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1- Introduction

Hydraulic conductivity is the ability of a porous medium to
pass fluid. As one of the most important characters of the
aquifer, it is useful in estimating groundwater flow velocity,
determining  contaminant  transport, and solving
geotechnical problems (Saha et al., 2016). Hydraulic
conductivity measurement methods are divided into two
main groups, based on Darcy's law and based on empirical
relationships using the pore or particle size or distribution
results. Darcy-based methods can be grouped into two
categories: laboratory and field. In laboratory methods,
hydraulic conductivity could be estimated by water flows
through a small sample of the desired material. Field
methods are divided into small-scale and large-scale
categories. In small-scale methods, the amount of hydraulic
conductivity in the saturated and unsaturated parts of the soil
is calculated with the help of various tools. The most
important large-scale methods include pumping testing and
tracing test. Pumping test is the most common method for
calculating the hydraulic conductivity of the aquifer from
the group of large-scale methods in which the values of
hydraulic conductivity and aquifer storage coefficient can
be obtained by observing the behavior of the water surface
around the pumping well. In some plains, it is not possible
to perform pumping and tracing tests since they are
expensive and time consuming. In these stations, the method
of experimental relations can be used to calculate the
hydraulic conductivity. Many researchers have worked to
determine the relationship between soil particle size
distribution and hydraulic conductivity (Hazen, 1892;
Slichtcher, 1899; Kazni, 1927; Carmen, 1937, 1956;
Crombin and Monk, 1942; Breyer, 1964; Terzaghi and
Pack, 1964; Musch and Danny, 1966). Vanke et al. In 2000
and seventeen studied 431 samples collected from different
sedimentary environments and proposed new equations for
calculating hydraulic conductivity. Razaz et al. (2014)
concluded that the hydraulic conductivity is strongly
influenced by the effective particle diameter in the grading
curves, by studying the samples with effective diameter of

0.05 to 0.83 mm and uniformity coefficient of 1.3 to 18.3.
Arfin and Ali Khan (2020) determined the hydraulic
conductivity of 25 soil samples using laboratory methods
and Hazen, Slaughter, Breyer, and Kazney-Carmen
equations. The results of this study showed that
experimental formulas are suitable for calculating the
hydraulic conductivity of soil with a wide range of particle
sizes. Tai Huang et al. (2017) obtained hydraulic
conductivity values for coarse, medium and fine-grained
sandy soils from experimental formulas, partial effective
porosity modeling and tracing experiments. The results of
this study showed that the values of hydraulic conductivity
obtained from the Kozney-Carmen relationship are 1.5 to
1.7 times the values obtained from the Hazen method. Also,
the difference between the values of hydraulic conductivity
obtained in the tracing method and the experimental
formulas was greater than the results obtained from the
model. The final result confirmed that the closer proximity
of the hydraulic conductivity of the model to the real
conditions. Saho and Saha (2016) compared the hydraulic
conductivity values obtained from the experimental
formulas (Hazen-Breyer relations) and the pumping test.
The results showed obvious differences in the values of
hydraulic conductivity from the experimental equations and
the pumping test.

2- Methodology

In the present study, an attempt has been made to calculate
the hydraulic conductivity of Asaluyeh Aquifer using the
experimental relationships based on the results of alluvial
grain size curve. The samples was obtained by drilling of 20
boreholes in Asaluyeh plain (Fig. 1). The plain is located in
a narrow zone formed between the Asaluyeh Anticline in
the north and the Persian Gulf in the south. The Asaluyeh
aquifer is composed of Quaternary sediments, where the
water table is located at a depth of 10 to 15 m and the general
direction of groundwater flow is from the north toward the
sea. The Asaluyeh Plain has been selected as a suitable
coastal area for construction of refineries of the South Pars
Gas Field. Therefore, understanding the hydraulic
conductivity of the aquifer is important for simulating the
groundwater flow and probable contaminant transport. To
do the research, in the laboratory, particle size distribution
test (by sieving for soils with particles larger than 0.07 mm
and hydrometers for smaller particles) was performed on the
samples. To do this, the soil sample was first washed to
remove clay and silt and then placed at a temperature of
about 105 ° C for 24 hours to dry completely.
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Fig. 2. Particle size distribution

In the next step, the soil lumps were eaten and the mass
of the sample was determined and then the soil sample was
passed through sieves. At the end of the sieving step, the
mass of residual soil on each sieve was measured. Also, the
silt and clay values of the samples were determined using
hydrometric testing. After determining the particle size of
the samples, Folk diagrams were used to determine their
type. Finally, the results of the granulation experiment were
displayed in a semi-logarithmic aggregation diagram in
which the figures for the cumulative percentage of particle
mass on the vertical axis and the particle size on the
horizontal axis were displayed. After plotting the particle
size distribution diagram, the required parameters for
calculating hydraulic conductivity were obtained using
experimental equations. In the next step, using the
experimental relationships, the values of hydraulic
conductivity were determined.

3- Result and discussion

The particle size distribution curve for the studied samples
is plotted in Fig. 2. Based on the Folk diagram, among the
samples, 10, 9 and 1 were classified respectively as sand-
mud gravel, gravel-mud sand and mud gravel types. Due to
the fact that the sediments tested are alluvial, so the variety
of particle sizes in them is high. The values of the uniformity
coefficient in most of the samples were a large number,
indicating the wide range of soil particle size changes.
According to Breyer method, the amount of hydraulic

conductivity of the samples was between -0.019 to 2.2 cm
per day. The values of hydraulic conductivity by Gustafson,
Kozney-Carmen, Terzaghi and Slicter methods are between
0.1 to 1.4, 0.38 to 4.3, 0.2 to 2.8, 0.17 to 1.9 cm,
respectively. The wide range of changes in hydraulic
conductivity can be due to the range of particle size
variability of samples from gravel to silt. Larger values of
hydraulic conductivity are associated with samples with
higher gravel and sand content, and lower values are
associated with samples with high clay content. In a
heterogeneous porous environment, such conditions can
cause the fine particles to fill the space between the large
particles and reduce the hydraulic conductivity.

4- Conclusion

The values of hydraulic conductivity obtained from the
experimental method for 20 studied samples vary between
0.1 to 4.3 cm per day, which is in the range of common
values of hydraulic conductivity of silt and clay. It seems
that the calculated hydraulic conductivities for the studied
samples were less than its actual value, since gravel and
sand was observed in all samples. It could be concluded that
the use of different experimental relationships to calculate
the hydraulic conductivity of aquifers shows different
results. Therefore, to validate the computational hydraulic
conductivity values, it is recommended to perform a
pumping test or slug test in the aquifer.




)i'Ju;iJL«J‘@ijL« Ao (77‘—‘/{)‘;,«}.:)_4' UWL;WJ-«F‘;:’/’-\;-’
https://civil-ferdowsi.um.ac.ir/ DOI: 10.22067/jfcei.2022.75751.1128

*ed 9T SAdild g i 2% Talgy 3l ooliin! b 4 ghus Olgsul (U9 o Culid 3597

© g5l by O Sl ol Osbn iV mps Jax o

S o YT st SsSr t py o Ol ot 55T 00 45 ol i) o Ol (slodslas s o oy imge Slaska Colls 0SS
Cola Olio s et (slalaly sy jl oslizal b G ok 258 st ol oo 3503 A& e f T mlio Co ke (slatoli s a5 SaSTatf oSS
Sl ST 3 0l 7 i o 7 bl gt dils LiloiT P glasples Sl oy shiie ol 053,83, 000 o sles Ol I s o Sigdos
0 siloes 3 A5 Conel ki jap o ste Sl SV G /) o o ey S edelCansty Sl gpidos Syl olis . Conloi oslézal L5 3, 50 (slaosls 4o
bwlome gyl Sl ppolio o ooy o JLi iy clsdisad )3 trsd B tisls 5 Lol S Ols 0 s Lol o il Do el (Slopcbon Colts slis
plde o e Llg, il esliid (6l 3 e g (slacu s gdoe 5 L) E ar o7 Lo 4S s o OLE ey w/@w,,ug J/’jj/jjuiaj/fx_f‘;.l;- G ot
Flolms Slides Cyldn slis w1 Hlay iploil plosl ol il 305 oo o 03 |y ol 1 (5103 5508 ol 0ukid dcalmn skt gt

.JJJ.(L;d Sy

cShdils g ¢ gt Lol g (S g s Sl e s Ol el Gals” sdolg

oSl Gley LIE 53 St Wged Sl s 25 ol TPRYY

)‘w)bdfl:&)\oél.ﬁw\bﬂ})“L{‘MJU@})}«& . ] &JL’\); LS‘“""“L;{‘J))"\':A C,q\.,us

-8l & /o'| ; ol % . $ . - Z. z
ol S (S5l L okl L, sy oo ”Jsd"“-r“‘l’“ Co3s u\{ﬁ)(w}{;% ;sg}ij R s 5 &y

(S agad 31 0,08 Ol e e e lls 5 ol L B B LI NP VT SE W WL
o el el el (Sgsde Solis Ol
Sl S a5 4 gl e s [23]0 5
22 L e e S5 sl rss 5 plie S S
S e St Solls e (plde S S gla o)
los OSLS slaslpl SaS L Sl el b gl

iy Dl Ok GLosl s e ke e
S Shs e 3 S St colle [l
o e 23 PN Ol e e 3 S e Dl
J= s 2l 0k il et ((SaslT sl e
Sl gl Conde gl o 5 SSS5 S
’ sla B, T OLKKea 5 lall) sl eIy ey
dsles gl S, sz@\) Shes 0530 [2] el oo, g_;“’)‘bdj‘.u)fLs;:f“°})§ﬁ>4t"_;<:j))‘)‘ﬁﬁ‘;i“l‘k6ﬁ§°).‘x\
ool ol S5 sla i 05,8 5l Ol gl (S ssden ylia
Sy ol SLbI 53 O mlavs [l sdalie alual 5 OF 3 oS

Sy pralesl Jals ulide S5 sla s n fees 238 o8

&ir Ble Il ms 5 bl ) o kil ste s
2 S i) A e e (S 3L 5 D)3 o3I
Gaos S LB ol s J“Ki-ib‘ﬂ s 93y e ls abail
8 yo3 S Isb 53 ST Ol ARLT sla is, 55 daea

L Olgal o s o b 5 (Sosdes Sulta uslis Ol e
Sty Lile3l plonil Ol aesis 51 5 2 55 [3]5,51 sy
s 5 2ol o (plasil Loyl b 0555 el 3 Jdsa) oo
Waollr ol 53 ool o jies 53 ol 51 Jols slaesls

ubfﬁ,&ﬂj)bid‘jo.)uﬁj\ﬁj)mb)jﬂé‘jﬂ)‘&js

ol LT oL el Lb sy 3 338 e Lasdn b onl

b VEANTAA OT o pdy sl 5 VERVT/TO Wlie s )b *

Ol ol cpohe ouSiils ¢ pulid a0 IS (558 S5 0008 Ll ol IS (g 2mtils (1)

Email: mmozafari@ut.ac.ir Ol ol ol oSl lidpny 2SS HLokil o s oy 55 (Y)
oL oKl oo o dSEls (it o3 0dSCELs Sl (1)

e 3 ol ey Al a8 (8)



https://civil-ferdowsi.um.ac.ir/
https://civil-ferdowsi.um.ac.ir/article_42563.html

oslizal b 4 gloe Olsil Slosdes Coltn 5,50

Ay

Shetelcwsn Sgodes colas pslie (Y1) bl
U1 Shay Osa30 5 G s 05ls dalsy) oo sladse b
Slp Saoda Solda [t cpl 53 s S alie U,
oot e Y Ges o wleS e ol Sl Jols slad s
Sl s 28 5 g0 D3 o3Il w5 p e 020
s bl 3l Jeol (Ssodes alia sl ST ol
14155 3lay L2le3l 5

Voo aol s 5 ol mds el s aslee Cds
ol adlee Olpear 5 305 I3 eds 48 S5 ek
Oldes Gl o am i 5 (St gladly slml gl b
sl (Jasl L sl 5 LaelQaVG Jald) g ol 38
iy ol 35 0se Yo w ey L) K8 cleds
Lol&aVL Ojle 5 sl bghs 5l o35 s Sa
ol gty s esns ol (el e dig e
(ST s Colde alexr D) s sl Ol Shy el
Glwans Olpol adllas 4 Ll o 5 ol Canl glls
bl SUl Gimes 5 s 2 Ol 2 (S Ll
S 5 Sy s 0 il eS0T T e 2 e
e S e e glaadaly S eslind L b el
ashs Ol 5l iso s (S ol (2 T gauals
33,8 anloue

u.'&.b‘g}; uij)jwl.hn:)‘,ﬁ&.ﬁn

S ol ag s sk Clds (bl b

OF tbagmes Sl o Sagr gshos BB 5 3505 13
s o 83U 055l (gl Ko (Slady 5 g
sltisle Jold) ol oy S 5l wSle iz 4 k8
Jold) Obnlls 05,8 (OLls 5 01508 Olkgd (Eon can pn
5ol o gr S Gl (Dl 5 Sy o035 sbaksle
OhleaS slakisle 5l JSze) sl 058 (soleml—p e
fshee i [Olsskmn )88 5 (LT 5 Ol
el s dld o asles U s 5 (SOL s s
S5 A 5SSl s ol LA s e el
VO B Ve Gae )3 agghee s 5 Sl Cla.ﬂ Celo s
s 51 w33 T Ol opee Cogm 5 3003 13 (5 %

&:«v-d\ LL)J 6},-04.5 s

s Bl s 3 0l8 e (St Solde el
S eslanad
S w3 e ddaly et 6l ool gl Kiasy
AQY (o3le) Kles S ol Sssda colda 5 Skt b3
5 omes,S 90T ATV (pellS AAYY (555 ANY el
(523 gle AL WSy s B ONE DALY (S
YN oy poodien 5 Yoon Jlo s oLKea 5 &Sl (04T
andllan 3 g os (5 sl e il gy (Sl Lame 31 4S 4 g
STt Sols Gale gl slidr SVoles 5 LS
Gy adlas b (Y918) 0Lan 5 515, [4] L5 50 1)
S s Fede VAT /00 e lE L pladse
gl slie &5 Ldowy 4 ) & WY B VY 5l 5
Slaoas 53 Sl e kb il el Sssde
Sleslizad L (YeYs) ol e 5 bl [5] Al o gdoals
235 e g ) o0 Bl 5 AL sl i,
e S Ll YO Sgsae culia (3 gl
Wl gl gy Jelo a,y S84 o2 Ly Lo ge
5 masss sl pimer s S = S5S 5 el
Bulk Jos 5 S 5 Joubsws (gammlons gl (144Y) 5,5
Sladse b a5 ol 0L sy opl ol Al eslizal (density
b b ogladsel St Colis anls gl p o2
OLan 5 SLal 6]l e 53 (03100 51 gl 2
e s 530S 5o @l Vg-ler ek 5o (Y0))
Gk L el 5l Jels bl (Ssode Solla
S Ldewy @S pl 4 5 Logad dnbe 28 Slad g B
Selbe gl L pslie op mer il 5 958 (S5 Bl
U [Tl e ) adlaie ol (Scanls Ol sl S ss0en
Glr Sk colda slis (YY) 0L 5 Ksa
ladse b 5l als sy 5 Jawgie cilscidgs glasls glas>
Cnzt b3y el 5 s 5o SRS de g (20
ol LS sl AL, ol =k s L3550
ool owsas STsods Culds slie oS sls e OLES hash
iy b el slie s WV BV/O peylS- S5 adaly )
Sk Colda slae oo B e AL e 05l
R 3 e o ladse b s obas s s edelass,
i (S5 ediSaul olg amd ol Jde 3l Lol
ol [8]as 8ly Ll i s de Sl ol (S5 odes colis

’f" ‘jaiju‘ﬁ@jw‘J@

28 O pas pnlige &l



v

Sl by = e plell =g piln 2o = o oz oo

Sl e 4 ol g sl Clds g sk o6 S Lo ) IS

A8 Ol il 5SS 015l s deps Ve S
YooaS ks (Cu) o 5G o pb ((d10) Sl ol
do,s e S gk s (dao) il 5SS Ol 51 ol ds s
(eo) kel 55 5 ol 5 ols

53 edkddhl o Jaulgy S eslinal b ey a5
S30LLe s S pasie Sssdes Solis polas (V) Jsr
e s s e slaulS aluly adse b opl oS
oS a5 Lokl osas (Spsdens Culta slie el
[12,13,14] il o 355 o35 aussdome 5 Lol 5 (slyls
s 30 o 0y (V) dadr ladaly 5o S ) shiles
(pS= 555 alaly dile) Lals, o 5l esliud b ulsl
Glad sas ol ol St glad yad ks ndls 3L
Pd 3 Pm N 0T 3 & 35 ale (V) jled alasl 5 Sb=
il o3y S 5 s S (e e

N=(Pm =P/ Prm (1)
VA0 L ol andles cpl gladsas gl p Sl ol 3 J&
Sl ormpd Deledd S a0 s oS e Sl e S
udl:ﬁ?&u cob‘jsr.??.l}\) p’.') Y Jflig- doonl>es
b e 3 2 Jos 0ol o (WOl o JU st
St sed sl Slade (V) ojleds alasly 55 OF (g 18 gl
slaws (ol 51 ool ladsgas o 31OV tal s sl
.)w':.QM‘J\:J{(:}{e:,ﬁ@:@,&é)dlﬁ-o:ﬁj\&j@\\/
odod 51 Bl Lo 57 b 5ol (Yl (6803101 G a2
L35 (S o3Il ol 5l eddednd sy sladi sl p 2 (7l

S oiledl Sleslamal LU ol (i sS rassy onl 5o

fhes Cis s BLE Y Gl 5l Juls S gla
AT csn O (S sses ol 5l sl s oY IS5)
Sl (i o SsSB4 pad il skt cnl gl
islesl & cdails J:SLT Slp oo LS adlb s e
ialesl el&aslosl 55 s S Jlayl 015 o&iils i aes
S Sl gl 0,5 SIS L) 3 3l 8
(jﬂ)@‘)bd‘ﬁéﬂ})%ﬁjﬂ‘}:ﬂ'/'vj‘):kf))'.f\.)‘_)s
et S 8 g Ml S ol 8l A2 plol baki e (535
Ve Sde glp e 5 250 I 0T 5l e 5 ey B A
:l)fv;}l.w a5 100 sgde nl o am s Loy s el
day als e g 5 8 S Lol Dysea B Al esls 8
5 kS atie &gl P 5 e 3, S glaas S
NIRRT 5 IECTRR R I IYE IS TRC{EAP VI
mdﬂfgwgﬂlﬁd”ﬁoxuggéurﬂcos;&i\
Sl elizal b aaisad oy 5 S slie s (F JS2)
S5 o3l S 5 e s S Laside (g ressder Jioles]
oslizal Ol g8 (s (1 [10,11] ST s gas 51 Lo yod
K gkodls ui.iLaj 5 edal sty 4 Culg s A
o) OF 53 8 wd o3l iled et )& das mamd Ll5 el
3 8358 e S DS e e Ao 4 by
M,;lw.;,;:6«n\;g;,iudzjl,fuw,ﬁu,sojw
Cola auloes 5L 55 50 sla bl D3 o3I1 w55 Sl 50l
wlwsw.mg;wwdﬁab_\,,,-mw,ﬂlgvs;,).@
S8 ad ge 3 el (3 aS I3 S5 had sl asle s el )l

32 Ot lign &

’f" ‘Jaijw‘ijdu



oslinal b gy ploe Olil SCsoben Collts 5]

A

M‘“Z’-‘)T("‘?J‘“ﬂ"”};ff(oj“)‘f})fu”w&b

W

ua;hlﬁui)‘ﬁC)ijjb)bu:j}ﬁbﬁuoiv;?)
m}:v.??‘l.mﬁr.??j wﬁ‘Jl'«'("‘?uJJSVSL(i S

27°300°N

27°29'30'N

27°29'0°N-

27°28'30'N

52°35'30°E

52°3690°E 52'370°E 52'3T30°E 52380°E
1 1 1 1
N

A £
5
|8
]

Bh17 Bhd
° o s 5
s P §
8h32 -5 - &
o S0 Bhils enas &

.MSD BnS56 .EHVB
B S 748178
&3%3 e

z
&
- &
&
T i z
u,L...c 8\ | &
ks (ylases £
&
]

LI  j LI
52°37T0°E 52°37'30°E 52°380°E

wshes s 0 S 53 axdllas 3550 SLalS Cndse ¥ S

03,5 3555 (0 s sad 6 gt (il sgauails iales plosil 5 e sl g3 oslel T IS

&Jlﬁd})ﬁgﬁ@l{ rj>-6ﬁ§o)‘.)u‘<.:)QJ;&\(C‘AJ‘}S)‘C}J})\WLQA;-}lS

7!4;});)/4.:7,?;:5}‘;“‘]/...«

28 O pas pnlige &l



a0

oSl by, - ‘;prdlnl&//—&j@ﬁf—f )k)./wﬁf

St Colda ke s (gl ealizad 550 o Jailg, ) sl

5 Jge

abal, pb

—(8 -3 n 2
K—(v) %X (8.3 x10 )x[(l_ 2 ]xd%0

. n=0.225(1+0.83%Y)

UL
(Kozeny_Carman)

K = hydraulic conductivity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

K=(%) x (6 x 10*)x[log ()Ixd? , Cu=3e

Breyer) ,, »

K= hydraullc conductivity; g = acceleration due to gravity; v = kinematic viscosity
Cu=Uniformity coefficient dio=Diameter that 10% of the grains are smaller than.

deo=Diameter that 60% of the grains are smaller than.

K= E (Cy)(S22)2,

1000 E(Cy)=(10.2 x 106)(_)(

(Cw)? -1 _deo
)( (€18 ), " dio

9(Cu)= (-

logCy

1+E/ 'g(Cy)2”’

Cu=Uniformity coefficient dio=Diameter that 10% of the grains are smaller than.

K=%.1x 1072 .n32%.d},,

n= 0.255(1+0. 83€w),

1 ygudliwsS

), E=08 (ZLn(Cu) (Cy)? —1) °
(Gustafson)

Co= deo (Slitcher) ol

dio

K = hydraulic conductivity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

Cu=Uniformity coefficient; dsp=Diameter that 60% of the grains are smaller than.

0.13
Co (. d

(Terzaghiy ;5

K= hydraullc conductlvity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

Ct= the sorting coefficient between 6.1x10-3 and 10.7x10°3, and the average value of

Ct, 8.4x10°3

A (G518 sy ke cds odisle glac s,
hshe Bl 3wl Opet, il (hle fuls
adlaie (55050 5 @Bl ol en bl Lyl i ASL s
Shicledd 4 shee g BU 5s S s Sl s
2 el pli ) OBl 5 e Bl ol il S (G
Ghils (SLL 51 ol Sy, o8 555 o0 e ol S il
5 ol el plply GG b S 58 05 Oleg 5 8Ly oo
oS 2w e sl sl ol b sba adla
ol Sl B S USE Gl sm & duj e SR s
S5 R bl gy 5 Al sl Sl o
S bk Coson 50 ol Lt bl

sl

9 LAO).G e)'UJ‘ 9 )‘_)._2,4 )\ s wbwlﬁ d?-\).: [GSONVEY

s, glws 5981y

sladisal gl O3 o3Il ghuails v L3 gdbails
3 &S sboles . odlodss S s () IS 53 addlas 550
wols anlllae 3550 sladiged pd e edalie ISKG0
L (sl S 6 ey 5 Sdaw 3D Sl o310 ST oS
SO guals powe ol s Dle a3 8 e Juls
e () doder 5 (0) JSo o)l ol sl (6350 Sl
S 1 S laged 3 blges b o3Il s B3l
—LS\MLGJ}‘JijJ.j\JJ.Q\' canlllas 5, 50 45503 Yo 5l A e
g 3 e Ky IS -8 sl g5 lsae 48
3ol 5550 Slgey Sepl x5 Lol IS -Jsl S
3b3 ol 53 s o3l ¢35 cnl by b B0 6
S5 28 s ) s S sl o

ol S S5 o3Il xS 63 2uS aels }ilm_' S >y

32 Ot lign &

’f" ‘j);jlo.;‘{,_?d;zj‘;wdﬁw



ceodlézal b o ploe Ol S g pdon Culds 350, Ve

(X Juo 30

+f+4) ():-A ‘;L_e-ﬂ) Q‘)-‘) 0)‘..\.;‘ Yoo

e sad il 53 05100 @)j:vmi&(.:

Gravel @ sample
G:gravel
g:gravelly

0 (g):Slightly gravelly

S:Sand

s:Sandy

M:Mud

m:muddy

30 A 70
B g
Bz & " .
5 gM $ gmS  \s
M d / TM(G)SM fﬂ)mbm A a)s S\\S d
| [ I | [ I | | |
490 50 10 >N

b idza il e el gy azb 0 K5

’Z"‘JJ;JM‘W-}JWJL” W_}Jjﬁu/j‘;ﬁww@jﬂb



\A Sl by = Gl plefl =5 ptlin iy — 20 Jlar o

Lot gal £ 5 5 (S0l i sad Gas oS L Y I

Kgol g5 S M ) Ges SlS b
PR Y/ VY BH:
Sl S S ask Y/ \D BHyo
S b \lAs \Y/A BHyv
S slasls Jsl S £y Vo BHY-
S Glawle Jsl S o/Y Y BHro
il S Kk Y/0 q BH¥A
S slasls Jsl S 0/4 \e/0 BH
S slawls Jsl Yo/ Vo BHvy
S5 b Y/0 1 BH:)
SIS Glawle Ul S Y/ M BHsv
S ds S 4/0 Vo BHt¢
S slawls Jsl g8 \Y/0 BHo-
il S K ask Y/Y \Y/0 BHoy
S Glawle Jsl S 0/A V¢ BHoo
il S K ask \A% A BHen
S lasls U5l S LY Ao BHoq
S5 Kl o/Y VY BH.
S slawls Jsl YV Vo BHyvs
S slawls Jsl q/0 Vo BHvA
FolS IS e Y/t ' BHv4
Lo
-»-Gustafson -=-Kozeny-Carman
Terzaghi Slitcher —=Breyer | | ¢
[ | =¥ o
//\ 2 <4 == GLF
20 x §
F-y

Y ¥ F P Y AN TN O O WA Y

4igas oylods

“_LL”NJI’“— 6@&}))‘0.\.\2 wbu;f(tji).k:& glu_‘.f\.bﬁél;u -\Jil

o3t S5y el YV B2/ o e gl (S5
Satils 5 Saal w55 b pbiged Glp pp daly

G o/ e o3l 5 Yr B e 50 co o b cinss

Cols s Sl ol il L (Kbt Syl dwlons

C,.i‘.,\.h )l.lfu xR U’i'}) &I"L‘“"J" Cwlo s eals OLES (V) 9

32 Ot lign &

’f" ‘j);ju‘ﬁ%jwdﬁw



oslinal b gy ploe Olil SCsoben Collts 5]

\Al

daly 5 Ml o8 -GS daly 4 byse sddail
Ol 1y awly de Sl colaa slie 550 B35
bl edbacilne Ssodes Colda Sosls s s e
Aol a3 e sl bl g sl 4 15 e daila
S fie B s S w2 b e glacs e
3 Gl oS =358 el Sl eslinul w6iged gl 35S 5
o LS Gl 52,035,508 e e 5l S S5e e L
S e s 35 g0 4 gad Vo plal 3 [12]5 55 ool 4o 5
Lol sdias 1Sis 3 5 sl e Lo ¥ 51 2aS dladls e
abasly ol 31 cpl s s ale 5 Jsl S (5 alie ¢y o sdle
Aoy 38 ealiel oS J5lS Sl b ek sed sl Ol
Ry SV W LT IR e
Coldas acule (gl daly cpl a5y 5 [12,13] el
(o Cule, 0T 55 b s ol 49) bl sed 3l3de 4 S5 s
SHFS i b Sl Gl O sl S dlaily ol 5 8
ekl 0 ls sas o [14]s,0s 5,08 Vo 51 555
el gad o (S goden Colds aloe (6l Ol 5 o0 T30 0
S, wlsdyy glaanle gl y 3155 akaly 55 eslanad
a3l Hy asle gl Lol 5450 gladi s [12]5 05
BB Lol gl B s amd 3 s s il

axdllas 5,50 sladi s 5 [12]d Aol o Lo +/070
bt gl aer 2 SSG o palie pwSs Sl Shassy ]
S G5 5 baisad ge b Sos s Sl s Il S
Calla anle gl il (pl by (el e et /0T
Sdskr Soba sl e cbie WOT S gs0n
S il 5 (S35 alS = S5S Omblin S hssn
):.ad::L.q VAL AV JAG /Y EN B YA NEL /Y e
S aoden Sulds Sk 03 208 wals alCsa S5
G Jsl S 5l e ges ilys ol 55 o S 3l 5L Ll e
o by S ol 585 nolie L cle
o oS polie 5l niy ale 5 JslS Ao b slad g
Jodsete s 5 ol Gl 2l s Ao b obadise
Doy, Db aS 358 Comge Lls o ol b o cofr.mlj
S Colda 5 AS | wlscdys Ol e J glas
O gedlin 58 Bsa Sdayda Colda polis das hals |
sl Sloged 53 adal 5 S5 el -85S
Culda e pslie O340 s e s (A IS8) codlods
o)y plal el acilbs ol IS cpl 5o (S50
ool o anloes S godes Culda ooz o351 0

ol i s oS olie atdal 5 O pudlin S sladda

ewloslaza STt Colda Slaie i Clesges Jeol>
A (o
- ) A (&t
s K=\/sy
T =-.IsY
-, 7
g 3 ¥
Y
\
YIOOY Ve Y eIb v
1+
© Y
A \C (
Ksisiey K= ~IV\'C
:]‘ 1 O = +JfY 3 A o= -IfF
i) o P
B i
f
Y . Y
2l . I L1 . O
Vo oY «[b N Y Ve oY elbn
(30 sluo) @13 o3l (350 (slao) ©1)3 o 3lul

¢ 155 (Al isla gy 3l o aulomn (S 55ded Culia sl sl 5 Glasil 5 o Kle (Sl 3V S
Ol S (5 ¢ el (¢ paslS= 3555 (@

’f"{j}iju?’.?ﬁ;;jw‘ﬂ.w

28 O pas pnlige &l



\a

Sl by = Gl plefl =5 ptlin iy — 20 Jlar o

m-

()
m Kozney-Carman
m Gustatson r ey
i Terzaghi | . @
Slitcher ¥ :i
Ly %
L
B [
| Ly L
: | F
4 T

cilies oot gl (g, Sl edd anle Sy Colds psliagl amr gl A IS

2SS ol 4l Ko G )l Sl 4 sy iy
S eslitul Cusgdoe 5 Jal 5 o S La3 3 L aS Sdls ax g
e Gl 38 BB O pslnS daly s g Ll
Dde Cslandllas 3590 dgad Vroaas  SJgjde Colds
VE G /) o ddaly ol ) eddalne Sssdes Colda
g BB JslS s aax sl S 3k e s e Sl
s e 3 a8 Sl Cglda e ol e sei s
dm Ol o coddoslil 35l a am g b ey e Sy O
Colds ales (gl Cilises o 2 Lalyy Sl eslizal &S 2 8
wals 5 dms e 0L 1y alie s ol Sssds
s
e 355 e Ll gy 51 G a8l a5 se Slays sdons
el Slasles SHoda ol ol s Gl

g o slgning adlie 53 o KLl b Sloew Siulesl

4 eldanbue (Sl Colde Ol

S S 4o

Lg\ﬁ&ﬁd‘uﬁ‘ﬁ)}loJﬂTwJA{&j}JﬁAq‘MﬁJuﬁ

e sy g el BV G ) o andles 3yge 4ges Yo
‘u'l;ﬁ);\f@b‘;;))J%.ac,il,\.aﬁswasjmjsascﬂ\
St Solda pslie (Y000) 500 530 51 & 4y il e
G Y/0 o awle gl 3ay 2 20 200 G YO &ﬁJ)lJnglﬁ
s e AL Y ey s S Sl 5 555 2 e 1O
Sdade Solda B S e e B4 sl Gy,
S S 6ol d U andllas 3550 (slad gud (gl slddiilms
00 (gl 3l ol 503 Yo 51 aS |z asl of adly e
awle 03,8 55 doy3 80 JS = glale sl S o3 S 55 Ao
O 3l A8 e A sl S s 8 s dayn 0 5 Jul S - NS
Sk Colaa slae  nio edd eslanal oo el
LY G YA ) 5e)lS = 558 aaly 4 by e sdbianulo
e Goy g e Sl AL /Y)Y B35 5 Gy e Sl
daly 55 ol 5l edalcamsay olie &Sty o 5 4 opl ol

ey

1. Todd, D.K., and Mays, L.W., "Groundwater hydrology", John Wiley and Sons, (2004).
2. Ritzema, H.P., "Drainage principles and applications™, Wageningen: ILRI publication. 16 (2006).
3. Fetter, C.W., "Applied hydrogeology", Waveland Press, (2018).

4. Sahu, S., and Saha, D., "Empirical methods and estimation of hydraulic conductivity of fluvial aquifers”,

Journal of Environmental & Engineering Geoscience, Vol. 22, No. 4, pp. 319-340, (2016).

5. Wang, J.P., Francois, B., and Lambert, P., "Equations for hydraulic conductivity estimation from particle

size distribution: A dimensional analysis, "Water Resources Research, Vol. 53, No. 9, pp. 8127-8134,

(2017).

32 Ot lign &

’f" ‘j);ju‘f,_?djj‘;wdﬁw



ceoslizad b oy sloe O] S gk Sl 3550 v

6. Arfeen, N., and Ali khan, T., "Evaluation of PSD Models for the Estimation of Hydraulic Conductivity for
Different Soil Textural Classes”, International Journal of Engineering Works, Vol. 7, No. 10, pp. 338-341,
(2020).

7. Ishaku, J.M., Gadzama, E.W., and Kaigama, U., "Evaluation of empirical formulae for the determination of
hydraulic conductivity based on grain-size analysis", Journal of geology and mining research, Vol. 3, No.
4, pp. 105-113. (2011).

8. Hwang, H.T., Jeen, S.W., Suleiman, A.A., and Lee, K.K., "Comparison of saturated hydraulic conductivity
estimated by three different methods", Water, Vol. 9, No. 12, p. 942. (2017).

9. Aghanabati, A., "Geology of Iran", Geological Survey and Mineral Exploration of Iran. In Persian (2004).

10. Valentine, P.C., "Sediment classification and the characterization, identification, and mapping of geologic
substrates for the glaciated Gulf of Maine seabed and other terrains”, Providing a physical framework for
ecological research and seabed management, (No. 2019-5073), US Geological Survey, (2019).

11. Folk, R.L., "Practical Petrographic Classification of Limestones", AAPG Bulletin, Vol. 43, No.1, pp. 1-
38, (1959).

12. Odong, J., "Evaluation of empirical formulae for determination of hydraulic conductivity based on grain-
size analysis", Journal of American Science, Vol. 3, No. 3, pp. 54-60, (2007).

13. Zhang, S., "Relationship between particle size distribution and porosity in dump leaching (Doctoral
dissertation”, University of British Columbia, (2017).

14. Svensson, A., "Estimation of Hydraulic Conductivity from Grain Size Analyses A comparative study of

different sampling and calculation methods focusing on Vastlanken, Master's thesis, (2014).

’Z"‘j.};}u(ﬁb{.‘/}‘flJLV J’”j‘)jju//’“‘;gf‘””"\{’d;fj*‘b



	5. mozafari - Copy(1).pdf
	edited. 5- mozafari

