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Abstract 

Minimum and maximum horizontal stress (Shmin and Shmax) are two of the three principal stresses that are required for any 

Geomechanical study, especially wellbore stability analysis, sand production and hydraulic fracturing. The values of horizontal 

stresses are also important and required for planning high angle and horizontal wells, especially in Rumaila super-giant oil 

field in order to target thin sandstone layers in the non-depleted units of the Zubair reservoir to increase production with less 

numbers of new oil wells. Shmax and Shmin can be directly measured using leak off test (LOT), extended leak off test (XLOT), or 

indirectly estimated by well log data. In this study, Shmin and Shmax were predicted using Eaton method, this method relies on 

the relationship between overburden stress, pore pressure and rock mechanical properties (Poisson’s ratio), these parameters 

could be estimated by employing logging data such as sonic and density logs from five wells in Rumaila oil field. The values 

of Shmin was then calibrated with extended leak off test measurements in order to add the effect of tectonic, results showed that 

Rumaila oil field is under strike slip stress regime (SHmax>SV>Shmin) and the optimal direction to drill deviated and horizontal 

well is parallel to the maximum horizontal stress direction. 
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1. Introduction 

The direction and magnitude of minimum and horizontal 

stress (Shmin) are required for planning borehole stability 

during directional drilling, hydraulic fracturing for enhanced 

production, estimation of wellbore collapse and/or sand 

production that can benefit in selective perforation to prevent 

collapse or sand production [1]. Determining the stress 

profile in the reservoir throughout using logs has become the 

industry standard, by employing such services as sonic and 

density logging, reservoir properties for example Poisson’s 

ratio, overburden and pore pressure may be determined 

which are key parameters in calculating minimum horizontal 

stress profiles. Logging in horizontal drilling however is not 

only time consuming and expensive, it is sometimes 

impossible to do, due to the geometry of the well. 

The minimum horizontal stress (Shmin) is linked with other 

in-situ stresses because the overburden stress forces the rock 

vertically while pushing the rock horizontally which affect 

the horizontal stress that might be constrained by adjacent 

rocks [2]. According to The field measurements showed that 

the Shmin is chiefly reliant on pore pressure, lithology and 

digenesis where it is observed that the Shmin: 

1. Enlarge with increasing depth in addition to pore pressure, 

except when continuous oil or gas production causes local 

anomalies. 
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2. Tends to decrease as the degree of consolidation increases. 

3. Less than lithostatic pressure in most of shale rocks. 

4. Could be lower in shale than in adjacent sandstone. 

Amount of the resulting horizontal stress depend largely 

upon the rocks Poisson’s ratio. Shmin value can be estimated 

by direct methods such as the leak-off test and/or extended 

leak-off test, or by indirect methods, like utilizing drilling 

parameters and logging data [3]. 

2. Minimum Horizontal Stress 
(Shmin) 

There are several methods to measure in situ stress in the 

wellbore, but all these ways are disadvantageous. Approaches 

that need core samples, such as inelastic strain retrieval, shear 

acoustic anisotropy, analysis of differential strain curve; sonic 

emissions beside others, all need core extract and performing 

complete tests on it. Additionally, complications associated 

with the condition of the core, rock fabric, and additional 

issues might reduce the stress evaluation reliability [4, 5]. 

Eaton (1969) introduced a physical method to obtain the 

value of the (Shmin) depending on vertical stress, pore 

pressure and Poisson’s ratio [2]: 

����� = �� ∗ 
�� − �� + �                     (1) 

Where: 

SV: Vertical stress (psi). 

Pp: Pore pressure (psi). 

Ko: Coefficient of earth’s stress (unitless). 

Coefficient of earth’s stress (Ko) represents the lateral earth 

pressure, this parameter can be obtained from poison’s ratio 

value as following [6]: 

�� = �
���                                     (2) 

Where: 

v: The Poisson’s ratio (unitless). 

Poisson’s ratio values in five wells (A, B, C, D and E) in 

Rumaila oilfield, were estimated and plotted on accumulative 

frequency histogram in order to pick the average value of 

Poisson’s ratio for each formation, then used equation (2) to 

calculate the coefficient of earth’s stress (Ko). The results are 

displayed in figures 1 and 2. 

Formations that are known with their lithology diversity such 

as Nahr Umr and Zubair were divided into smaller units in 

order to decrease the effect of lithology variation on the 

average Poisson’s ratio values. In Tanuma Formation, very 

low Poisson’s ratio values were observed due to severe 

borehole washout (noticed from caliper log) which affected 

by the acoustic shear wave (very high readings). Therefore, 

the value of average Poisson’s ratio was chosen only from 

well (A) only, where lower washout had occurred. 

2.1. Calibration of Minimum Horizontal 

Stress (Shmin) 

When comparing the minimum horizontal stress results that 

been derived from logs with other available measurements for 

instance extended leak off tests (LOT), the Shmin profile typically 

need to be shifted to match the measured values, leading to a 

conclusion that it was necessary to calibrate equation (1) by 

adding tectonic stress (Stec) as in equation (3) for the purpose of 

improving the minimum horizontal stress measurement [7]. 

����� = �� ∗ 
�� − �� + � + ����                 (3) 

The tectonic stress may possibly consider as normalized 

displacement. A structure will distort if it was under state of 

stress. However, the amount of the deformation is dependent 

on structure size beside the magnitudes of acting stresses [8]. 

Amount of the tectonic stress can be acquired by subtracting 

the value of measured minimum horizontal stress value 

acquired by XLOT or LOT from predicted stress obtained 

from log data, as explained in the equation (4): 

���� = ����� − �
��� ∗ 
�� − �� − �                 (4) 

Tectonic strain was described by many researchers as one of 

the key causes for the observed differences between 

calculated and measured horizontal stresses at different 

depths, where accurate Shmin value shall be obtained from 

XLOT or LOT tests [9]. In Rumaila oilfield, only one XLOT 

was implemented in well (F) targeting Khasib Formation. 

Figure 2 displays the test results where the formation 

breakdown pressure (FBP) was 8000 psi but the fall off 

pressure was not long enough to record the instantaneous 

shut in pressure (ISIP). Hence, the estimate of closure 

pressure could not be accomplished. An alternative solution 

was carried out in this study by using Daines, (1982) 

proposal which states that the necessary minimum pressure 

(F) inside the borehole to keep it open and to expand an 

existent fracture in a compact formation is marginally in 

excess of the regional horizontal stress [10]. The fracture 

reopening value that is equivalent to the closure pressure in 

XLOT was 5600 psi as illustrated in figure 3. Daines, 1982 

represented tectonic strain as following [11]: 

���� = � − ���� − �� ∗ � �
���� + ��                  (5) 

Where: 

F: Fracture reopening pressure in the XLOT test (psi). 
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Figure 1. Poisson’s ratio frequency histograms for five wells in Rumaila oilfield. 
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Figure 2. Poisson’s ratio frequency histograms for five wells in Rumaila oilfield. 

 

Figure 3. XLOT test in well F at depth 2135m. 
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The input parameters to estimate tectonic strain using 

equation (5) in well (F) at depth 2135m MD (2128m TVDGL) 

are listed in table 1. 

Table 1. Input parameters to determine tectonic stress. 

Input Value 

F 5600 psi 

Sv 7125 psi 

Pp 3290 psi 

v 0.3 

Result defined that the tectonic stress (Stec) value was about 

667 psi at depth 2135m MD and shall be added to shift and 

optimize the calculated minimum horizontal stress. 

The tectonic stress value was then correlated to depth 2128 m 

by drawing a linear relation where zero value is used for 

ground level [12] as exposed in figure 4. Linear equation 

showed that the tectonic stress gradient is around 0.3146 

psi/m (0.0959 psi/ft); this gradient can be utilized for tectonic 

stress calculation at each depth that can then be used for 

minimum horizontal stress calibration. 

 

Figure 4. Tectonic stress calibration value with depth. 

2.2. Maximum Horizontal Stress (SHmax) 
Magnitude 

The most popular technique to estimate maximum horizontal 

stress is by the XLOT using fracture reopening pressure 

(FRP). The fracture reopening pressure depends on stress 

concentration around an open hole [13]. The SHmax can 

possibly be estimated for vertical borehole through the 

equation [14]: 

����� = 3 ∗ ����� − ! − "                     (6) 

Where: 

Pr: Fracture reopening pressure in XLOT (psi). 

P0: Pore pressure (psi). 

Li and Burdy, (2010) proposed another technique to predict 

SHmax, where they derived a method to constrain maximum 

horizontal as following [15]: 

����� =
�#$%&��'�

� − �� + 2�                     (7) 

Where: SV, SHmax and Shmin: Vertical, maximum horizontal & 

minimum horizontal stress respectively (psi). 

PP: Pore pressure (psi). 

)	: Poisson’s ratio (unitless). 

The single value of maximum horizontal stress obtained from 

equation (6) can be considered as calibration reference for 

the continuous values of SHmax calculated from equation (7) 

[12]. 

Estimations of SHmax from XLOT test in well (F) in 

Rumaila oilfield relied on the fracture reopening pressure 

value (Pr) as shown previously in figure 2, the resultant 

SHmax value was 7910 psi at depth 2135 m MD. Whereas 

the SHmax value at same point was 7155 psi when applying 

equation (7). The difference in the two methods results can 

be explained because of tectonic horizontal stress effect. The 

final values of SHmax will be obtained from equation (7) and 

increased 10% as calibration value. Maximum horizontal 

stress in five wells within Rumaila oilfield from North to 

south (A, B, C, D and E) was estimated and calibrated, pore 
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pressure and hydrostatic pressure values were estimated 

earlier in other study for the same oilfield [16]. The outcomes 

indicated that values of SHmax were higher than vertical stress 

and minimum horizontal stress (SHmax> SV > Shmin) as 

demonstrated in table 2 and displayed in figures 5, 6, 7, 8, 9 

and 10. 

 

Figure 5. SHmax and Shmin in well A. 
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Figure 6. SHmax and Shmin in well B. 
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Figure 7. SHmax and Shmin in well C. 
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Figure 8. SHmax and Shmin in well D. 



87 Hussein Saeed Almalikee and Fahad Mansour Alnajm:  Estimation of Minimum and Maximum Horizontal  

Stresses from Well Log, a Case Study in Rumaila Oil Field, Iraq 

 

Figure 9. SHmax and Shmin in well E. 
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Figure 10. Principal stress (SV, SHmax and Shmin) correlation between five wells in Rumaila. 

Table 2. Average values of SV, SHmax and Shmin in five wells within Rumaila oilfield. 

Formation Stress (psi) 
Stress for each well (psi) Average 

stress (psi) R-527 R-518 R-523 Ru-385 Ru-382 

Sadi 

Shmin 5380 5489 5587 5243 5216 5383 

SV 6652 6758 6928 6451 6426 6643 

Shmax 7477 7603 7754 7190 7228 7450.4 

Tanuma 

Shmin 5873 5839 6229 5811 5881 5926.6 

SV 7001 7153 7452 7182 7186 7194.8 

Shmax 8542 8562 9044 8557 8487 8638.4 



89 Hussein Saeed Almalikee and Fahad Mansour Alnajm:  Estimation of Minimum and Maximum Horizontal  

Stresses from Well Log, a Case Study in Rumaila Oil Field, Iraq 

Formation Stress (psi) 
Stress for each well (psi) Average 

stress (psi) R-527 R-518 R-523 Ru-385 Ru-382 

Khasib 

Shmin 5581 5727 5934 5764 5761 5753.4 

SV 7130 7292 7566 338 7340 5933.2 

Shmax 7964 8146 8454 8149 8155 8173.6 

Mishrif 

Shmin 5239 5425 5643 6054 6032 5678.6 

SV 7444 7581 7935 7659 7634 7650.6 

Shmax 7604 7821 8147 8454 8491 8103.4 

Rumaila 

Shmin 6225 6327 6609 6375 6337 6374.6 

SV 7865 7985 8398 8045 8009 8060.4 

Shmax 8790 8904 9317 8867 8923 8960.2 

Ahmadi 

Shmin 6569 6683 6755 6689 6680 6675.2 

SV 8289 8417 8829 8442 8400 8475.4 

Shmax 9247 9377 9775 9310 9333 9408.4 

Mauddud 

Shmin 6966 7065 7367 7094 7047 7107.8 

SV 8745 8855 9301 8893 8850 8928.8 

Shmax 9759 9867 10304 9782 9851 9912.6 

NahrUmr 

NahrUmr Shale 

Shmin 7073 7155 7491 7193 7143 7211 

SV 9185 9274 9780 9322 9275 9367.2 

Shmax 10216 10302 10804 10224 10300 10369.2 

NahrUmr Sand 

Shmin 7072 7145 7429 7144 7111 7180.2 

SV 9679 9741 10218 9742 9711 9818.2 

Shmax 10840 10917 11368 10801 10856 10956.4 

Shuaiba 

Shmin 7988 8011 8260 7940 7940 8027.8 

SV 10160 10168 10554 10122 10088 10218.4 

Shmax 11279 11276 11648 11112 11168 11296.6 

Zubair 

Upper Shale 

Shmin 8096 8123 8403 8068 7780 8094 

SV 10483 10502 10867 10452 10430 10546.8 

Shmax 11261 11297 11670 11235 10935 11279.6 

Upper Sandstone 

Shmin 6608 6505 7071 6689 6741 6722.8 

SV 10802 10859 11230 10815 10783 10897.8 

Shmax 11822 11753 12514 11909 11882 11976 

Middle Shale 

Shmin 8451 8510 8428 8325 8325 8407.8 

SV 11120 11178 11531 11125 11113 11213.4 

Shmax 12306 12353 12349 12059 11958 12205 

Lower Sandstone 

Shmin 7667 7538 7602.5 

SV 11314 11386 11350 

Shmax 13422 13206 13314 

 

3. State of Stress 

The relative order of the principal stresses (SHmax, SV and 

Shmin) is a very important factor to characterize stress, 

because different relative stress magnitudes around the 

borehole would indicate a totally different stress environment, 

these differences in stress can possibly induce different 

Geomechanical failures of the formation [2]. The study 

recognized that the prevailing stress state in Rumaila oilfield 

is a strike-slip faulting according to the results, where it 

revealed that the highest stress was the SHmax, then the SV 

and the lowest was the Shmin i.e. (Shmax>SV>Shmin). Al-

Ajmi and Zimmerman (2009) stated that in the strike slip 

regime areas, the most stable wellbore to drill is a horizontal 

wellbore in the maximum horizontal stress direction [17]. 

4. Conclusions 

1. Rumaila oilfield is dominated by strike slip stress regime 

(SHmax>SV>Shmin), in this type of regime the optimal 

direction to drill deviated and horizontal well is parallel to 

the maximum horizontal stress direction, that direction in 

the study area is (NE-SW). 

2. Successful drilling in Rumaila oilfield requires adjusting 

the mud weight be higher than the pore pressure (to 

control fluids pressure in the formations pore space) and in 

same time lower than minimum horizontal stress (to avoid 

induced fracture, which may cause drilling mud loss), that 

mud weight window is narrow because of low pore 

pressure in depleted reservoirs (Mishrif and Zubair). 

3. Magnitude of minimum horizontal stress can be obtained 

from fracture reopening pressure in case the instantaneous 

shut in pressure (ISIP) was not dependable. 

4. Shale has a lower Young’s modulus and higher Poisson's 

ratio compared to other rock types such as Limestone and 

Sandstone that means it had a high lateral strain which 

make it more tendency for breakouts. 
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5. Severe borehole breakout in any formation had an effect 

on the acoustic shear wave velocity; therefore, a 

correlation with caliper log is needed to choose mild 

breakout zones to well represent that formation. 
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