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ABSTRACT 

The sustainable management and development of the newly reclaimed sandy 
soils al 8ustan region is facing numerous problems. Amongst, poor soil physical and 
chemical characteristiCS, low soil fertility, water logging and soil salinity in some areas, 
and lack of sustainable crop rotalion. Due to the expected water shortage in the ne::d 
decades. water logging and the resultant salinity problems appeared 10 be the utmost. 

The aim of this study was 10 determine the behavior of spatial distribution of water 
table depth (WTO). zones of water logging, and quality of groundwater lor reuse in 
irrigation, to approach the best sustainable management of about 50,000 feddans 
(21 ,000 hal in 8ustan 1 and 2 (BUS1&2) areas , 

A netv.rork of two grid systems monitored the WTD on monthly or bimonthly 
basis for 18 months, the first with 87 large-scale obseNation wells (lSOW) covering 
8U$1&2 areas. and the second wilh 92 small-scale observation wells (SSOW) 
distributed as 34, 31, and 27 in three villages suffering from water logging problems: 
Ali Ibn Abi Taleb (AIAT). Mohamed Refaal (MRFT), and Tawfeek EI-Hakeem (THKM), 
reSpedively. Water samples from the observation wells were collected to assess the 
parameters of water quality. 

Results showe<lthat WTO were ranged from 0.23 to 7.52 m, which reflected the 
existence of continuous water logging problems in some areas especially at AIAT, 
MRFT. am! THKM villages. The spatial distribution of WTD was characterized through 
the geoslatistical approach. and the fitted vanogram for temporal mD was 
exponential. Field maps using the Kriging lechnique were produced 10 explore the 
spallal behavior of WTO, and to locale the areas wilh water logging probiems. 
Resulls of Ihe Kriging technique were evaluated to assure their accuracy and 
evidenced by low standard errOlS and highly significant COfTelation coefficients. 

The water togging problem appeared in some areas of Bustan region was mainly 
due to seepage from irrigation canals, change from the installed modem (sprinkler 
and drip) irrigation systems 10 surtace system, lack of information on crop water 
requirements and irrigation scheduling. and insufficient drainage system, This problem 
represents a major constraint for the sustainable agricultural production althe 8ustan 
region. 

INTRODUCTION 

In Egypt, if properly managed, the newly reclaimed lands of a total area 
about 1.9 million feddans (0.8 million hal, will have a great share in crop 
production and fOOd security. The newly reclaimed area at West Nubaria 
region including BUS1&2 represents about 40% of the total reclaimed areas . 
The risk of water logging and salinity in this area is quite high, and has to be 
defined earty in the planning, designing and construction processes of new 
systems (Bourrfa and Zimmer, 1994). Schulze and de Ridder (1974) 



EJ·Harls, M. K. and IA. H. Bshnsssy 

indicated that the introduction of irrigated agriculture and horticutture on the 
newly reclaimed land in the BUS1&2, within a relatively brief period, created 
series of problems and probably will generate more in the near future. 
Amongst the most severe problems is the steady rise in water table, 
accompanied by the formation of local groundwater mounds and reversals of 
groundWater Row directions, and the outflow of saline groundwater into the 
principal irrigation canals. EI·Shal and Ismail (1979) studied the effects of the 
present irrigaUon and drainage systems on the hydrogeophysical properties 
of the soils of the Mechanized Farm at West Nubaria region. Their results 
indicated that the field drainage system present in this area Is insufficient and 
led to rapid rise of the water table, and subsequently secondary salinization 
showed up in almost half of the farm area. They also indicated that the 
problem was intensified by the salinization of ground and irrigation waters. 
The Bustan Agricultural Development Project (BAOP, 1995) reported that 
many constraints in the BUS1&2 areas (e .g., poor soil fertility and low organic 
matter can lent, poor soil physical characteristics, lack of appropriate cropping 
pattern and farming techniques, lack of pioper skills, experience and 
extension advices, and marketing problems) are common to smallholders 
throughout the New Land areas. Problems of high water table and water 
logging are found in BUS1&2, where in some areas, WTD stands very close 
to soil surface causing adverse effects on the crop production and 
sustainable management. 

Geostatistics is a great tool to characterize the spatial distribution of soil 
attributes. It has been applied by many researchers to describe the spatial 
variability using the semivariogram and predict the values of soil attributes at 
un·sampled locations by different kriging techniques (Trangmar et aJ. , 1985; 
Warrick at al., 1986; El·Haris, 1987; Webster and Oliver, 1989; Webster, 
1991 ; Bahnassy and Morsy, 1996; Goovaerts, 1998 and 1999: and Bane~ee 
and Gelfand, 2002). The spatial relationship between the values of the 
attribute is govemed by the regionalized variable theOry, which states thaI 
observations close to each other are more correlated than observations taken 
at a further distance (Journel and Huijbregts, 1978). This means that points 
spatially close to the estimation points should be given higher weights than 
those further away (Cressie, 1993). 

The objectives of this study were to: (i) characterize the spatial 
distribution of WTD through a geostatistical approach to construct the region 
WDT maps, (ii) assess the water logging zones, and (iii) define the quality of 
groundwater for reuse in irrigation to achieve the best sustainable 
management for the Bustan 1 and 2 areas. 

MATERIALS AND METHODS 
The Study Site 

The study site is located about 90 km south-easl of Alexandria, east of 
A1ex.cairo desert road, covering BUS1&2. It is located between 30 0 42' • 
30·47' Nand 30"11'·30· 25' E. It is bounded to the west by the Bustan canal 
and to the east by the Nubaria canal (Map 1). The BUS1&2 areas are 
including eleven villages of area about 50,000 feddans (21,000 hal. Three 
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villages namely: AIAT, MRFT, and TtJKM in these areas specifically suffered 
from shallow water table and water logging problems. . 

Land elevation -above sea level- of the study area was ranged between 
5 m in the east and 35 m in the west, with an average east-west slope of 
0.17%. The elevations -above sea level- of land surface of AIAT, MRFT and 
THKM were in the range of 14.7-19.0 m, 13.5-18.2 m, and 11.5-14.9 m, and 
decreased in the middle, northeasl, and north directions of the villages, 
respectively. The depths -above sea level- of impermeable layer of AIAT, 
MRFT, THKM were in the range of 11 3-16.5 m, 10.0-12.0 m, 7.0-13.0 m, 
respectively. 

The texture of soils is generally coarse and varies from loamy sand to 
sandy clay loam. Calcium carbonate content increased with depth in the 
range of 8.8-25.7 %, which is relatively high due to calcareous parent 
material since limestone is the bedrock in this area. However, this calcareous 
nature affects both physical and nutritional soil properties and causes 
undesired condition through the formation of soil crusts and hardpans. Soil 
pH was ranged between 7.6 and 8.3. Electrical conductivity (Ee) of soil 
paste-extracts decreased with depth and varied from 0.8 to 21 dS m·1

, which 
lie in the moderate soil salinity range (0.7 to 3.0 dS m'\ 

. ·"··1 

Map 1. Location of the study area, 

Field measurements 
The Grid system 
Two grid systems of observation wells were used in monitoring WTD. 

The first was to cover the BUS1&2 (eleven villages) with a grid spacing of 
1500)11500 m and resulted in 87 LSOW. The second was to cover the water­
logged areas with spacing of about 300 m and resulted in 92 SSOW 
distributed as 34, 31 and 27 in AIAT, MRFT and THKM villages, respectively 
(Map 2). Additionally. the data of 35, 25, and 20 SSOW distributed in three 
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other water-logged villages in vicinity of BUS1&2 namely: Abou Bakr (ABKR), 
EI-Adl (EADl), and Taha Hussein (THSN). respectively, were analyzed for 
comparisons, and to assess the efficiency of the drainage system for the 
whole sector. The stem hydraulic auger was used to drill the observation 
wells through the BADP for the 1W0 grid systems. Sounders were used to 
mp::t~lJr'" :tlJD.._ . 

. 
I 
I 

--­....... ---
. ----
= -- .. "._. 

Map 2. Location of the large- and small .... cale observation wells 
in Bustan 1 and 2 areas. 

Soil hydraulic conductivity 
Soil hydraulic conductivity (K.) for the saturated conditions in the three 

water-logged villages was measured using the Auger-hole method 
(Amoozegar and Warrick, 1 986). 
Water samples 

Three groundwater samples were collected from three randomly selected 
test wells in each of the three villages (total of 9) of BUS1&2 for the 
determination of EC, soluble bicarbonates (HCO, ), nitrate-nitrogen (NO, -N) 
and soluble cations for SAR calculation. Total soluble salts, soluble 
bicarbonate using the acid titration method, and N03-N were determined 
according to Bower and Wilcox (1962), Allison and Moodie (1962). and 
Bremner (1962). respectively. 
Collected Data 

This study analyzed the data 01 WTD which monitored on monthly or 
bimonthly basis in lSOW throughout the period from April 1999 to August 
2000, and in SSOW for the same period, in addition to the December of 
2003. 
Descriptive Statistical Analysis 

The data of WTD were analyzed for descriptive statistics which Include 
mean, variance, standard deviation, minimum, maximum, skewness, and 
kurtosis (SPSS, 2003). 
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Varlogram 
The variogram (or as named semivariogram) is defined as half of the 

average squared difference between' two attribute values separated by vector 
h, for one variable (Burrough and McDonnell, 1998): 

1 N(h) , 
y(h)= LJZ(x,)-Z(x, +h)}-

2N(h) '=1 
where N{h) is the number of pairs at lag h, Z(x,) is the value of the attribute at 
location (Xi) and Z(x! + h) is the value of the attribute at location (Xi + h) 
separated by distance h. The separation vector h is specified with some 
direction and distance (lag) tolerance. This variogram is used to characterize 
the spatial dependence of WTD and then fitting them to one of the known 
models, i.e. Linear, Spherical, Exponential, and Gaussian (McBratney and 
Webster, 1986), Unbiased estimator is called experimental or sample 
variogram. 

Kriging 
The Kriging technique is optimal technique that provides linear 

estimator Z'(Xo) in a sense that the weights of local averaging are chosen to 
give unbiased estimates while keeping the estimation variance at minimum 
(Journal and Huijbregts, 1978; Webster, 1985; EI·Haris, 1987; Isaaks and 
Srivastava. 1989; and Banerjee and Gelfand, 2002): 

, n 
Z (xo) = LW, Z(x,) 

;=} 

where Wi are the weight factors that related to spatial dependence and point 
geometry whereby near points generally carry more weights than distant 
points, n is the number of points. The lack of bias conditions yields: 

n 
LW, = 1 

i=1 
The parameters from experimental variogram (nugget, sill, and range) 

were needed in Kriging to perform interpolation. 

Cross Validation 
Cross validation is a technique thaI is used to compare estimated and true 

values using the information available in the data set. In cross validation, the 
estimation method is tested at the locations of existing samples. The sample 
value at a particular location is temporarily discarded from the sample data 
set; the value at the same location is then estimated using the remaining 
samples. Once the estimate is calculated, it is compared to the true sample 
value that was initially removed from the sample data set. This procedure is 
repeated for all samples. The error (e) expressed as (lssaks and Srivastava, 
1989) , 

e=Z'(x,)-Z(x,) 
where Z'(xJ is the estimated value and Z(xJ the true value. Mean square error 
(MSE) is calculated from Ihe formula: 
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I • 2 
MSE=-r.. 

n I_I 

The Linkage between Geostatfstlcs and Geographic Information Systems 
(GIS) 

The estimates from kriging technique, and the associated error 
. (Gamma Design, 2001) were exported to A.rt View GIS software (ESRI, 
1997) for better visualization, mapping, and printout 

RESULTS AND DISCUSSION 

5011 hydroulle eonduc:tlvlly 
The field K. values were 4.59x104 , 4.78x l0-5, and 4.48x10~ m 5-' for 

AIAT, MRFT and THKM villages, respectively, with an average value of 
4.62x 10-5 

m 5' which indicated the fast movement of water In the soil profile, 
and the sandy nature of the soil in the region. 

Groundwater Analysls 
The analyses of the groundwater samples collected from the test wells 

are presented in Table (1). According to the guidelines of water quality for 
agriculture (Ayers and Westcot, 1985), the salinities ranged from moderate 
(1 .5 dS mol) to high (5.3 dS m-') saline water. Moreover, generally, the low 
values of SAR showed that no expected sodicity or permeability problems 
may take place. Nitrate-nitrogen concentrations are of moderate range. 
Bicarbonate concentrations are of moderate to high risks wtth the sprinkler 
irrigation system. 

Table (1): Average groundwater anafysls for three villages at of Bustan 
1 and 2 areas. 

Village 

Ali Ibn Abi Talab AlAT 
Mohamed Retaat MRFT 
Tawfeek EI-Hakeem KM 

Descriptive Statistics 

SAR 

3.2 
5.3 
12.5 

NO, 

The classical statistics are given in Table (2) covering the BUS1 &2 with 
LSOW, and the six villages, three from inside and three from outside 
BUS1 &2, with SSOW. The values of mean, minimum, and maximum of the 
six villages AIAT, MRFT, THKM, ABKR. EAOL, and THSN indicated the 
water logging problems. The situation was even worse outside BUS1&2. The 
high values of standard deviation indicated larger heterogeneities of WTD in 
the Bustan region. The % CV values reneeted medium variation of WTD 
according to Warrick and Nielsen (1980). Skewness and kurtosis for a normal 
frequency distribution are zero, and their significant values indicate noo­
normal distribution (Snedecor and Cochran, 1980). Results of LSOW 
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indicated thai WTD was close .to non-normal distribution. The distribution of 
WTD based on SSOW measuremenls al ABKR and THSN were non· normal 

Table {2) . Descriptive statistics for water table depth (rh) for Buslan 1 
and 2 areas, and for six villages based on large· and small · 
scale observation wells during the period from April 1999 to 
Au ust 2000. 

SSOW inside BUS1&2 SSOW o utside SUS1&2 LSOW 
arameter at villa gl at villa e1 (AU 

AIM MRfT THKM ABKR EADL THSN BUS1&2) 

'" 2.22 2.66 '14 1.89 168 15' 3 .61 

landale! Deviation 1.01 106 0.74 0.79 0.74 0.57 1.42 
V (coefficient 01 variation. 

45.58 39.82 3;4.79 41 .72 ••. 1. 37.80 39.26 

ariance 1.02 1.1 2 0.55 0.62 0.55 0.33 2.01 

Inimum 0.23 0.57 0.76 0.30 0.28 0.21 057 
axlmum • . 22 4.59 3.77 4 .22 338 3.25 7.52 

kewness 0. 16 ·0.14 0.27 0.39 - 0.26' 0.26 1.09 

urtosi$ 196 2.18 '.06 2.90- 2.05 2.57- 6 .93" 

(Number 01 readings) 578 527 459 595 425 340 1479 
SSOW-small·,cll •• nd LSOWooI.rg.-.c.I, ob$tlrv.Uon will. 8US1&2-8L11tan lind 2, AIAT-AII Ibll 

Abl T.leb, MRFT_Moh.med R. ful, THAM-T,wfeek EI·H.1kHm, ASKR .... bu S.kr, EAOL-EI-Adl, and 
Tl-ISI'I-T. ha HUlS,ln vlll~'. 
' .M Slgllflc,"t at O.OS.1Id a.Otl. v.1 of probability, respectively. 

The Best· Fitted Variogram Models for Temporal Data 
The spatial dependence between neighboring points i.e. the average 

rale of change over distance, and interpolation based Kriging, are all depend 
on the variogram. The estimalion of a valid variogram is critical for 
geostatistics. Kriging depends on an accurate variogram for estimating 
weights for interpolation. Using incorrect variograms can leads to unfavorable 
precision 011he kriged estimates. 

The vanogram analysis reveals thai the spatial dependence of the 
WTO throughout the study period is exponenlial which formula led as follows; 

Y(h) =C" +c,tl-exP(-gu 

Alt the parameters of the exponential variogram for WTDs that 
measured in lSOW at selected months are given in Table (3) , and Ihe 
variograms are shown in Figure (1). 

Mapping Water Table 
The parameter of the exponential model fitted to the variogram of the 

predicted WTO were used as input to the kriging process to interpolate 
estimates at all points of large-scale grid. The maps represent the temporal 
spatial distribution for BUS1&2 areas (Figures 2 and 3) . Zones of waler 
logging were clearly observed, and greatly veri fied with the measurements of 
SSOW. The obtained maps are of great importance for assessing the 
behavior of WTD. and water-logged zones. This would help delineate 
management zones, based on the spatial variability of water table fluctuations 
in the study area. 
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Tabr. 3. Variogrllm modele for wlt.r table depth In Bustan 1 and 21ren 
b .. ed on the mea.urements of obalrvatlon wells 

the 

Month Modo' 

_ ..... - _ .. _-
,. -

•• 

I..: I·· - -
"'. - - - - - - - ---- I. _ .... - _ ..... -

1 

- .;, .;, .;, - - - ---- ----- _ .... -
• .• 

I ~ 
-

- - - - - ---- ---
Figure (1) : The flHed exponential vanognlma for water table depth In 

BUltan 1 and 2 areal throughout the study period. 
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Figure (2): Krlged maps of wat.r table depths In BUltan 1 and 2 areas 
for the y •• , of 1999. 
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Figure (3) : Kriged maps of water table depth' in Bustan 1 and 2 areas 

for the year of 2000. . 
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Based on the kriged maps, the percentage of the areas in BUS1&2 were 
0.02-0. 12 %. 0.26-1 .35 %. 0.64.0 .60 '4 . 3.54-8.40 %. 9.61-14.26 %. 63.38-
75.79. %. and 8.27-10.13 % for the WTDs 0.5-1 .0 m, 1.0-1 .5 m, 1.5-2 .0 m, 
2.0-2.5 m, 2.5-3.0 m. 3.0-5.0 m, and 5.0-10.0 m. respectively, throughout the 
period from April 1999 to August 2000. 

Cross Validation for Kriging Prediction . 
The process of cross validation between the estimated and the true 

values permits the evaluation of accuracy. The close relationships between 
measured and predicted values are evidenced by the low standard error (SE) 
values and the signifICance of the correlation coefficient (r) at 0.01 level of 
probability. The regression equations resulted from the kriging cross 
validation are as follows: 

April 1999 kriged WTD (predicted) = 1.28 + 0.66 WTD (measured) 
r = 0.39" SE prediction = 0.17 

Ju~ 1999 kriged WTD (predicted) = 1.41 + 0.62 WTD (measured) 
r = 0.40·· SE prediction = 0.15 

Octotier 1999 kriged WTD (predicted) = 1.26 + 0.66 WTD (measured) 
r = 0.38·· SE prediction = 0.18 

January 2000 kriged WTD (predided) = 1.40 + 0.63 WTD (measured) 
r = 0.36·· SE prediction = 0.18 

April 2000 kriged WTD (predicted) = 1.42 + 0.62 WTD (measured) 
r = 0.36·· SE prediction = 0.18 

Ju~ 2000 kriged WTD (predicted) = 1.50 + 0.60 WTD (measured) 
r = 0.35·· SE prediction = 0.18 

Average kriged WTD (predided) = 1.38 + 0.63 WTD (measured) 
r = 0.37"" SE prediction = 0.17 

FluctuatIon of Water Table with Time 
The average fluctuation of water table with time to( the AIAT. MRFT. 

and THKM, along with ABKR, EADl, and THSN villages based on SSOW 
measurements are shown in Figure (4). R~ative to the average fluctuation of 
the region. the temporal changes of water table for the water-logged villages 
were different, which indicated the severity of water logging problem. This 
revealed that the installation of a complete network of ditch-. sub-main. and 
main drains in BUS 1 &2 areas is essential to avoid water logging problems in 
the Mure. 

Effect of the Construction of Main Drains on Water Logging Problema 
The Drainage Authority (Ministry of IrrigatiOn and. Public Works) 

constructed Ihe main drains to intercept the percolated water and partially 
solved the preached water table problems. Figure (5) showed the effect of 
installing main drain (Husha drain) on the average of WTD at AIAT. MRFT, 
THKM. ABKR. EADl. and THSN villages. The water table levels decreased 
in most of the observation wells at these villages. However. AIAT. MRFT. and 
THKM vil lages of BUS1&2, in addition to the other villages outside BUS1&2: 
ABKR. EADL, and THSN still need an efficient drainage system. 
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Figure (4): Average temporal fluctuation of water table for three villages 
of Busta" 1 and 2 areas (Ali Ibn Abl Taleb:zAIAT, Mohamed 
Refaat=MRFT, and Tawfeek EI-Hakeem=THKM), and three 
other villages (Abou 8akr=ABKR, EI-Adl=EAOL. and Taha 
Hussein=THSN) in the vicinity for the period from April 1999 
to August 2000. 

Village 

'- ff t ~ l J' ... ,,;,; ~ ~ ~ 
0.' 

E .(l,$ I 

S • Q . 1.0 1 
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• . , $ • 
~ c"""'" ~ ·2,.0 , 
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Figure (5) : Average water table depths as before (November 1998) and 
after the installation of the main drain. (All Ibn Abi 
Taleb=AIAT, Mohamed RefaapMRFT. and Tawfeek EI· 
Hakeem=THKM), and three other villag • • (Abou Bakr=ABKR, 
EI-Adl=EAOL, and Taha HusseincTHSN) In the vicinity of 
Bustan 1 and 2. 
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CONCLUSION 

Field maps using Kriging technique were produced fOf detecting the 
spatial be."avior of water lable depth, and to locale areas with water logging 
prot'ems. The main reasons of the shallow water table and water logging 
probie'Tl s. generally at the Bustan region and specialty al Bustan 1 and 2 in 
Ali Ibn Abl Taleb. Mohamed Refaal and Tawfeek EI-Hakeem villages. were 
identified ciue to the presence of impermeable layer close to the soil surface. 
seepage from irrigahon canals, the excessive waler applied in irrigation 
throuyh tne use of the surface instead of the installed modern irrigation 
system, and inadequate drainage system in the region. The constructed 
main drams were insufficient to meet the drainage requirements of the area. 
The installation of a complete network of ditch-, sub-main, and main·drains is 
essential te avoid any future problems of water logging. 
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