y
ogMe 3ui>d ‘_',g.l 3 bl e UL,.&: Sj ol y L5.U.0J|
¢S5 5 EU JEPA (A) S (FAWHO ¢ V+0¥'s bl 5
Jls 5l aise (ylel (g0)95 i85 )15 adllas )50 g
G55 &o5am £ayd Sl j) i ddle YYAA b VYAY
5 d)LoT Jw ‘))PT G Wl'\{” 9 b ;..»T Sl
oA L el iy e MSbe eyt
Slubsl 5 Jod) b Ol pie CudS L) sty
O gl CunsS IS Candy b dsd plogl (VeoF

b yatuie CB3 Gunip)

o9, 9 3190
axdllaod yg0 (gadlaio Curdge

ol Sis 3blis I oy (50 550l sase>
Iy eaiddly ol ogr g cwl s ol
by ade> ol Al Sod pgS Ade> Sase ;)
Obwped wpf Jlod 5 g9y el plwl g
D)I3)15 (93,8 Gliw e 0pE Jlod )3 (imen 9 3LUS
(3\(0 [AIA) "J)Lﬁ‘P D)BA?LA » uL-w?U d)‘?(‘*’ )"">L"1
oo YEO BT LYY VT, 5 b 0A%NVD'L
Cw! ow@b ‘_JLQMJ

=z

Sl 55 o 20385 35 | i (545b bl il o
c.bf}n ‘5’] é’l.uo uml) 5 &S Ltbol> L5>)” Bl L Cond
Jolas (et jl odds S (slajiolyl &S |yn D905 pladl
1l o Std 3blio ) rajp il b (gouiS 391
stbosd (a3 Sl Sy & Sl ollo o (FaY)
o e o a3l i ol 5Sledly 5 Soilse
Wil b GdeolisS 10 JSow ad,le cyinold] cops
Sl 7,k glal (YY) 2SS sl ¢ lusl oM (gl y
L oablie caa by b o 5 il O 5l ops O
t;"‘:‘.‘b‘ ul)....\.u )| (;‘"L °"\*’T J"")‘“’ P ony (Jw
Sl Owmen g 355 HlB so)p g 0 D90 Ll
Ol diad aduie (ials g 65l Gras )3 gsradye
3 Kb Lalyd CanSle & 295 b () 23k gl
Sloli (Bg) S5 cnl o olpl HedS > Sidaes
uyu.’m u.,lib).g(w ‘Cawl ooliwl dyg0 i g 64 @])Jo
S 3L e g b gleye gl pliuon o (LK
5 otrd ol gbe 3908 ojon cnl il i osas
catby Jbo p» Gwein; @l gle yed IS
3 S ens sl ol 3 88 lagingsy (V) Adbis
d529 s @i sl (il gy o cul
(oo Ol S sl Gl eolatwl ales GIoo)b
ol IS Ll 4(YF) Wl s 4SO il ooyl
@y boopd O e o sy wl o5 K
o (F) 295 (63Swpeucs adbate o <l sl fesily
el 3l (Bb e Gl g ol ol (el
Sroxe y9uiS dlall & Sl lrauie Jeos
Ol (S opdpd g oyd U‘ SSE 7yb 3590 55 .l
5 oolaiel oddiun b Gl gy dlen il ol ol
2 u).u: ul 31 Y ‘4;'[59) 45“.“: ‘&_s'i’b LWy dlﬂwli’im.)
OMNg s ol pels glate slajlo a4y (O gy Ban L
SIS RS PRV K W 'L;J'QSL&A e 9 5l g
03 €Ki (o ) il ] a5 S,
5ol 53w cpl (V) 2ibioe pb JBype O
S Gles o K0 olbisy g odse YL zeles

113,000,000

N
p
Iz
! $ 1
=
y or
o
i # i
4| \
¥ \
1:23,000 "
. o |
e — .
I Legend |\ 1
L\‘
=]

S92 ol sl g 5928 )3 adllas 3590 (sadlate Cusdge =) JSU

Figure 1. Location of the study area in the country and Khorasan Razavi province
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Figure 2. Drinking water distribution project
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Figure 3. Location of distribution network samples
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Figure 4. Location of drinking wells in the study area
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Figure 2. Quality classes of drinking water by Schuler standard
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Table 3. Comparison of Average values of quality parameters of drinking wells with national and international standards
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Table 4. Comparison of Average values with Schuler standard
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Table 5. Comparison of the Average values obtained from the sample of drinking water distribution network with

Schuler standard
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Figure 5. Comparison of values of different quality parameters by different standards with samples of distribution

network
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Figure 6. VVariograms of groundwater quality parameters
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Figure 7. Zoning of groundwater quality parameters according to Schuler standard
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Figure 9. Zoning of groundwater quality parameters based on 1053 standard
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Figure 10. Sediments in the transfer water from the playa to the plain


http://dx.doi.org/10.52547/jwmr.13.26.215
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.30.8
http://jwmr.sanru.ac.ir/article-1-1198-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22516174.1401.13.26.30.8 ]

[ DOI: 10.52547/jwmr.13.26.215 |

M oo g ol s ¢)5) 50 Jow s ¢ pldl (b (polaid] Lo jrese wdljlese dobld

Yyv

S sla el (caatay jl ool Cunts @l ppizmen 3
LM godgaze > o cudS uals ) ol ejpj
Foglas cotS 5o 5 ol Geb (ulidies 3l I 4
a8 Lol 1 g amd o ) yliwon cuds (godgame > Ol milio
S b YU hew L 51 Ol Jsl slaasy ja
Olmemy Cbd (go3gime 5> ()j55liS 1 (g5)5liS” (ol

& Gilognyd g JUSI ) Sl (gyiaS stz o ilye

VeV i) g 50l /Y5 0 )losds /o2 jow Jlo )._>u| 059> Cu e dolidiangy

RESOLE N
T sl o 3o ot gl (ol ] Jolo ol
Gkl gluon gd il opb Ol SSE
ol 4 e (g ol culby tedsen ol
) ool Lol e a5 bl 1 il ord G O cusS
9 ddual )1 gl Hlaw CubS g Canb M auils glaol>
Sl ol el o mie cnl 5l o990 wo (il e

abls dalgdolyen  aalgs laana ialS 4 jaxie oy i > Vb cudS L

&l

Adhikari, R., K. Mohanasundaram and S. Shrestha. 2020. Impacts of land-use changes on the

groundwater recharge in the Ho Chi Minh City, Vietham. Environmental research, 185: 109440.

Alizadeh, A. 2007. Applied Hydrology, Astan Qods Razavi Publications, Iran, (In Persian).

Archive of water and Sewage Company. 2022. Annual report of urban water and sewage affairs of

Bajestan city, 50 pp (In Persian).

Crittenden, J.C., R.R. Trussell, D.W. Hand, K.J. Howe and G. Tchobanoglous. 2012. MWH's water

treatment: principles and design, John Wiley & Sons.

5. Doria, M.F. 2006. Bottled water versus tap water: understanding consumers' preferences. Journal of
water and health, 4(2): 271-276.

6. Economic News Magazine. 2014. 91 Magazine, Fear of the fall of Iranian News, Iran, 2 pp (In
Persian).

7. Emami, A. and A. Shakeri. 2015. Supply of drinking water by separation from sanitation with a
participatory contractual approach, Proceedings of the Sixth Conference on Water, Wastewater and
Waste (In Persian).

8. EPA. 2012. Edition of the drinking water standards and health advisors, United States Environmental
Protection Agency, EPA 822-S-12-00.

9. Essaid, H.I. 1990. A multilayered sharp interface model of coupled freshwater and saltwater flow in
coastal systems: Model development and application. Water Resources Research, 26(7): 1431-1454.
10. European Commission, the Drinking Water Directive (DWD). 1998. Council Directive98/83/EC.

Available: http://ec.europa.eu/environment/water/waterdrink/ index_en.html (accessed 15.12.02).

11. Fotouhi Firooz Abad, F., M.R. Ekhtesasi, M. Sefid and A. Morrovati Sharif Abadi. 2018. Zoning and
comparison of characteristics affecting the quality of drinking water wells in Yazd city using
geostatistical. Journal of Rangeland and Watershed Management, Iranian Journal of Natural
Resources, Iran, 71(1) (In Persian).

12. Fotouhi Firooz Abad, F., M.R. Ekhtesasi, A.R. Negaresh and Z. Vatan Khah Tafti. 2018. Feasibility
study of drinking water separation scenarios from sanitary water using EPANET in Yazd, the second
congress of Iran Water and Wastewater Science and Engineering and the second national conference
on supply and demand of drinking and sanitary water, Isfahan, Iran (In Persian).

13.Frijns, J., C. Buscher, A. Segrave and M. Zouwen. 2013. Dealing with future challenges: a social
learning alliance in the Dutch water sector. Water Policy, 15(2): 212-222.

14. Habibi, A. 2012. SPSS application training, Second edition, 30 pp (In Persian).

15.Haney, P.D. and C.L. Hamann. 1965. Dual water systems. Journal-American Water Works
Association, 57(9): 1073-1098.

16.Kang, D. and K. Lansey. 2012. Dual water distribution network design under triple-bottom-line
objectives. Journal of Water Resources Planning and Management, 138(2): 162-175.

17. Kardavani, P. 1996. Analysis of groundwater quality trends and its impact on desertification. Master
Thesis, University of Tehran, Iran, 150 pp (In Persian).

18. Kundzewicz, Z.W. and D. Koutsoyiannis. 2007. Editorial-Quantifying the impact of hydrological
studies. Hydrological Sciences, 52(2): 3-17.

19. McDonald, M.G. and A.W. Harbaugh. 1988. A modular three-dimensional finite-difference ground-
water flow model. US Geological Survey.

20. Mohammadzadeh, F., M.R. Ekhtesasi and S.Z. Hossieni. 2015. Comparative quantitative and
qualitative study of groundwater resources and their relationship with geological formations and land
use (Case study: Bajestan plain watershed), Master Thesis, 20 pp (In Persian).

21.National Committee Food and Agriculture Standards. 2011. Physical and chemical properties of
drinking water, standard 1053-A, Iran Institute of Standards and Industrial Research, Tehran, Iran (In
Persian).

22.Ostavari, Y. 2011. Evaluation of water quality of Lordegan regional aquifers and the effect of
geological formations on the quality of these aquifers, Master Thesis, Soil Science, Shahrekord
University, Iran, 110 pp (In Persian).

=

> wbd


http://dx.doi.org/10.52547/jwmr.13.26.215
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.30.8
http://jwmr.sanru.ac.ir/article-1-1198-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22516174.1401.13.26.30.8 ]

[ DOI: 10.52547/jwmr.13.26.215 |

Mo doxe 5 (el s ()50 Jaw s (s Cpalall 5 ds ¢ polaid] Lo ez 0dljiase dabld
YA i o @lie CodS 8B (gans g Seeldl O kS i g 0y O (il 31 )

23.Rasoulkhani, K., A. Mostafavi, J. Cole and S. Sharvelle. 2019. Resilience-based infrastructure
planning and asset management: Study of dual and singular water distribution infrastructure
performance using a simulation approach. Sustainable Cities and Society, 48(2): 101-577.

24.Razaz, M. 2006. Investigation of river water quality using water quality indicators: A case study of
Maroon River. Seventh International Seminar on River Engineering, Shahid Chamran University of
Ahvaz, Iran, 75-81 pp (In Persian).

25.Sindhu, G., M. Ashith, P.G. Jairaj and R. Raghunath. 2012. Modelling of coastal aquifers of
Trivandrum. Procedia engineering, 38: 3434-3448.

26.UNICEF, World Health Organization. 2013. Progress on Sanitation and Drinking-Water, WHO
Library, Geneva, Switzerland.

27.Update studies of water resources balance Study areas of Kavir Markazi. 2019. Evaluation of water
resources, Water resources balance report of Bajestan-Younesi study area (4721), 21(5): 22 pp (In
Persian).

28.WHO. 2011. Guidelines for drinking-water quality, 4th Edition, World Health Organization, ISBN
978 92 4 154815, Malta, http://pubs.acs.org/doi/abs/10.1021/ es304955g.

29.Yousefi Kebriya, A., M. Nadi and M. Jamei. 2021. Investigation of Statistical and Geostatistical
Methods in Preparing the Rainfall Map of Mazandaran Province. 12(23): 212-223.


http://dx.doi.org/10.52547/jwmr.13.26.215
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.30.8
http://jwmr.sanru.ac.ir/article-1-1198-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22516174.1401.13.26.30.8 ]

[ DOI: 10.52547/jwmr.13.26.215 |

Journal of Watershed Management Research, Vol. 13, No.26, Autumn and Winter 2023 ...........coooiiiiiiiiiiiiniiiieeene 229

Investigating the Effect of Drinking and Sanitary Water Separation on the Quality
of Drinking Water and Preparing a Groundwater Quality Map
(Case study: Bajestan Watershed)

Fatemeh Mohammadzadeh®, Mohammad Reza Ekhtesasi?,
Seyed Zeynolabedin Hosseini®, Abdoalrasoul Negaresh“, Hossein Hashem® and
Mohammad Allaee

1, 2 and 5- PhD Students, Professor and Associate Professor, Yazd University
3- Assistant Professor, Yazd University, (Corresponding author: zhosseini@yazd.ac.ir)
4- PhD Students, Islamic Azad University South Tehran Branch
6- Managing Director & chief of the Board Khorasan Razavi Water Authority Managing Director

Received: 8 June, 2022 Accepted: 4 September, 2022

Extended Abstract

Introduction and Objective: In order to supply the drinking water for inhabitants of arid areas
always have several challenges. The main source of fresh water supply in these areas is
groundwater, but in recent years, increasing harvests and declining aquifers have increased
salinity. Bajestan watershed is no exception of this issue and the main source of drinking water
and sanitation is groundwater sources from the Playa, which is of very low-quality water. By
decreasing the quality of groundwater resources has created the project to separate drinking
water and sanitation by creating “The Government Drinking Water Stations”, since 2014. The
purpose of this study is to investigate the rate of realization of this project implementation in
order to quality drinking water supply. For this purpose, some of water samples was taken from
the network and drinking wells, then the samples were compared with National and
International standards and prepared the groundwater resources quality map.

Material and Methods: In this study, at the first stage, the water samples taken from drinking
wells and distribution network in the same period (2014-2019) were collected and compared
with National and International standards. These standards included the standard of the
Industrial Research Organization of Iran (1053 Report), WHO, the United States Environmental
Protection Agency (EPA), the European Union (EU) and Schuler diagram. Then, Prepared the
maps based on 1053 and Schuler diagram (The most common drinking water quality standards
in Iran) which were selected by choosing the best interpolation method in the field of
Geostatistical by choosing the lowest value of RMSE.

Results: The results of this research showed that all of the quality parameters of distribution
network’s water samples were within the standard condition, the values of all the quality
parameters were equal or even lower than the standard value of the indicators, So the conditions
are optimal. While the water quality parameters in drinking water supply wells were of
unfavorable quality according to the values of the standards used in the research; These are EC,
TH, TDS, Na, CL in the water samples obtained from the wells on the Playa were 4 to 6 times
and in other wells on the plain were 1.5 to 2 times the values found in the standard indices. The
results of the interpolation of the quality parameters of the plain's groundwater showed that the
Co-Kriging method has the lowest Error in the main parameters of water quality determination,
including EC, TDS and TH, which shows the high correlation of the parameters, there was a
high correlation of groundwater in the plain with each other.

Conclusion: Comparison of the samples in the two parts of the wells and the drinking water
distribution network showed that the current plan has sufficient usefulness to providing the
quality the drinking water. Also, based on the map of the quality of the groundwater resources
of the plain, the playa has the lowest quality of water resources and the wells located in the plain
area have better quality.

Keywords: Drinking Water, Separation of Drinking & Sanitary Water, Quality Assessment,
Water Quality Map
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