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Perforate, Wash & Cement value proposition

(a) Section Milled P&A plug

H Jet BOPs, dress off
cement & W/T plug

™ Run 3-1/2" cement stinger
& set cement plug

H RIH section mill BHA &
mill 165ft casing

B RIH section mill BHA &
make cut-out

160

140

120

(b) Perforate, Wash & Cement P&A plug

= Dress off, W/T & P/T
cement plug

B Wash & place cement via
PWT tool

®Run 5-1/2" TCP &
perforate 9-5/8" inside
13-3/8"
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(c) Annular Integrity Test

M RIH 8-1/2" bit, dress-off &
W/T plug

= Trip Out

Disconnect from FTT tool
and set cement plug

B FTT Formation Test

M RIH guns + FTT &
perforate 2 x 2ft interval

Value is eroded if limits not understood and method not correctly applied
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Mud pump

Mud pit

Closed-system Cup Type

1

w

Has double swab cups above and below
nozzles.

Washing fluid is forced’ out of 6x
0.906in nozzles between swab cups and
into annulus via perforations.

Fluid has only 1 way to go and has to be
forced into the annulus, i.e. is a ‘closed
system’.

Can rotate string above cups by means
of aswivel.

Cement is forced between cups and into
annulus behind perfeorations.

Fluid bioass minimises surge/swab.

Due to closed system, standpipe pressure
gives continuous clear feedback signal of

washing effectiveness.

Washing data can be used to correlate vs.
CBL data and de-risk chance of washing

success.
If annulus is plugged or perforation
unsuccessful/blank section, cannot
circulate = tool provides diagnosis.

u

Comparison of two methods

Open-system Jetting Type
1
2.

Does not require swab cups.

Washing fluid is jetted out of e.g. 30 x
1/8innozzles in a ca. 2.5 ft long sub at high
velocity & impact force.

Fluid can flow both through perforations
to annulus behind and also DP/casing
annulus, i.e. is an ‘open system’.

Can rotate entire BHA at 6 rpm {when over
perfs) & 120 rpm {when outside perfs).
Cement is sprayed out of nozzles from a
ca. 3 ft long cementing valve with 4 x 1/8in
nozzles.

Cement is pushed in to perforations after
spraying using an ‘Archimedes’ tool.

18 spfwith 1.1in EH or greater preferred

Mud pump

Shiaker El- E “E

Mud pit

“Cup Type” tool provides standpipe pressure and flow rate
signals which can be correlated to annular conditions
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® Circulnting pressure. wish up [psi]

®  Flow rate, wish up [gpm] 5620
o Circenlating pressure, wish down [psi]

o Flow rate, wash down [gpm]

= TCP gun couplings

5640

5660 [

5740

Measuded Depth, MD [fi]

Difficulties
circulating
230 gal/min max
with high pressures
(1400 psi). Loss of
returns, annulus
packed-off

5780
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5680 [

5760

5800 [

5820
0
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Initial field observations | (workover lower zone)

Circulation rate
400 — 500 gal/min
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Circulating (standpipe) pressure
1,100 — 1,400 psi
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Measured Depth, MD [ft]
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[—CBL = = 7.5 mV limit

Dark patches on Al from 5,705 — 5,746 ft
suggesting formation contact with casing
corresponded with circulation difficulties

CBL never above 12mV
(free pipe 57mV)



Initial Field Observations Il (workover upper zone)

Consistent circulation
at 400 — 500 gal/min

@ Circulaling pressure [psi]
® Flow rate [gpm)]
- = = TCP gun couplings
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Measured Depth, MD (i)

40860

4080

4100

4120

4140

4160

4180

4200

4220

4240

42680
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Lower circulating pressures
800 - 1100 psi

Measured Depth, MD 1]
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CBL
Millivolts [mV]
] 10 15 20 25

T

T T T T

[——CBL = = 15 mV limit |

CBL never lower than 12.5mV
and generally above 15mV
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Verification by bond log and

@ ToraL

A-06A

Pre-Treatment v Post-Treatment
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Post-Treatment

Pre-Treatment

(Black v Blue)
Brown = Improved bond
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all increased indicating improved bond
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B-annulus bled off every ~24 hrs following curing
and monitored for ~4 weeks prior to drill-out, tieback casing and upper

Displac= riz=r &
BOPS: from brine t=
B

N/D BOPs
B/TS 5/B” RTTS

Hamd-owver wedl Tor

b-zaction
monitoring
Pl 17.4 psi
— ha
— | e
" " T
! - o e
' w ¥ .
T
(e ” 5.8 psi
B L b - ", 2.9 p=i

of cement: static at 2.9 psi

completion installation
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Tool enhancements

Top sub

Bearing and
Seal area

Bottom sub

e SRR
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CFD analysis & yard tests for method verification

Barite.Particle Diameter

1600 I/min [m
Time (s) 0.05
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Yard test concept verification
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Application to campaigns | (abandonment lower & upper zone)

Cement Plug #3 Washing Interval CBL & AMAV Cement Map & VDL
Flow rate [gpm] Millivelts [mV]
1000 1500 2000 2500 3000 o 20 40 60 [:0)
Establishing ass0 |
circulation difficult
initially (red), CBL low
pressure high (750 (10-15
— 1750 psi) & 3920 [ mV)
erratic (blue) = B E;
i i 3940 E
g % 3960 <|Ir_
2 = 1
Circulation = Sl 1 [ highf
stable (. ), g #0 —
pressures lower ao00 | == mV)
(650 — 1250 psi) ;
4020

and less erratic 4020% g
(purple)
0

500 1000 1500 2000 2500 3000
Ci

irculating pressure/SPP [psi
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Circulation
consistent at >450
gal/min (red) and
pressures lower
(650 -1250 psi) and

more stable (blue) = 3450 15 -

Cement Plug #4 Washing Interval
Flow rate [gpm]

o 500
3400 -

0 500

CBL & AMAV
Millivolts [mV]

Cement Map & VDL

1000 1500 2000 2500 3000 o 20 40 60 80

1000 1500 2000 2500
Circulating pressure/SPP [psi]

b
g

Measured Depth, MD [fi]

3500

3550

3000

CBL —— AMAV — — 15 mV Lkt

G B-annulus static
(>6 months of data shown)
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Application to campaigns Il (workover)

First Wash Down Second Wash Up CBL
Flow rate [gpm] Flow rate [gpm] Millivolts [mV] &P ToTaL TWC-23
o 500 1000 1500 2000 o 500 1000 1500 2000 aQ 10 20 30 40 50 R & . [ = a Pre—Trea(Ln-:mkv P;ﬂﬂ)’l eatment
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3800 .. 3800 7 1
g g § 3820 T jﬁ‘ - g
£ g < ~ % iF
H z Z a0 i § g
i w1 =
E] z § 3860 z i I E z
Circulation harder to 2880 - \\} % i E
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® SPF il @ Flow rate [gpm] ® ST [ps] @ Flow rase [gpm] CBL drqpped’ bond index
—— increased.
o i gn ks } Note gas build-up
Sy b below remediated
o0 R R annulus (red)
—— &= Well on production, B-annulus static
|
|
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Summary table

CBL mV VDL
. Degree of (‘average R (‘near casing’ .
Ca'smg Bnnld hydraulic Circulation potential bond®) CBL mV ML%‘ and ‘cement Attenuation Comment
size quality isolation free pipe mb to formation’ dB/t
level bond)
No casing Cleaf' and
rvals . conmstcnt.
Hvdraulicall r?ar;e:lce ’0 £ Above free circumferential
Good bond ¥ lated ¥ Circulation not possible 57.415! <5 <CBL? p ] pipe level? bond. Absence
1sola = £ c eﬁ of channeling or
Om.le'l a]on discontinuous
arrivazs channeling.
e Presence of
Notin i Vo
. Sng - be
Intermediate _hydrauhcally . . . L . =10 and > amlvalls. At c.:r ,JHSt discontinuous.
" isolated, some Circulation difficult 57.415 6-14 5 No/faint above’ free o
9-5/8 bond L CBL? . . 3 Ability to
communication evidence of pipe level ireulat b
possible formation crre avcémay <
e improved by re-
perforating.
Below free
pipe level:
Not Clear and 9 5/8” 440 Presence of clear
hydraulically . . . . ; solid casing 1.6 dB/fi and continuous
Poor bond isolated, full Circulation possible 57415 =15 =15 arrivals q 5/87 447 channeling for
communication visible. 2.6dB/Mt circulation.
9 5/8” #53.5
3.8 dB/ft

I: Free pipe levels provided by logging tool vendor.
2: AMAYV levels are highly provisional and further investigation is required to better determine the cut-off levels shown.
3: Attenuation free pipe levels are casing weight dependent. Further investigation is required to better determine attenuation level cut-offs for intermediate and good bonds.
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Decision Tree

Decision criteria for de-risking and

Casing annulus displays
wstained casing pressure2

Na

Primary cementation
executed successfully?
(e.gverified by displacement
Opsi lift pressure or min 500 ft annul
cement column}

ics &

Na

ement bond lag available?
(nate all Tyra casings will be logged
en if a log is already availabls

* Note thot guideline CBL mV volues are
preliminary and subject to revision based
on further field observations

Run log

Cement bond
own to be good [>100 ft intervall;
nclusive or poor + adjacent to

prmation strong enough te contai

MNo

{e.g. CBL z 15mv*
over majority of

ve
Verify bond over 165t interval via {e.g CBL »5 & < INgIN Feservoir pressun
e 15 mv® over zone, interconnected
1 v of zone |
+ X channels)
some evidence of Good
Execution/Merification: interconnected (e.g. CBL = 5mV™ over Annulus sultable fo
-Perforate two intervals 165t channels majority of zone, no erf and Wash technique’
- k:pan; o channals or ="="":‘5 .e. CBL 215mV over majority o
-RIH with packer and perform test not interconnected) zane, little evidence of ‘galaxy’
to Virgin formation pressure patterns on log, formation
minus gas gradient for 30 mins contact with casing, casing
ECD window)
No Hydraulic conductivity
confirmed. Select =T —— ——— —
remediation method

Poor

{e.g. previously failed ar
prone to collapsing whilst
milling). Inclination > 40

nstable formation?
(e.g. previously failed or
prone to collapsing whilst

tis evident that the pressure source is
ated shallower {from samples, logs, P
analysis, etc )

washing)

v
Section Mill and set cement

plug

Perf and Wash — Cup-type
cement

Perforate and squeeze
Tool

Cased hole balance cement
plug

Society of Petroleum Engineers
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Conclusions

Closed-system "Cup-type” tool ensures direct communication with the
annulus & standpipe pressure gives a clear indication of degree of bond and
washing effectiveness.
Washing parameters can be used to correlate against logging responses
and is of great utility in planning & selecting the best zones for remediation.
CFD & Yard Testing and 120 field runs confirms "Cup-type” tool as effective.
Field observations show that when the method is correctly applied according
to the operational limits defined here, job can be de-risked allowing:

a. Correct identification of the ability to circulate in 94% of cases

b. Effective remediation of annuli: SCP remediated in every case at

point of well handover

Track-record of successful remediation vs. logging & washing parameters
across >10 fields across in the North Sea qualifies the method as robust.
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