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Figure 1- The position of Navroud-Islam watershed in the city of Talesh, Guilan province, Iran, as well as the positions of
infiltration test over the Navroud watershed



1394 ;T - s < dojloi (29 > (S g ST 4 790

o 16 Jleisa b b o dobl loj coilisl g am slapes
53 D9 o bl L 3y90 loj g D9 disu y ailgrul (9,0 O
U a0 )L 12 fols sl gyl e 100 ooes pils guios
(22) 15,5 o £l S xaw Y ol o> cpl b b 03y

o Gislojl LS 0 ases SB Cunsy ololis gl
ladsges casg dilize aas 50 )3 (S Gy 4 Grdde
2035 et )] b colStslojl )3 g s dlai 50 ol 5 55 S
B Ly yiegyen gy & S IS 03l @i 5 Bl e
(9) wi plsl Jols

ssaioas 3 JSos i) dis ioxie ()29l ey J) (g
3 (17) e pbias o l3le s bl (Sgyien culan glsed
spide (P9 e > 4 38l cpldy gyt oS AL e
A dgg an pldl gLl Sdgyae colin gl (gl 1V g0
o3 4l oo )9Sl ol (13558 (umgialiy ages 55 4ol
sleosly 5l odliwl L L asd )5 (17) o Lsan g pLlwY Lwg
9 (IS5B sbayiall Il (o oreoi 3985 (ocie g 0 Cudl
O gLl (Sgyin colia e w5 (oulide lajpelly
9 2y byl b (i56gS0y SB Cush) @B 5 ey cnl 2 29
e o Sl 6095 9 S (S Colia
OB asled oMbl ol ad oolaiwl SB(Sdg)in sdnasuin
Sl 23,8 o 4]yl aabl 5 eslatwl 350 i sl 5l slaoMs
D9y 50 03,5 axslie (17) o) Ken o pLloY & i oleMbl
Sopip dasiie gl ixie Gla Shy (we3S edlitl )90
O3S g JSb sl el (a5 Jold ads o 93 3 S
Slapls (b b pe o w58l a4 398 0o plol ojlal sl el
290 pL5l 2

S5 sl pel)ly (o3 -

S ganaly gy ome JSb syl (e =1 pl8

bo JUS )5 day (a5 =2 pl8

dasule (slaimxie JSb (sla el dlre =3 pLS
SE (Sdgyien

ol sl ol (yeS — 0

3 2590 alpd dloe -1 18

Ol de el ally e Sl dnslowe =2 618

colin g Ol Ol e bl el polie cpess =3 pLS
2 bz JEu0ke Loy £9yd b (108 b gldl (Sdg)ae
O 5 Lhale]]

palie CBuil 5 JBuilep ol bl oloj amslxe -4 518
ol @il 4 glusl (Sdgyan culin 5 O Cla cubls ol yiae

o551 Lola yzalyb pole dpwle =5 pl8

uT L{"LQ—M’ ;,S)_w Sow )I p]l.wl .)9)9U 43[&.)9) )4..’>o-| M9>
2 NS e ddlaio G yre ddgs (lais a4y (IS liwl (gladlaio
dasio il g (oadBl oloolKia] 4l 4 g ol ad )3 s
& e Sy oS dw s g pl )0 .l 0030,5 Jae
ASal) B 550 (S o) (255 53 I8 il
9 295 5 o] ol 93 g (5 olStul) Cawd YUy g (kS
Ol oMo dplxe g laosly J Sl 5 35, )5 s calise
o=l SleMbl SOL oSS jglaiody 8555 o0 Hl)8 oolatul 350
Sk bl (Sdgpun cola abaigy (lp ol adlas wises
oS 202 Juolgh L g Ll jglain cpdy 1) g A
S5 L dgis talojl 0ad sloml (slae,S )3 g 5 43,5 (g4uaSed
oo g (P9 gy 4 298 b (L JS5) w35 2l (5 s
2UsS e 0 U w0 Ol blas slass L1 dd s 400 ygusl]
g 00l ol Jlej Olyss B0, eSS 1y ooy cuibyy e
Wguds Gl il Slbe cely

398 Gl 3T 1 ) Ul

e et ol i (rdsi gy S (L) oS o)
5 glads b dlginl S alwgas a5 ol (o Sl S 3905) 52U
2o D6 slmodly ¢ oo ialesl g o Il yie il 20 b
b, «SLS ganasly ovie 0yl o wald 1) oyl 4 s
Oy M JL 2)90 o (i g ol (ogatte p s
il 0dol 125 )3 plaie (slapls ©jp0a gl Siule] gl

SxSol lp g 03 )8 SB w69y |y o Wl ST
928 S B jo gl 93 b Sy i 4 Lol O 88l g5 )
iy SB o g9, 5k oF bl b (2LS Gids Ly
Al o (B adidyy oS Jls )5 Waud

lgial LIl (6 e 0lo gy Bos b S 08 p0 diged S
il oo 5 S eyl Cug) 25500 Saglaer 00 s
5 s pogate pr> s sly Wigd e pasute (9) S
P98 plxl )b paiges 3 S gl

100 See) OF 1 paseto poes Sy dsss Gialof] 9,5 (sl
S)30 Olej 9 S en Ay dilgial (19,0 41 yho (loj 3 (ke
02055 o2 S S sl sl 29800 S0l Gl B9 (s sl
48 Slej (2 JS8) b oolisel (55 domivo S 5 S s
oA e e )8 3o S 3 4 JolS jebas o adgl o
2985 (sl 53 390 (o g 2gdion 4By, wlgtl (19,3 4 (6,50
O3S Ll iy eed a0 loj) dab o cablaly



791 LS ool Wil 555L sl adgm 53 S gLl Sy yond Calid (g oiuding

oyt 25 o )5 lawgie dikb ) asge S 9k 095 (2)
s a8 5 10 18] angs S Sgynn colia ol
(18) ol)Sen g (piVlo ol oYU g5 sl)b asgs S5 il
Phedp g s JB uhb b pd SB S (Sgpa colia
So Lwgr SB gyl pdiaed LS pl 160,87 anyy oK lo ]
b5 Sygo yin 5l D b g e 5l D1 Jgb 4y 4l
el (SJgyhn Colin lyuis Co s g dae 60 ladiges sl
el gles s &y Wilgs o oSl ysls dslllas jd ol salie
St o L (23) (5l So g Voo a8l (pSeslil s
w3 oad ddllos cLacss lawd 5 Sosb Sluogas
G481, S1 elusl Sgyhd colin s Co o ey calise
e S 1) SB Caogad ol g 60,8 515 10> 352
2o 151 g ately cpl PH (1 &8 S)go 13 23,8 (B ypme YL
© Gl b Caogad K s & Cuogad (pl g 05 S5
ol imgh eldl (Sdgyin Colin Glpnsl o ps Ad (Byme
o] asgs S glasl (Sgyd colin Olyuss copd (09
adlas 3)90 4dg> > joSde pel)ly 3bj Sl pess oL 399U
9y Slyss Julow gl S ol 1 onliul 0 5L ol plis el
)b
sl asge > Lt (Sdgyrn Colia slos pusies 3 JS
N3le s 5l oalaiwl b ol (glas yuusSipus a3 o L ) 29,0l
=85 gals’ (g0l bl aShl & do bl 00 a5 GSH
wb) (o) a5 g, 51N 0395 Jloys Waodls @ g5 i ypoud
ol s gl 9,8 eolatwl el (gilw Loy (sl (xnb
oy i oylel laails Dg (63,5 luenl By, 3939 pis
il 3 ol (el yo w0 ko 0/0057) sl @las e
&9y 95 adlhe 3 (14) LKen g JLBI )l sl Jao canlin
162 coliwe L i as 3o o o SB gl (SSgpn colin
Sl 5 gl 5,8 ool yio T4 alold b aiges 209 I LS
odlatl ples ool glsl (g pdun colia SIS Julow 5 4550
alw] 4 (glaadad 5l cuns 31 oni al) canails sb .05,
2o 15625 5 31 o SlKe (Siuly 2dl 2o )> 25 I j2aS
Stundly 23l 2053 15 5l Gy 51 5 Lawgite Gl (Stanly 030
L oyl 3y90 adlllas ,> SlSe (Siunly .(19) cnl cans S
53 b yl5S (Moyd 27-50) Lawgie osd iy yai (a3ls 4 dsgs
0 2280 S gLl (SJgyhn cobin 15U glad yols ingh
JUladlae )3 0 ()15 e Jl 555 Sl o5 35 (e

Giadagy

§ el asg ) el (Sdgyaen cobia ganaig 1y S
slaoshy Sie SuSTy oo 4 b 1ol g odlitul el ysej
GS* 3 3lei S Sl sl 95 w3l lt] (Silgyiun Colin
Loodly xy505 Canwl yigg oSyl & dogy b b odlawl5. 1.1 iyl
=855 90l ygeil Sl eedls ¢392 Jloyi (e sl 1 w3l Jlos
pAe Cyao pd g 3b o3laiwl SPSS ;i dls 5 SaS &y (& ypom]
b b o)l b L ol «Jloy @i Jl odls cons
Ol e )5 S5 Jlop @ig 4 ) edh mje8 b
b9 sl gl (Sgpen ol L glos s slaasls
TR u?(.«_w)l.&_cl Li_u.‘x))f 9 d_old ()“S‘c Q.)].)O)'a 02’9) 90
L eldl (Sdgpin colin (g bdlpy 4dl and 4 pldl
gy colia gandals gl b AICGIS lisle sl oolatul
=25 el L (B) o2yl bawgs oad )l gunadls I gl
Colia gl SLs 09,8 oy, 5o ad odlaiwl Loy, §
09,5 olyis o Sl ploilo 93 U o I eledl (Sgyien
U 90 jl gl (Sgphn colia (gl S 09,5 iS5 53400900
03V 5 bawgie (30398 09,5 lpie 4 el yia Bl b
el p o Bl G gluil (Sg)in colia gyl SB og )
D gdiadels W5 (5 pdpdei 09)5 lyie 4 VL

oS il ol aodhy (gle] ciuogi SodMS Lol SeS &,
slooylal 1 i .88 & 00 lne liil 5 uily)lg iy
bLE 13 35)5l5 jsul ausge S (S5 luogas 4 by
Sl ogase pra (5ke w30 L 1) (550l
Sy o 92 YU 9 s o Sl 2,5 1107
b go oximdyLis (10> 21-31) o)y 9 oY oy slaso
Colin 4 Sl an an g b asb o bl 29,90 ssul ases S
g 3l WS Gt i 45 Sl ogad ST (Sgyien
gy ol oS il sl g e W cuwl SBleis e
3y50 50 dobdl j3 a8 WSl £o glyb SB il asle 3o SB gl
Ll 04 Cou OT
Colin o2 JSLs) (lej = (e28 3985 it (el 3l
s slmo,lal aoMs 4055 gl sl S glul (Sgyn
2 Jgaz o oad 5 pSoilul alai 50 o gludl (SJgram cobia
3/96 39,90 sl adge S SJgun Colin (1Kl 05 03]
S92l g oul )l gandil ol g el o il

1- Semivariogram



1394 ;T - w0 dojlos 29 ol (S g ST 4 pis 192

i 50 5151 39,90 jubul adgs S (K00 Oluoguas 4 bgsye slao ol -1 Jgux
Table 1- Statistics related to the soil physical properties of Navroud watershed for 50 points

Wl wineS e iyl e Gl ol
Median Minimum Maximum Variance Standard deviation

O L 38 15 62 140 11.85
Sand (%)

Y 2oy 325 18 51 49.9 7.06

Silt (%) : : :
Py e)d
0,
Clay (%) 30 17 47 43.6 6.60
sl ogae oy

Bulk density 1.07 0.8 15 0.05 0.21

(gr/cm3)

(CM A o s (W9 U ol (535031051 $Luldl (g b Colud &y bos g (sloo, Lol -2 Joua

Table 2- Statistics on saturated hydraulic conductivity measured with Beerkan method (Cm hr'l)

&lo KoS UTMX UTMY B UTMX UTMY byl CcvVv
Median Minmum Maximum Variance (%0)
2.8 0.1 297510 4170414 32 306695 4168164 35.8 151
CV: Coefficient of Variation
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Figure 2- Example of the cumulative infiltration-time curve in the Navroud watershed (Position (298268:4170086), bulk
density: 1.19 g cm?, saturated hydraulic conductivity: 2.52 cm hrt, sand (%): 34, silt (%6): 51, clay (%): 15, soil texture: silty

clay loam)
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Figure 3- Semivariogram of saturated hydraulic conductivity based on normalized values in Navroud watershed
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Introduction: With increasing awareness of human beings towards the environment, researchers pay more
attention to process and redistribution of water flow and solute transport in the soil and groundwater. Moreover,
determination of soil hydraulic conductivity is necessary to determine the runoff from basins. Water movement
within the unsaturated zone is often described by the formulae proposed by Richards. To solve this equation,
initial and boundary conditions of the hydraulic conductivity and the soil water pressure should be determined as
functions of soil water content. Beerkan method was developed to identify retention and hydraulic conductivity
curves. In this method, van Gunechten with Burdine condition and Brooks and Corey equations were used to
describe water retention and hydraulic conductivity curves. Recognition of the spatial pattern of studied
parameter using semivariogram and then preparing zoning map with interpolation methods such as IDW and
kriging can help us in relevant watershed management. The aim of this study was to spatial analyze of saturated
hydraulic conductivity from 50 infiltration tests at watershed scale using Beerkan method and then preparing
zoning map for the Navroud watershed.

Materials and Methods: Navroud-Assalem watershed with an area of about 307 km? is located in the west
part of Guilan province, within the city of Talesh. Of the total watershed area of Navroud, about 41 km? is plains
and the rest of it is about 266 km?, corresponding to the mountainous area. The study area includes an area with a
height above 130 m. In order to complete the database of the studied watershed the present study was designed
to assess soil saturated hydraulic conductivity. In this study, a 2x2 km network was designed in Navroud
watershed with a surface area of 307 km?, and then infiltration tests were carried out in each node using single
ring of Beerkan. Beerkan method derives shape parameters from particle-size distribution and normalization
parameters from infiltration test with a near zero pressure head. Evaluation of spatial variation was done using
GS+ and zoning map was prepared with ArcGIS software. Statistical evaluation of recorded data was done using
SPSS software package.

Results and Discussion: Results showed that the soil bulk density was of 1.07 gr cm?® in average.
Furthermore, the results showed that the average of saturated hydraulic conductivity (Ks) in the watershed was of
3.96 c¢cm hr! with a coefficient of variation of 151%. The watershed K; is classified in the moderate class.
Regarding the high value of K variation coefficient, using geostatistics is necessary to analyze K spatial
variation. The results indicate the absence of the anisotropy. Using GS+ software, exponential model was fit on
the empirical variation (r?=0.953 and RSS=0.0057 c¢m hr-t). The effective range was of 2280 m. The difference
between the amounts reported by other studies and this study was because of the effect of the difference in the
study area (307 km, in this study), scale (the field or watershed) and the distance between measured points. Two
usual methods of interpolation including inverse distance weighting and ordinal kriging were verified. The
results showed that ordinal kriging performed better than inverse distance weighting method (RMSEs for ordinal
kriging and inverse distance weighting were 8.97 and 9.75, respectively). Zoning map of Ks was prepared
according to the results of GS+ software using ArcGIS software. The correlation coefficients between Ks and
sand, silt and clay percents were -0.04, 0.01 and 0.07, which demonstrate a weak effect of soil texture on the K
as compared with soil structure. The correlation coefficient of the soil bulk density with Ks was of -0.45 which
demonstrate a stronger effect as compared with the soil texture.

Conclusions: The results of this study can be used to proper management of watersheds. One of the main
information needed to manage a watershed is Ks. Determining the spatial variability of soil saturated hydraulic
conductivity at watershed scale in spite of its difficulty is one of the main prerequisite parameters to provide
detailed maps of a watershed. The aim of this study was to analyze the spatial variability of Ks in Navroud-
Assalem watershed, Guilan province. After analyzing spatial data, using ordinary kriging interpolation method,
zoning map of K was prepared. This map can be used to find the optimal management of watershed, such as
determining the amount of basin runoff and groundwater recharge.
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