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mQualification testing of Bismuth plug
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EXTENSIVE TEST PROGRAM
13 3/8” x 20"

Requirement:

Pull heater

500 psi test using water above
and below

500 Psi—12 Hours using N2

- No bubbles

Repeat same after 12 -14 days

Two repetive tests with same results

Offshore installation and
pressure monitoring

120 (TC #1)

&9 (TC #2)
&4 (TC #3)

58 (TC #4)
52 (TC #5)
46 (TC #6)
40 (TC #7)
33 (TC #8)
k28 (TC #9)

- ﬂf 7L 68 $19)
12 (TC #12)
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Installation of Bismuth plug in well A-30 on
Valhall DP platform
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2000m

2100m

2450m

Valhall DP

ML
GAmMD /B4 MTVD  ~—

Seabed
139 mMD 7 133 mTVD

DPFZ #2 (423 —4ES mMD 7 422 - 483

DPZ #3 (435 — 514 mMD 7493 - 511

DFZ 24 (548 — 672 mMD / 54£ — 880 mTVD)

DPZ 6 (704 — 771 mMD / 689 — 745 mTVD)

-
TOC cement plog in seal § 21 751 sbD
TAM pahir irctadbiod at 1001 mMD fop|
TAM packer pressure tested 1o 300y 1050 pai Tor 5,30 min
. DPZ 8% (1012~ 1938 mMD / 518 = 1342 mTVD})

2057 mMD / 1398 mTVD ~
9 5(8" isernal cement pgTTOC @ 1974mbAD

X=3Im

DPZ 7 (2310- 2687 mMID [ 1521 — 1704 mTVD )

2696 mMD / 1709 mTVD
2801 mMD / 1759 mTVD

!

I84m
3580 mMD f 2131 mTVD g

DPZ #8 (3806 — 3834 mMD / 2280 — 2298 mTVD)
Da-clazsiflad

Zred BarTier Aggairat DFZ 9
TOC 151 piug @ 4138 mdD § 2497 miTVD

1st Barrier Against DFZ 5

Est. TOC T 58" lin v [Squsted thiough pents ) @ £253 mMD y
amm |

Overview of
|

Valhall DP

Deil Fipe Wi lppf)
L OPXT3E  157(1802)
1 5" DFVamES 195 (225E)
_. 5THWDPF VES £1.7 [3L4f)
]
%
i
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TTOC of Ensironenital plug at 154 mMD
207 x 307 Lymex ECP @ 153 saMD f 1583 mTVD
30" Conductor shoe

Surface Plug

TR i aed PUBS G 17LE el
smeit plug in seal 2 at 248 shdiD
07 Lynes ECP @ 365 mMD / 364 mTWD

EFSW P 212 mbAD (mid element)
33

D EAWA [ret. MINW)

s

Seal 2 — Internal cement plug / 1
Section milling inside casing
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9EE" caing cut @ 299 miMD.
Cut enlarged 1o 298.2 mMD.
Pl ficheaned winciow to 1001004 mMD.

-,

Seal 6 — Section milling inside casing

- " d‘ oe
E ?Q!)?;zlgw [MAINWY wy/14.0 ppg

Seal 7 — Perf, Wash & Cement

Cowetyas:  5/E° OL2 @ 7354 mAMD

Cutin 4 W7 tubing @ 2425 mD [DECT)

7 5/8" Top of liner

9 5/8" Casing window

FIT: 15,38 g EMTW [rel. MINW) w146 EpR

Seal 8 — Proven area with shale
creep

Understand geology.
Procon pcker @ 2552 D 1224 VD Declassify some DPZ 8’s
Hal 3.725" XN Nipple

Nodisoo shear geve @ 3571 mMD [ 2129 mTVD

Top of 5 %" Liner
Bismuth @ 3621-3625 mMD

TOC Ind plug 3638 mMD | 2168 mTVD
TOC 5 %" Liner [est] @ 3815 mMD f 2285 mTVD

SLA Perforation

Seal 9 - Rigless P&A — Coiled Tubing

Weatheford IRPP @ 4270 mMD / 2564mTVD

Ovwiei Magna Eibe: Bricge: Plug i 4295 mMD [/
2577 mTVD

4327 mMD [/ 2593 mTVR
Top DPZ #8 (4325 mMD | 2591 mTVD) - f

ﬁﬁnﬂ)fﬁﬂimﬂé h
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7 5/8" Liner shoe

Figh heft in Babi 0.23 i maileshone
Baker N2 Bridge plug @ 4935 mMD / 2615 mTVD:
5 1/2" Liner Shoe




Well status prior to installation

Technical information:

M Purpose for the Bismuth plug installation is to
gualify Bismuth plug in a well as a permanent

rog il P&A material - based on test results seen in

laboratory. The plan is to monitor the
pressure above and below the Bismuth plug
for approx. 2 years.

o Tatratec TOC @ 35 MWD/ 313 mov D

£33« 12 307 CCP @ 45 =MD/ 363 mTVO
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www s | we | B Well restored up to Seal 6
* Fluid in well: ISW

5 50" Tiatack (Top PER) @ W34 mAD | 136 =TVD

28 Uner arger @ 34 MWD ¢ 139 mTVD

“““““
DT 00 HOZ 408 mMD | 073200 TV
Sotie ruseatos @ T471 D) 231 mTYD
Tap o T knec @ T3S MD /2236 mTVD
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This 1s what we wanted to achieve

B A Bismuth Plug place across the casing to act as a
barrier plug

g B With verification devices installed
— — ® With the intention to have a retievable system

12.1 ppg OBM

NN

A

203 mMD/ 203 mTVD 24" Casip shoe

N

DPZ #1

(222-353 mMD / 222-352 mT TOC (ISICBL log) @ 253 mVD

=

13 3/8{x 18 5/8" ECP @ 349 mMD / 348 mTVD

i

A
,.-'". Section nilled window 365-369 mMD
13 3/8" Bpartan plug w/pressure gauges
"+ @ 372/mMD

~ .-".-

E " .

b 391 mMD/ 390 mTVD 18 5/8" Casing shoe

LOT =11.8 ppg

\ 4 ,-f"f

DPZ #2 Perforated 429-432 mMD

(429-486 mMD / 428-484 mTVD) CX-2 @ 445 mMD .
(pressure tested to 900 psi)

H“]N%{M
N

13 3/8" Casing
(Seal 6 OK)
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A

>

203 mMD/ 203 mTVD ‘

DPZ #1
(222—-353 mMD / 222—-352 mTVD)

A

Seal 2

391 mMD/ 390 mTVD

A\ 4

DPZ #2
(429-486 mMD / 428—484 mTVD)

AkerBP

Perforate top DPZ 2

® Fluid: ISW

AP

CSR

BoR W Perforate 5 m (427-432 mMD)

L PR

12.1 ppg OBM

N

24" Casing shoe

S

TOC (IS/CBL log) @ 253 mMD

13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD

SRR

18 5/8" Casing shoe
LOT =11.8 ppg

429-432 mMD
445 mMD
ressure tested to 900 psi)

-~
13 3/8" Casing
(Seal 6 OK)

Displace to SW
Perforated 2,5 meter into the DPZ and 2,5 meter into
the Seal 2 area



Set “leaking” bridge plug

H Fluid: SW

o

B Two pressure gauges installed below bridge plug
« Acoustic gauge (Live monitoring)
« Memory gauge
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12.1 ppg OBM

203 mMD/ 203 mTVD 24" Casing shoe

N

DPZ #1
(222-353 mMD / 222-352 mTVD)

TOC (IS/CBL log) @ 253 mMD

13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD
A

13 3/8" Spartan plug w/pressure gauges
@ 372 mMD

R

Seal 2

391 mMD /390 mTVD 18 5/8" Casing shoe

LOT =11.8 ppg

S I

v

Perforated 429-432 mMD
CX-2 @ 445 mMD
(pressure tested to 900 psi)

DPZ #2
(429-486 mMD / 428—-484 mTVD)

W

e

13 3/8" Casing
(Seal 6 OK)
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R

203 mMD /203 mTVD

WA

DPZ #1
(222-353 mMD / 222—-352 mTVD)

A

RN

Seal 2

391 mMD/ 390 mTVD

v

DPZ #2
(429-486 mMD / 428—-484 mTVD)

AkerBP

Section mill a 4 meter window

— B Fluid: SW w/sweeps
B Cut opening window — 0,5 meter
B Section mill 4 m window (365-369 m)

12.1 ppg OBM

24" Casing shoe

TOC (IS/CBL log) @ 253 mMD

13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD

Section milled window 365-369 mMD

13 3/8" Spartan plug w/pressure gauges
@ 372 mMD

18 5/8" Casing shoe
LOT =11.8 ppg

Perforated 429-432 mMD
CX-2 @ 445 mMD
(pressure tested to 900 psi)

-
13 3/8" Casing
(Seal 6 OK)
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b
RN

203 mMD/ 203 mTVD

A

DPZ #1 ...._,.f
(222-353 mMD / 222-352 mTVD) .--_,-"
A ﬁ
o
=
2 391 mMD / 390 mTVD
v
DPZ #2

(429-486 mMD / 428—484 mTVD)

AkerBP

UR section milled window

B Fluid: SW w/sweeps

=t B Underream / polish milled window
VPR B Special designed arms made for this job

12.1 ppg OBM

24" Casing shoe

r"f‘ TOC (IS/CBL log) @ 253 mMD

l-__--"-I 13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD

Section milled window 365-369 mMD

13 3/8" Spartan plug w/pressure gauges
@ 372 mMD

18 5/8" Casing shoe
LOT =11.8 ppg

Perforated 429-432 mMD
CX-2 @ 445 mMD
(pressure tested to 900 psi)

-
13 3/8" Casing
(Seal 6 OK)




Clean out section milled window

® Fluid: SW

AP

CSR

B Clean out section milled window w/modified Tornar tool

MPR

LR B Swarf removal essential for later recovery of bridge plug
and pressure gauges

B Pumped sweeps

[
,-"ﬂj =
o
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(=21
Qo
o
e ] =
a-"""-d S
Ey )
203 mMD / 203 mTVD ‘_fj 24" Casing shoe
DPZ #1 l__.-".-l
(222-353 mMD / 222—-352 mTVD) .-'f-"' TOC (IS/CBL log) @ 253 mMD
.-"f l___-"--I 13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD
A iy
___.-""f Section milled window 365-369 mMD
13 3/8" Spartan plug w/pressure gauges
@ 372 mMD
o~
TU u H
& 391 mMD / 390 mTVD 18 5/8" Casing shoe
LOT =11.8 ppg
v
DPZ #2 Perforated 429-432 mMD
(429-486 mMMD / 428—484 mTVD) CX-2 @ 445 mMD r
(pressure tested to 900 psi)
-
13 3/8" Casing
(Seal 6 OK)
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A

RN

N

203 mMD/ 203 mTVD

DPZ #1
(222—353 mMD / 222—-352 mTVD)

A

Seal 2

391 mMD/ 390 mTVD

A 4

DPZ #2
(429-486 mMD / 428—484 mTVD)

AkerBP

12.1 ppg OBM

S

Fill sand on top of plug

® Fluid: SW

® Fill Sand
— * RIH w/ open ended DP to top of section milled window

« Pump sand from surface through drillpipe to protect
bridge plug fishneck and ensure base of bismuth plug
o) in outer casing

B Gelled up sand to keep sand in
suspension while pumping (to avoid fall

= ME

24" Casing shoe

N

TOC (IS/CBL log) @ 253 mMD

SN
RN

13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD

Section milled window 365-369 mMD
13 3/8" Spartan plug w/pressure gauges
@ 372 mMD

18 5/8" Casing shoe
LOT = 11.8 ppg

-~
13 3/8" Casing
(Seal 6 OK)

Perforated 429-432 mMD
CX-2 @ 445 mMD
(pressure tested to 900 psi)




Verify top of sand

AP ® Fluid: SW

CSR

VPR M Verify section milled window and top of sand using
— camera — run on drillpipe

A %

12.1 ppg OBM

24" Casing shoe

203 mMD/ 203 mTVD

7 'Sig
DPZ #1 /"'J Q
(222-353 mMD / 222-352 mTVD) /'" TOC (IS/CBL log) @ 253 mMD M ) /
z S e
m

fa 13 3/8"x 18 5/8" ECP @ 349 mMD / 348

A
Section milled window 365-369 mMD
13 3/8" Spartan plug w/pressure gauges
@ 372 mMD
o~
© " .
b 391 mMD/ 390 mTVD 18 5/8" Casing shoe
LOT =11.8 ppg
v

Perforated 429-432 mMD
CX-2 @ 445 mMD
(pressure tested to 900 psi)

DPZ #2
(429-486 mMD / 428—484 mTVD)

-~
13 3/8" Casing
(Seal 6 OK)

AkerBP O




Install Bismuth plug

= B Fluid: CaCl2
CSR
= B RIH w/ Bismuth plug on 7/16" monocable
o » Positive tag at correct depth
B Ignite and set Bismuth plug
v&ﬁ . » Height of melted Bismuth plug =2 m
B Pull heater 10 m above melted plug
« Allow minimun 2 hours for running tool/heater to cool down prior
203 mMD/ 203 mTvp <l 24" Casing shoe to POOH i ) ' ‘
13225_;2153 MMD / 222-352 mTVD) T (STETEL 19 9) @R (i
13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD
A
............................... £ Section milled window 365-369 mMD
13 3/8" Spartan plug w/pressure gauges
@ 372 mMD
§ 391 mMD/ 390 mTVD 18 5/8" Casing shoe
LOT = 11.8 ppg
v
DPZ #2 Perforated 429-432 mMD

CX-2 @ 445 mMD
(pressure tested to 900 psi)

-
13 3/8" Casing
(Seal 6 OK)

(429-486 mMD / 428—484 mTVD)
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Out of hole with heater
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Inspection

— — M Displaced to drillwater to increase visabilit
T - P 4
[ | _CSR_|
BoR | B |nspect bismuth plug and section milled casing
[ | _MPR |
| —— ® No bubbles observed

X

A\

12.1 ppg OBM

203 mMD / 203 mTVD 24" Casing shoe

DPZ #1 P"l-.-l TOC (IS/CBL log) @ 253 mMD

(222-353 mMD / 222—-352 mTVD)

> F__,-"' 13 3/8"x 18 5/8" ECP @ 349 mMD / 348 mTVD

NN

A
Section milled window 365-369 mMD
13 3/8" Spartan plug w/pressure gauges
/ @ 372 mMD
~ /
g 391 mMD /390 mTVD i 18 5/8" Casing shoe
LOT =11.8 ppg
v <
DPZ #2 — Perforated 429-432 mMD

CX-2 @ 445 mMD

(429-486 mMD / 428—484 mTVD) g
(pressure tested to 900 psi)

-

13 3/8" Casing
(Seal 6 OK) Effect of underreamer

AkerBP



mVerification process — how to qualify
Bismuth as a barrier material for P&A
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Field verification

H Fluid: ISW

B VERIFICATION OF INSTALLED PLUG
» Acoustic gauge below plug — curently not connected
* Memory gauge below plug — active
» Acoustic gauge installed above plug — active
* No bubbles detected with camera run above plug
* Pressure tested plug from above for 1,5 hrs
* No pressure build up above plug detected since installation

A

12.1 ppg OBM

S

S

RN

Pressure history

203 mMD/ 203 mTVD 24" Casing shoe

&

’_,,-‘ [Setectan === ~~|From o01.09.2018 [~] 7o [21.02.2019 =
DPZ #1 -
(222353 mMD / 222352 mTVD) .-""-.d"' F_F.-"J TOC (IS/CBL log) @ 253 mMD Valhall A-30 (2/3-A-30 B) Weil pressure
..l_."'d P-.-__.i' A9 =1 o it - @ 349 mMD / 348 mTVD —— S-annulus pressue —— C-annulus pressure D-annulus pressure Wellhead pressure TS
A ,,-f; >
A Section milled window 365-369 mMD i e e N G
13 3/8" Spartan plug w/pressure gauges <
@ 372 mMD ]
s
N 4
S o = <
3 391 mMD /390 mTVD 18 5/8" Casing shoe < i
LOT =11.8 ppg ‘g s \
1IN
DPZ #2 Perforated 429-432 mMD =
(429-486 mMD / 428-484 mTVD) ez @R il _ j
(pressure tested to 900 psi) e — - . n— - — = — - 2
oktober 2018 desember 2018 februar 2019
september 2018 november 2018 Sanuvar 2019
13 3/8" Casing
(Seal 6 OK)
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Way Forward

M 20 x 30 Bismuth plug used as an Environmental plug
or to «cap» the well prior to cut & pull surface casing
and conductors

= Program initiated October 2018
Conductor cut -5 mbelowseabed ™ Testing started March 2019

’ #| 4m section milled window (2 m bismuth plug)

| B condudtor shoe = Access to 20 x 30» annulus by
202 mMD N 0 EZSY section mill a 4 meter window
DPZ#1 ‘
222-352 mMD ’ ﬁ ‘

Primary Barrier
[ —— |
2;02_1237 mMD CX-2 plug @ 456 mMD
Jlf

AkerBP


Test Video Final_AkerBP_reduced BG audio.mp4

Bismuth application for
wellhead change out

Technologies Required - (TB)?

* Tyrfing Tornar

HEmEL K mIvD EEE— [
QrIsl
[AI-E mMD ! T2-301 m TV
1 203 mMD/ 203 mTVD
DPZ#1
(222-353 mMD / 222-352 mTVD)
A
g
1
i S mED (T m YD
8
ﬁ 391 mMD/ 390 mTVD 20" Conductor
/
DRIy
[3-438 mMD [ 4254 mTV') Y
DPZ#2
(429-486 mMD / 428-484 mTVD)

133/8"
Casing
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Questions?

& AkerBP

www.akerbp.com



