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Abstract

In recent decades, increasing water demand in Iran has resulted
in excessive water exploitation, especially from groundwater
resources. Accordingly, the groundwater should be managed
in a way that both meet consumers’ needs and fair benefits and
maintain the aquifer sustainability and future needs. This study
aimed at managing and reducing the water use in Haji Abad
aquifer in Hormozgan province. Firstly, Groundwater
simulation model was calibrated and validated by MODFLOW
software and then, the new operation wells discharge values
were calculated by using the cooperative method (bankruptcy).
These values were then entered into the simulation model and
the results were compared with the present situation. In this
study, five bankruptcy methods were used to manage the
discharge in operation wells; i.e. proportional (P), Constrained
Equal Award (CEA), Constrained Equal Loss (CEL), Talmud
(Tal) and Piniles (Pin). The annual discharge values of the
operation wells are claimer demand and the amount of
groundwater recharge which calculated by the simulation
model in each polygon are the available water. In these five
methods, groundwater head increased and overall aquifer
status was improved relatively well. Finally, the Bankruptcy
Allocation stability index (BASI) for five methods was
calculated and compared.
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1- Geographical location of Haji-Abad Plain and the wells

L2l ol pod 4 3Ll s Cudd (Ll pis Cundige - S

IR b j oF 8 5lowd (o3 35S Jw ¢yl 1] S galio Ciliyliss
Volume 16, No. 4, Winter 2021 (IR-WRR)

v



SSByg {AP) osd aei (SiuSiyg ) O 5l G
Ol )y & defte (SaaSyg b9) (CEA) (lusy dgw &y duite
sskie 4 (Piniles) Ll 5e; o (Talmud) »56Jb 5e, (CEL)
sl gy ol bl .l oad oaliul losul cuslsy oo

Gl 04 031 s doldl j> odud odldiul

(P) s 5y 1YY
bJ)gT)g Y doleo u»‘w:ly &> i3 ulxo.u.) LgLoLO) ‘uylﬁ U" u»‘w:ly

oelal ) Ol lajls jade Sl ol oo b (9B ool 29 00

.km.)u.a
Qnew = A X Qo1q (Y‘)
E
= — ¥
r= 3 (¥)

A ‘Oly':.ﬂ 5l sy gaome € wgrge ol s E Llgy oyl 5o
)I-'\-a" Qold 9 > ML’L)M'-’ mb){ )Im Qnew ‘C"-’L’ ‘-"-’)-*’

Al o dezge Cudld

(CEA) olusy dgmr 4 dnlo (SKiawSd yg ~F-F-¥

)4.1).3 )S.o.o.)._>b‘) LQ(\.M)I.))J cuLwS.» .)94.»)4_:)..&0 ;m "')9
il s5 Lol j) ity ool b 45 oyl byyte S o
4 obpose slaly by kuiby Hlde gB pl ) LSS
oo &S Sloj bbb Gl jho | sglue yslar g gy

.)9“: d9>90 uT )‘J.OA l) )_g‘)g > L;me»b):

Qnew = min(Qold'a) (Q)
n

Z Qnew = E (;)
i=1

Al O Dgg0 skl Dl N wgn g0 ol s E blgy cpl 5

Qotg 9 Wi 4Bl yanass by jlade Quew doaly cuilby

(CEL) Uy ;56 &2 o (Kawsd y9 (o9, -V-Y-¥
lely o (i 5290 (538 Jire & 3580 (2 B9y (2]
JOAEA Y daly Bl b9y cul 3 033,5 ads Sy ©)j90 4
e d 933, o0 S bl il Sl 258 0 Cgune
ua.ua}u w}‘al CEL uylﬁ .}9.\»@ 44.9).? )]é.").) ol> » ua“a}u

(Mirshafee et al., 2015) o> o yuiw ;W L ohal> 41,

Wyu]ch»hsuu)yJ9bb‘9 WﬁZSY‘th‘“")
s 28l gloj 9 Lad @l (S Wi g (loj T edioyd o
W=W(x,y,zt)

Lol ot ueip; ol Gbys 0aiS Chog odd A6 dblee
oS b ol & 4l sl a5 Kl bayoms 4 B le
5 il Slaise glaces sl b (Sdg,ub colin slaygme
dblo Glul o o ejny O e lodre Ll
PV dlas Oyg0 & (aoipj Ol an ¥ S o 23 il jind
el ) Wsles 15lat o (gla siolyly iy 5 & 1] o

d <K 6h>+ ad <K 6h)+ 0 <K 6h) (v)

ox\ ox) ody\ oy 0dz\ *0z
~W=0

Uhey 4 |y Jsde lame > 3bys dlole MODFLOW so
Sl glggel 03gdme oS ol (sl bled o S 3900 Juolis
EAudSs Db o (SilwdiunS olb e Cijao 4 alise
23,5 o yasudie Aol Y g g dacad, b kSsh
Laosly 39)9 5l (g dialiee "k o 1) Sl o men
(2955 5 52959 Sl plo aailesg; dealy 4 bgyye wleMbl)
15 4 by LSl Jaa Jo b 5 35,5 50 1! (siboteds Joo
55 8 o 3l 15 el o Jobo

OBy g odl> (3,5 3)ly (sl GMS lidle 3 5l gy o
L Jo ganaSas & cunl 0uis odlitwl MODFLOW > QT
WY ol 00 plodl Jolw YYO 5 4Y S cplaws VO 5 (50 VO
i e 9 9350 31 25 > @ o Joeo 3t 5 Jib o
ejps Sl sleedly (ileawd (oose Jaa
sl cuiby Hlade § Glaise «iS Kiw jly dilaie 8155
sjye cu.'ilJ.mLi;o skl gj be 5 Slaize ‘d)b){b)-@e.
Jbo 4 (53955 sloodls lgis 4 0 g Slsul (295 5 599

Dgds oo 03D

NwSud 39 Jdo —Y-Y
Jo 3 Vgl oo gy (SuSitys 595 ) odlizl sl L 3
anl 2g350 @lio I g Glllas ius’é‘ﬁ NS yg um
Ohgale bwgs (gl a9 Cusl sl Lo (SS9 (plgd Ll
Mianabadi et ) cul edlaisl b cMSie ol cwlw 4
2 )b gy (Kwsidys (455 > lize slaly, al, 2014

IR b j oF 8 5lowd (o3 35S Jw ¢yl 1] S galio Ciliyliss
Volume 16, No. 4, Winter 2021 (IR-WRR)

\c



5 L Al yeuass culby e Qpew g0 sl s
.J.M:‘.:L;o .)9>9.o wl))) )I..\.QA Qold

SRS 49 B yanasS (6 Il (w2 -F-Y

» oxd odlatul (SusSyy Slaedy)y (P JoB JB (owp Gl
oslil il closdy 3l Ol wsiweing <l e papass
Al bpanass @lul eyp dedyy ol IS 08
A SnSidyg amass gyl yel,L Madani et al. (2014)
) ((SauSiyg Blas 3 sul (a3l yie & |, (BASI)
Loehman lews &5 oyl jasls oMol 5| jasls opl s S
03l 6l ] e cand 4 3,5 sl et al. (1979)

D95 o duwlne VO Jgo b 3l edlitul b (BPI) | SKiuSlsyg )i
Si — VU

BPI. = ieN, Z BPI. =1 V0
b Yien(S =) : ' (Y0)
ieN
aS

n

Si = Z Sit (V)
t=1
n

= ) ()

t=1
Gl Sy 15 asld e Sl BPL; YL (sla Jse b
O gudl ol Egoomo Vj g 4Bl yauass o g9 S d ol>
U Slej sboosl aom )3 0 Jbposer sly hlelee 03 Lawgs
S VoUW

Jgeyd jl edlisl b (BASI) (Sl yg panass 5yl pasli
JL@@] Y J9~9 JJ[B u.:b))l LSI)J J)]ytso 9 (W) Mbu YA
D35 )8 oolaiwl 590 KiwSs g
9sp1 A
o (VA)
9 Olind (i, 8 Jlae Il Oppy el (astine &5 jshilen
Pl paSLE e da pn g A (SSls g &)18 (,,S5ke BPI

el 413595 3 (63568 ()L 5l panass by, il

BASI =

& Jaos g gl Y

Sl b -V -Y

5l ookl b lul <l 3 MODFLOW o bawg gl
Sl cdls > ol ord (gjlwans VWA T Jlo (claodly
Onied D)8 o dulre (lezul 4is g (Sdgyiin culia polde
¥ooyp0 ol (Sy) sl oy caps e Jubl Jao 5

Qnew = max(Qqg — B, 0) (V)
3l 58 pj Al a5 Sloj
n
Z Qnew = E (A)
i=1

Jaie B dgrge loals Sl N wgnge O e E Ll opl 5o
Qnew g awlS CEL g, (alil & b oS Lals 51 by
.)9?90 &..3‘.)).3 ).ﬁn Qold 9 BERL wbua.ua.‘?u &:«u:)l.)).f )].ﬁn

Aol e

(TAL) 35005 (SwSil 59 (o9, —F-¥-¥

9 (CEA) sy 390 4 S35 slady) 5l (a5 5 &5 gy ol 2
ool ol rew gd e 435 )5 4 (CEL) LSy )2
S ade ST ogy cnl G D9 o0 dnslome WV B A (gla s b
Caa jl yuda Ll il S olgsol cuslyy chas jl dgnge
e S Sy g aiiS gl el wilg o5 38 b cusly
G i gals il i olgl culy caas ) dgrge
51 edlazwl b ‘;,«T odile Bl g uGS 0 EI).'S:L..:I Iy olsdgsge cuilyy
D9 o0 e Leal (m CEL (b))

Quew = CEA(0.5 Qqia, E) if E<05C @)

Qnew = 0.5Qq1q + CEL(O-SQoldrE (\ ,)
—0.5C) if E=0.5C

3l 58 pj Al a5 Sloj

ZH: Qnew = E (VY)
i=1

n ‘O\y'q] Sl y gsemme C g0 ol Jlde E blgy oyl 5o
9 Ld> 4l yauass by ude Qpew wrse (slhals dliw
..\.wl.»u.c d9>g0 C;\.:.f;‘.)).g )]A.a.n Qold

(PIN) J-g.luv M)g 039) -0-Y-Y
12 (CEA) s 39 39y 5135006 o9, BMS 10 39y ] 5

dwbre pj SbJged pluly ol po mrew S o oliul Wil

D9 o0
Qpew = CEA(0.5 Qola E) if E<05C (\Y)
Qnew = 0.5 Qola + CEA(O-SQold, E (\Y’)

—0.5C0) ifE=05C
20l 8y aaly o5 Slej U

(OF)

n
Z Qnew = E
i=1

IR b j oF 8 5lowd (o3 35S Jw ¢yl 1] S galio Ciliyliss
Volume 16, No. 4, Winter 2021 (IR-WRR)

A



e peS g o MY ajiagin )3 (Sluwlro slhad oy jdn a3 oo
L Jde (Srawcoms O?ﬁ""‘)ﬁjls bbb e yie f0ade
ML cdls 93 )3 o (g5lwdd 9 (Slalie 3)lae duslis jl ool
)L\.OA WL@ )) .w‘ 04U 45‘)‘ Y blﬁai) )J UW;) )‘ASA 45')‘ L\

5 ol Vb svwcouws 5 el S Slaslbre (gllas

ool odds &Y Jods 53 ,lL0

Head

924,35
923.02
921.68
920.34
919.00
917.66
916.32
914.99
913.65
912.31
910.97
909.63
908.29
906 95
905.61

legend

Difference
between

observational and

computational

|

%—‘x

90 4 sl S Sl )8 05 018 (A 5503 bR+ 0) s
ol 5 dy el 05 ol PEST (K85 Lawgs S565
WAV ] b slaodls 3l ealizl b lgsol (g5lwdus Jde
WAY Jlo glaoaly | pummen iy 5 oxiwcons ol s
bl clb n  oriwcons gy (A8 ja,mas BAY j00)VYAS 1
2y ol dwle dweip; ol LY S el ond ool
ol ) Bayiegin 53 (Slulne 5 (Shanlie plie Cpls 5 Joho

Fig. 2- Results of calibrated model in steady state (calculated groundwater head in each cell)
(Jolos 32 53 Slolona j1,5) jlanly Sl 53 0 0,15 Jote g5 Y JS5

920
919 ® calibration
918 ® validation

s
-

........ Linear
(calibration)

s
(o]

comptued head (m)
[{e] [{e] 8 o O
o1

14

13 .

o
912 O t
911
& o
910
908 910 912 914

observed head (m)

R2=0.9488 9. .- ®

R? =0.9598

916 918 920 922

Fig. 3- Comparison of observation and computed head and regression value
09wy 5 Jlako g (Flwlono g (Flanliie 5155 dun o T JSUS

IR b j oF 8 5lowd (o3 35S Jw ¢yl 1] S galio Ciliyliss
Volume 16, No. 4, Winter 2021 (IR-WRR)



Table 1- Calibration and validation error for steady and unsteady state
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Table 3- Rating scale for operation wells
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Operation wells Tvoe Number of  Percentage of Total Discharde Percentage of
discharge (m3/day) yp wells wells 9 discharge
1 0.641096 - 66.468822 \Ifg\?ll 45 46.875 800.6285479 5.058233892
2 66.468823 - 182.268493 Low 25 25 3112.187178 19.66226498
3 182.268494 - 377.338384  Medium 14 15.625 3837.392082 24.24398523
4 377.338385 - 608.942466 High 6 6.25 3178.218082 20.07943691
5 608.942467 - 924.657534 L’Ifgr%’ 6.25 4899.79726  30.95607898
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Table 4- Well discharges in aquifer zones
Oledul sasdibio coms w1 bals Cuild w95 Clasuin -F Joua

Very Low Low Medium High Very High Total
P?]B/r?]%n. No Discharge No Discharge Discharge No Discharge No Discharge ?2%?3;3?
" (m3/day) " (m3/day) (m3/day) " (m3/day) " (m3/day)
1 7 89.0235 4 576.063 0 0 0 0 0 0 665.086
2 7 169.079 5 688.832 1 258.312 0 0 0 0 1116.22
3 14 190.218 3 290.327 2 521.743 0 0 0 0 1002.28
4 13 258.706 11 1556.96 12 3057.33 5 2569.27 4 3409.24 10851.5
5 4 93.6000 0 0 0 0 1 608.942 2 1490.54 2193.09
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Table 5- Bankruptcy results and change of discharge in each polygon
Ok 32 53 BCWIS 1 Ol ekl 5 (S y9 (85905 g2 U5 -0 Jgo

Pol.n Discharge current Reduced Discharge (m3/day) Discharge Reduction Percentage
umb type discharge P met CEA_.m Celme TALm PINm P met CEAm Cel.me TAL.m PIN.m
er (m3/day)  hod ethod thod ethod ethod hod ethod thod ethod ethod
1 Very Low 89.02 38.37 79.36 0.00 4451 4451 56.90 10.86 100 50 50
Low 576.0 248.3 207.33 286.68 242.17 242.17 56.90 64.01 50.23 57.9 57.9
Very Low 169.0 138.1 169.08 74.36 93.34 169.08 18.28 0.00 56.02 44,79 0
2 Low 688.8 562.9 609.75 597.72 581.91 568.79 18.28 11.48 13.23 15.52 17.42
Medium 258.3 211.1 133.34 240.09 236.93 174.30 18.28 48.38 7.05 8.27 32.52
Very Low 190.2 1335 190.22 37.33 37.33 95.11 180.4 0.00 80.38 80.37 50
3 Low 290.3 203.8 283.04 202.90 169.34 215.49 29.79 251 30.11 41.67 25.77
Medium 521.7 366.3 230.42 463.46 439.23 307.76 29.79 55.84 11.17 15.81 41.01
Very Low 258.7 159.9 258.71 0.00 129.35 258.71 38.18 0.00 100 50 0
Low 1557 962.5 1557 22839 77848 11749  38.18 0.00 85.33 50 24.53
4 Medium 3057 1890 2694.37 1596.8 1528.67 1961.1 38.18 11.87 47.77 50 35.85
High 2569 1588 1221.31 1960.7 1621.15 1464.8 38.18 52.46 23.69 36.90 42.98
Very High 3409 2107 977.05 2922.4 2650.75 1848.7 38.18 71.34 14.28 22.24 45.7
Very Low 93.60 52.06 93.60 0.00 46.80 93.60 44.38 0.00 100.00 50 0
5 High 608.9 338.6 375.37 315.68 304.47 329.93 44.38 38.36 48.16 50 45.81
Very High 1490 828.9 750.74 904.03 868.44 796.18 44.38 49.63 39.35 41.73 46.58
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Fig. 7- Groundwater head before and after applying the bankruptcy methods
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Table 6- Bankruptcy allocation stability index (BASI) for different bankruptcy solutions

Bankruptcy Allocation Stability Index (BASI)

P_method CEA-method

CEL_method TAL_method PIN_method
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