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H&P Inc. for the minimum curvature and ISCWSA calculations
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Wireline background

Well depth expert

Driller’'s Way-point Depth (DwpD) inventor
3D Way-point inventor

Well path 3D position and positional
uncertainty advisor, consultant, and trainer

SPE, ISCWSA, SPWLA, EAGE, and GESGB

3D Way-point refers to: International Patent Application
nr. PCT/GB2022/052855, “System for Determining 3-d
Well Position”, property of DwpD Ltd., Depth Solutions

DwpD refers to: EU patent 18 715 234.3 and US Patent
11,174,723 “A Method For Determining Well Depth”,

property of DwpD Ltd., Depth Solutions
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The uncertainty comparative discussion

Increased inclination and azimuth measurement accuracy should result in decreased 3D uncertainty.
Without balanced well depth accuracy improvements, there is no improvement.

3D Way-point provides a “balanced” approach to well subsurface position and 3D positional uncertainty.

Industry standard minimum curvature positional and ISCWSA (Rev 5) positional uncertainties are
compared to 3D Way-point results.

The (small) differences in well positional results are explained.
3D Way-point positional uncertainties are lower than the equivalent ISCWSA positional uncertainties.

Reduced 3D positional uncertainty diminishes operational risk and improves asset description confidence.
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Uncertainty discussion T&C's

There is no warranty that the content and material are accurate, complete, reliable, current, uninterrupted, or error-free.

[he content i1s opinion and subject to interpretation by others who may be expert
whose opinion I1s contrary and may aisaqree with the provigded statements.

Information is provided on an "as is" basis for general information purposes and is believed to be accurate as of the date of presentation. Yet,
no representation is made as to the accuracy or completeness of the information and no warranties of any kind, specific, implied, or oral to the
fullest extent permissible by law. Any and all liability is disclaimed for any direct, indirect, consequential or special damages, claims for lost
profits, or third-party claims, arising from the use of the information, whether a claim is asserted in contract, tort, or otherwise.

The point is: this Is a discussion, not a solution.
It works, but other ways and means are also possible.
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The 3D Way-point milking chalir principle

Well geometry, well survey
measurement accuracies,
and interval spacing
determine N, E, and V
positional uncertainties.

The 3 components of
3D position must have
balanced accuracies.

Well depth
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The flavors of well depth,__....
. . . tension)
Measured Depth, MD — as we know it >_Euoe length + Correction ® Thermal expansion
(temperature)

_|_ S
MD = length

of wellbore
along path

- AHD = calibrated
along-hole length

- 4+ correction

Verticaldepth LA \ Vi = XI_ (AHD;x cos I;)
independent with associated uncertainty
ofpath  ¥TU A\

fffffff < Specific rig state>

Wellbore

Text and image from Schlumberger, https://glossary.slb.com/en/terms/m/md Along-hole Depth’ AHD = Calibrated ar]d Corrected
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4 example 5,000 m well geometries

Example vertical well Example deviated well Example horizontal well

Example S-profile well

| N ZDP
{ E
| ) .

o TVD




<CrCLIEDS

LA Jiit i

59t General Meeting

-
Internatlom

Wellbore Positioning Technical Section

17th & 18t of April 2024
Glasgow The Industry Steering Committee on

Wellbore Survey Accuracy (ISCWSA)

| B X MlnCuv North and East displacement from ZDP, m
5 10 15 20 25
- Vertical well geometry
| “a
Lot { , Pipe tally, m Incl., deg Az, deg N
. Data Data Data Data
ot |7 Vertical 0 0 0
a. 500 0 0 <
il\S b. 1,000 0 0 :
1T c. 1,300 1 45 g
o || ] | d. 1,800 1 90 5
ot T e. 2,300 1 220 s
AR f, 2,800 0 0 z
SHERY g. 3,500 1 0 2
| ot | h. 4,000 1 90 E
¥ i. 4,500 1 120 £
o P TD 5,000 1 275
5@‘ N\ MinCuv 30 m spacing N position
’// MinCuv 30 m spacing E position ;
4,500 i

MinCuv vertical depth, m

5,000

D
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Vertical Il iInclinati d azimuth
Inclination Azimuth
degrees vertical degrees N
Vertical well, MinCuv and 3D Way-point inclination and azimuth values
1 ,ZDP a. b. «c d. e. pi g. h. i D,

1.0 ———«90— - 3D Way-point used inclination

08 20— 3D Way-point used azimuth values

<+—z— MinCuv used inclination values

v 60
|
0

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

0.6

o MinCuv used azimuth values

|
|
|
|
|
|
|
I
|
|
|
|
|

0.2

0.0

Pipe Tally well depth, m

Vertical well, (MinCuv - 3D Waypoint) inclination and azimuth value differences

0.0 90
0 500 1,000 h 2,000 2,500 3,000 3,5
-0.2
(MinCuv — 3D Way-point)
0.4 azimuth value differences
0.6 45 (MinCuv — 3D Way-point)
inclination value differences
-0.8 -90
-1.0 -135

-1.2 -180 9
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Vertical well positional results

Horizontal North and East displacement from ZDP, m

-5 0 5 10 15 20 25
01 ZDP North position, m
15 N and E displacement from ZDP, m
MinCuv 30 m spacing N-E footprint
i 3D Way-point 500 m spacing N-E footprint
MinCuv 30 m spacing N position 3D Way-point 33.3 m spacing N-E footprint \
w00\ b, Em——— 3D Way-point 500 m spacing N position \

------- 3D Way-point 33.3 m spacing N position 10

1,500

g
;;i‘.
H
2
2,000 é
g 3
l g 5
\ o}
V! =
2,500 =
v m
I a
l\ g’
3,000°\ 3
R
g 0
g 0 20 25
@ A
3,500 East position, m

synsaJ paAeuano - 1idiooy (3-N) |IPM

MinCuv 30 m spacing N position
————— 3D Way-point 500 m spacing N position

4,000

——————— 3D Way-point 33.3 m spacing N position .5

4,500 i. i ——————— MinCuv 30 m spacing N-E footprint
, l
,";’/ _____ 3D Way-point 500 m spacing N-E footprint
5,000 <7 D e 3D Way-point 33.3 m spacing N-E footprint '1 O

Vertical displacement from ZDP, m
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Vertical 1 It | diff
Vertical well, Vertical positional difference, (MinCuv - 3D Way-point) Vertical well, North postional difference, (MinCuv - 3D Way-point)
#ZDbP_  a. b. c d. e. f. g. h. i D #£DP a. b. ¢ d. e. f. g. h. i 1D
0 500 ~—— 1000 1500 2,000 2500 3,000 3,500 4,000 4500 5000
T~ Pipe Tally well depth, m Y ]
-2 \\\ 4 // \ /.
— \ 4
\\ / /,\\ \ /
4 ~ 2 NN A/
\\ /,// \\ ',/’/
6 \\\ 0 ——————--a-_--_-__:,/ NS L Ll hl 2/
\\ 0 500 1,000 1,500 2,000 2,500 3000 T 3580  40800---4500 5,000
N
~o ~ /
8 ~< 2 SN
~
\\
-10 4
(MinCuv - 3D Way-point)
positional difference, m Vertical well, East positional difference, (MinCuv - 3D Way-point)
ZDP a. b. v« d. e. f. g. h. i. D
e O B 3
0 500 1,000 1,500 ~~ 2000 2,500 __ 3,000 ___350¢ 4,000 4,500 5,000
O R e o e N 4T
. . . s . -2 ANy — ST et 7
————— (MinCuv - 3D Way-point) 500 m spacing positional difference o ~ --- -
------- (MinCuv - 3D Way-point) 33.3 m spacing positional difference 4 [T TY
-6
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Vertical 11 3D It | tainti
Vertical well, Vertical positional uncertainty Vertical well, North positional uncertainty
ZDP a. b. «c d. e. f. g. h. i D ZDP a. b. «c d. e. f. g. h. i D

0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Positional uncertainty, tm Pipe Tally well depth, m Vertical well, East positional uncertainty
ZDP a. b. «c d. e. f. g. h. i TD
7
6
ISCWSA 30 m positional uncertainty 5 EES e EmaE
————— 3D Way-point 500 m positional uncertainty 4 //—————-”’
-
------- 3D Way-point 33.3 m positional uncertainty 3 i

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 1 2
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Deviated well geometry

Pipe tally, m Incl., deg Az, deg N

Data Data Data Data
Deviated 0 0 0
- a. 500 0 0
b. 1,000 0 0
C. 1,300 20 5
3 d. 1,800 20 5
e. 2,300 30 10
G f. 2,800 40 15
g. 3,500 50 20
h. 4,000 60 25
i. 4,500 60 25
D 5,000 60 25

Deviated well 13
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Deviated well inclination and azimuth

Inclination, degrees vertical

AZimZL;th' degrees N Deviated well, detailed azimuth readings used by
MinCuv model and 3D Way-point model, points “d” to “h” h.

24

21

18

15 | MinCuv used azimuth values

12

1,5}0, 2,000 2,500 3,000 3,500 t2'000
: Pipe Tally well depth, m
Deviated well, (MinCuv - 3D Way-point) inclination and azuth value differences /
0 5ZDP \a. b. « d. e. f g. h. i. . TD
o\ /
0.4 . (MinCuv — 3D Way-point) s
\‘ azimuth value differences ,/
0.3 : .
0.2
0.1
0.0 s
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
01 (MinCuv - 3D Way-point)  Pipe Tally well depth, m .1 4

inclination value differences
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Deviated well positional differences

Deviated well, Vertical positional difference, (MinCuv - 3D Way-point)

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
#DP a. b. «c d. e. f. g. h. i D

=TT

—l
\‘V\"‘\\_ Pipe Tally well depth, m
2 \ STl
\ RRR TN
\\\ ~~~~~~ -
4 RS el
~ -
~ S~
~ RS
~ =~
~ S~
6 ~_ -
~
~
~
\\

8 \\\

-10
ISCWSA — 3D Way-point positional difference, m

(MinCuv - 3D Way-point) 500 m spacing positional difference
(MinCuv - 3D Way-point 33.3 m spacing positional difference

Deviated well, North positional difference, (MinCuv - 3D Way-point)

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
ZDP__ a. b.___c d. e. f. g. h. i. D
JBE MR S CEN
~ S
~ ~<o
2 ~ L <
~ SS
~ S
N S<
AN Sso
4 < el
~ ~<
~ ~.o
. S~
6 AN B
L -
N
~
8 S~
~
~
~
~
~
-10
Deviated well, East postional difference, (MinCuv - 3D Way-point)
1¢£DP a. b. c d. e. f g. h. i. D
8
6
4 B
- —~
- | 7
~7 1 leeemm T T~
- _--"" S T -
2 -
P d
P i
P A =
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 1 5
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Deviated 1 Iti | tainti
Deviated well, Vertical positional uncertainty Deviated well, North positional uncertainty
2ZDP a. b. «c d. e. f. g. h. i D »ZDP a. b. ¢ d. e. f. g. h. i. D
16 16
12 12

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4500 5000
Positional uncertainty, +m Pipe Tally well depth, m Deviated well, East positional uncertainty

,ZDP a. b. «c d. e. f. g. h. i. D

16

ISCWSA 30 m positional uncertainty
————— 3D Way-point 500 m positional uncertainty
——————— 3D Way-point 33.3 m positional uncertainty 8

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 I 6
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Horizontal well geometry

0

Pipe tally, mIncl., deg Az, deg N

Data Data Data Data

. Horizontal 0 0 0

a. 500 0 0

b. 1,000 0 0

A c. 1,300 30 30

d. 1,300 55 40

e. 2,300 65 50

f. 2,800 75 60

g. 3,500 90 80

| 7 h. 4,000 90 85

e . 4,500 90 85

A e se < ™ 5,000 90 85
44 / £ /
A 4: 74 /

Horizontal well 17
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Hor] tal Il inclinati d | th
Inclination , degrees vertical Inclination , degrees vertical
Azimuth, degrees N Horizontal well, inclination and aziumth values Azimuth, degrees N Horizontal well, (MinCuv - 3D Way-point) inclination and aziumth values

90ZDP a. b. ¢ d. e. f. g h i D 1.4¢ZDP a. b. v« d. e. f. g. h. i TD

81 1.20
72
1.00
63
" 0.80
45 0.60
36 - - 0.40
. Orange = Inclination, Gold = Azimuth : I \
T R R S A 3D Way-point used values 020 ,' N
+ |
? o M@/
MinCuv used values 0 500 1,000 > ; 2,500 > 3,500 4,000 4,500 5,000
0 -0.20
-~ .
0 500 100 1500 | 2,000 2,500~ . 3,000 3,500 4,000 4,500 5,000 Pipe Tally well depth, m
) ' Horizontal well, detailed aziumth vatues. Pipe Tally well depth, m
Azimuth, degrees N / ~..
54 . S~
. ~.
/ e
48 i
42 /'
36 /
30 b/
.1
el
24 L
1,000 1,200 1,400 1,600 1,800 2 '1 8

,000 2,200
Pipe Tally well depth, m
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Hori tal 1 It] | diff
Horizontal well, Vertical positional difference, (MinCuv - 3D Way-point) Horizontal well, North positional difference, (MinCuv - 3D Way-point)
OZBL B -sg? 1890 C.1,500 d‘z,ooo e.Z'SOO £ 3,000 3,&90 A,ﬁ?o 4,|5‘00 STQBO OZISP_ __5321_ iof_ - 1,500 d 2,000 N 2,500 £ 3,000 3'g5?0 4}(1)(.)0 4,|5.oo S’IDBO
—— j‘ ------------------------------------------------- \\\\\\
\\ Pipe Tally well depth, m N *\\
5 AN -5 \\ e 1
> T~<
DRI EUETEIE RNEIRIRE UENCFH G SUPUNII SRR \\ \‘~~_\_~~\
\\ ———————————————————
-10 -10 \\\
-15 -15 \\\
\\\
20 20

ISCWSA — 3D Way-point positional difference, m
Horizontal well, East positional difference, (MinCuv - 3D Way-point)

1ZDP a. b. «c d. e. f 8. h. i D
5
5 A Rt PSRN ittt £
————— (MinCuv - 3D Way-point) 500 m spacing positional difference . RN ,;7’ \\\ “‘\—--_\\
------- (MinCuv - 3D Way-point) 33.3 m spacing positional difference 0 500 1000 1500 2000 2,500 31000\\\3'500 4,000 | | 4,500 | | 5,900
N

10 19
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Horizontal well, Vertical positional uncertainty Horizontal well, North positional uncertainty
3ZDP a. b. «c d. e. f g. h. i. D 3ZDP a. b. «c d. e. f g. h. i D
25 25
20 20
15 15
10
5
0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Positional uncertainty, £m Pipe Tally well depth, m Horizontal well, East positional uncertainty
3ZDP a. b. «c d. e. f. g. h. i D
25
ISCWSA 30 m positional uncertainty 20
————— 3D Way-point 500 m positional uncertainty 15

------- 3D Way-point 33.3 m positional uncertainty

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,0002 O
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S-profile well geometry

3D Position Pipe tally, m Incl., deg Az, deg N

Data Data Data Data

S-profile 0 0 0
a. 500 0 0
b. 1,000 0 0
c. 1,300 30 45
d. 1,800 30 32
e. 2,300 45 20
f. 2,800 30 85
g. 3,500 25 95
h. 4,000 50 95
i. 4,500 50 95
TD 5,000 50 95

«.\‘

21
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S-profile well inclination and azimuth

Inclinatio, degrees vertical

Azimuth, degrees N . N . Inclination , degrees vertical
S-profile well, MinCuv and 3D Way-point inclination and aziumth values Azimuth, degrees N S-profile well, (MinCuv - 3D Way-point) inclination and azimuth values
1202DP a. b. «c d. e. f. g. h. i. D 1.ZDP a. b. «c d. e. f. g. h. i D
105 Orange = Inclination, Gold = Azimuth 0.0
: 0 500 1,000 1,500 ,000 2,500 3,000 3,500 4,000 4,500 5,000
N ———— 3D Way-point used values -1.0 Pipe Tally well depth, m
75 ————— MinCuv used values / 20
60 3.0
45 -4.0
30 5.0
15 6.0
0 = — 7.0
0 500 1,000~ 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
s-prefile well, (MinCuv - 3D Way-point) inclination and azimuth vaRIPe-T@llywell depth, m
90 .- U~
75
60
45
30
15
0
1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 2 2

Pipe Tally well depth, m
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[ [ [ ]
S-pI’OfI le well pOSItIOI 1al differences
S-profile well, Vertical positional difference, (MinCuv - 3D Way-point) S-profile well, North positional difference, (MinCuv - 3D Way-point)
20ZDP a. b. «c d. e. f. g. h. i D 4ZDP a. b. v« d. e. f. g. h. i D
30 30
20 20
10 R e i 2 RS0 P 10
AT T e e Y ot ot e et e e s et e e st s s e s e e e e e et e
0 —m——— Nt ’, // ________ 0 —————— e === =7" -_-__ ___-:_ -___-—-—: ————————————
0 500 1,000 1560 — —2,806- — 5,500 3,000 3,500 4,000 4,500 5,000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
-10 . -10
Pipe Tally well depth, m
-20 -20
-30 -30
ISCWSA — 3D Way-point positional difference, m
S-profile well, East positional difference, (MinCuv - 3D Way-point)
OZDP___a.__b.___g.;______q. e. f. g. h. i. TD
0 500 1,000 1,500 ?:060‘:\\2,500 3,000 3,500 4,000 4,500 5,000
-10 \\\
\ N
-20 \ \\
\
—_—— ISCWSA - 3D Way-point 500 m spacing positional difference 30 \\ L
------- ISCWSA — 3D Way-point 33.3 m spacing positional difference -40 \\ e =E=
-50 \
\—
€~ e

70 23
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p S-profile well, Vertical positional uncertainty p S-profile well, North positional uncertainty
1¢ZDP a. b. «c d. e. f. g. h. i TD 1ZDP a. b. «c d. e. f. g. h. i TD
16 16
14 14
12 12
10 10
8 8
6 6
4 4
2 2
0 0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Positional uncertainty, m Pipe Tally well depth, m S-protile well, East positional uncertainty
1ZDP a. b. c d. e. f. g. h. i. D
16
14
12

ISCWSA 30 m positional uncertainty

————— 3D Way-point 500 m positional uncertainty
------- 3D Way-point 33.3 m positional uncertainty

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 2 4
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90 120 GR, API 30 90 120 150

Which do you believe ?

Top reservoir zone —
This one, because we

always do it this way ?

e

GR logged to M

This one, provided to
required uncertainty 7

/

GR referenced to AHD

15,250

MD based vertical
15,300

uncertainty, =ft~
Bottom reservoir zone

¢ I 3D Way-point vertical
uncertainty, +ft
15,350 25

Well depth, ft
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A.V and asset interpretation using MD

A.V based on Measured Depth (MD)
\

SPE-214561-MS

Top reservoir

Free water level

“ Conventional
v A.V using MD |
Vertical well !

Horizontal well _
Deviated well S-profile well o6
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A.V and asset interpretation using AHD

A.V based on AHD

SPE-214561-MS

Reference depth ............ Ry I ot - - OF - - - &f - -

Top reservoir

Free water level

T Optimized A.V

v using AHD , _ , ,
- Vertical well ~ Deviated well Horizontal well  S-profile well -
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Actual geologies and real uncertainty

')From this
o Requirements set out what is needed
BP0 LA R AR B VTR .. .J.‘*

To this

28
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The uncertainty comparative take-aways

3D Way-point (using 33 m intervals) 3D positional results are essentially identical to minimum curvature results.

Any 3D positional differences are explained by:
1. AHD vs. MD, and
2. inclination and azimuth model implementation.
Well depth based on AHD (versus MD) is a key accuracy component.

3D Way-point provides a “balanced” approach to well subsurface position and 3D positional uncertainty.

Increased accuracy in well depth, inclination, azimuth measurements, and reduction of survey interval length,
reduce 3D positional uncertainties.

3D Way-point positional uncertainties, directly expressed as A. N, A.E, and A.V, are significantly lower than the
equivalent ISCWSA positional uncertainty.

Reduced 3D positional uncertainty diminishes operational risk and improves asset description confidence. 59
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