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ABSTRACT: 
 
Wajid Formation is one of the most important water-
bearing aquifers in the central part of Saudi Arabia. It 
consists from sandstone lithology of Lower 
Carboniferous age. Due to lack of drilling, the 
petrophysical characteristic of this aquifer is not clearly 
understood. The aim of this work is to study the 
petrophysical properties of Wajid Formation using the 
available well logging datasets. The analysis revealed 
the presence of three different zones. A middle zone 
consists mainly of shale with bad properties (low 
permeability < 0.002 mD; high shale > 95%; and very 
low effective porosity < 1%). Two overlying and 
underlying zones of good petrophysical characteristics 
(low shale < 10%;  good effective porosity > 10% up to 
16%) and fair to good permeability for the upper  zone, 
0.2 - 2.0 mD) and very good permeability (5.0 mD) for  
lower zone. Petrophysically, the lower zone is the best 
and we do recommend using it in water production 
and other purposes. 
 
1. INTRODUCTION 
 
The study area is located within the As Sulayyil 
quadrangle, which is part of Al dawasir area. It is 
bounded by latitudes (20°25′00-20°40′00′′) N and 
longitudes (45°00′00′′- 45°25′00′′) E (Fig 1). The 
importance of this area stems from the fact that it 
contains one of the most important water-bearing 
aquifers (Wajid Sandstone) in Saudi Arabia. The Wajid 
Sandstone is a major water aquifer in Saudi Arabia with 
a proven groundwater reserve of over 30, 000 million 
cubic meters (Dabbagh and Rogers, 1983; Moshrif and 

El-Hiti, 1989; and Hussain, 2007). 
 
 

 
Fig.1 : Geological map of the study area 

. 
 

2. GENERAL GEOLOGY 
 
The study area is located in the Arabian Shelf very 
which according to Power et al. (1966), was formed 
after solidification of the Arabian Shield and buried in 
the Tethys Sea beneath thin sheets of almost flat-lying 
sediments.  
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As shown in (Fig.2), the area is covers by thick 
sedimentary sheets mainly of alluvial fans, sandstones, 
siltstones, gravels and Wadi deposits. 
 

 
Fig.2.: Regional geological map showing the study area. 

 
 

Wajid Formation consists from sandstone lithology of 
Lower Carboniferous age. It Sandstone covers an area 
extending approximately 450 km N-S and up to 300 km 
E-W (Geukens, 1966).  
 
The Phanerozoic rocks which begin with the Wajid 
sandstone comprises of four lithostratigraphic 
members that represent marine, fluviatile, and 
periglacial environments at the time of deposition. 
Kellogg et al.  
 
(1986) divided the Wajid sandstone into four members 
(Fig. 3) Of north of latitude 20°N in the As Sulayyil 
quadrangle; namely from younger to older: 
 
(1) Juwayl 
(2) Khusayyayn  
(3) Sanamah, and  
(4) Dibsiyah. 
 

 
 
Fig. 3: Stratigraphic succession of the Wajid Formation southwestern 
Saudi Arabia. (Kellog et al., 1986; Evans et al., 1991 and  Sharland et 
al. 2001). 

 
The revisions from Stump and van der Eem (1995) 
elevated the Wajid Sandstone to group status and the 
component members to formation status. They 
recognized the Qalibah Formation (Qusaiba Member) 
as an additional component of the Wajid Group. 
Finally, the scheme of Kellogg et al.  
 
(1986), was modified by Stump and van der Eem 
(1995), and divided the Wajid Formation is divided into 
four members from bottom to top. Assuming that the 
total thickness of sandstones between the Arabian 
shield and the Khuff Formation is that of the Wajid 
Sandstone, the total Wajid thickness would be about 
950 m . 
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3. DATA ANALYSIS AND METHODLOGY 
 
The well logging data are analyzed and interpreted to 
characterize and determine the petrophysical 
parameters for the Wajid sandstone formation. 
 
 A comprehensive petrophysical analyses are carried 
out and the most important petrophysical parameters 
(shale volume, porosity, fluid saturation, well 
productivity, lithology, etc.) that are necessary for 
characterizing the target water-bearing aquifer, are all 
deduced.  
 
The utilized methodology are following the proper 
techniques that are usually  applying in characterizing 
the water-bearing and/or the hydrocarbon reservoirs 
(Archie, 1942; Person, 1963; Dresser Atlas, 1979 & 
1982; Schlumberger, 1972, 1974, 1987; Glover, 2000; 
Lashin et al. 2011 & 2014; Lashin and Serag El Din, 
2013; Lashin and Abd El-Naby, 2014). 

The well logging data in a digital ASCI or LAS file format 
are processed and corrected for the environmental 
effects and unwanted conditions, before being used 
for the final interpretations.  

These data are acquired from NADEC Company and 
Ministry of Water & Electricity Water Resources 
Development. Three representative wells (NADEC-125, 
NADEC-126 and NADEC-12) were selected to shed light 
on the prosperities of the Wajid aquifer in the study 
area.  

A number of quantitative and qualitative well logging 
analyses (Histograms and Pickett plots) have been 
applied to give some insights about lithology and water 
saturation.  

Furthermore, different petrophysical parameters are 
presented as vertical analogous (petrophysical data 
logs, PDL) for further interpretation. Aquifer quality 
logs (AQL) are constructed to identify the best zones 
for water production. 

 
4. PETROPHYSICAL ANALYSIS 
 
4.1 Qualitative Analysis 
 
4.1.1. Water Saturation Determination (Pickett Plots) 
Pickett plot (Pickett, 1972) is one of the simplest and 
most effective cross plotting methods in use.  
 
This technique is not only used for estimating water 
saturation, but also can help in determining the 

formation water resistivity (Rw), cementation factor 

porosity logs (Asquith and Gibson, 1982). Regarding 
the constructed Pickett plots for three selected wells 
(Figs. 4 to 6), a 100% water-bearing nature of the Wajid 
Formation is ensured in the study area.  
 
Most of data points are clustered along the 100% 
water saturation line. Some data points are located 
between the water saturation lines 80% and 60%, 
representing the clean productive sand intervals of the 
Wajid Formation. Some data points, which are located 
beyond the 100% water saturation line to the 
southwest direction, represent the shale zones of the 
formation. 
 

 
Fig. 4: Pickett plot of NADEC-125 well 

 

 
Fig.5: Pickett plot of NADEC-126 well. 
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Fig.6: Pickett plot of NADEC-12 well 

 
4.1.2. Gamma Ray and Permeability Histograms 
 

A number of histograms have been constructed 
mainly for the gamma ray log and for the permeability 
(Figs. 7 to 12). These two parameters are selected to 
give some insights about the lithology (clean & shale) 
and aquifer quality. Figures 7 and 8 show the gamma 
ray and permeability histograms for NADEC-125 well. 
The gamma ray histogram indicates a clean, un-shaly 
nature of the Wajid Formation in this well. The total 
intensity of gamma ray log ranges between 10 API and 
40 API with a total number of 280 points. The high 
intensity gamma ray zone is mainly related to the shale 
zone, which is located nearly at the middle section of 
the formation. The permeability histogram shows 
dense graduation of values between 0.1 mD and 0.2 
mD (Fig. 7), which represent the clean sand section of 
the Wajid Formation. The frequency of the 
permeability points along the vertical scale reaches an 
average level of 100 points, representing permeability 
range of 0.3 mD - 0.05mD. This range implies fair 
permeability status in terms of the reservoir quality. 

The gamma ray and permeability histograms of 
NADEC-126 well are shown in Figures 9 and 10. The 
gamma ray histogram shows two responses. One of 
them exhibits high range of intensity between 20 API 
and 45 API with a maximum vertical frequency of 200 
points. This range of intensity represents the shale 
zone which occupies the middle of the Wajid 
Formation.  

The second one is a gradual zone between 50 API 
and 130 API with a low vertical frequency of about 40 
points. This zone represents the low shale portion 
which constitutes a considerable part of the main 
Wajid sand section. The permeability histogram (Fig. 

10) illustrates irregularities and scattering of the 
values. Some high frequency points of low permeability 
values are located between 0.2mD and 0.7mD, which a 
major range of permeability values between 0.09mD 
and 0.4mD. 
The wide gradual range of distribution of gamma ray 
histogram as well as the scattering of permeability 
values indicate anisotropic lithology of the Wajid 
Formation, which may be due to the presence of some 
shale grains as argillaceous  matrix in the clean sand 
section. The gamma ray and permeability histograms 
of NADEC-12 well are shown in Figures. 11 and 12. The 
gamma ray histogram  shows a good distributed lateral 
range of 15API to 90API with average vertical 
frequency of 9 points. The maximum recorded gamma 
ray is 93.06API.  
 
The permeability histogram, on the other hand (Fig. 
11), shows high vertical frequency (up to 85points) of a 
bad permeable zone (0.2mD to 0.3mD). The rest of the 
values are distributed with low frequency between 
0.3mD and10mD. The distribution of gamma ray points 
with low recorded maximum range and a wide 
distribution of permeability range (which reaches up to 
10mD) suggests good petrophysical characters of the 
Wajid Formation for this well. 

 Fig.7: Gamma ray histogram of the NADEC-125 well. 

 

 Fig.8: Permeability histogram of NADEC-125 well. 
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 Fig.9: Gamma ray histogram of the NADEC-126 well 

. 

 Fig.10: Permeability histogram of NADEC-126 well. 

 

 Fig.11: Gamma ray histogram of the NADEC-12 well. 

 

 Fig.12: Permeability histogram of the NADEC-12 well. 

 
 
4.2 Quantitative Analysis 

The different petrophysical parameters are 
represented vertically in a number of petrophysical 
analogs (PDL) and aquifer quality logs (AQL).  

 

These plots exhibit the most important petrophysical 
and log-derived parameters as deduced from the 
about different quantitative analyses. A detailed 
discussion of the different constructed PDL and AQ 
analogs regarding the three selected wells are 
represented in Figures 13 to 18. 

 

4.2.1. PETROPHYSICAL DATA LOGS (PDL) 
 

 PDL of NADEC 125-Well 

Figure 13 shows the petrophysical data logs for NADEC 
125 well. The Wajid Formation in this well shows a 
uniform vertical lithology distribution as indicated by 
tracks 1, 5 and 9. The lithology is mainly sandstone 
with the exception of an interval between 526m and 
542m, which is mainly shale in composition.  

 

This shale bed is characterized by high response of 
natural gamma ray (>200 API) and low resistivities (R64 
and R 16 < 30 Ohm.m). The apparent water resistivity 
and the total porosity of this bed are relatively high as 
compared to the overlaying and underlying sand 
sections, while the effective porosity is comparatively 
low (PHI eff<10 p.u.). 

With the exception of this shale bed, the whole sand 
section of the Wajid Formation shows regular 
distribution of the total and effective porosities. The 
average ranges are found to be 20 p.u. and 13 p.u. 

 for both types, relatively. The bulk volume analysis 
(BVW) of fluids for the Wajid Formation (Track 8) 
shows good content of productive water (68%) at the 
expanse of connate water (32%).  

 

 PDL of NADEC-126 Well 

The well logging analysis for NADEC-126 well is 
represented in Figure 14. The shale volume of Wajid 
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Formation in this well is relatively high as compared to 
the NADEC-125 well.  
 
This is well indicated by the fluctuations of gamma ray 
log (track 1) especially in the upper (448 - 477m) and 
middle (517 – 542m) parts of the well.  
 
These two zones are classified as shaley (upper zone, 
Vsh>35%) and shale (middle zone, Vsh> 50%) beds that 
attain the worst petrophysical characteristics. 
 
The gamma ray in this zone reaches more than 200 
API, while effective porosity counts zero in the middle 
zone.  
 
For the remaining sections of the Wajid Formation, 
sand lithology is prevailing with a good total (av. PHI 
9%) and effective (av. PHI eff 7%).  
 
porosities. However, the lower section of the Wajid 
Formation (below depth of 550m) seems to be little 
better in its prtophysical characters than the upper 
part of the formation.  
 
The apparent water resistivity exhibits very strong 
peaks in front of the high shale bed in the middle part 
of the formation which reaches more than 200 ohm.m.  
 
For the sand sections above and below, the apparent 
water resistivity shows regular response with an 
average value of 0.35 ohm.m.  
 
The water productivity of this well is good, especially in 
the lower part.  
 
The proposed total productivity of water is two thirds 
(2/3) of the total bulk volume (BVW) of water in the 
upper part of the formation, while in the lower part 
(just below the shale bed) the productivity increases 
and reaches up to 75% of the bulk stored water 
volume of the formation. 

 PDL of NADEC-12 Well 

The petrophysical analysis of the NADEC-12 well is 
limited to the uncased part of the Wajid Formation 
(Fig. 15).  

The well logging analysis of this well shows that sand is 
the main lithological constituent of this formation.  

Shale content increases apparently in the middle and 
lower parts of the formation and reaches 100% at 
some levels (458m-462m, 464m-467m).  

 

This is clearly indicated by high gamma ray response 
and the clay cut offs data, as shown by Track 1. The 
total (av. PHI 12%) and effective (av. PHI eff 9%) 
porosities of this zone exhibit remarkable decrease 
than the overlying clean sand section (Vsh<5%).  

 

The recorded average total and effective porosities for 
the overlying clean sand section is found to be 18% and 
15%, respectively.  

Water productivity of the clean sand zone is 80%, while 
the lower zone shows 60% of the bulk volume of the 
productive water. 

 

             Fig.13: Petrophysical analog for NADEC-125 well 
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                   Fig 14: Petrophysical analog for NADEC-126 well. 

   
Fig. 15:Petrophysical analog of NADEC-12 well. 

 

 
4.2.2. AQUIFER QUALITY LOGS (AQL) 

The aquifer quality logs are constructed mainly to 
demonstrate the quality of the Wajid aquifer as 
indicated from the petrophysical and log-derived 
parameters with special emphasize on the 
permeability and transmissivity (tracks 8 and 9).  

In this study, special parameter is added to the 
water quality log, namely; cation exchange capacity 
parameter (CEC). This parameter deals with the type of 
shale mineral and its effects on the quality of aquifer 
or formation. 

Each AQ log consists of nine tracks (Figs. 16 to 18). 
The first track represents the natural gamma ray log 
with lithology shading for clays. The 2nd track is 
assigned for depth, while the third and fourth tracks 
represent the resistivities (R64 and R16) and the 
caliper log, respectively.  

The fifth and sixth tracks are given to porosity 
parameters. Tracks number 7 and 8 are mainly for 
permeability and transmissivity. Finally, tracks 9 and 10 
are assigned for bulk water volume and lithological 
analyses. 

 

 AQL for NADEC-125 Well 

Aquifer quality log of NADEC-125 well is shown in 
Figure 16.The log classifies the Wajid aquifer into three 
zones; middle zone (between 526m and 542m) of bad 
petrophysical parameters and two zones (upper and 
lower zones) of good petrophysical parameters. The 
middle zone is consists mainly of shale, with cation 
exchange capacity of more than 1.8 Meq/g, indicating 
that the prevailing clay mineral is the effective and 
impervious montomorillonite mineral. The 
permeability of this zone is lower than the 0.2 mD 
almost near to zero. The upper and lower zones show 
good permeability values with an average range of 2.0 
to 5.0 mD. 

 AQL of NADEC-126 Well 

The aquifer quality log for NADEC-126 well is 
illustrated in Figure 17. The behavior of the Wajid 
aquifer in this well is very similar to that in NADEC-125 
well. A middle zone, mainly montomorillonite  in 
composition, is indicated with high cation exchange 
capacity (up to 1.5 Meq/g), low permeability (K<0.002 
mD), high shale content (Vsh> 95%) and very low 
effective porosity (PHI eff< 1%, nearly zero). The 
overlying and underlying sand zones are of good 
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aquifer quality. These zones are characterized by low 
shale volume (Vsh< 10%), good effective porosity (PHI 
eff> 10% and up to 16%) and fair to good permeability 
values for the upper zone (av. K = 0.2 to  2 mD) and 
very good permeability (av. K= 5 mD) for the lower 
zone. The lower zone is considered the best one for 
water production. 

 

 AQL of NADEC-122 Well 

The NADEC-22 well shows good aquifer quality in 
the upper zone (449m-458.5m). The permeability 
values in front of this zone reaches up to 20 mD (Figure 
18). The average CEC value for this zone is less than 0.3 
Meq/g, indicating a possible presence of kaolinite clay 
mineral. The middle zone is petrophysicaly bad, which 
is mainly shale in composition with very low effective 
porosity and permeability. The lower zone (463m-
468m) consists of considerable volumes of sand and 
shale, indicating fair aquifer quality. 

 

Fig.16: Aquifer quality log for NADEC-125 well. 

Fig 17: Aquifer quality log for NADEC-126 well. 

Fig .18: Aquifer quality log for NADEC-12 well 
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5. CONCLUSIONS 
 

- This work aimed mainly to study and evaluate the 

petrophysical characteristics of Wajid Formation which 
is the main water-bearing aquifer in the central part of 
Saudi Arabia. A number of qualitative and quantitative 
logging techniques are applied. The following are the 
main concluded points:  
 
- The petrophysical analysis of Wajid Formation shows 
that it is 100% water-bearing with a major section of 
sandstone lithology that is intercalated with thin shale 
strakes, especially at the middle parts. Three main 
zones can be identified. 
 
- A middle zone that consists mainly of shale with bad 
properties (low permeability, K < 0.002 mD; high shale 
content, Vsh > 95%; and very low effective porosity, 
PHI eff < 1%). 
 
 - Two upper and lower zones of the aquifer that attain 
good petrophysical characteristics (PHI eff<10, Vsh < 
10% and K> 20 mD).  
 
- The bulk volume analysis (BVW) of the Wajid 
Formation shows good percentage of water 
productivity (<70%). 
- The lower zone is best zone for water production and 
other irrigation and agriculture purposes 
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