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Casing

First used to stop formations from collapsing into the wellbore
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http://history.alberta.ca/energyheritage/oil/the-leduc-era-1947-to-1970s/work-crews-on-the-oil-patch/default.aspx http://www.sjivgeology.org/old_stuff/derricks.html



Casing

Incredibly good-looking rig hand, rolling 9 5/8” casing, Canada, circa 1999

SCSSsV

Has evolved into ifs own discipline of engineering... DI i

tieback 2 4
28-inch casing at 1000 feet
Cement — "
24-inch casing at 4500 feet
3.5-inch tubing -

Packer fluid I

13-5/8 inch drilling
tieback
TOL (top of liner) at &
11,000 feet £R
18-5/8inch casingat |
11,500 feet

TOL at 14,500 feet

R

14-inch casing liner at 15,000 feet &

TOL at 18,500 feet
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11-3/4 inch casing liner
at 19,000 feet

TOL at 21,500 feet

Lot gl

7Y

9-7/8-inch casing liner at 22,000 feet ¥

Packer at 24,000 feet

Craig, B., Materials for deep oil and gas well construction, AM&P Technical Arficles 166(5):33-35, 2008



Casing

Original old-school threads were only design to hold pipe together:

When subjected to high pressures, they leak!

Coupling

Thread compound

APl Spec 5B (2008) Bourne, D., Masters Thesis, Texas A&M, 2009

Still being studied in detail - APl Connection Leak Equation Extended with Dependence on Axial Force and Backup Pressure , Malcolm A. Goodman; Robert F. Mitchell; Issa A. Kalil SPE Drill & Compl 36 (02): 338-351., SPE-194059-PA, 2021



Casing

“Premium” threads have been developed that are gas-tight and have a
seal to maintain pressure integrity:

Blue® | 2321013 5" VAM TOP® FE
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From Tenaris website: https://dcp.tenaris.com/

From VAM website: https://solutions.vallourec.com/oil-gas/octg/products/connections/



Casing

“Premium” threads have two distinct torque profiles to be made up properly:
1) Thread Make up, and
2) Shoulder (Seal) engagement

Delta Turns

MAXIMUM TORQUE
OPTIMUM TORQUE
MINIMUM TORQUE

MAX. SHOULDER POINT

This can be seen on a Delta Torque
torque vs. furns chart:

Shoulder Point

MIN. SHOULDER PQlI

Thread & Seal Interference — !

https://www.tenaris.com/en/products-and-services/octg/tenarishydril-running-manual/



Casing

Quick link to video of casing being made up:
https://youtu.be/é67XesQlleyg?si= HSafOxrra3RAgFg &1=508

MAXIMUM TORQUE BRI ILTE

OPTIMUM TORQUE
MINIMUM TORQUE

MAX. SHOULDER POINT

This can be seen on a

Delta Torque

torque vs. furns chart:

Shoulder Point

MIN. SHOULDER PQI

Thread & Seal Interference — o1

https://www.tenaris.com/en/products-and-services/octg/tenarishydril-running-manual/


https://youtu.be/67XesQLleyg?si=_H5af0xrra3RdgFg&t=508

Actual VAM TOP torque chart — pertect

I :: :/c o auss HC VAM TOP

Max: 25450 T.

Opt: 23150 ft.

Min: 20850 ft.

Min Shoulder: 1158 f&-

TIME OF MAEKE UP : 06:05 Al DATE OF MAEKE UP :
MAXIMUM TORQUE : 1331 ; . MAXIMUM TURNS
SHOULDER TORQUE : 13326 FT-LI SHOULDER TURNS
DELTA TORQUE : 100 FT=-L] DELTA TURNS
FILE NUMBER : JOINT




Joint 61 x 62 2" attempt (Actual)
_13 3/8 72 TN 95 HC 3SB

-
i1Ds.

OoptT:

Min: o, IbS.

Max Shoulder: 1IS0O00 LT, 1DS.

TIME OF MAKE UP : 05:10 P» DATE OF M

MLV TMITM TAD/( . MAIVTMIIM
MAXIMUM sURQVU . JOC ) MAXIMUM

. TORQUE : 13260 -LR SHOULDER

TORQUE :
FILE NUMBER : 098
TOP JOINT TALLY # 62; BOTTOM JOINT TALLY # 61; GENERAL COMMENTS: RE MARUP ; CAM TECH INITIALS:




On Nov 21, 2022, the rig was running 13 3/8"
casing into a well in the Middle East.

After making up joint 181 and RIH, the

decision was made to lay down the joint
when thread damage was noticed in box.

String was picked up out of |




MAXIMUM TORQUE

Timeline of Dropped Casi e

OPTIMUM TORQUE

MINIMUM TORQUE

MAX. SHOULDER POINT

. [ . - Client Nan Delta Torque
» Joint 180 was set into the slips W obtocaton
TESCO Job Creation
] . . O VClIon! Company
» Joint 181 was screwed into joint 180 Shoulder Point
with the CRIT. P !
Connection Date MIN. SHOULDER PO |
0241201240388 2 | 000 T o
Thread & Seal Interference .|
ramassioil
» The torque did not make up properly TS

as measured by jam unit. Torque (16}

Nalow Mo T e

24000.000 . 1000 - 6. .,
Op! Torque Peak Torque o

20000000 20342480 2 1248 B B e

Shoulder (ft-Ib)
Max Torque Min Torque Turns Range
12000000 1000000  4.752-1.248

N JOINT 181 - FIRST
= = ATTEMPT FAILED.

TURAJ o o o o o o



Timeline of Dropped Casing

» Joint 181 was unscrewed from joint 180 and

the threads cleaned B Cliont Name
.. Job Location
» Joint 181 was re-screwed into joint 180 T e, SEOSE
> AgCIiﬂ the Torque did not make up properly Client Company Locaton Customer Roprosentative Tochnician Tivead Ropresentative |
when measured by the jam unit. | I .

» Joint 181 was unscrewed from joint 180 again ComctonDate  Conmaction- Sequence  Sacton Mumber  Length (1) suts CatRacho. ot Vols
and threads cleaned, inspected again. o ' e - : —
Comment
» Joint 181 was re-screwed into joint 180 by 18

hand and then with the power fongs fo verify s
no cross-threading Max Torque

» CRT was then used to verify proper torque
(CRT sensors are read by the Jam unit)

» NOTE: Rig site determined joint 181 was Shoulder (fb)
properly torqued into joint 180 as per Jam unit ekl o

measurement

JOINT 181 - TORQUE PASSED




Timeline of

Dropped Casing

Turns

On the rig floor, this
spike was attributed to
the CRT just re-
torgueing to where the
power tongs first
screwed the joint to
~10,000 ftlbs.



Timeline of Dropped Casing

The string was lowered so joint 181 was at the table.
It was noticed the threads on the box of joint 181 were damaged.

Decision made to lay down joint 181.

vV v v Vv

When the slips were opened and the string was picked up one foot, the string jumped with
weight indicator showing loss of string weight.

» Joint 181 was pulled up through the slips and it was discovered that Joint 180 had parted
from the bottom of joint 181.

7,443' of 13 3/8" casing was dropped into the well.



Time to investigate the incident! (RCA)
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Timeline of Dropped Casing

» What does an engineer do to drill down to the root cause?
» Make-up Equipment

{": CERTIFICATE OF CALIBRATION
- ISSUED BY: i

‘n' WASL AL SHOUMOUKH

INSPECTION & CALIBRATION DIVISION

cgosidldeag - epiansizin
PIPE & WELL SERVICES WAST

Tubing & Casing Inspection Summary Report

Itam Received Date: 2I-September-2022

Customer : Nabors Arabia Company Ltd
Address : P.0 Box 2862, Al Khobar, Kingdom of Saudi Arabia.

PRODUCT SPECIFICATION
WHIT
z 722 . - &, . Instrument Pressure Gauge
- - - ‘ 2 Manufacturer WINTERS

(Inspection Standar Model PFO Series
L 5 {Unrss | Device ID/SN PG-121-08
(Ewspsas e epsas o .50 Range 0-5000 psi
Haspection Methods

Il Body Visual inspecion ‘

Test Result: Passed (see next page)

Certificate Number 2022082I-16R
_zx_z_ alibration Date: 21-September-2022
Total Rejected Joints (Repairable): 0 Total Soints Serap, o Note :

< Calibration and Verification are performad at an ambient temperature of23 +/- 5°C and relative humidity of less than 70%.

<« The collective measurement uncertainty of the standards used will not excaed 25% of the listed tolerance.

< wisL calibration procedures are designed to provida a test uncertainty ratio of 41 i.6. the calibration equipment (standard equipment) used is four
times or more accurate than the test equipment being calibrated.




Timeline of Dropped Casing

It was observed that several of the casing joints on surface — including joint 181 — did not have
the minimum 6.16" of blanking dimension as required by OEM.

Several joints — including joint 181 — did not have threads cut to the make-up loss of 5.508"

CONNECTION PIN

WEIGHT LENGTH RECUT INSIDE DIAMETER OUTSIDE DIAMETER LENGTH RECUT COUPLING LENGTH INSIDE DIAMETER

SIZE (IN) WALL (IN) PRODUCT TAG DRIFT (IN) DRIFT TYPE LENGTH LENGTH

(LB/FT)

(— ——————————————————————————— -~V Va1 2.5 = I N = LB 1 0 BN snnrmn i e A M ana s me e AN s e BT, s B P B N s s PR s a2 a BN nnsmn 2 DAY nar e
. . 2.561i 2.339i 2.355i 13.375i 61 693 929 25281
13375 0514  |TenarisHydril 358™ | Standard (CASING) | 12.191 | Standard API Drift 123391 | 1235 | 1335In | 13509In 11693in | 11929in | 12512in | 1252810 l-
156.4 mm 65.0mm) [(313.42 mm)}[(313.80 mm)|(339.74 mm)|(343.12 mm) | (156.4 mm 65.0mm) |(297.02 mm)|(302.98 mm) |[(317.82 mm) |(318.20 mm
3 : - 6.16in 2.56in 12.3391n 12.355in 13.375in 13.5091in 6.16In 2.560n 11.693 in 11.929in 12.512in 12.528in
m TenarisHydrll 358™ ) Standard [CASING) | 12250 | SSCERIREIRN i 156.4 mm 313.42 mm}|(313.80 mm) |(339.74 mm) |(343.12 mm) | {156.4 mm 297.02 mm) |(302.98 mm) |(317.82 mm 318.2Dmm

B.16in 2. 56 in 12.2671in 12.283in 13.375in 13.509in 6.161n 2.56in 11.693in 11.929in 12.5121in 12.528in
--- (c ) 15!: 4 mm 65 0 mm 311.6[1 mm) [(311.98 mm) [(339.74 mm) [(343.12 mm) | (156.4 mm 65.0 mm) |(297.02 mm) |(302.98 mm) [(317.82 mm) {(318.20 mm



Timeline of Dropped Casing

» What does an engineer do to drill down to the root cause?
» Make-up Equipment

T ,-,/ —

» Casing ==:=

~ o
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Picture of Pin 181 close up of threads:

A\

& Metal swarf clearly
N indicating threads being
| “cut while torqueing” __




Picture of another joint
of the JelgglS casing:

Only 3 2" of fully cut
threads and less than
5" of any threads




Timeline of Dropped Casing

» What does an engineer do to drill down to the root cause?
» Make-up Equipment
N @eNlgle]
» Procedures



Timeline of
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Dropped Casing

Actual # OEM Template

5
Turns

MAXIMUM TORQUE Delta Turns

OPTIMUM TORQUE
MINIMUM TORQUE

MAX. SHOULDER POINT

Delta Torque

Shoulder Point

MIN. SHOULDER POl

Thread & Seal Interference — !



Fishing Operations



About the fish:

18 587 1D = 17 4377

/7,443’ of casing was dropped in hole.
KOP was at 7500" with bottom INC of 35°.

Many cenftralizers were used per cement - ..
13 W67 T = 12347

DV at 4 2007 DV is 13 joints below TOF

simulation (137 in open hole) . 4200

TOF at 3,622 TOF at 3,622
| (72¢, 358 threads)

» The Weatherford Cementing Stage tool (DV) was
already made up into the string and 13 joints from e
top of fish (top calculated inside previous casing
strinQ)

13 38" Centralized

» The stop collar on the top of the DV tool was our casng it Y
smallest ID (10.25") sentalers

» There were two open oil production zones with
differing pressure profiles — could not be left o
Comingled! Bottom hole INC

34.5 degrees at 10,262

KOP at 7300°

Max DLS = 2 degrees

11,070°110,740°

Fish on bottom



About the fish:

» The Weatherford Cementing Stage tool (DV) was
already made up into the string and 13 joints from
top of fish.

» The DV tool slips are bi-directional, hydraulically
set mechanical slips

» The slips may have set from the force of the
dropped string




Fishing Plan Forward:

» Plan to cut casing string right above KOP and pull out string in vertical section (2,838" of open
hole).

» Manual cutter was too large to RIH below DV (ID restriction).

» DV Tool needed to be manually closed prevent slips from setting during fishing. (Needed set-
down weight of 134Klbs.)

» Plan fo close DV tool and mill out restriction in same run.



|/ANDR-1003
Wellbore Schematic for Fishing Operations, Fishing Run #1 and #2 — Nov 27

Fishing Continued B[] s Tw o] e

» With DV milled out, cutters were run in hole and 13 I o (724, 398 threadt)
3/8" casing cut at 7,361’ above KOP ID = 17.437"
13 3/8” 724
)| ID =12.347
» Spear was RIH and max overpull applied (8-1/4" OVArAT | BRI | oy s s below TOF
ITCO Spear with Spear Grapple to catch 13-3/8" 12.25" a.227
Casing - Assy No 9283) N
4,533 f4,533

» Spear suddenly released causing drill line to jump
and damaging the rig's deadline anchor — 37
hours of NPT

7361’ First casing cut in
casing cut #1 Joint 90 at 7361"
(blade depth / cut)
KOP at 7500 13 3/8" Centralized casing with
MANY centralizers
16™
Bottom hole INC
34.5 degrees at 10,262°
Max DLS = 2 degrees
12 %" mill run to 10,900
11,070" /10, 740"
Fish on bottom



Fishing Confinued

» With the rig repaired, a spear was re-run
into fish and latched

pictures of spear =

» Fish did not pull free

» Decision made to isolate DV slips




Fishing Confinued — Remove DV Slips

The DV tool required a very precise cut within a 15.5" window:

TO BE MILLED
16 '
8 CUT SECTION
15 ‘ l
— —— A s G == = 'f%ﬁ'f/ﬂ?ﬁél%m:f’]m t
, ——— = S St . — — — — —
L 9 k
Ky e—— 15,5 ——

o C $12.27
ﬂe S \
M y‘

Y 4

e 7 Vi Z o 7 T e———e e \-ll;iZIJAIJJ@éEFb#ﬁE%NNW L
1~ I¢16.875 @14

?16.875 — 16,5

- 183 -




Ishing Contfinued — Remove DV Slips

below top

of DVT

Casing

abowve DV

X05(B) 5.68 6E39. B9 4245 57 4739 8B |47B157.13| 11BB.65 [72# V. TOP BOX X 72# 35B PIN
Pup joint 5.63 6B45.52 4239 BB 4234 26 |47849594| 118962 T72# AM-HBC BARE PJ BOW
lower tool 303
DV slips 1.25
lower cut limit 7.79 4231.25 from closing sleeve
from closing sleeve
upper cut limit 6.50 4229 96 from closing sleeve
opening seat 1.25
clusirthleew_- 142 422346
WFD DVT [tally) | 1222 | 685774 | 423426 | 422204 |479231.99| 119175 WED 5K DVT
Pup joint 11.70 EEED. 44 4222 04 4210.34 |479936.71| 1195.78 T72# AM-HBC BARE PJ BOW
xos5@ 574 B6B75.17 4210.34 4204 60 '|4BD2B2.15| 1194 78 [72#4 V. TOP PIN X 72# 358 BOX
1 joint no# 167 4057 E915.74 4204 60 416405 |4B2725.85| 1201.83 72# 35B BARE C5G BOW 41.03
2 joint no# 168 4062 E956.36 4164.03 412341 |4B5172.57| 1208.89 72# 35B BARE C5G BOW 41 .08
3 joint no# 169 39.37 6995.73 4123.41 4084 04 | 4B7544 00| 1215.73 72# 35B BARE C5G BOW 39.83
4 joint no# 170 4082 J036.55 4084 04 403 22 149000277 1222 82 T2# 35B BARE C5G BOW 41 28
5 joint no# 171 40.71 JOTy.27 404322 4002.51 49245491 122990 72# 35B BARE C5G BOW 41.17
6 joint no# 172 | 41.86 | 7119.13 400251 | 3960.65 |ag4g7s.32| 1237.17 72# 35B BARE C5G BOW 4232
7 joint no# 173 4] 84 7160.97 3960.65 3918.81 |497496.53| 1244 44 72# 35B BARE C5G BOW 42 30
B joint no# 174 41 82 720279 3918.B1 3876.99 |500015.53| 1251.71 72# 35B BARE C5G BOW 42 28
"] joint no# 175 40.02 7242 B1 3876.99 3836.97 |502426.11| 125B.67 72# 35B BARE C5G BOW 4048
10 joint no# 176 4122 72B4.03 3836.97 3795.74 | 50490897 1265.83 72# 35B BARE C5G BOW 41 68
11 joint no# 177 39.06 7323.09 37495.74 3756.6B |507261.72| 127262 72# 35B BARE C5G BOW 3952
12 joint no# 178 4091 7364.00 3756.68 371577 |50972591| 1279.73 72# 35B BARE C5G BOW 41.37
13 joint no# 179 4165 7405.65 371577 367412 |512234 67| 1286.97 72# 35B BARE C5G BOW 4211
14 | jointno#180 | 3812 | 744377 | 3674.12 |3636.00|514530.81| 129359 724 358 BARE CSG BOW 38 58
-‘HH""""--..___‘_
—--.._‘_-_-_-_--_-_-_--_-_-_ _

THIS TALLY MEASURES THE STRING FROM TOF.
ENTER TOF TAG DEPTH AND THE OTHER DEPTHS WILL BE CALCULATED.

NOTE - WE HAVE LOST 7' OF STRING LENGTH AFTER THE DROP..... [FROM TD TO TOF)
T T T T T T T T T

cuT

DEPTH

from TOF



Fishing Confinued — Remove DV Slips

4,227' to Top of DV provides too much depth to
confirm accurate cut

How we verified precise cut depth: Stop Gauge

(in work string)

only few feet
above TOF
TOF at 3,622’

1) Tally length above DV is known
2) DV dimensions are known

3) Added a stop gauge into fishing string a few
feet above TOF length.

N

4) RIH with cutters until stop gauge tagged TOF

5) Pulled up exact amount to place cutters in
precise window

DV at 4,227’
Knives




Fishing Confinued — Remove DV Slips

3) Stop gauge (large OD) put into work string at _

610" above cutting blades

Stop ring
put 610’
above
blades




Fishing Contfinued — Remove

Depth
4) RIH with cutters until stop gauge tagged TOF. (ft.)

At this point we can verify the knives are 610’
below TOF.

DV Slips

Stop Gauge 610’ above
knives
RIH to TOF
TOF at 3,622’

DV at 4,227’

Precise cut needed at
4230.6'
Knives now at 610’
below TOF



Fishing Confinued — Remove DV Slips

5) Pulled up exact amount to place cutters in
precise window

The work string was pulled up a few feet
(measured on pipe at rotary table) to verify ... | Raise workstring 15.4'
exact cut depth as per the casing tally. f

TOF at 3,622’

Knives now are
15.4’ higher
Exactly at 4230.6
below TOF




Fishing Contfinued — Remove DV Slips

Cutters were POOH and a spear RIH to recover casing & top of DV.

Fish recovered successfully:




Fishing Confinued — Remove DV Slips

Measurements from recovered fish showed us the exact amount of milling required to remove DV slips:

DV above Slips 57

Weather DV Tool Schematic: |
———8.8’" Actual Recovered = 105.67 > : RK WD
- + e 1§ -
™ 8 ] ( 'u.?»:{
le ) -l i
! : ! !
- ik e S N SRgRe: = - emma———— = A s 7 m !
‘-:xiw o -~ e S T— - -
i-u
~ -
d MINIMUM
iy TO MILL
1 S574+167"= 217
p———— N | S gy, s - —— — =
—— T i =S o= "
| i T |
— @15878 / : - 9168 g L gw
I
Planned Cut/
o | - Actual Cut

- 183 - -



Fishing Confinued — Remove DV Slips

ANDR-1003 Wellbore Schematic for Fishing Operations
RIH with Mill Assembly to Mill DV Slips, Run #4 — Nov 30

TOF at 42307 TOF at 4230r

17 2" bladed junk mill was RIH fo remove OV cut hetween s
The DV S|IpS assembly at 4230°

Total of three feet was milled.

] '|.-1lr
BV ID 18 3/8" Shoe Length of current fish from DV to cut at 7,361

. 4,533 f4,533 3,165 with 2,838" in Open Hole
milled to -
12.25" i . .
Expected FISH string weight:
228 Klbs dry [stuck)

191 Klbs wet (free to pull)

ring
centralizers in open hole

First casing cut in
loint 90 at 7361°

ing cut #1
casing (blade depth f cut)




Fishing Confinued — Remove DV Slips

17 2" bladed junk mill new versus after milling:




ANDR-1003 Wellbore Schematic for Fishing Operations
RIH with Spear to Fish Upper Casing, Run #5 — Dec 1

Well Info
(IDs)

Schematic

Depth
(ft.)

Motes

185/8"
ID=
17.437"

13 3/8"
724
ID=

12347

BPB=
025"
DV ID
milled to
12.25"

13 3/8"
728
12.347"

18 5/8" casing shoe
@ 4533’

————————— BIYADH TOP: 3965’

DV cut between slip assembly at 4227’
3' of slip assembly removed with mills

TOF at 4230’

Length of current fish is 3,165’ (DV to casing cut at 7,361")’

Expected FISH string weight:
228 Klbs dry (stuck)
191 Klbs wet (free to pull)

————————— MDTM TOP: 4649’

=+---2838' of 13 3/8" Centralized casing with 47 bowspring

centralizers in open hole

First casing cut in Joint 90 at 7361’

casing cut #1

(blade depth / cut)




Fishing Cor

[
¥

Pictures of recove
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} "{\‘
§03/12/2022 04:24

- 03/12/2022 04

723



Fishing Continued

Two more spearing attempts and a run to dress the
TOF with a mill were conducted.

The lower casing section was not recovered and a
decision to sidefrack the well was made.

By pulling the upper casing section we were able to
maintain subsurface integrity by isolating the various
hydrocarbon zones.

Lower section abandoned and re-drilled with OH
whipstock.

Over a month of NPT with several million dollars worth
of equipment lost and time wasted

18 5/8" casing shoe @ 4533’

Shallow Oil Zone

Cement plug dressed to 6,560' for side track

A Cement plug set above high-vis pill at 7000’
High-Vis

Note: Last MR tag depth was 7,351
TOF milled to 7,356

Total casing left in hole 3721’

Deep Oil Zone



Key Takeaways As Engineers:

Address any abnormal condition - reject equipment that doesn’'t meet spec or just
doesn’t look correct.

Premium threaded connections have clearly defined make-up chart profiles. All
operations personal need to be familiar with examples of accepted torque profiles.

lis When fishing a casing string with a DV tool, first isolate the tool’s slips by cutting and
/”’ milling before further fishing — assume slips have set.

Any guestion or comments, please reach out to me, at ddickson@rhythmeng.»com
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