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 Electromagnetic Defectoscope 

Introduction 

The Electromagnetic Defectoscope  
(EMDS) is a corrosion measuring 
instrument primarily run through-tubing 
with the ability to simultaneously inspect 
tubing and the casing behind it. The 
integrity of the casing string can be 
evaluated without the requirement for 
costly  workover rig and  the time 
consuming removal of the tubing string.  
The EMDS can also be used to inspect 
tubing, production liner, single and multi-
layered casing strings.  

Complex test well example -  holes and slots in inner string at same depth 
as metal thickness changes on outer string 
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Electromagnetic Defectoscope 

The instrument is comprised of several 

measuring sensors and is run combined 

with upper and lower centralisers and 

telemetry. The measuring sondes 

comprise a Gammaray detector and 

temperature probe together with  ‘long’ 

vertical sonde A, ‘short’ vertical sonde C 

and lateral sondes B and BB.   

Sondes A, B, BB & C have different depths 

of investigation and are used to detect 

defects, corrosion or metal gain in 

different  tubular sizes. 

Introduction 
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Operating principle 

Electromagnetic Defectoscope 

The instrument operates by transmitting a pulse of 
electromagnetic energy from transmitter coils and 
measuring the received signal at detector coils. The 
amplitude of the received signal (ε) being a function 
of the thickness of metal around the instrument.  
For two tubulars: 

ε=  f (T1,T2, D1, D2, Ex, µ1, µ2, σ1, σ2, t ,)

Where ε = measured electromagnetic field and is a 
function of 
T1 and T2 = thickness of inner and secondary tubulars 
D1 and D2 = diameter of casing of inner and secondary tubulars 
µ1 and µ2 =  magnetic inductivity of inner and secondary tubulars 
σ1 and σ2 = electric conductivity of inner and secondary tubulars 
t = temperature  
Ex = geometric factor 
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Operating principle 

Electromagnetic Defectoscope 

Conventional  Electromagnetic tool 
transmitting and recording continuous 
sine wave 

EMDS sequence of pulses applied to 
transmitting coils 

Sequence of measured voltages at 
receiver coil  recorded during 
transmitter ‘off’ cycle 

Single receiver voltage ‘decay’ during 
transmitter off cycle 
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Operating principle 

Electromagnetic Defectoscope 

During the transmitter off cycle the 
measured signal decreases exponentially. 

The rate of decay of the signal is related 
to metal thickness around the transmitter 
and receiver.  The greater the metal 
thickness the slower the decay.  

The EMDS makes multiple voltages 
measurements  (A1, A2 etc) at various 
times during the decay of the received 
signal. Each measurement being sensitive 
to a different ‘depth of investigation’ of 
the surrounding tubing and / or casing(s).  
Early time points relate to thickness of 
the inner tubular, and later time is related 

to the  thickness of outer tubulars.
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Operating principle 

Electromagnetic Defectoscope 

The instrument’s multiple detectors A, 
B, BB and C are of varying length and 
alignment and are sensitive to different 
parts of the wellbore. Each measuring 
detector  makes multiple amplitude 
measurements at different  time 
intervals during each measurement 
cycle.  

The average amplitude during these 
time intervals is recorded for each 
detector, which after electronically 
combining the positive and negative 
pulses to maximise signal to noise ratio, 
produces the  ‘raw data’ curves A1 – 
A11, B1 – B3, BB1 – BB3, and C1 – C6. 
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Operating principle 

Electromagnetic Defectoscope 

The instrument’s 4 corrosion inspection coils provide 
multiple log measurements at each depth interval from 
each coil.  

• Long detector A is sensitive to both inner and outer strings
and produces curves A1 to A11, with A11 having a deeper 
‘depth of investigation’ that A1. 
• Short detector C is sensitive only to the inner string,
produces curves C1 to C6 
• Horizontal detector B is also sensitive only to the inner
string, and particularly horizontal defects. Provides curves 
B1 to B3. 
• Horizontal detector BB (not shown) provides same
measurement as B but at 90 degree displacement. Provides 
curves BB1 to BB3. 

• Temperature detector can provide additional useful
diagnostic data e.g. hole location, fluid depths etc. 
• Gammaray  detector for correlation, scale indication

1350mmHorizontal detector B

Short detector C

Gamma detector

350mm

950mm

Long detector A

Temperature detector

430mm

Upper centralizer

Lower centralizer
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Example Log 

User presents representative log curves 
only e.g. C2, B1, A2, A5 and A9. Other 
curves are recorded and may be used 
in analysis.  

Metal gain or metal loss determined by 
curve response. 

Calculated metal thickness curves for 
both inner and outer strings.  

Isoline or ‘VDL type’ presentation is 
graphical representation calculated 
from C2,C3,C4 curves and A2 to A9 
curves. 

Derived well schematic showing 
external corrosion of outer string at 
155m.  

Electromagnetic Defectoscope 
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Specifications 

Electromagnetic Defectoscope 

Specification
Working Temperature 0 ℃ → 150 ℃ (20 ℉ → 300 ℉)
Working Pressure ≤ 100 MPa (14,503 psi)
O.D. 42 mm (1.65″)
Total Length 2,700 mm (106.3″)
Typical Logging Speed for 
Thickness Calculation 5.8 m/min (19 ft/min )

Typical Logging Speed for defect 
detection 2.5 m/min (8.2 ft/min )

Accuracy Single Tubing 0.5 mm (0.02″)
Accuracy Double Tubing / Casing 1.5 mm (0.06″)
Resolution first string 0.15 mm (0.006″)
Resolution second string 0.30 mm (0.012″)
Meaurment Range Minimum OD 62 mm (2.445")
Meaurment Range Maximum OD 324 mm (12.75") 
Single Tubular wall thickness
maximum 12 mm (0.47")

Multiple tubular wall thickness
maximum 25 mm (0.98") 

Wall Thickness Measurement 

Specification

Minimum slot length detectable in 
single tubing of 2.5" od 50 mm (1.97")

Minimum slot length detectable in 
single tubing of 5.5" od 70 mm (2.75") 

Minimum slot length detectable in 
double tubular (inner 2.5" od, outer 
5.5" od)

150 mm (5.90") 

Minimum slot length detectable in 
single tubing of 2.5" od 50 mm (1.97")

Minimum slot length detectable in 
single tubing of 5.5" od 100 mm (3.94") 

Measuring range 0 ℃ → 150 ℃ (20 ℉ → 300 ℉)
Measuring accuracy 1 ℃  (1.8 ℉)
Resolution 0.01 ℃  (0.018 ℉)

Measuring range  up to 800 API

Vertical Defect (slot) Detection

Horizontal Defect (slot) Detection

Well Temperature Measurement

Gammaray Measurement
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Limitations 

Electromagnetic Defectoscope 

Logging speed is relatively low compared with other corrosion measurement 
instruments. 

Accuracy and resolution of measurements in second string are less than those of 
the first sting. 

Final deliverables of metal thickness curves and derived well schematic requires 
data processing using proprietary interpretation package. 

Detectors A and C provide averaged measurements around the circumference of 
the tubulars -  isolated deep penetration defects (or holes) that are of limited 
diameter are therefore ‘averaged’ and interpreted as shallower defects or 
general metal loss. Detectors B and BB may correctly identify such a defect in the 
inner tubular.  

Metal thickness curves are calculated from downhole calibration in 100% 
undamaged tubulars. 
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Deliverables 

Electromagnetic Defectoscope 

Raw instrument curves 
A1 – A11 
C1 – C6 
B1 – B3 
BB1 to BB3 
Gammaray 
Temperature 
Noise (quality indicator) 

Wall thickness (first and second string) 
Automated well schematic with     
corrosion indicator 
‘Isoline’ presentation of calculated 
curves  
Digital data in LAS, LIS format 
Log presentation in PDF, TIFF format 
Text report  in MS Word format 
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Response Examples – Single Tubing 

Electromagnetic Defectoscope 

Test fixtures at GOWell ISO 9001 
certified manufacturing facility 5.5” single tubing string,  0.30” wall thickness 
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Response Examples– Single Tubing 

Slot and hole detection in test well 

Electromagnetic Defectoscope 

5.5” single tubing string, 
0.30” wall thickness 
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Response Examples – Two Tubulars 

Electromagnetic Defectoscope 

2 7/8” tubing, 0.21” thickness inside 5.5” 
casing, nominal 0.30wall thickness 

Identification of metal loss and calculation of wall 

thickness in outer tubular of test well 
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Case Study – Corrosion Single Tubular 
Electromagnetic Defectoscope 

Metal loss Single String
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Electromagnetic Defectoscope 

Metal loss on second string of two tubulars at 156m. 
Also note change in A5 and A9 curves at 227m which 

easily identify outer casing shoe depth 

Case Study – Isolated Corrosion on Second Tubular 
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Electromagnetic Defectoscope 

Metal loss on second 
string of three tubulars 

Case Study – General Corrosion on Second Tubular 
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Electromagnetic Defectoscope 

Metal loss around collars, and 
probable hole 

External casing patch on second 
string 

Additional Case Studies 

www.fumakgroup.com  +234 703 066 2562 … .  contactus@fumakgroup.com



Electromagnetic Defectoscope 

Further log examples  are 
available in SPE document 
156207 published 
November 2011  

Additional Case Studies 
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EMDS instruments have been provided to numerous customers in recent 
years, including the following clients: 

• Welltec

• OilSERV

• Baker Hughes (BP Iraq)

• ENOS

• AWALCO

• Read Well Services

• Halliburton (ARAMCO)

• Geoinform

Customer Base 

Operating  companies and locations logged include 

• Rumaila oil field, Iraq (BP /
CNPC) 

• Ekofisk field, Norway (Conoco
Phillips) 

• Sinopec, China

• ARAMCO

Electromagnetic Defectoscope 
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Example reference letter 
from customer 

Customer Base 
Electromagnetic Defectoscope 
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