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Electromagnetic Defectoscope

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

— WWW. fumakgroup.com +234 703 0662562 contactus@fumakgroup.com



AT 0

Electromagnetic Defectoscope

Introduction

Centralizer The instrument is comprised of several
measuring sensors and is run combined
GR sonde with upper and lower centralisers and

telemetry. The  measuring sondes
comprise a Gammaray detector and
temperature probe together with ‘long’
Lateral sondes B ] [ , .
& BB vertical sonde A, ‘short’ vertical sonde C
and lateral sondes B and BB.

Shortsonde C

Long sonde A

Sondes A, B, BB & C have different depths

VP sonde of investigation and are used to detect
defects, corrosion or metal gain in
Centralizer different tubular sizes.
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Electromagnetic Defectoscope

Operating principle

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 (g) being a function
of the thickness of metal around the instrument.
For two tubulars:

E= f (T]_;TZ; D]_) Dz’ EXI IJ-]_) “‘2) 01) 02) t ))

Where € = measured electromagnetic field and is a
function of
T, and T, = thickness of inner and secondary tubulars
D1 and D2 = diameter of casing of inner and secondary tubulars
W, and W, = magnetic inductivity of inner and secondary tubulars
o0l and 02 = electric conductivity of inner and secondary tubulars
t = temperature
@: Ex = geometric factor
www.fumakeroup.com +234 703 066 2562 contactus@fumakeroup.com
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Electromagnetic Defectoscope
Operating principle

- Conventional Electromagnetic tool
O ;/ \\ / \: 5 transmitting and recording continuous
NS O\ sine wave

<« EMDS sequence of pulses applied to
transmitting coils

T

Emy,
e

T Mﬂ 118 <—  Sequence of measured voltages at
receiver coil recorded during
transmitter ‘off’ cycle

X <— Single receiver voltage ‘decay’ during

a 100 tms .
! transmitter off cycle

£

Parias

Emy”
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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

DetectorAmeasures Al ~A11

Detector s measures 81 ~ 83

| Dstacior BB measures BB~ BES
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Detector C leasures C1~ C8 .

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 Al —
Al1l, B1-B3, BB1-BB3, and C1 - Cé6.

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



Operating principle

Upper centralizer

(Gamma detector

Short detector C

Horizontal detector B

Long detector A

[

Temperature detector

Lower centralizer

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 Al to Al11, with A1l having a deeper
‘depth of investigation’ that A1l.

* 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
Bl 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

www.fumakgroup.com +234 703 066 2562 contactus@fumakgroup.com
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Electromagnetic Defectoscope

Example Log

Tokt.mm Texp.mm
5 1T 6 8
c2 Bl A2 A5 AD [ [

145 User presents representative log curves
150 ) B only e.g. C2, B1, A2, A5 and A9. Other
185 - -===  curves are recorded and may be used
160 in analysis.

165 - o Tt h

170 < Metal gain or metal loss determined by
w Y R e = B0 1 B - curve response.

180

I S S T e 5 s A S st SR | U | I ——— Calculated metal thickness curves for
190 - both inner and outer strings.

w |y Ty e s/ e Y

200 Isoline or ‘VDL type’ presentation is

205 ROl graphical representation calculated

oty Tt BN from C2,C3,C4 curves and A2 to A9

215 curves.

20 [ ¢ % ST T - 5§ f B Wm0

25 -« Derived well schematic showing

230 + = ——- external corrosion of outer string at

25 I 155m.
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Specifications

Specification

Electromagnetic Defectoscope

Working Temperature

0 °C ~ 150 °C (20 °F - 300 °F)

Specification

Working Pressure

< 100 MPa (14,503 psi)

Vertical Defect (slot) Detection

O.D.

42 mm (1.65")

Minimum slot length detectable in
single tubing of 2.5" od

50 mm (1.97")

Total Length

2,700 mm (106.3")

Typical Logging Speed for
Thickness Calculation

5.8 m/min (19 ft/min )

Minimum slot length detectable in
single tubing of 5.5" od

70 mm (2.75")

Typical Logging Speed for defect
detection

2.5 m/min (8.2 ft/min )

Minimum slot length detectable in
double tubular (inner 2.5" od, outer
5.5" 0d)

150 mm (5.90")

Horizontal Defect (slot) Detection

Wall Thickness Measurement
Accuracy Single Tubing 0.5 mm (0.02")
Accuracy Double Tubing / Casing  |1.5 mm (0.06")

Minimum slot length detectable in
single tubing of 2.5" od

50 mm (1.97")

Resolution first string

0.15 mm (0.006")

Resolution second string

0.30 mm (0.012")

Minimum slot length detectable in
single tubing of 5.5" od

100 mm (3.94")

Meaurment Range Minimum OD

62 mm (2.445")

Well Temperature Measurement

Meaurment Range Maximum OD

324 mm (12.75")

Measuring range

0 °C - 150 °C (20 °F - 300 °F)

Single Tubular wall thickness
maximum

12 mm (0.47")

Measuring accuracy

1°C (1.8 °F)

Resolution

0.01°C (0.018 °F)

Multiple tubular wall thickness

maximum

25 mm (0.98")

Gammaray Measurement

Measuring range

| up to 800 API
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Electromagnetic Defectoscope

Limitations

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



BT a4

Electromagnetic Defectoscope

Deliverables

Raw instrument curves N
Al-Al1l R
C1-Cé - IRReass
B1-B3
BB1 to BB3 1 T
Gammaray
Temperature i
Noise (quality indicator) 15 mem

Wall thickness (first and second string) .

Automated well schematic with » -

corrosion indicator .

‘Isoline’ presentation of calculated

curves 2]

Digital data in LAS, LIS format B

Log presentation in PDF, TIFF format 5

Text report in MS Word format
www.fumakgroup.com +234 703 066 2562 contactus@fumakgroup.com




Electromagnetic Defectoscope

Response Examples — Single Tubing

Real construction Terp.mm Results of the
NOISETEMP €3 Bl BBl A2gKk 3 6 8 machine interpretation

T=1,12

N I

T=6,07 44

T=1,72 45

T=6,07

T=6,87 &0

T=1,12

Test fixtures at GOWell ISO 9001
certified manufactu r‘ing facility 5.5” single tubing string, 0.30” wall thickness

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



Electromagnetic Defectoscope

Response Examples— Single Tubing

GK mkR'h
NOISE
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L=21mm

Texpmm 7 7.5 &

5.5” single tubing string, Slot and hole detection in test well
0.30” wall thickness
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Response Examples — Two Tubulars

21397

@136.5
150mmT=6.32mi]__

300mm2139.3_

T=6.8Tmn|
1000mm
F1376
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[000mm
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| Texppmm 5 7 9

2 7/8” tubing, 0.21” thickness inside 5.5” Identification of metal loss and calculation of wall

casing, nominal 0.30wall thickness thickness in outer tubular of test well
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Case Study — Corrosion Single Tubular
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Metal loss Single String
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Case Study - Isolated Corrosion on Second Tubular

145
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195
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Tokt.mm Texp.mm
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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
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Case Studv — General Corrosion on Second Tubular
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Additional Case Studies
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Additional Case Studies

Effective and Eco-Efficient Pipe Inspection in Heavy Mud Environment Using Induced Electro-
Magnetic Measurement (EMDS)

Riaz-ud-Din Ahmed', Mohammad Arif Rasa', Andri Pamusghas’, Irfan Sajjsd’
'Pakistan Oilficld Limitod. “Fastern National Oilficld Services

ABSTRACT

Well AA was spad on Decombor 2008 and drilled
10 16,432 ft (side track-2) in the Eocone Sormation, In 6™
hole, 57 liner was set from 15498 Nt - 16,426 R Dering
circulation prior 8o cementing job, the Grculation ceased
dec w plugging and the circulatson had 1 be abored. s
order %0 find out the reasom for plugging coment ovaluation
log was camried owt, which showed strong barite settling
Dehind bomom section of §™ ey

Afr exiending 77 liner o surface, 92 1t
(seectnve) of Sakesar / Nammal & Patala formations were
perforated. While homopomizing med, gas oot was
obacrved, sebsoquently med weight was increase o 17,1
e 77 pormanent packer with 2.7%7 mil (2077 koag) was
st al 15424 . Well was completed with 3 5™ tubing
along with gaege adapioe and FTSV

15K Flow head was imtalled on Ageil 2010
Conled 1ubing was ren and 17.1 ppg med in wubing was
displaced with 12 ppg 1o 7,500 R, cdnerved no flow
Lowered CT down to 10,000 ft and hole volume was
displaced with 9 ppg gel when the well started o flow
strong gas. The casite compostional analysis showed 7%
H2S. In ceder 10 meet the critical differential on 7™ casing
below the packer, the choke was roduced 10 664" (WHP
2000-5150 Psi). CT was palied out of bode. The well was
ST and the WHSIP increasod s0 10,162 psi In view of
high sdut in pressere and the prosence of high H2S
conoentration it was decenod prudent o discontinue the
toot. Therefore the well was shut-in from down hole
PISV

The tubing string above the PTSV was displaced
with 18.2 ppg mod using CT. The tsbing along with DGA
wis pullied out (Max BHP 13,102 Psi and Max BHT M8

F a 1534 R, After milling permancnt  pacher,
homogenized 152 ppg mud against perforstioes. 5™ bradge
Plog was set at 15632 &, capped with cement plug (top of
comeont @t 15136 M), RIH 3 %" open endod tubing o
13,1585 . ND BOP and NUp XoMas tree. Well
temporarily sespended and rig releasad on May 2010

On March 2011 the company decsdod 10 bring
work over rig %0 re<complete the well with a mew
compiction strisg. The imegnty of the bmer and caving
was in question. Some peessure build up was also
monitored I ansulus botwoen casings.  Pipe imspection
was soodad 10 evaluate integnty of the liner and casing

I'he need 10 monitor the condition of second pipe behind
fird pipe fillod with heany mod weight (17.2 ppg)
climinsted the option of using standand acomstic pipe
mspection wol

ORIECTIVES AND SCOPE

I'he obgective s 10 monilor liner and casing
condition and detect cracks or holes in a heavy mad
enviconment, multib-diameter pipe and double  casing
configunation

Ihe scope of this paper is pipe imspection in high
peossure well in Pakintan, where previomly available sool.
cannct be wtilized doe 10 heavy mud cavircament. The
soope will also cover eco-efficient way 10 deal wigh similar
case by doing pipe sapoction in rig lows operation, befoes
callng work over rig

METHOD

This paper describes a case history of farst time,
oddycurrent  grinciple  of cloctro-magnetic  Induction
sechnique for pipe inspection enlized in Pakistan. Electro-
Magnetic  DefoctoScope (EMDS) tood was wtilined o
monilor lecr and caving and detoct defects, commosion,
cracks and boles.

Ihe eddy current impection method i hased ca
the pomciples of magnetic mduction. An  alternating
magactic ficld & producod by e tost wnsoe which
induces clectrical eddy currents in 2 test object. When
sonhomogencity or damage is Sownd, the Mux of the oddy
current fickd m affoctod

Baske Principle for Pipe Inspection

EMDS measures wall thickness and msonitors
any metal boss of first and second pipes. Combined with
Muli Finger Caliper Tool (MECT), 2 can also monnoe
precisely imtemal diamcter condition of the pipe

Ihe 100l string run consisted of 24 Arm Muli
finger caliper and Electromagnetic defect scope Sonde i
(MECT + EMDS). These two sools can be run i one
sangle decent in well o give complete infoemation

Electromagnetic Defectoscope

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

www.fumakgroup.com +234 703 066 2562 contactus@fumakgroup.com
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Customer Base

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

* Welltec e AWALCO

* QIISERV * Read Well Services

* Baker Hughes (BP Iraq) e Halliburton (ARAMCO)
* ENOS e Geoinform

Operating companies and locations logged include

* Rumaila oil field, Iraq (BP / * Sinopec, China
CNPC) « ARAMCO

» Ekofisk field, Norway (Conoco

Phillips)

www.fumakgroup.com +234 703 066 2562 contactus@fumakgroup.com
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Reference Letter

Date: August 07, 2011
To: Wendy Liu,
GOWell Petroleum Equipment Co,, Lid,
J0E, Mo, ] Oifice Park, X 07 Mew Incdustrial Part, Xitan, T 19, China

Subject: Performance of Corrosion Teol and MFC from Go WELL

CHISERY has purchased sets of Corrosion tools and seis of Multifinger caliper tools of all
available sizes from Gowell, We had been using Gowell tools since carly 2010 until present

This letter i provided to Gowell in good faith and in retumn for the products deliver, as well as
the prompt and the very arnentive customer service / technical support provided o OIISERY.

The tools kave performed well and overall the product and support provided is of the highest
standard

Wi had use them on more than 30 wells combined or MFC mum in standalone mode with the
Warrior System obtaining satisfying results for OJISERY and owr clients

Thiy have delivered the measurements as detmiled on the specificatons provided by Gowell,
Gowell manufacture their MFC wols and during our awdit 1o their installstions in China on
March 20011 we found their Engincering, Sustaining, Manufacturing., Technical Suppon

structure amd processes, did mect interational standards and demands for the oil industry,
specifically for Wireline logging

Best Regards.

Noame: Juan Manwel Real By

Signature; {‘w 1

Position: Wireline Technical Manager
Company Mame: QilSERV

Tel Mo.: +3bd 750 3304709

Electromagnetic Defectoscope

Example reference letter
from customer
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