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Abstract 
 
A mature field similar to the Greater Burgan field in Kuwait brings many challenges. The Kuwait Oil 
Company (KOC) has determined that the production from the Burgan oilfield of South & East Kuwait 
required to be maintained as per the production plan. Often, the unavailability of suitable surface locations 
posed several challenges, and drilling was one of them. A new approach helped to address these issues 
which otherwise delayed production. The Lower Cretaceous Burgan sands are divided into five main 
reservoirs; two reservoirs  consist of stacked, massive fluvial channels, while the remaining three mostly 
consist of deltaic distributary channels and bays in a tidal delta setting, grading to shallow marine. These 
three reservoirs are also discontinuous, both laterally and vertically. 
 
Every year in the Greater Burgan field, a large number of wells are drilled targeting the Cretaceous 
reservoirs. The Greater Burgan field has been producing for more than 60 years. Due to the unavailability 
of suitable surface locations, highly deviated wells are drilled, and to reach them at target reservoir, the 
well profile sometimes passes through faults which create partial or total losses while drilling, which 
results in badhole condition. In some of the wells, owing to poor hole conditions, recording openhole logs 
are not possible. Normally in such cases where openhole logging is not possible, PNC logs are carried out. 
However, recording of PNC logs is only possible after 2-3 months when the effects of mud invasion and 
mud filtrate are reduced to a minimum. However, this delays production. 
 
Openhole logging had to be abandoned in one of the recently drilled wells, due to poor hole conditions. 
Resistivity Behind Casing tool (RBC) was proposed to be run in this well as a replacement for the PNC 
log. The RBC provides the measurement of reservoir bed resistivity in order to determine the oil saturation 
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for estimating reserves. The RBC uses stationary measurements where the tool’s probes apply current to 
the steel casing. The current that is leaked into the formation is then measured and processed to determine 
the formation resistivity. The tool has a depth of investigation of 7 to 34 ft depending on the bed thickness 
and is therefore not influenced by the effects of mud invasion. 
  
Based on the casedhole resistivity, potential intervals were identified, perforated and were put on early 
production. Casedhole resistivity paved a way for replenishment of missing data on openhole electrical 
logging. This has enabled early production from a well with badhole issues. 
 
Introduction 
 
Casedhole resistivity logging is a new type of logging method used for formation evaluation, reservoir 
monitoring and tracking of saturation changes due to production The tool was found to be very effective 
in the determination of the current oil and gas saturation in existing producing wells, new wells and in 
identifying missed oil from reservoirs which were under production for a long period of years. It is also a 
very important tool which can be used for the replenishment of missing data (in this case, resistivity) from 
openhole electrical logging. The methodology was proven experimentally by comparing RBC data, 
obtained immediately after casing the well, with conventional openhole resistivity logging data. 

The capabilities and characteristic of the RBC tool are given in Appendix 1 : 
 

The main features of the RBC tool are as follows:  

• The depth of investigation of the tool is from 7 ft up to 34 feet based on the bed thickness and the 
conductivity of the formation, in comparison to the openhole resistivity tool that can read only up 
to 10 ft into the formation. 

• The impact of the steel casing pipe on the measured value of real formation resistivity is 
eliminated. 

• Direct measurement of the electric potential second derivative which provides high accuracy and 
noise stability. 

• A built-in accelerometer moving along the well hole provides the control for device safety. 
• The electrical resistance for a specific casing allows for a well integrity study and is used in the 

interpretation. A large difference from the nominal value can be interpreted to identify severe 
casing damage, if any. 

 

 
 
 
 
 
 
 
 
Resistivity Behind Casing (RBC) Tool Theory 
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Figure 1: Resistivity Behind Casing Application 

 
In order to determine the specific electric resistance (SER) of rock mass crossed by the well cased with a 
steel column, the principle of current outflow (Figure 1) from the conductor to the surrounding low-
conductivity environment under the effect of the radial electric field component is used. According to 
Ohm’s law, the resistance is determined by the current and voltage. Meanwhile, the current that outflows 
to the rock mass is calculated by the change of potential along the column and resistance per unit length 
and the voltage is determined by the potential value itself between the probe and the remote electrode on 
a daylight surface. The rock mass SER is proportional to the result of the voltage division by the outflow 
current value. 
 
As a result of research carried out with analytical and numerical methods on mathematical models of cased 
wells that cross non-uniform sheet structure rock mass, it has been found that in order to determine rock 
SER through the steel column, it is necessary to consider not only the measured electrical parameters, but 
also the casing column diameter. This clarified relation, shown in physical quantities, is represented by 
the formula: 

 

𝜌𝜌 =
2𝜋𝜋𝑈𝑈𝑅𝑅𝑅𝑅𝐶𝐶

𝜕𝜕2𝑈𝑈
𝜕𝜕𝑧𝑧2 .𝐾𝐾0. (0.004.𝑅𝑅)

 

Where  𝜌𝜌 = SER 
 𝑈𝑈𝑅𝑅= potential on radius casing column surface R 

𝜕𝜕2𝑈𝑈
𝜕𝜕𝑧𝑧2

 = Second derivative of the potential on the well axis 
𝑅𝑅𝐶𝐶 = resistance per unit length of the casing column 
𝐾𝐾0. (0.004.𝑅𝑅) = zero order Macdonald function, its argument includes casing radius R and 

numerical coefficient 0.004, having dimensions of [1/m], which is empirical 
and based on processing the real well data. If the casing column radius is not 
considered, it may cause SER fractional error of up to 5% either require input 
of the calibration coefficient for each certain casing radius. 
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In the case of the hardware implementation of these measurements, the tool uses as the second - order 

derivative  𝜕𝜕
2𝑈𝑈
𝜕𝜕𝑧𝑧2

  as its finite-difference analog, which requires, at least, three measuring electrodes located 
along the well axis from the inside of the casing column. 
 
Values, included in the formula are measured to avoid the influence of different interferences caused by 
different measurement conditions. Firstly, it concerns the second derivative of the potential along the 
casing column axis. The voltage drop U along the casing is related to its resistance per unit length 𝑅𝑅𝑐𝑐  and 
current I flowing through its cross section: 
 

𝜕𝜕𝑈𝑈
𝜕𝜕𝑧𝑧

=  −𝐼𝐼.𝑅𝑅𝑐𝑐 

 
Then the second derivative is calculated, as follows: 
 

𝜕𝜕2𝑈𝑈
𝜕𝜕𝑧𝑧2

=  
𝜕𝜕𝐼𝐼
𝜕𝜕𝑧𝑧

 .𝑅𝑅𝑐𝑐 − 𝐼𝐼.
𝜕𝜕𝑅𝑅𝑐𝑐
𝜕𝜕𝑧𝑧

 
 
In the first part of this equation, the first element stands for the current that outflows to the rock mass, and 
should be always positive. The second element is caused by the non-uniformity of the casing material and 
non-symmetrical measuring arms of the instrument, and changes its sign if the current direction is 
changed. The last characteristic allows segregating only that part from the second derivative, which is 
related to the rock properties through using the measurement designs with reverse direction of the current. 
 
For this, a composition of three measurement cycles is employed, in which the current is applied. 

1. Between the ground and the top current electrode (Figure 2),  
2. Between the ground and the bottom current electrode 
3. Between the top and the bottom current electrodes.  

 
 
The second derivative is only caused by non-symmetrical measurement conditions and the casing non-
uniformity, in so far as the outflow to the rock mass is nearly missing. The second order differences then 
measured at reverse current directions are directly added up, and in order to calculate total zero current, 
the second order derivative is added to this amount, which is measured in the third cycle of the current 
supply between the first and the second electrodes (measurement conditions control mode). Such that, the 
accuracy of the second derivative determination is significantly higher near the well bottom. 
 
The well-logging instrument (Figure 2) includes several measuring electrodes equally spaced from each 
other (M1...M5) and two current electrodes located on different sides from them (the top being A1 and 
the bottom A2). The vertical resolution capability is equal to the double distance between adjacent 
measuring electrodes. 
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Figure 2: Measuring electrodes and Current Electrodes 

 
The SER measurement error caused by the cement sheath (Figure 3) has been estimated by mathematical 
modeling. It has been found that the relative error is less than 5%, if the ratio of the cement sheath and 
rock mass resistance values does not exceed two. 
 
 

 
Figure 3: The cement sheath influence on SER determination accuracy 

 
 

 
 
 
 
 
 
 
 
Candidate Selection and Well History 
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AH-XX1 well from the Ahmadi field in Kuwait Oil Company was chosen as the first candidate well to 
run the Resistivity Behind Casing (RBC) log. The well was experiencing severe losses while drilling the 
12 ¼” bit section and had to be cased before the openhole logs could be recorded. Earlier, with these type 
of cases where due to bad hole issue, openhole logging was not possible, PNC logs were then recorded. 
PNC log recording could only be done 2-3 months after well completion, when the effects of mud invasion 
and mud filtrate are reduced to a minimum. However, this delays the production and poses a significant 
impact on production targets. The RBC was proposed for the first time, as a solution, to be run in this well 
in order to replace the “missing” openhole  resistivity data. On the basis of  the Resistivity Behind Casing  
log, there were no problems in identifying the remaining oil / potential interval in BU3 (Figure 4) and 
BU2  units of the BGSU reservoir. The formation oil-water contact was identified in the BGSM reservoir 
based on the RBC log with limited / less than ROC (remaining oil column) thickness, hence was not 
selected for production. The advantage of the RBC log is that it has a significantly deeper depth of 
investigation than the PNC log and is able to see beyond the invaded zone and read the true formation 
resistivity. In this case, the RBC avoided unnecessary delays on perforating the well and helped KOC to 
put the well on early production. The RBC is also capable of reading resistivities as low as 0.5 ohmm 
which makes it suitable for measuring saturations in formations with a high water salinity (150-160 kppm), 
which is common in this field. This has resulted in 3 months early production from this well, with 2400 
BOPD, in a dual completion from the BU2 (Figure 5) and BU3 units of the BGSU reservoir, leading to 
cummulative production of 216,000 bbls of oil.  
 

 
 
Figure 4: Log Template showing BU3 reservoir potential based on casedhole resistivity log 
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Figure 5: Log Template showing BU2 reservoir potential based on casedhole resistivity log 

Based on the input from the Casedhole Resistivity, Gamma Ray and Casedhole Neutron, the well was 
completed as a dual completion, The Tubing Short (TS) was completed in the BU2 and the Tubing Long 
(TL) was completed in the BU3. The well was then connected to the upsream facilities and has been 
producing since August 24th, 2015.  
 
Job Execution and Results 
 
The RBC tool was run in this well in order to to record the resistivity (Figure 6) behind the 9 5/8” casing. 
A total of 267 stations were recorded at a sample interval of 3 ft, covering a total interval of 800 ft.  
 

 
     

Figure 6: RBC log raw data recorded in AH-XX1 

Well Correlation   
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Figure 7: Cross section with nearby well using RBC log recorded in AH-XX1 

 
On the basis of the casedhole logs recorded in AH-XX1 well, formation tops were identified by the 
correlation with nearby offset wells (Figure 7).  
 
Lesson Learned 
 
Based on the encouraging results of the RBC logged in this new well, it was subsequently recorded in old 
wells. The Burgan reservoirs, and especially the BGSM reservoir, have an active aquifer drive mechanism. 
The BGSM reservoir has a high permeability (2-3 Darcies ?) and when the oil starts depleting due to 
production, the well starts producing oil with formation water which has a high salinity of 150-160 kppm.  
PNC logs are recorded periodically to know the rate of rise of the oil column due to production. In two 
wells, PNC and RBC logs were recorded at the same time in order to compare the results (Figure 8).     
 
 
 
 

AH-XX1 Casedhole 
Resistivity  AH- XX2 AH- XX3 
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Figure 8: Comparison of PNC log and RBC log 
 
The PNC log showed very high water saturations (Figure 8) against the perforations, while the RBC was 
showing less, indicating a transition or Mixed oil-water interval.   
 
Summary  
 
The device (Figure 9) provides the measurement of reservoir bed resistivity in order to determine the oil 
saturation for reserves estimation. The methodology was proven experimentally by comparing the RBC 
data, obtained immediately after casing the well, with conventional resistivity logging data, obtained in 
openhole. 
 

   
 
Figure 9: RBC Tool 
 
 
 
The RBC measurements are stationary measurements along the casing wall. During the measurement, the 
electrical current output from the probes moves from above and below in the steel casing in turn in time 
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through current electrodes. The majority of the current (Figure 10) travels through the casing column 
while the remaining “leaked current” enters the formation. The leaked current is measured and processed 
to determine the formation resistivity with the casing column influence removed. 
 

 
 
Fig. 10 Electric current passage in the steel casing and presence of a leak current in surrounding geological material 
 
The RBC (Resistivity Behind Casing) tools’s main features are : 

• the determination of the current oil and gas saturation in existing wells 
• the replenishment of missing data (resistivity) from openhole electrical logging 
• identifying missed oil formations in long-term producing fields 
• On a field level, to determine the change of current saturations, and the OWC and OGC.  

 
 
The first generation tools consisted of three electrodes for measurement. (Figure 11) The second-
generation tool consists of five electrodes for measurement. Common components include the following 
elements: Telemetry, Tool Electronics, Current electrodes and Measuring electrodes. The tool is 
combinable with a portable surface acquisition system and requires a 7-conductor wireline logging cable. 
 

 
Fig. 11 Current electrode and measuring electrodes 
 

 
 
 
 
 
 
 
 
Appendix 1 
RBC (Resistivity Behind Casing Tool)  
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Specifications Summary table: 
 
 

№ Parameter Value 
1 Maximum Temperature  284 degF 
2 Maximum Pressure 9000 psi 
3 Logging time at one station ≤ 5 minutes 
4 Number of measurement electrodes  5 
5 Number of current electrodes 2 
6 Range of measured apparent resistivity 0.5-200 Ohm·m 
7 Arms opening (closing) time ≤ 20 sec 
8 Overall dimensions: 

-Tool diameter 
-Tool length 
-Tool length with centralizers 

 
3 ½ inches 
239.4 inches 
276.6 inches 

9 Weight: 
-Tool weight 
-Tool weight with centralizers 

 
231.5 lbs 
275.6 lbs 

10 Range of Casing internal diameter 5 to 9.625 inches 
11 Depth of investigation radius 7 to 34 ft 

 
 

 
 
Conclusions and Way Forward 

 

• The ‘Resistivity Behind Casing’ Tool was successfully tested in Kuwait for the first time in AH-
XX1 well. The recorded data correlated well with the Openhole resistivity logs measured in offset 
wells. 

• In AH-XX1 well, the Resistivity data from the RBC Tool resulted in early production; two-three 
months ahead of the process being used currently. 

• RBC logging has proved to be a safe alternative for logging in wells where Openhole resistivity 
could not be recorded due to hole issues. 

• In two wells, PNC and RBC logs were recorded back-to-back in order to compare the results. The 
PNC Sigma log showed very high water saturations against the perforations while the RBC was 
seeing less, indicating a transitional or mixed oil-water interval, which suggested that the 
production of oil was still possible with a high watercut.   

• The tool was also effective in measuring the true formation resistivity, unaffected by the kill fluid 
invasion from the workover rigs, owing to its high depth of investigation.  

• Research is currently on-going in developing a through tubing RBC tool, which can be used for 
rigless applications. 
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