Stoner Engineering Software v5.11

SES USER MANUAL

English Edition

400 3000
RED vs. LWD
10 20 n 0
6725
750
T
¥
0
e vIEw
aoomw 000 o zno0e
€775
LR GEO LOGIsTs
T
200y
0
000 -+t - oo B '
Everywhere!
g
Up3: 27t (0%)
SOHE GAS: 1801 ft (26,1%6)
Upl: 966 fr (14%) 225
MOST GASH 2373 i (439%)
Dl 128 (1.9%]
out_Base 1042t (15, 1%)
FirsDeptht 118 ft
m ; |, LastDepth: 14030

T
S000

ENGINEERING LLC

©2015 Stoner Engineering LLC. All Rights Reserved.



<51
Well Entity Setup (Create/Modify/Delete Wells,
8] w ELLS O | SES File Import/Export, Surface Coordinates...)
=y = Surveys, 3D Planner, Type Logs, LWD, THD,
O O | 3D Technical Geosteering, Steering Guidance

Geologic Formation Tops 2D Grid Dats
8] G R I D S O | (Grid¥coor, GridYcoor, TWDsubsea)

OUTILITIESO | Wirsin sarvers, updeces Lesnee poat

Yerzion 5,11 [2015-5ep-18])
m Guidance & Geosteering Feature Option

[ratabaze CASESmunASESdata.mdb

Made in USA / Hecho en EE.UU. [ ZEHHE / LS il Saodal SLUgl o3 |l
E1999-2015 Stoner Engineering LLC www.makinhole.com

SES User Manual
September 24, 2015

©1999-2015, Stoner Engineering LLC, all rights reserved.

ENGINEERING LLC

This product, including software, data, and documentation are licensed to the user for its internal
business purposes only and, unless otherwise specifically allowed in an applicable license agreement,
may not be disclosed, distributed, sold, licensed, copied, reproduced, translated, or transferred to any
third party without prior written consent from Stoner Engineering LLC.

Stoner Engineering LLC
1010 Tenth St, Ste 104
Golden, Colorado 80401
United States of America
www.makinhole.com

+1 720 279 0182



CONTENTS

1010 NV I 1V 1 T TP 3
I L 2 (0516 L@ 1 ] PRSPPI 7
O RO 1= =T PP PPOPPPPOTRPR 10
1.2 USEr MANUAI BIIET ... .ottt sttt ettt e e st e e e st e e e e s nbbeeeesbbeeeeans 10
G S VS (=0 T LT [T (=] 0= ) PRSP 10
1S3 = 11 = LT T o T =T g o PRSP 10
1.5 SES RUN (SES.MAE) ... iiiiieiiiee ettt ettt e e e e e e s st e e e e e e s st tae e e e e e e e s ansaeaeeeaeeeesansnnanneaeeenannns 11
1.6 SES Database (SESAata.mdb) ..........uuiiiiiiiiiiiiiii e e e a e e e e 11
1.7 SES User Settings (SESUSEr.MAD) ......coiiiiiiiii et e e ae e e e e e e 12
1.8 Last SES Database (LDB.DIN) ...ttt e e et e e e e e 12
I B I = T 1T o PR TP PPPPRTN 12
1.20 Program/Data FIOW...........uueeiiiie ettt ettt e e e e e e s bbbttt e e e e e e s e nbbbaeeeaaeeesanbbbeeeeaaeaeaann 13
1.11 Paste/INSErt/DEIEIEIUNUO ... 13
1.12 Status Bar, Tool TipS, and EXAMPIES .....ccoiiiiiiiiiiie ettt e e e e sb e e e e e e e e e 14

P U B T TS TS o == o USRS 15
P R 1= o =T - PRSPPI 15
2.2 SES DALADASE ... .eeiiiiiiiiii ittt be e e a e e s nnaee s 16
PG B L= AT o] o PRSPPSO 17
24 WITSIML SEBIVET ...ttt ettt ettt e e ookttt e e e e e o e b e e et e e e e e e aa s b e e ettt e e e e e e bbb be e e e e e e e s s nnnbrnneeeeneaann 18
A T oo F= =2 PP TUUTPPPPPRT 22
2B LICENSE ..., 23
2.7 CritICAl...cc o, 26
R €1 | B SIS =TT o TP PP PP P OPPPPPPPPPR 27
B L GENEIAL..... e, 27
I €1 qTo l D= 1= 1= (1] o TP TPUPPPPPPTTN 28
R N T o D= = N I = 1L (=] PRSPPSO 30
B4 QUICK PlOt .., 31
T O 11 1T | PP 32
G TN T 01O URSSR 32
VY I SRS T o3 =T = o RO 34
T o T=T = | PP STPRR 34
A VAT L= | IS (1 o TP PTT OO 35
A VAT A=) | ST (] o I 1=t T o= | P PT RO PPPRPP 36
A.2.2 WEll SEIUP - SUIMACE.....eeeeeiie ettt e e e e e s e bbbt e et e e e e e e s nbbrbeeeaaaeeanns 38
4.2.3Well SEtUP - DAA UNILS ...ooiiiiiieiieeiee ettt e e e e e st e e e e e e s enbbnaeeaaaeeeanns 40
4.2, 4 WEIl SELUP = WITSIML ...eiiiiiiiiiie ittt ettt e st e e e st e e e s st b e e e s sntae e e s ssssaeeesnsbeeeeansaeeesannsees 41

A. 2.5 WEII SEIUP - OLNEI ...ttt e e e ettt e e e e e e e bbbt e e e e e e e e e anbbbaeeaaaeeeanns 44

G TN o o ] o P 45
| o 0o T 46
A5 MU EQIVDEIBLE .....eeeeieieiee ettt sttt e st e e s bbb e e e s st e e e e nbe e e e enbeeeeenneee 47
G o L=Tolo] o RSP TPRR 48
B O 1107 1 TSP 49
I T o PSPPSRI 49
TS T S I o £ 1= o TP PP PP P PPPPPPPPPPR 50
DL GENEIAL.....cc e, 50
s2roobar B B R e 51
5.3 Other FUNCLIONS/FEALUIES........ccc oo, 51
BUACHILICAL ..., 51

TRl (0] 1) VTP UPPPPTPPPR 51



6. SES SCreen — SURVEY'S ..o ittt e e e e e e s 52

LR CT=T o= - PP PR PSRRI 52
~u s
62 Toober S| ¥ =[%| B &|R| B[4 cosmesime [a[H] 53
6.3 Other FUNCHONS/FEALUIES .....civiiiieitieie ettt e ettt e e sttt e e sttt e e s bt e e e e st be e e e s sbbeeeesnbreeeenas 54
S e | B Y T ] TR ERTT 58
B.4.1 VIBWET OPLIONS ..oiiiiiiiiitiieiei ettt e ettt e e e e e e et bbbt et e e e e e e aanbbeeeeeae e e e e snbbeeeeaaeeaaanbbbbeeeaaaeaaanns 59
B.4.2 VIBWET EXBIMPIES ...ttt oottt e e e e e e sttt e e e e e e e e e e abbbeee e e e e e e aanbbbbeeeaaaeeaaans 64
6.5 Survey Data and Survey CalCUlatioNS ...........uuuiiiiiiiiiiee e e e e eneeees 66
6.6 Import Survey Data from LAS Fle ...t a e 66
6.7 Import Survey Data from WITSIML SEIVET ........uiiiiiiiiiiiieee ettt e e e e e eaneeees 69
LR O 11 1T | PP RP TSRS 71
LS 0 B 1= 71
S0 0 I 1SR 72
7. SES SCreen — PLANNER ....ooi ittt ettt e e et e e e s st e e e e s tae e e e nbaeeeenneaeeeennees 73
A8 R 1= =T - PP OTPRRPPPRPN 73
T i
72700mar 2|2 2#%| Bl &[] RN coiereran [a] 74
7.3 Other FUNCHONS/FEATUIES ......cii ittt ettt e ettt e e e e e e e bbbttt e e e e e s s annbbeeeeeaeeeeannneees 76
7.4 General Well Plan DeSIGN NOLES .......coiiiiiiiiiiiieie ettt e et e e e e e s s s aanbb e e e e e e e e e e annenees 79
7.5 How to Insert Targets between EXiStiNg TargetS.......oc.uuuiiiiiio e 80
7.6 Complex 3D Horizontal WEell DESIQN .....ccooiuiiiiiiiee ettt e e e e e e e e e e s e nnneeees 80
T.7 3D VIBWET ...ttt ettt oo+ oottt et e+ 44 oo a bttt e e e e e 2o e b e b b et e e e e e e e e nbbebe e e e e e e e e annbbeeeeeaeeeaannnnees 83
A A Yo=Y G @ T ) o 1SR 84
T7.7.2 VIEWET Plan EXAMPIES....ueiiiie it e e e s sttt e e et st ee et e e e s s s st ee e s e e e s s s ssntanneeeeeessnsnranenaaeeeannns 89
AR T 11T | PSP RPOTPRRPPPRPN 91
A0S 0 0 =Y 91
205 0 I 1R 91
8. SES SCIreeN — TYPE LOG ...iiiiiiiiiei ittt sttt ste ettt e st ee e e sttt e e st e e e ettt e e s s bae e e ensbaeaeenntaeeeennraeeeennees 96
T 1= 1T - PRSP EPTT 96
~u - i
sotoobar S 0#%| B|&[2] R|8SG] 97
8.3 Other FUNCHONS/FEATUIES .....cci ittt ettt e e ettt e e e e e e et bbb e e e e e e s e e annbbeeeeeaeesaannneees 98
8.4 TYPe LOG RSD CaAlCUIALION ...ceieiiiiiiiiiee ettt e e e e et e e e e e e e s bbb aeeeaaaeeaaan 101
8.5 Import Type Log Data from LAS FilE .......oooiiieiieee ettt a e e 101
TG O 1o | PP PR PPRRTPN 104
S T 0 8 1= 104
S S TN 01 PSSR 104
O. SES SCIEEN — LWWD ..ttt etttk nb e enbnnes 106
LS 1= o U= - PSP OTPPP 106
~u b s
9.2 Toolbar il + | thﬂl q:.l q:.l 2 | %ll@l Rt SR Y | ) 108
9.3 Other FUNCHONS/FEALUIES ..ottt ittt ettt ettt e e st e e s snbe e e s sabe e e s sabeeeessnneeeas 109
9.4 IMpOort LWD Data from LAS FilE ...ttt e e e e e e s st e e e e e e s s nnnnaneeeeeneannns 111
9.5 Import LWD Data from WITSML SEIVET .........ueiiiiiiie ettt e e stabaeeeaa e e 114
S B O 1 o= | TP PPRRTPN 117
O.7 HO KBYS ..tttk etttk f kbt bne e n b nnnnnn e 117
1SR ST o 1= PRSP 117
10. SES SCreen — GEOSTEER.........uiiiiii et e e e et e e e e s e s eeeeee s 119
0T R =T o1 | PR UPPPROPPPR 121
o] w rs
10.2 Toolbar il v | Hl Ml q:.l q:.l 2 | %ll @l Rl SR | 122
10.3 Other FUNCHONS/FEAIUIES ... ..eiiiiiiiieeiitiiee ettt ee ettt ettt ettt e e sttt e e st e e e s bt e e e sttt eeesbbeeeesnbbeeeeans 123
O R @ 4 o | PP PPPPPPROPPPR 125
0 o B =32 126
L0 T I P 126

11. SES Screen — GEOSTEER — ParamMTUNEL ...couuiiiiiiiiiii ettt e e st e s ssaa e sa e s aaaas 127



R R =Y 1= | OSSPSR 127
ﬂ."l Close R Restore Viewing Options

\ (W)
112 7oower B @I w] 019 [ e 2fm| 128
11.3 Other FUNCHONS/FEALUIES. ....ccii ittt e ettt ettt e e e e ettt e e e e e e s bbbe e e e e e e e e s anbbbreeeaaaeeaanns 130
11.4 Graph Details & FEAIUIES .....cccoi ittt ettt e e e e e e e bbb e e e e e e e s aabbbreeeaaaeeanns 131
11.4.1 Structural Cross Section (TVD VS. MD) ....ccuuiiiiiieei et s st e e e e e e saeee e e e e s e nnnnaneeeeee s 131
11.4.2 LWD Track (LWD VS. MD) ...cuiiiiiiiiieeiiiiee ettt ettt ettt et e e s snbae e e s snbneeeennees 134
I B o ST B R I = o] PP TPPP 136
11.4.4 Outer/Left RSD Track (RSD VS. LWD) ....ociiiiiiiie ettt e e e s s sttt e e e s e s stnee e e e e s e e nnnnnneeeeee s 139
11.4.5 Inner/Right RSD Track (RSD VS. LWD).......uuuiiiiieiiiiiiiiieiee e sttt e e e e e e s s siaene e e e e e s s e nnnnaneneaee s 141
11.5 Create DEeriVEd TYPE LOQ «vuveiieeieiiiiiiiiie e e e e e sttt et e e e e s st e e e e e e s s st eeeaeeessasntaneeeaeeesannnnrneeneeeeeannns 144
11.6 Rescale LWD on RSD Tracks (Normalize Mode) ...........ueeiiiiiiiiiiiiiiee e 145
A O 111 o | U RPPPUPPRPPT 146
R S o o] (=Y TP 147
R N I o1 PRSP 148
12. SES SCIEEN — THD ...ttt e e e e e e e e e e e e e s b e b e et e e e s e e ann b e et e e e e e s e nnnrne s 149
i 7= T o 1= - 1 149
] b s
12.2 Toolbar il v | thﬂl q:.l q:.l 2 | %ll@l Al T | ) 150
12.3 Other FUNCHONS/FEAIUIES ... viiie ittt ettt ettt et e e st e e s st e e s snbb e e s snbb e e e s snbeeeessnnneeas 150
S SRS (T ¢ o [ U T F= U Lo -SSR 150
12.5 THD Logs and DireCtional PIOLS .........ciiiieiiiiiiiiieie et e e e s s s e e e e e e s s n e e e e e e s snnnreeeneeeenennns 152
D S O 4 o | SOOI 156
A o To] B (=Y S TP 156
D T N o1 RSP 156
13. SES Screen — CROSS-SECTIONS ...ttt sttt sbee e e st e e e e snbee e e e nneee 158
R 1T o 1T | U PUPPTPPRPUP 158
T - r e < 2

132 Toowar =] ¥ [*["| % | %] [P zoomprevien [0 =] prot.. |G| B| 159
13.3 Other FUNCHONS/FEALUIES. ....ccci ittt e e e e ettt e e e e e e s bbbbeeeeae e e s anbbbreeeaaaeeaanns 160
13.4 CrOSS SECHON SEINGS ....eeeeeiiieiiiiiiiiii ettt e et e e e e e e s e et b e et e e e e e e e s s bbbeeeeaaaeesaanbbbreeaaaaeeaanns 161
13.4.1 General Main PlOt SEtNGS.......ccceiiiiiiee e e st r e e e e s s e e e e e s e s s e e e e e e s e e nnnrrerreeeees 161
13.4.2 Center-Line Settings for Revised Planned Path.............cccccco i 166
13.4.3 Marker Bed (Interpretation) SEtiNgS .......cccvviiiirieee it e e e e e e e s e nnraner e e e 168
13.4.4 LWD Data along Cross Section (Standard CUIVES) ........ccuveevviiiiiiiieieeeieiiiineeeeeeessennvnnnneeees 171
13.4.5 LWD Data along Cross Section (Azimuthal Image LOgS) ....c.coecvvvviireeeiiiiiieieeeee s s eniieeeeeeens 174
L13.4.8 SES INSEBES ..uutiiiiiiiiiie ettt ettt e e ettt e e ettt e e st e e e s bt e e e e ettt e e e e tb e e e e e tbe e e e et be e e e e taeeeeatbeeeearaeeeeanees 177
13.4.7 CUSLOM IMAGES/LOGOS. .. eeetitieiiiiitiiiee e e e e e ettt e e e e e s e tbbe e et e e e e e s e abbeeeeeaaeasaanbaaseeeaaessaannrbeneeeaens 182
13.5 Export Cross Section Data for 3rd Party SOftWare ............cooiiiiiiiiiiiiie e 184
13.5.1 DAtA CONLENLT ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaas 185
13.5.2 MD FIEOUENCY ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeaas 186
L3.5.3 FlE FOMMAL ....eeeiiiiie ettt e e oo e bbbttt e e e e e e st b bt e e e e e e e e e aanbbe bt e e aaeeeeannbbeneeaaens 186

IR 28T @ 1T 1SS 186

R I O 4 o | RO 187
R A o A =Y 187
R T8 T I USRS 188
14. TECHNICAL HOLE DEVIATION & THD WELLS LOGS ...t ettt se e 194
14.1 Technical Hole Deviation COMPONENTS ........c..vuiiiiieeeiiiiiieieee e e e s ssstieer e e e e e s ssenrerereeeeessnserreereeeeesanns 195
14.1.1 msVD|msHD (1st Order, Lineal DeViation)...........couiiiiiiiiiiaaiiiiiiieee e e 196
14.1.2 RCVD|RCHD (2nd Order, Lineal DeVIation)...........coouuriieiiaaiaiiiiieee et iiiieee e 197
14.1.3 msID|MSAD (1st Order, Angular DEVIAtIoN) .........cooiiuiiiiiiiaaieiiiiieee e 197
14.1.4 RCID|RCAD (2nd Order, Angular DeVIation) ...........cccuuiiiiiiaaiiiiiiieee e 198
L1A.1.5 THD SUMIMIAIY ¢ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaas 198
N | D VAT A= e T £SO 198

14.2.1 THD Wl LOG HEAUETS.....coiiie et ee ettt sttt e e e e s e st e e e e e s e s nnnaanae e e e e e s e e nnnnaneneeeees 199



S I o 10 T 1 S PRSER 200

14.3 EXAMPIE THD Wl LOGS. ..ot iieiieiiiie e ittt e e sttt e e e e s st ee e e e e e s e e st ee e e e e e s e s nnnsananeeeeesannneanes 201
14.4 THD and Directional Steering GUIJANCE .........cccoiiiiiiiiieee e sciieer e e s sseee e e e e e s s s snrreer e e e e e e snnneeees 201
15. FAULT PICTURES fOr ENGINEERS.......cooiiiiiiiiiiie ettt sttt e e 202
16. GEOSTEERING TRADE SECRETS ... ..ttt sttt s sibee e et e e s e nnbeee e s neee 209
G R T =T 1] 1T [ To 0 A TR 209
16.2 QUANLITALIVE GEOSIEEIING ....ci ittt ettt e e e e et e e e e e e e e bbbt e e e e e e e e e aanbreeeaaaeeeaannnreees 209
16.3 Vertical SCale UNCEITAINTY ........uuiiiiiiieiiiiet ettt e e e e e e e e e e e e s ranb e e e e e e e e e e nneeees 210
16.4 Interpreting the Early LANAING ........cooooiiiiiiieeeiie ettt e e e e e e e e e e e e e neeeees 210
16.5 DIP VS. THICKNESS. ... eiiiiiiii et e e e e e s st e e e e e e e s st b e e e e e e e e e e e nnstanneeeeeeeaannrnees 215
16.6 Novice Curve Mistake: Calibrating Dip TOO EaArly ........cceeeiiiiiiiiiiiiee e 215
16.7 Novice Lateral Mistake: Over-fitting/UNder-fitling ..........ceeeveiioiiiieiiee s 215
16.8 "Block of Clarity" — the Calm Feeling of Certainty ........ccccccvecviiiiiiee e 216
16.9 "TraceBack" — a GeoSteerer's BeSt FHEeNd .........c.cooiiiiiiiiiiiii ettt 216
16.20 WALCH TOF IMIITOIS .ottt ettt ettt e sttt e e ekt e e e sttt e e sttt e e e sbbeeeeebbeeeesbbeeeeans 217
16.11 3DSB Dip Azimuth...\What ShOUId | USE7 .....cceoiiiiiieiie e 218
16.12 High Dip Artifacts in LOW Dip ENVIFONMENTS ......oieiiiiiiiieieiiiiieie et 218
T e B I 0 11 ESR R I LS U PRRTTPP 219

IMP ORT ANT ..ttt ettt et e et e e s e e et e e e s e e e e es st e e e e s et e e esn et e s en e e e e s sanne e e s asnn e e e s nnnneeenannneees 220



SES v5.11

USA Rotary Rig Count by Well Type (4 Sep 2015)

2500
@ Directional W HORIZONTAL O Vertical 76%
2000
l_
z 1500 - 6.6%
)
(@)
O
o
o 1000
500 1 «
v 11x Increase
in %HRZNTL
BSC PhD  makinhole.com <60 SESV3 SESv4 SESV5 since 2003!
o A S G
1990 1995 2000 2005 2010 2015 2020

Source Data: Baker Hughes http://phx.corporate-ir.net/phoenix.zhtml?c=79687&p=irol-reportsother

1. INTRODUCTION

Oil and natural gas horizontal drilling operations significantly surged starting in the early-to-middle 2000s
and with it created a new level of demand for improved software technology that could simplify and
enhance the process of tracking and managing such operations from geometric AND geologic
perspectives. Stoner Engineering Software (SES) is a full-suite solution to this demand. SES continues
to evolve to the changing and refined everyday needs of industry participants that choose SES.

SES is specialized horizontal and directional well planning and execution software, including 3D technical
geosteering and directional steering guidance from Fuzzy Logic based directional control technology.

Key features of SES include:

-’ FREE BASIC G
FREE Feature Option

@
®

&

Easily load/update data

Compute directional survey, with 2D and 3D graphing
Interpolate survey for Cartesian coordinates at any MD
Compute 3D directional well plan with unlimited targets

Vertical section azimuth set by individual survey or plan

SUSUVVIUIY
SV
SUSUVVIUIY
SV

Bearings north reference set by individual survey or plan

©1999-2015 STONER ENGINEERING LLC 7 www.makinhole.com
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Simultaneous multi-user access to database on network drive
Run multiple instances independently from one computer
Easily transfer data between SES users or databases

Easily transfer data to other O&G software applications
Create directional survey or plan report for regulatory filing

USA & metric units supported

SRV
SRV
SRV
SRV

BASIC

®
@

&

®

BASIC Feature Option
Compute Technical Hole Deviation (THD)

Create THD Logs, with vertical section and plan views
View geologic model from 3D grid/seismic data interpolation

Explore 3D graphs of wellbore paths & grid surfaces

QRN
L QOO®
QRN

b |
I
)
3
L

W
{ _ i ﬁr'
s "‘_:\-uh _' | F |"r
= I'I'I:.-"'""\ .““-_ IJI - ‘rrl
S
‘ ‘/?“ X

SES 3D Viewer: surveys, plans, single-well, multi-well, and grids; click-n-drag rotate/zoom/pan

Enlarge
Multiple license formats supported @ @ @

GEOSTEERING Feature Option ("G")

Industry's most advanced 3D Technical Geosteering logic

Huge assortment of features to enhance interpretation quality

Use multiple type logs to help improve interpretation accuracy

S
S

Create interpretation gaps/overlaps while actively geosteering

©1999-2015 STONER ENGINEERING LLC 8 www.makinhole.com
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Graph up to 8 LWD data curves while actively geosteering
Easily create a "derived" type log from interpretation portions
Smooth noisy LWD data on the fly while still displaying raw data
Rescale type log and/or LWD data on the fly

Easily manage multiple working hypotheses/interpretations

Generate detailed/annotated TVD vs. MD|VS cross-sections
Display well paths, payzone, and multiple tracks of LWD data
Display multiple offset layers for enhanced visualization
Display interpolated 3D grid data along wellbore & ahead of bit
Post center-line & parallels for new planned well path for ops
Calculate & post current footage and percent-in-zone stats
Export layer properties/coordinates to revise 3rd-party software
Display and size inset map view of survey(s) & plan

Display and size inset RSD track of interpretation

Size main cross-section graph width and set paper size

Display one custom image/logo

GUIDANCE & GEOSTEERING Feature Opt. ("G&G")

Display up to four custom images/logos on cross-sections

Generate and display image logs from 8-sector Azimuthal data

o

RT data loading/updating via WITSML server import via internet

A 1]

SES-generéted image log from 8-sector azimuthal gamma ray data

Receive steering quidance from Fuzzy Logic control technology

Guidance calculated from geometric plan or from geosteering target

©1999-2015 STONER ENGINEERING LLC 9
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1.1 Client Care

Our website contact form is the most reliable method of contacting Stoner Engineering LLC for any
reason (e.g., for technical assistance, licensing/pricing, training options/resources). You may also send
email directly to support at makinhole dot com or call using the phone numbers provided online. Please,
feel free to contact us for any reason!

1.2 User Manual Brief

SES User Manual presents all main screens found within SES and details their purposes and
functionalities.

Main Menu is the front door to SES.

UTILITIES screen is used to set SES Database, list computers using SES Database, setup WITSML
server access, check for available SES updates, and address licensing-related issues.

GRIDS screen is used to transfer 3D grid/seismic geologic model data into SES for general interpolation
within SES.

WELLS screen is used to manage the Wells in SES Database.

SES screen is the heart of SES and is comprised of multiple other screens presented in tab format.
e Surveys - manage directional survey data and annotations
e Planner - manage directional well plan designs and transfers
e Type Log - manage logging correlation data from offset wells and derived datasets
e LWD - manage drilling/correlation data from the wellbore being analyzed
e Geosteer - manage geologic correlation creation (ParamTuner)
e THD Technology - calculate THD and directional steering guidance, and generate THD logs
e Cross-Sections - manage the visual presentation of final interpretation and related results

1.3 System Requirements

SES requires Microsoft Windows (64-bit or 32-bit, 10/8/7/Vista/XP/2000/NT) operating system and 32-
bit Microsoft Access/Excel (2016/2013/2010/2007/2003/2002/2000). Currently we recommend 64-bit
Microsoft Windows 7 with Microsoft Access/Excel 2010, but all 32-bit Access/Excel versions mentioned
are fully supported. A free run-time version of Microsoft Access may be available from Microsoft. Running
SES with an older version of Microsoft Access/Excel requires its respective Service Pack 3.

A CPU speed of 2.4GHz or better and a monitor screen resolution of 1024x768 or larger are
recommended. Some SES screens can effectively resize only up to 22 inches horizontally or 22 inches
vertically. SES has been altered and tested to be compatible with the simplified Chinese version of
Microsoft Office/Windows.

In order to successfully run SES, the user must have full file permissions (read/write/create/delete) to the
folder containing the SES run-time file (SES.mde) and to the folder containing SES Database
(SESdata.mdb). UTILITIES screen, Network tab displays the path to the SES run-time folder and file. The
default SES installation folder is C:\SESrun\ and may be changed during installation. Main Menu and
UTILITIES screen, SES Database tab display the location of SESdata.mdb to which SES is attached.

1.4 Installation/Licensing

SES Installer, named something like "SES_5_49_Setup.exe", may be downloaded from SES Download
page. Fully downloading SES Installer to a hard drive is recommended over directly running SES Installer
from a browser. With SES not running (i.e., from a prior installation) and with Windows Admin privileges,
run SES Installer and follow the on-screen instructions. SES Installer creates the "SES 5" icon on your
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desktop with which to launch SES. In rare cases Windows desktop may initially need refreshed to see the
icon.

SES includes both free and paid software. A valid, non-expired License is required to run paid SES. SES
supports multiple license formats including machine-specific, flash-drive, floating-network, and magic-
password (for emergencies and mass training). Please contact us or view SES Licensing page for more
information about licensing and pricing. A free trial-period license is typically available and may be
requested from within SES (UTILITIES screen, License tab, "Request Machine-Specific License").

A security/registry installation of SES occurs upon first use of SES and is Windows user-login dependent.
During this step four numbers are presented to the user for manual keyboard entry in order to
acknowledge and accept the End User License Agreement and to proceed. To perform an SES Virtual
Machine Install, enter 0000 when prompted at this step. The SES Virtual Machine Install disables SES
machine-specific licensing. An SES Virtual Machine Install is required if SES is being deployed via virtual-
machine/application-virtualization, which would also require SES floating-network license format use.
Temporary floating-network license check-out, whereby a floater seat is temporarily converted to a
machine-specific license for SES use away from the network for up to nine (9) days, is NOT supported
with the SES Virtual Machine install option.

1.5 SES Run (SES.mde)

SES Installer adds program group "Stoner Engineering" to your Windows Start—All Programs

menu. Under "Stoner Engineering” is the "SES 5" icon that when clicked will launch SES, assuming E‘P
the above system requirements are met. The SES icon on the desktop may also be double-clicked P53
to run SES. Yet another alternative method to launch SES is to manually open SES.mde—the SES
run-time file—directly from Microsoft Access or by using Windows Explorer.

With most versions of Microsoft Access, you may be prompted with security warning messages upon
running SES. Select "Open" or "Enable" or otherwise navigate through the dialog boxes to get SES
opened without restrictions. To permanently change Microsoft Access settings so you never have to
click "Open" when launching SES, follow these instructions. An alternative method is to open Microsoft
Access stand-alone and change the security settings to "Low" using menu Tools...Macro...Security.

SES may be run multiple times from the same computer at the same time (i.e., SES supports multiple
instances, as long as SES is connected to the same SES Database). Some SES users find it easier to
monitor multiple wells simultaneously using multiple instances of SES and multiple monitors.

1.6 SES Database (SESdata.mdb)

SES data (e.g., directional surveys, surface — BEEIEEIS = e
coordinates, offset type log data, LWD data, o I - ?f—ﬁ
well plans, geologic grids, geologic bed = = /_;'““'“ :i ey [
interpretations, THD, etc.) are all stored in a "ﬁm ™" %f
Microsoft Access relational database in a e \_,"m‘. i L =
particular but open format. A fresh SES e - @
installation will include a default database St e
populated with examples and named ey e =
"SESdata.mdb". Installing an SES version e e o
upgrade or uninstalling SES will not delete or | (. LF
overwrite or change your existing SES I |- =
database(s)! = = =l =

SlotName

WellNumber
The SES v5.x default SESdata.mdb file, o
which contains multiple technical geosteering,
grid use, THD, and well plan examples, may
also be downloaded from SES Technical

bl
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Support page. An empty SESdata.mdb file may be downloaded from the same page. An "empty" SES
Database file may also manually be generated by deleting all wells using WELLS screen; see 4.5 Multi
Edit/Delete.

It is important to understand to which SESdata.mdb your SES is connected and where the file is
located. SESdata.mdb should be backed-up regularly as a safe-computing precautionary measure
in order to recover from hard drive failure, catastrophic database file corruption, or the like. The
SESdata.mdb file location is displayed on Main Menu and UTILITIES screen, SES Database tab.
UTILITIES screen, SES Database tab is used to connect SES to a specific SES database file (e.g.,
SESdata.mdb located on a network hard drive).

In addition to running multiple instances of SES at the same time, SES also allows simultaneous multi-
user access to the same SES Database.

1.7 SES User Settings (SESuser.mdb)

User-specific settings are stored in a custom Microsoft Access database file named SESuser.mdb. This
file is automatically generated if not present and it is automatically upgraded from time to time when
applicable. SESuser.mdb is located in the same folder from where SES is being run.

User-specific settings stored in SESuser.mdb include:
¢ last ten (10) SES Databases to which SES has been connected (for fast recall/switching)
o WITSML server login details (username, password, URL, proxy server, etc.)
o WITSML well-specific parameters encountered using SES WITSML features from multiple screens
custom colors (up to 16) saved using the custom color palette
width of calculated results table on Planner screen
width of log strip graph on Type Log screen
width of left and right RSD tracks on ParamTuner
initial cross section zoom setting from Cross-Sections screen

1.8 Last SES Database (LDB.bin)

Each time SES is closed an SES system file (LDB.bin) is updated. LDB.bin contains the path and file of
the connected SES Database when SES was closed. When upgrading SES, LDB.bin is used by SES to
automatically connect SES to the last SES Database so upgrading SES is seamless for the user.
However, in some corporate environments, network administrators use the behavior of LDB.bin to control
the SES Database to which their users are connected by default when launching SES, initially and/or
after upgrading. Such activity is usually accompanied by internal software deployment protocols external
to SES norms.

1.9 Training

There are at least two general levels of training associated with SES technical geosteering. First, there is
the learning curve to SES logistics...knowing which button clicks and screens do the task at hand.
Second, there is the craft, or developed skill that comes from analyzing data with SES and extracting
value based on what is discovered from knowing how to interpret respective data, i.e., how to "read the
results" and then act. As might be expected, the latter takes much more time (relatively) to acquire and
requires the user to "think like a geologist" and grasp local geology for best results.

Fortunately, climbing the SES logistics learning curve can be done reasonably quickly. SES User Manual
is one resource to help accomplish this task, but perhaps equally important are the online training videos
published on SES Screen Video page and Formal SES Training. Approximately 70+ minutes of online
video including a “cradle-to-grave" example have been created to help new users get acquainted with
SES, and formal classroom training is offered multiple times per year.
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Valuable, general concepts surrounding geosteering that go well beyond your software selection are
presented as end-matter to SES User Manual. Please see 16. GEOSTEERING TRADE SECRETS after
getting comfortable with technical geosteering basics.

1.10 Program/Data Flow

General SES program/data flow to perform typical TECHNICAL GEOSTEERING is shown below. If your
sole interest in SES is "raw" technical geosteering, then please review at a minimum the hyperlinked user
manual sections below marked "required".

U (optional)  Grid data (3. GRIDS Screen)

U (optional) ~ Well plan (7. SES Screen — PLANNER)

U (required)  Type log data from offset penetration (8. SES Screen — TYPE LOG)

U (required)  Directional survey data (6. SES Screen — SURVEYS)

U (optional)  THD calcs and related logs (12. SES Screen — THD; 14. TECHNICAL HOLE
DEVIATION & THD WELLS LOGS)

U (required)  LWD data (9. SES Screen — LWD)

U (required)  Geosteer (10. SES Screen — GEOSTEER; 11. SES Screen — GEOSTEER —
ParamTuner)

U (required)  Cross-Sections (13. SES Screen — CROSS-SECTIONS)

General SES program/data flow to utilize STEERING GUIDANCE technology is shown below. If your sole
interest in SES is steering guidance technology and application, then please review at a minimum the
hyperlinked user manual sections below marked "required".

U (optional)  Grid data (3. GRIDS Screen)

U (required)  Well plan (7. SES Screen — PLANNER)

U (required)  Directional survey data (6. SES Screen — SURVEYS)

U (required)  THD calcs and related logs (12. SES Screen — THD; 14. TECHNICAL HOLE
DEVIATION & THD WELLS LOGS)

U (optional)  LWD data (9. SES Screen — LWD)

U (optional)  Cross-Sections (13. SES Screen — CROSS-SECTIONS)

1.11 Paste/Insert/Delete/Undo

For live drilling operations, WITSML server downloads or LAS file imports for directional survey and LWD
data produce the quickest means of SES data updating. However, key-punch and copy/paste (e.g., from
Excel) are also fully supported and sometimes the only option. Key-punch can be handy when a survey
station estimate at TD is necessary in order to use downhole-measured correlation data that is
beyond/deeper-than the survey tool. Key-punch is also (at times) paramount to correcting or removing
erroneous data, which is very simple to do with SES.

How To Paste Data From Excel into SES

Only select and copy data values with columns in the proper order (i.e., do not copy column heading
labels). SES automatically handles row numbering when applicable. Each Excel cell should contain one
value or no value (i.e., not two or more values). In some cases, data may first need to be parsed into one-
value-per-cell using Excel's Text-to-Columns command.

Any copied data, which are tab-delimited, may be pasted directly into an SES data table. Excel
automatically tab-delimits data when cell values are copied to the clipboard. However, data may also
manually be made tab-delimited using a text editor such as UltraEdit.

To paste data into an SES data table after copying, right-click on the bottom row selector (asterisk or
triangle) and select Paste from the shortcut menu; or, left-click on the bottom row selector (asterisk or
triangle) and press CTRL+V.
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A
Sorting (using the SES toolbar button ﬂ) and/or calculating may be necessary after pasting data into
SES.

A B C MDD | Inc |'Azi | Note | 1D |
[ | 11435 90,31 18852 147
1 MD Inc Az L 11466 90,22 188.25 143
11528 90.04| 187.99 149
2 1327 0.75 4323 : 11621 89.16 188,25 150
3 1535 0.79 318.42 11715 88,81 187.11 151
4 1627 1.41 23z2.02 Fm
1659 R VK Delete Record 153 b | wi]r#] of 153
5 Elh‘:' CLI'; ¢~ [l Survey (Minimum Curvat
6 1691 [ & cut [ Az | D | N
Fi 1722 [ 52 Copy 332,30 132696 -1
= ale BB, paste =Y I 318,42 1534.94 0
- - —— FRP.N2 1R7A.93 n
COPY DATA (without column labels) PASTE onto last row in table

How To Insert Data Between Existing Data in SES
All new data are added at the bottom of an SES data table. In some cases, sorting may be necessary

A
after adding and/or deleting data. Click the ‘A to Z’ toolbar button (z_ll) to sort data when applicable.

How To Delete A Row in SES

Click the row selector (J) at the far left side of a data table to select a row (or rows) to delete. Right-click
over the selection and click 'Delete Record' from the shortcut menu, or press the keyboard 'Delete’ key
after making the selection.

How To Undo Data Changes *While* In Edit Mode in SES

Press the keyboard 'Esc' key WHILE in edit mode to undo a cell/record data change. A "pencil...icon"
(i') may appear at the left side of the row on some screens WHILE SES is in edit mode.

1.12 Status Bar, Tool Tips, and Examples

The status bar at the far bottom of the application window is used extensively to inform you of various
information. If SES is working OR if the mouse cursor shows 'busy', please let processing complete
before clicking or typing.

There are several screen tips throughout SES. Just place your mouse over a control and if available the
tip will appear. Clicking into a text box usually provides more information in the status bar too.

Several example wells accompany SES. In some cases after example inspection, you may easily answer
your question!



2. UTILITIES Screen
=

SES Database |Ne1.wc|rk| WITSML Server | Updates | License |

Active SES Database Current 5ES Database: |CASESrun\SESdata.mdb

Change 5ES Database to...

Set to recent database—>B %l

SES Database Compaction Databases fragment with use, and, on rare occasion a
record may become corrupt and cause sguirrelly program

Compact/Repair SES Database | behavior. Compact/Repair will defragment the database
AND fix any, corrupt record(s). Compact regularly!

Automatically Compact SES Database on Exit

Frequeney fesky ]

Current Size: 15,2 MB

Database Version Compatibility
5 Current 5ES Diatabase Version

Comyert SES[ztahase. .. 5 Required 5E5 Database Version

il

2.1 General

UTILITIES is used to manage database connectivity, configure access to WITSML servers, check for SES
updates availability, and address Licensing matters.

SES DATABASE tab can be used to:

1.) Connect SES to an SES Database (SESdata.mdb), which is a Microsoft Access database (mdb) file in
a special format.

2.) Compact/Repair SES Database to minimize its file size and enhance general SES performance, and
to repair any corrupt records that may on rare occasion be present.

3.) Determine the format version of the connected SES Database.

4.) Upgrade the connected SES Database to be compliant with the SES run-time version.

NETWORK tab can be used to:
Determine computer names currently using SES Database and the computer name of the user running
SES. The SES run-time file and path are also displayed.

WITSML SERVER tab can be used to:
Configure access to up to three WITSML servers for on-demand data transfer to SES using the internet.

UPDATES tab can be used to:
Query www.makinhole.com to check for SES upgrade availability. Your version is compared to the most
current release. A link to Release Notes is here too.



LICENSE tab can be used to:
Determine current in-use Licensed feature option, format, expiration date, and address other SES
Licensing matters.

El Click "?" button to display UTILITIES abridged help screen.

ﬂl Click "Close" button to close UTILITIES and return to Main Menu.

2.2 SES Database

SES data (e.qg., directional surveys, surface coordinates, offset type log data, LWD data, well plans,
geologic surfaces, geologic bed interpretations, THD, etc.) are all stored in a Microsoft Access relational
database in a particular but open format, normally named SESdata.mdb. To fully run, SES must be
connected to a valid SES Database. Through the course of ordinary business within a company it is not
uncommon for multiple SES Databases to be populated and accessed. SES Database tab is used to set
the SES Database to which SES is currently attached.

In addition to running multiple instances of SES at the same time from one computer, SES also allows for
simultaneous access to the same SES Database from multiple users/computers. WELLS screen can be
used to transfer entire well and grid data in and out of SES Database through export and import of
individual SES xml files.

SES Database (SESdata.mdb) may eventually contain data from dozens to hundreds of different wells.
Eventually its file size may grow (e.g., to 100s of MB) and general day-to-day SES performance may
become affected. It is perfectly acceptable to work with multiple SES Databases and place them
strategically in a file folder structure that inherently groups information with applicable subsets of your
company’s wells/needs (e.g., user ‘A’ or field ‘B’ or division ‘C’ or client ‘D’, etc.). Another popular practice
is to manage a "working" version of SESdata.mdb for active/drilling/recent wells and use an "archive"
version of SESdata.mdb to save final version data and interpretations, where SESdata.mdb exists in two
or more different folders. The archive database(s) for example can safely be as large as 2GB.

SES allows SES Database (SESdata.mdb) to have any file name with an "mdb" extension and it may be
located on most any type of drive (e.g., network drive, fixed media drive, or removable media drive). "SES
formatted" databases from SES versions 4.x, 3.x, and 2.1 may be converted into the current format using
SES Database tab.

Microsoft Access databases in general may become corrupt from time to time and the most common
causes are: 1) faulty networking (e.g., dropped connections, faulty cables/switches/switch-ports/hubs, and
malfunctioning disc controllers), 2) closing SES/Access or Windows via an "inelegant" shutdown, 3)
power failures, and 4) Windows hanging while the database is open. The "Compact/Repair SES
Database" function on SES Database tab can recover most corrupt SES databases. Use Compact/Repair
often (e.g., daily or weekly) for best performance and to minimize the chance of problems associated with
a corrupt Microsoft Access database.

Change 5E5 Database to...

| Click "Change SES Database to..." button to browse and select a specific
SES Database (SESdata.mdb) to which to connect your SES.

Set to recent database—>[ = | e "Set to recent database--->" dropdown box to one-click connect SES to a
past-connected SES Database (SESdata.mdb) file. With this option, SES connects AND automatically
closes UTILITIES and returns to Main Menu.

%I Click this button to clear the most-recently-used SES Database file list in the dropdown box.
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Compact/Repair SES Database

Click "Compact/Repair SES Database" button to compact/repair the currently
attached SES Database (SESdata.mdb) file. To ensure optimal performance, SES Database should be

compact/repaired on a regular basis. SES Database may only be compacted/repaired when no one has
the database file open.

Automatically Compact SES Database on Exit

Frequency If checked, "Automatically Compact SES Database on Exit"

option sets SES to automatically compact/repair SES Database upon closing SES and will only occur if
no one has the database file open. Frequency options include "Daily", "Odd Days", "Even Days",
"Weekly", and "Monthly". "Daily" means compact/repair every time SES is closed. "Weekly" means
compact/repair whenever SES is closed on the 7th/14th/21st/28th of the month. "Monthly" means
compact/repair whenever SES is closed on the 1st of the month. To ensure optimal performance, SES
Database should be compact/repaired regularly.

Convert SES Database. .. Upgrade

Click "Convert SES

Database..." button to convert SES Database (SESdata.mdb) to the version required by the SES version
being run. This button will only be enabled when applicable. During SES Database conversion, SES can
automatically make a back-up copy of the original/non-converted SES Database (highly recommended).

Most SES features will not function if the attached SES Database version differs from the required
version.

2.3 Network
X
SES Database  Metwork | WITSML Server | Updates | License |

Refresh | SES Run-time file: | G\SESrun\SES.mde

Computer Using SES Run-time file Computers Using 5ES Database
Computer Name Cornputer Mame
E—
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Network tab displays the SES run-time file and folder from where SES is being run. The user must have
full file permissions to this folder for SES to properly execute. This tab also displays the computer name of
the current SES user and the computer names of all others currently using the same SES Database.

Exclusive SES Database file access is required in order to compact/repair SES Database
(SESdata.mdb). If SES Database needs to be compact/repaired in a multi-user environment, then
Network tab is helpful to identify whom needs contacted to close their SES.

Click "Refresh" button to refresh the computer name list of "Computers Using SES Database".

2.4 WITSML Server
=

| SES Datebase | Network WITSML Senver | Updates | License |

WITSHL - Wellsite Information Transter Standard Markup Language
DO MORE IM LESS TIME DURIMNG REAL-TIME DRILLING OPERATIONS!

SES supports on-demand data transfer using the internet and industry-standard, non-
proprietary interfaces (WITSML). Directional survey and LWD-related information may easily
be downloaded straight into SES. WITSML data schema versions 1.2, 1.3, and 1.4 are
supported,

You must posses appropriate WITSML server-access aedentials and have an SES Guidance
& Geosteering Feature Option license to use all WITSMLrelated features.

Number of Configured WITSHML Servers: | 3 | {Configure Server(sl.,.

_?J Close

SES supports on-demand data transfer using the internet and the industry-standard, non-proprietary
interface WITSML (Wellsite Information Transfer Standard Markup Language). A WITSML server/service
is not an application with a graphical user interface, but rather, it is simply a server computer from which a
client application like SES can directly request and receive data for processing. In other words, directional
survey and LWD-related information may easily be downloaded straight into SES from within SES.

To get started with WITSML, the SES user needs an account with a WITSML server service provider.
SES has successfully been tested with multiple WITSML server service providers. An SES G&G Feature
Option license is required to actually download data from a WITSML server, but even with an expired
SES license SES allows access to WITSML server configuration and available well list queries.

SES supports: WMLS GetFromStore, GetVersion, and GetCap API functions; WITSML data schema
versions 1.2, 1.3, and 1.4; and the following WMLS GetFromStore objects:

o well

¢ wellbore

e trajectory


http://www.energistics.org/
http://www.makinhole.com/SoftwareCenter.htm#sesWITSMLServersTested

e log
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Up to three (3) different WITSML servers may be configured to be accessed from SES. If a WITSML
server supports unit of measure conversion, then SES automatically requests data from the server in the

units configured in SES for the respective Well.

Contigue servert. | Lo ,, .
onfigure Server(s) Click "Configure Server(s)..." button to load a dialog to setup access to WITSML
servers.
SES WITSHML Server Access Configuration
[ Use Proxy Server to establish connection to WITSML server
Proooy. Server : PortNumber Aarth Username Auth Password
WITSHML Server £1
TestSe 1 | I
I  Desc/Name Username Password b &
| 1 ||CompanylMame |user1024 [#EEE | s t
s [L311 |
|https:h"witsml.cnmpany.mmfservicesﬁﬁa'MLS |
Nntes| | Version to use in SES DK
| R |
[ Assume uidWellbore =uidwell o
WITSHML Server g2
Test Server &2 | |
I Desc/Name Username Password x E(
| Zz ||C|::m|:|any2 Mame |user1025 [rrerrrE | g s
Lt 11.3.1.0 |
|https: ffwitsml. company. com/services/WMLS |
Version to use in SES OK
Notes| |
' | 1.3.1,0 |
[ Assume uidWelbore =uidWel Jc] ]
WITSHML Server £3
TestSe % | I
I  Desc/Name Username Password prer & &
3
| | | | | Versions Supparted
URL | |
| | Version to use in SES 0K
MNotes| | | O
[ Assume uidWellbore =uidwel o
Hide Passwords Cancel | ‘Save and Close!

(] Use Proxy Server to establish connection to WITSML server Check "Use Proxy Server to establish connection to
WITSML server" option only if internet access from your computer requires use of a proxy server. If such
is applicable, acquire the port number and authorization credentials from your Network Administrator.
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WITSHL Server £1

I Desc/Hame Username Password

| i ||C|:umpany1 Mame |user1lill4 |===== |

URL

|https: //witsml. company. com/services WMLS | Enter the WITSML server reference name for

SES internal use, along with the appropriate username, password, and server URL.

Notes | |

[ Assume uidWellbore =vidwell OO Enter internal reference notes (optional). Only
check "Assume uidWellbore=uidWell" if designated to do so (see "NOTES" column here). Most WITSML
servers require this option NOT checked.

Test Server #1 | %I

Versions Supparted
[13.11 |

Version to use in SES 0K

| Lt | Click button "Test Server #1" to call the WITSML server using the entered
information, during which SES determines among other things which data schema versions the WITSML
server supports and which data schema version SES should subsequently use within SES (defaults to
latest version, but can be overwritten manually by user). If the call to the WITSML server is successful,
"OK" is checked and the WITSML server may be used elsewhere in SES.

%I Click this button to clear all settings for the respective WITSML server.

Hide Passwords Check/uncheck "Hide Passwords" option to hide/show passwords displayed on the
dialog.

ﬂl Click "Cancel" button to close the dialog without saving changes made since the dialog was
opened, and return to UTILITIES, WITSML Server tab.

{Save and Close! |Click "

Save and Close" button to save current settings displayed on the dialog and
return to UTILITIES, WITSML Server tab. The settings are not saved in SES Database and are not
contained within SES xml files, but rather, they are stored in SESuser.mdb.

WITSML Basic Trouble-shooting

Numerous possibilities exist where problems may arise with WITSML servers. If SES has worked with a
WITSML server in the past and then it quits working, the problem is very likely not with SES but with the
WITSML server service provider and such provider should be contacted instead of SES Support.

The two most common error screens are discussed below.


http://www.makinhole.com/SoftwareCenter.htm#sesWITSMLServersTested
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Error talking to WITSML Ser

IQI Iser not permissioned
A message like this is displayed if the username and password are

not recognized by the WITSML server, or if such user's permissions to the service have expired. Verify
the accuracy of username and password and then contact the WITSML server service provider if
applicable.

Error talking to WITSML Server % x|

f@l ERROR -214701233%: The server name or address could not be

! resolved

POSSIELE CALSES TMNCLUDE:

1) Internet connection is down,

2} Proxy server settings within SES are invalid.

3) 5E5Microsoft Access is being blocked by your firewall.
4) One or more characters in URL

{https: /fwitsml. company.com fservices MMLS) are invalid.

Common problems not associated

with SES or the WITSML server service provider include: no internet connection or connectivity is
intermittent; the proxy server settings within SES WITSML Server Access Configuration are invalid;
SES/Microsoft Access is being blocked by your firewall or otherwise from being able to access the
internet; and one or more characters in the URL are invalid.

Again, if SES has successfully worked with a WITSML server in the past and then it quits working, the
problem is very likely not with SES but with the WITSML server service provider and such provider should
be contacted instead of SES Support.
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2.5 Updates
5

| SES Database | Network | WITSML Server  Updates | License |

Cheek for Updates |

Your SES Version: IE. 11 |

Latest Version: click 'Check for Updates’ to query
www.ma kinhole.com

Click here to see MEW features added since user manual was last updated (PDF)

SES is regularly enhanced based on SES user feedback and SES long-term design plans. This has been
the case for many years. Some features take weeks and others take multiple months to develop, but we
strive to make every enhancement as obvious as possible to understand and navigate using clear
industry language, tool tips with mouse-over, status bar summary text when an object has the focus, and
an incremental approach in general.

Click "Check for Updates" button to query www.makinhole.com and check for SES
upgrade availability. Your SES run-time version is compared to the most current release and the results
are reported.

This button also serves as a quick check to see if your computer is blocking access to the internet from
Microsoft-Access/SES, or if your network is blocking access to www.makinhole.com. Some SES licensing
logistics require internet connectivity to www.makinhole.com. However, SES does not transmit over the
internet without the SES user first giving explicit permission to do so, each and every time.

Alink to SES Release Notes is also presented from Updates tab. Especially between SES user manual
updates, SES enhancements are documented with each version to help both the frequent updater and
the infrequent updater see what's new and improved in SES. Updating SES is typically voluntary. Some
updates are required in order to resolve bugs related to Windows, Office, or SES. All SES licensees have
access to the latest version of SES so there's never a financial reason not to upgrade!


http://www.makinhole.com/LearningCenter.htm

2.6 License
5 UTILITIES x|

_. sES Database' Neiwu:urk' WITSRL Sewer' Updates License |

PR T

ACTIVATE M5 License BEACTIVATE M51icEnse REQUEST Machine-Spedfic License |

Current License Code |5 40511-TTIV3IZ-NMUQT-ANM3I0-VJIOE-21025MFF |

ProductID (415919839 |

|
6 License Guidance & Geosteering Feature Option

Expiration Wednesday, June 1, 2016 (6/1/2016)

License Source Console

g Machine-Specific License: expired
Magic-Password License: not avaeilable

Flash-Drive License: not available
Floating-Network License: PROCESSED

oter 22| |25 e ° |

A valid, non-expired License is required to run featured SES. SES supports multiple license formats
including machine-specific, flash-drive, floating-network, and magic-password. Please contact us or view
SES Licensing page for more information about licensing and pricing. License tab conveys which licensed
feature option and license format are currently in use and the license expiration date.

SES Licensed Feature Option Icon

BASIC

GEOSTEERING ("G")

GUIDANCE & GEOSTEERING ("G&G")

000


http://www.makinhole.com/ContactSE.htm
http://www.makinhole.com/SES_Licensing.htm

SES License Format

Machine-Specific (MS): license activation is
configured for each physical computer and is
Windows user-login specific; may also be used for
trialing, training, temporary, and emergencies.

Flash-Drive (FD): provided USB flash drive is
attached to a USB port for SES use; fully network &
computer independent; maximum license
portability.

Floating-Network (FN): limited concurrent use
determined by license count; compatible with
Citrix/virtual; license manager on network drive for
LAN/WAN access; temporary license check-out
supported if not using virtual machine install.

Magic-Password (MP): for emergencies (e.g.,
scheduled network outages), select mass training,
and select mass trialing.

REQUEST Machine-Spedific License

| Click "REQUEST Machine-Specific License" button to request an SES
machine-specific format license, be it for free trial or funded term or temporary license purpose (e.g.,
when an SES flash drive is in transit).

ACTIVATE M5 License | Click "ACTIVATE MS License" button to activate or to re-activate an SES machine-

specific format license on the current computer be it for free trial or funded term or temporary license
purpose. This function uses the internet to call SES. In many cases the SES user will have received an
email from SES Support advising that their SES machine-specific license is ready for activation/re-
activation, which means to click this button.

DEACTIVATE MS License Click "DEACTIVATE MS License" button to de-activate an SES machine-specific

format license. This button will only be enabled if the computer is currently using a non-expired SES
machine-specific format license. This button may be required to effect an SES license transfer for a
multitude of possible reasons, or to check-in early a floating-network license that was temporarily
converted to SES machine-specific for SES use while away from the valid network.

MI Click "ACTIVATE FD" button to activate or to re-active an SES flash-drive format license.
This button will only be enabled if an SES flash drive is connected to the computer and is recognized by
SES. This function uses the internet to call www.makinhole.com. In most cases the SES user will have
received an email from SES Support advising that their SES flash-drive format license is ready for
activation/re-activation, which means to click this button.

Virtual
Machine Installl The "Virtual Machine Install" caption is displayed in the lower left portion of License tab if
the current installation was performed with the SES Virtual Machine Install option. The SES Virtual
Machine Install option does not allow for temporary license check-out and does require floating-network
license format use. See 1.4 Installation/Licensing for more information.




ALL Seats
In Usel

The "ALL Seats In Use!" caption is displayed if all floating-network license seats are
currently in use and thus a license seat is unavailable to a new user request. License seat denials are
logged and their frequency of occurrence may be reviewed in the SES floating-network license seat

Activity Report (see él below).

Under "License Source" and across from "Floating-Network License:" a time approximation when a seat
MAY become available will also be displayed. See below for example: "next @ 03:14 PM".
License Source Console AlL Seats

Machine—-Specific License: expired In Usel
Meagic-Password License: not available

n—lirisre CETISE T [0 ilabhle T aaTEFD

o1l ={ > BRI i —
Floating-Network License: mext @ 03:14 DM

The "Other" toolbar near the bottom of License tab has several special-case functions. Some commands
will only be enabled if they currently apply.

Al vl

ﬁl Click this button to perform an SES floating-network license seat status check. A dialog showing the
total license seats available for use and the current status of each seat is displayed. If Licensee has many
seats, SES generates the license seat status content in a text file and opens the file with the SES user's
default text editor.

This button can also lead to generating a detailed Activity Report of SES floating-network license seat
use, including the following report sections:

System Summary (Date, Number Users, Number Denials)

Session Summary by User (Date, Number Sessions, Denial Flag, SES Version)

FN to Temp MS Check-out Summary (Date, Time, Duration, SES Version, User)

Notes (regarding activity logging and report details)

EI This button should only be used if directed to do so by SES Support. Click this button to browse to a
folder on a mapped drive that shall be the future location of an SES floating-network license manager file.
This button is only used to manually provide SES Support with information; it does nothing to change how
SES runs and it does not permanently "point" SES to anything for any purpose!

EI This button should only be used if directed to do so by SES Support. Click this button to manually
perform machine-specific license activation, or to remove an SES virtual machine option install.

an
~* Click this button to temporarily—up to maximum of nine (9) days—convert an SES floating-network
license seat into a temporary machine-specific license seat. With this feature, a computer that normally
has company network access may operate SES standalone and without network access during the
check-out period (e.qg., taking a laptop home for the weekend or to the field for brief duration). The license
check-out duration is selected at the time of license check-out/conversion. Checked-out licenses
automatically expire at the end of the pre-selected duration, OR, they may be checked-back-in at any
time with network connectivity by clicking button "DEACTIVATE MS License" shown above.



-

EI Click this button to release an SES floating-network license seat immediately and quit/close SES,
and without trying to compact SESdata.mdb (if applicable). However, there are two other easy ways to
perform this same task and SESdata.mdb will be compacted if applicable and possible.

For instantaneous release of an SES floating-network license seat, close SES by using any of these
methods:

1) Click "Exit" button from Main Menu screen. SESdata.mdb will be compacted if applicable/possible.
2) Choose "File" menu, "Exit" from any screen. SESdata.mdb will be compacted if applicable/possible.
3) Click the leave/quit button from License tab. SESdata.mdb will NOT be compacted if applicable.

If SES is closed by any other means, then the corresponding license seat will automatically expire after
two (2) hours. Please note the same SES user may immediately re-open SES and close it "properly" for
immediate seat release if the first close wasn't one of those mentioned above. Similarly, if an SES user
has left SES open and been inactive with SES for two (2) or more hours, AND if someone else needs a
seat, then inactive SES user "1" would be bumped and the seat would be given to active SES user "2".

2.7 Critical

1.) If your license to SES has unexpectedly changed to "Expired", please give careful inspection to
“License Source" section of UTILITIES screen, License tab, for often important information. It may be that
it is simply time to re-activate your SES license according to the applicable license format to which you
are subscribed.

2.) Understand where your SES Database (SESdata.mdb) is located for backup purposes, new computer
purposes, and recovery from catastrophic drive failure. The file location is reported from Main Menu and
UTILITIES screen.

3.) If behavior of SES suddenly changes and/or error messages start to display for no seemingly apparent
reason, it could be that a record somewhere in one or more tables in SES Database has become corrupt.
In the overwhelming majority of cases, Compact/Repair of SES Database from UTILITIES screen will
immediately resolve the issue and return SES to normal behavior. In rare cases, SES may need to be
reinstalled.

4.) If the version of Microsoft Access or Excel is changed on your computer after SES has been installed,
then reinstall SES.



3. GRIDS Screen

B3 GRIDS: SE Demol 20 Zones = |D|ﬂ
Selected Grid Grid Data Setup | Ciick Plutl
5E Demol 20 Zones
damk e
Click to Select Grid . Grid Name |SE Demo1 20 Zones -] GridID | 999999999 | :
Grid Name = | Number ufSurﬁms| 20 "I MNotes (TWDss; meters; multple :
SE Demel 1 Zone EDIT | 7 Datum [5ea Level [ | horizons
S Demol 20 Zones : File [GridDataExport1024,csv
SE Demn2 . Map Zone |JTM55 -
SE Demo3 ADD b* | grface Names & Line Colors
(| #ifF3a Wi s i ko)
DELETE X | . #2 [F35 | [ e T i
— | #33s -Wis| #3fFe7 i
' #4 |F37 - Wua| #13fFas .
#5 |F33 -5 #islFso | [i5]
£6 F39 ~ [Mun|  #16 Fse = [
=7 [F40 ~Wus|  #17 a2 - I 5]
#8 [F41 ~[Wun| #1853 vlu:x)|
29 [F42 ~lun] =19 54 |
#10 [F43 ~lun| %20 Fss i
Gl ata e o
EASTING [NORTHING | F34 | F35 | F36 | F37 | F38 | F39 | F40 | F4ia
| M| 318750  ®380750) -101.63] -102.50 -104.07 -105.38) -125.51 -125.40 -128.54 -129
|| 318350  ®380775 -100.95 -102.21 -103.38 -104.71 -124.88 -125.76 -127.78 -128
|| 318250  ©380800| -100.33| -101.60 -102.77 -104.10| -124.26 -125.13 -127.03 -128
|| 318250 6380825 -99.75 -101.03| -102.21 -103.53) -123.59 -124.47 -126.28| -137 _
Record: 14| |1 v [er]e#] of 427 il | _>|_I
« | ¥ ‘?l Cloze |
3.1 General

GRIDS is used to store surfaces from a geologic model. A "Grid" is a global reference dataset from 3"
party software that represents the digitized 3D location of a geologic surface, or a group of multiple
geologic surfaces (X, Y, Z1, Z2, Z3, etc.). The X-Y spacing may be variable and null/missing Z values
may exist, however square (deltaX=deltaY) grid spacing is recommended. GRIDS may also be used to
setup drilling target TVD windows (e.g., Top, Target, Base) with coordinates from as few as three points.

GRID DATA SETUP tab can be used to:

1.) Add a new Grid to SES Database by first naming and configuring the Grid and its surface/layer/zone
names and then pasting the actual grid data into the Grid Data table section of the screen.

2.) Delete the selected existing Grid and all associated data from SES Database.

3.) Modify/edit numerous Grid properties.

4.) Select Grids in SES Database and see their properties and how many wells are associated to them.

QUICK PLOT tab can be used to:

1.) Plot the X-Y locations where data exists for the selected Grid.

2.) Print the graph to any system printer or copy the graph to the clipboard for paste into other
applications.



B3 GRIDS: SE Demol 20 Zones

Selected Grid Grid Data Setup | |

SE Demol 20 Zones =

[

Click to Select Grid :

Grid Mame | #5urfaces | #WellsUsing
SE Demol 1 Zone 1 4]
SE Demol 20 Zones 1
SE Demo2 1z 1
SE Demo3 1 1

A Grid dataset may cover a large expanse and be used
by multiple wells. To edit or delete an existing Grid dataset, first select it in the list box along the left side
of GRIDS screen. Extra columns will display when the mouse is moved over the list box and then collapse
after clicking a "Grid Name". Grid Name is the internal reference name of a Grid dataset. "#Surfaces" is
the number of Z-layers—one to a maximum of twenty—that are set for the respective Grid dataset.
"#WellsUsing" is a well count of the number of wells in SES Database that point to the respective Grid
dataset from at least one directional survey or from at least one well plan. The Grid setup, data table, and
quick plot are updated after a different Grid is selected.

EI Click "?" button to display GRIDS abridged help screen.

ﬂl Click "Close" button to close GRIDS and return to Main Menu.

3.2 Grid Data Setup

Grid Data Setup tab is used to add a new Grid to SES Database, edit Grid settings of an existing Grid, or
delete an existing Grid. A Grid has a "header" section for general settings and a "detail" table to store Grid
data content.

EDIT
— 1 Click this button to load a dialog to edit Grid settings of the selected Grid.

ADD  p#

Click this button to load a dialog to create and append a new Grid dataset to SES Database.

DELETE FX |
Click this button to delete the selected Grid from SES Database.

Next, Grid Properties dialog of Grid Data Setup tab is detailed. The example below shows a Grid dataset
with twenty surfaces, named F34, F35, etc., and with eighteen surfaces colored maroon and two surfaces
colored green (F52 and F53). At least one surface must be defined for any Grid dataset.
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Grid Name |SE Demo120 Zones - | Grid ID

Humber of Surfaces EI Motes |TVDss; meters; multiple

ZDatum  [Sea Level - ot egess

St Zoicw |LI'I'I'~'155 ;I File |GridDataExport1024.csv

— Surface Names & Line Colors
#1 F34 -Wea| #1144 | B2
#2 [F35 ~Wza| =12 Fas ~ [Wa
#3 [F36 - I wa]  #13 F47 - I wa
#4 F37 ~WMza] =14 Fas - [l
#5 [F38 -Wzal #£15 Fs0 - M za
#5 F39 ~Wza| =18 Fsi ~ Mo
#7 F40 -Wea| #1752 - [ =a
#8 [F41 ~[Wiwa] =18 Fs3 il 2]
#9 [F42 - I gy  #19 Fs4 - I i

#10 [F43 ~Wza| =20 Fse ~ [Wa
Close

Close
Click "Close" button to close Grid Properties dialog and return to GRIDS screen.

Cancel

—___  IcClick "Cancel" button to close Grid Properties dialog and return to GRIDS screen. Any
changes made to Grid Properties are NOT saved.

SAVE

Click "SAVE" button to close Grid Properties dialog and return to GRIDS screen. All
changes made to Grid Properties are saved.

Grid Name |5E Demal 20 Zones

[ | Enter a concise Grid dataset name for internal reference purposes.

Number of Surfaces Enter the total number of surfaces the Grid dataset contains. For example, if
the Grid dataset contains the top and bottom boundaries of a payzone layer, select 2. The maximum
number of surfaces is 20.

ZDatum |seaLevel = Enter a concise description of the global Z-direction coordinate value
datum (example: Sea Level). SES assumes Grid data Z-values are positive above datum and
negative below datum (e.g., Z=TVDss is positive above sea level and negative below sea level).

Map Zone |UTM55 =l Enter a concise description of the Grid dataset's coordinate/projection
system reference of Easting (X) and Northing (Y) values. SES assumes a Grid's X-Y coordinate system
reference and units and a Well's SurfaceX and SurfaceY coordinate system reference and units are
identical.
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Grid ID Grid ID is automatically determined by SES when a new Grid is added.

Motes (TVDss; meters; multiple
horizons Enter any optional notes pertaining to the Grid dataset.

File |GridDataExport1024.cav

Enter any optional notes, such as the data source filename, pertaining to
the Grid dataset.

‘Surface Names & Line Colors —

#1 F34 | K%
%7 [Fag - Il ==al Enter the reference name of each surface. The surface name posts on

Surveys and Planner screens' vertical section views. Grid surfaces may be interpolated and then

displayed from Surveys, Planner, and Cross-Sections screens. Respective surface line colors set here
are applied on Surveys, Planner and Cross-Sections screens. Click the adjacent color palette button to
change its surface line color. Custom colors may be created and are stored for recall in SESuser.mdb.

3.3 Grid Data Transfer

EASTING | NORTHING | PAYZONE
P| 930000 745050.5051 -6129.64
990000, 745252.5253 -6130.52
990000 745454.5455 -5131.39
990000 745656.5657 -5132.24

ANAATN TACSIES FoEs Ea s T )

Record: 14| ¢ || L > [o[v#] of 6500 pcyql Grid data digits are transferred to SES via
copy/paste, usually from an ASCIl/text-format file exported from 3" party geologic modeling or
gridding/contouring software. Copied data must simply be tab-delimited to paste into SES. Data
copied from Excel for example are tab-delimited. Data may also be made tab-delimited manually using a
text editor (e.g., UltraEdit). The trick to pasting into SES is to first select the bottom row of the data table.
More information is detailed in How To Paste Data From Excel into SES.



http://www.ultraedit.com/
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3.4 Quick Plot
_- Grid Data Setup  Quick Plot |

Refresh I Copy... | Print... I

SETest

99.0K

98 5K

]

W W ¥ W W

40K

2 4310 2 .482M 2 483M 2 484N 2495M  poutDikg.. | PTM
EASTING

Quick Plot tab is used to generate a basic X-Y scatter plot of X-Y locations where Grid dataset map
coordinates exist. Click and drag a window over the graph to zoom. Right-click over the graph to set a
variety of options and to access special functions, such as "Maximize..." to resize the graph to full screen.

ml Click "Refresh" button to requery SES Database and regenerate the graph, such as after
changing the data for the select Grid. Graph settings will return to default values upon refresh.

M Click "Copy..." button to load a dialog to export the graph in one of a variety of possible image
file formats, with selection of export destination (clipboard, file, or printer) and export size/resolution.

M Click "Print..." button to load a dialog to export the graph in one of a variety of possible image
file formats, with selection of export destination (clipboard, file, or printer) and export size/resolution.
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3.5 Critical

1.)"Z" (e.g., TVDss) depths are assumed to be positive above datum (e.g., sea level) and negative below
datum.

2.) A Grid may be associated to a Well's Survey or Plan using SES screen. For proper Grid interpolation,
the X-Y coordinate system reference must be the same as the well's Surface X-Y coordinate system
reference and units of measure should be identical.

3.) While not technically required, equidistant-spaced Grid data are recommended for optimum Grid
interpolation (e.qg., if Grid data spacing is 200 ft in the X-direction, it should also be 200 ft in the Y-
direction as opposed to 50 ft for example).

4.) For proper Grid interpolation in cases where azimuthal north reference of a directional survey or well
plan is True North instead of Grid North, the SES user should determine Grid Convergence at the Well's
surface location and enter it accordingly on Surveys and/or Planner screens.

3.6 Tips
| TIPS

e Typically, Grid data are created in 3" party engineering/geologic software. However, results from
SES geosteering are by design setup to help update such geologic models after or during drilling.
Digitized points of geosteered beds may be exported from SES Cross-Sections screen and
subsequently used in the gridding process that creates Grid data.

e GRID DATA FOR DRILLING TARGET WINDOW FROM SPARSE GEO MODEL

0 In some cases it may be desirable to display TVD drilling window targets in select graphs
using an extremely limited geologic model (e.g., three offset wells). This may easily be
handled in SES by using Grid Data to define such drilling boundary limits. The minimum
requirement is three points whose X-Y-Z coordinates in-turn define a plane or multiple
planes as in the case of top/target/base. An example follows whereby the Grid dataset is
comprised of three data point locations and three planes (top, target, and base).



SES v5.11

Grid Data Setup IGuin:_:k PI.:.tI

B D et en et en et en e e nn e
Grid Name |J5D23: Target Window = | GridID | 468621212 E
EDIT 5 Humber of Surfaces | 3 ~| Notes
Z Datum |5eaLe1.re| ;l
: Map Zone |UTM15N FT NAD27 - i
ADD ¥+ | :  Surface Names & Line Colors
£1 TopDriling Target -] =11 =] =
DELETE WK | : |  #2 Drilng Target Wl o =] el
Tt 1 £3 |Base Driling Target = |l &4 :13| ;l A
| e = = @
= | £l @ < =l )
75| =l = =i I |
| =@ =] = 1)
= | = T =l
= 5 [l =l )
=1|:.| ;l oy = n| ;I ()
GrdData oo e
EASTING | NORTHING | Top Drilling Target | Drilling Target | Base Drilling Target
| F| 1403989 11712734 -11451,00/ -11431.00 -11511.00
| 1404077 11714271 -11491.00 -11521.00 -11551.00
| 1404144 11717900 -11586.00, -11616.00 -116496.00
Record: M| 4 [[T 1 o |ri|r#|of 3
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11,700
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4. WELLS Screen

B2 WELLS: SE Demo v5 #2 (Geosteer) o ] [
Selected Wel Well Setup | Expart | Import | Multi EdiyDelete | Records |
SE Demo v5 #2 (Geosteer)
WellDeballs =
Click to Select Well i Gereral | Surface | Diata Units | Wl TERL | Other |
Well Name | Field =
SE Demo {Plan) 30 Horizontal | Stoneman EDIT A "Well" has a common surface location and may have
SE Demo (Plam) S-Type Stoneman multiple well paths, sidetracks, laterals, plans, surveys, etc.
SE Demo (Survey) Stoneman :
SE Demo (THD) 3D Stoneman ADD px |: Well Name |SE Demo v5 #2 (Geosteer) |
SE Demo (THD) 3D Sidetrack | Stoneman : Ficld
Sto =
SE Demo (THD) Mostly Vertical | Stoneman : | dlau] —I
SE Dema (THD) Multi-Plan Stoneman DELETE KK | ! OPERATCR | |
SE Demo (THD) Slant Stoneman :
SE Demo v5 =1 (Grid) Storeman Analyst |I\'1ike Stoner ;I
£SE Demo v ( teer) Stoneman i g
SE Demo v5 =3 (Geosteer) Stoneman : Analyst Company |Stoner Engineering LLC Ji |
SE Demo v5 #4 (Geosteer) Stoneman : Dirillimg Rig.| ;l
SE Demo v5 #5 (Geosteer) Stoneman
SE Demo w5 #6 (Image Log) Stoneman : Wwell Group =
SES User Manual 1H Stoneman LIWI -
! APT -
Well Mumber -
Slot Name -
—5ES Sort Options —

) Field, Well Name

) Wellname EI Close |

4.1 General

WELLS is used to manage the Wells in SES Database. An SES Well has a common surface location and
will have multiple datasets associated to it, such as directional Surveys, directional Plans, Type Logs,
LWD measurements, Marker Beds (Interpretations), THD calculations, and Cross-Sections.

WELL SETUP tab can be used to:

1.) Add a new Well to SES Database.

2.) Delete the selected existing Well and all associated data from SES Database.
3.) Modify/edit numerous Well properties.

4.) Navigate to Wells in SES Database and view their properties.

EXPORT tab can be used to:
Create a "flat" file in "SES XML" text format containing all SES Well-related and Grid-related data, which
may be used to transfer such data to other SES users and/or to other SES Databases.

IMPORT tab can be used to:
Import an SES XML file created with the SES Export feature.

MULTI EDIT/DELETE tab can be used to:
Select and then delete multiple Wells at once, or, more easily edit Well properties of multiple Wells due to
a table layout format.



RECORD COUNTS tab can be used to:
Inspect a listing of data record counts in all SES Database data tables for the selected Well.

E3 WELLS: SE Demo v5 #2 (Geosteer)

Selected Well

SE Demo v5 #2 (Geosteer)
Click to Select Well
wel Name | Field
SE Demo {Plan) 30 Horizontal | Stoneman
SE Dema (Flan) 5-Type Stoneman
SE Demo {(Survey) Stoneman
SE Demo {THD) 3D Stoneman
SE Dema {THD) 30 Sidetrack | Stoneman
SE Dema {THD) Mostly Vertical | Stoneman
SE Dema {THD) Multi-Plan Stoneman
SE Demo {THD) Slant Stoneman
SE Dema w5 #1 (Grid) Stoneman
:5E Demo w5 =2 (Geosteer) Stoneman
| SE Demo w5 #3 (Geosteer) Stoneman

EF Marmn Ul 4 (Ranckacr CkAnaman An SES "Well" has a common surface location and
may contain multiple directional surveys and well plans (i.e., multiple wellbores). To edit or delete
an existing Well, first select it in the list box along the left side of WELLS screen. Well Name is the internal
reference name of a Well dataset. Well Details are updated and displayed after a different Well is
selected.

() Field, well Na

SES Sort Options
|7IE} Wellname

me
—‘ Select the preferred Well list sort option. This controls how Wells are listed on WELLS
screen and Multi Edit/Delete tab, and how Wells are listed in SES screen Wells dropdown box.

EI Click "?" button to display WELLS abridged help screen.

ﬂl Click "Close" button to close WELLS and return to Main Menu.

4.2 Well Setup

WELLS screen, Well Setup tab is used to add a new Well to SES Database, edit settings of an existing
Well, or delete an existing Well. A Well has multiple well properties accessed through a tabbed dialog.
Note that the multiple tabs of Well Details may be clicked for content viewing, but to change data Edit
button first needs clicked.

EDIT
— I Click this button to load a dialog to change properties of the selected Well in SES Database.
ADD =
Click this button to load a dialog to create and append a new Well to SES Database.

DELETE KX |
Click this button to permanently remove the selected Well from SES Database.
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4.2.1 Well Setup - General

The General tab of Well Setup is used to enter common Well properties. A Well Name must be entered.
All else is optional.

Close
Click "Close" button to close Well Properties dialog and return to WELLS screen.

Cancel
Click "Cancel" button to close Well Properties dialog and return to WELLS screen. Changes

made to Well Properties on any tab are NOT saved.

SAVE

— I Click "SAVE" button to close Well Properties dialog and return to WELLS screen. All
changes made to Well Properties on any tab are saved.

SES Well ID SES Well ID is automatically determined by SES when a new Well is added.

Well Properties
General | Surface | Data Units | wiTSML| Other |
A "Well" has a common surface location and may have
multiple well paths, sidetracks, laterals, plans, surveys, etc.
Well Mame |SES User Manual 1H ~|
Field |Stoneman ~|
OPERATOR |Cil & Gas Corporation ~|
Analyst |John Smith ~|
Analyst Company |24,|'”? Geosteering Services, Inc. ;I
Driling Rig |HZ Criling #13 |
Well Group [Red Group -
LWV [05-123-12345 -
API (05-123-12345 -
Well Mumber |1H -
Slot Mame |1H -
SES Well ID | 864136805 Close
Well Name |SES User Manual 1H =l Enter a concise Well Name for general reference.
Field |Stoneman =l Enter the field name to which the Well belongs. This

property is displayed in the header on Surveys and Planner screens' regulatory filing reports. Field may
also be used to set how Wells are sorted on WELLS and SES screens. For example, if you wish to see
Wells listed first by Field and then by Well Name, select option "Field, Well Name" under SES Sort
Options from WELLS screen.
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OPERATOR. |Oil & Gas Corporation =l Enter the name of the operating company of the Well.
This property is displayed in the header on Surveys and Planner screens' regulatory filing reports and on
Cross-Sections screen cross sections.

Analyst |John Smith =l Enter the name(s) of the geosteering analyst(s). This
property is displayed in the header on Cross-Sections screen cross sections.

Analyst Company |24/7 Geosteering Services, Inc. =l Enter the service company name performing
geosteering services, if applicable. This property is displayed in the header on Cross-Sections screen
Cross sections.

Drilling Rig [HZ Driling #13 =1 Enter the name of the Drilling Rig of the Well. This
property is not yet displayed in any reports.

Well Group [Red Group =l Enter a well Group name to which the Well is
associated.

This property value controls which wells are included in multi-well 3D view displays available from
Surveys screen 6.4 3D Viewer and from Planner screen 7.7 3D Viewer.

UWI [05-123-12345 =1 Enter the unique well identifier of the Well. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

When exporting TopsTVD or TopsTVDss data from 13. SES Screen — CROSS-SECTIONS to an
external file (e.g., csv, las, xls, txt, prn, or clipboard) a WellborelD column is inserted into the first column
of the data file. WellborelD is determined by concatenating UWI and Survey Number minus one. For
example, if UWI is 0512312345 and Survey Number is 2, WellborelD is 05123123450100.

AP [05-123-12345 =1 Enter the American Petroleum Institute well identifier of the
Well, if applicable. This property is displayed in the header on Surveys and Planner screens' regulatory
filing reports.

When exporting TopsTVD or TopsTVDss data from 13. SES Screen — CROSS-SECTIONS to an
external file (e.g., csv, las, xls, txt, prn, or clipboard) a WellborelD column is inserted into the first column
of the data file. WellborelD is determined by concatenating UWI and Survey Number minus one. If UWI is
null/blank then API well identifier is used. For example, if APl is 0512312345 and Survey Number is 1,
WellborelD is 05123123450000. If both UWI and API are null/blank then WellborelD is determined using
the SES Well ID and Survey Number.

Well Number |1+ =l Enter the well number of the Well. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

Slot Name |1H | Enter the slot name of the Well. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.
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4.2.2 Well Setup - Surface

The Surface tab of Well Setup is used to enter a Well's surface location information. Most values appear
in select report headers. For Grid data interpolation features in SES, accurate surface coordinates of the
Well are required.

Well Properties

General Surface | Data Units | WATSML | Gther |

_ Address
Location [Nw1/4of NE1/40fS25- ~| Site |60 FNL, 1980 FEL -
T305- R43W
County [Baca | stte [co | Country usa -]
—Surface Coordinates
Map Zone Ref LUTM13F ~| Long/AatRef NADS3 -
Surface X | 742704.7|  Surface Long | -102,258333|
Surface ¥ | 41420255  Surfacelat | 37.393243|
surface Z | 3982|
MDfTVD Ref KB ~| GroundLevel | 3958|
Surface X/¥/Z Global Coor. correspond fo local at (E=0, N=0, TVD=0}!
Example: if MD is measured from KB, Surface Z = GL + Height to KB,

SES Well ID | 864136805 Close

Location MWW 1/4 of NE1/4 of 5256- -
T305- R43wW

Enter a description of the surface location of the Well. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

Site 560" FML, 1980' FEL -

Enter a description of the surface location/site of the Well. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

Sl Enter the county (or similar equivalent) of the surface location of the Well. This
property is displayed in the header on Surveys and Planner screens' regulatory filing reports.

State Enter the state (or similar equivalent) of the surface location of the Well. This property
is displayed in the header on Surveys and Planner screens' regulatory filing reports.

Sl Enter the country (or similar equivalent) of the surface location of the Well. This
property is displayed in the header on Surveys and Planner screens' regulatory filing reports.

Map Zone Ref |V 137 =l with respect to entered SurfaceX and SurfaceY coordinates, enter a
concise description of the map coordinate/projection system reference. It is important that a Grid's X-Y
coordinate system reference and a Well's SurfaceX and SurfaceY coordinate system reference be
identical and with same length units (feet or meters).
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Surface X | 742704.7| The Easting (eastward-measured distance) geographic Cartesian coordinate
for the Well's wellhead surface location, with respect to the chosen global map zone coordinate/projection
system. This property is displayed in the header on Surveys and Planner screens' regulatory filing
reports. This property is used to interpolate and then display Grid data on Surveys, Planner, and Cross-
Sections screens, and it is used to calculate wellbore/wellpath global coordinate (X/MapE/GridX) from
local coordinates and relevant properties.

Surface Y | 4142025.5| Enter the Northing (northward-measured distance) geographic Cartesian
coordinate for the Well's wellhead surface location, with respect to the chosen global map zone
coordinate/projection system. This property is displayed in the header on Surveys and Planner screens'
regulatory filing reports. This property is used to interpolate and then display Grid data on Surveys,
Planner, and Cross-Sections screens, and it is used to calculate wellbore/wellpath global coordinate
(Y/MapN/GridY) from local coordinates and relevant properties.

Surface Z | 3982 \yith respect to a global Z-direction coordinate system such as distance from
mean sea level, Surface Z is the elevation that corresponds to the Well's local vertical reference datum,
i.e., where measured depth and true vertical depth equal zero. Most common protocols reference either
kelly bushing (KB) or drilling-floor/rotary-table (DF/RT), but what matters is uniformity with associated Grid
data if applicable. If using KB, enter the value equal to ground level elevation plus the height from ground
level to the top of the rig's kelly bushing. If using DF/RT, enter the value equal to ground level elevation
plus the height from ground level to the drilling-floor/rotary-table. This property is displayed in the header
on Surveys and Planner screens' regulatory filing reports. This property is used to interpolate and then
display Grid data on Surveys, Planner, and Cross-Sections screens, and it is used to calculate
wellbore/wellpath global coordinate (Z/SysTVD/TVDss) from local coordinates.

MD/TVD Ref B =l Enter the Well's local vertical reference datum, i.e., where measured depth
and true vertical depth equal zero. Typical selections are either kelly bushing (KB), drilling floor (DF),
rotary table (RT), or ground level (GL). This property is displayed in the header on Surveys and Planner
screens' regulatory filing reports.

Long/Lat Ref [NADS3 =l with respect to entered Surface Longitude and Surface Latitude geodetic
coordinates, enter a concise description of geodetic system/datum reference. This property is displayed in
the header on Surveys and Planner screens' regulatory filing reports.

Surface Long | -102.258338| Enter the Well's surface location longitude in decimal form. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

Surface Lat | 37.393243| Enter the Well's surface location latitude in decimal form. This property is
displayed in the header on Surveys and Planner screens' regulatory filing reports.

Ground Level | 3958 Enter the ground level elevation at the Well's surface location. This property
is displayed in the header on Surveys and Planner screens' regulatory filing reports.




4.2.3 Well Setup - Data Units

The Data Units tab of Well Setup is used to designate the appropriate unit of measure of the Well. The
default Data Units selection for a newly added Well is the same as the last added Well's Data Units
selection. If the Data Units selection is changed after adding Well data to SES, values should be re-
calculated from all possible screens.

Well Properties

_. Generall Surface Data Units |WITSMLI Other |

Mote: Well plans and surveys and all interpolations should be
re-calculated if scurce units are changed AFTER adding data.

—Lengths, DLS, RCVDIRCHD, RCIDIRCAD ———
(%) ifeet, deg/100ft, ft/10GOF, deg/100ft
i) meters, degf30m, m{304.8m, deg/30,48m

SES Well ID | 555555550 | Close

Lengths, DLS, RCVD|RCHD, RCIDJRCAD ———

{») feet, deg/100ft, ft/1000ft, deg/100ft
i1 meters, deg/30m, m/304.8m, deg/30.48m

Select the unit of measure of the Well. The options are either
feet or meters. (DLS = dogleg-severity. RCVD = relative change in vertical deviation. RCHD = relative
change in horizontal deviation. RCID = relative change in inclinational deviation. RCAD = relative change
in azimuthal deviation.)
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4.2.4 Well Setup - WITSML

The WITSML tab of Well Setup is used to designate which WITSML server has data for the selected Well,
and to identify the unique ID of the Well as it exists on the WITSML server. Access to a WITSML server
must be configured before performing this step. See 2.4 WITSML Server for more information.

_. Generall Surfau:el Diata Units WITSkL | Cither |

To download well data from a WITSML server configured
from UTILITIES screen, ALL below values must be sek.

WITSML Server to use; |Pu|aris Guidance ;I

Linique ID of Well on WITSML Server
Mame of Well on WITSML Server

SES Wel ID | 854136805 Close:

WITSML Server to use: |Polaris Guidance _» | Select the WITSML server that hosts information for the

selected SES Well. Only WITSML servers with "OK" status will be displayed in the dropdown box. See
2.4 WITSML Server for more information.

Browse server well list. ..

| Click "Browse server well list..." button to load "Match SES well to WITSML
server well" dialog to list all available WITSML server wells and then select the corresponding well that
matches the SES Well.
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Match SES well to WITSHML server well: SES User Manual 1H B
WITSML Server as configured from UTILITIES screen

I DescMame  Username Password URL
’E |Enmpany1 NE| |usar 1024 | |*='L1== | |https:ﬂwitsml.company.cumfsenﬂcesfﬂﬂﬂ5

SES User Manual 1H

select matching well on server from fist below. .,

Selected Well:| |
o 1]
Selected uID;| | Cancel saveand Close

List Wells

| Click "List Wells" button to query the WITSML server for a list of all wells on the
WITSML server for which the subscribed user of the WITSML server service has permission to access.

After the list is returned, select the corresponding server well that matches the current SES Well. In the
example below, well "'SSES_TEST" has been selected.

Match SES well to WITSHML server welk SES User Manual 1H B

WITSML Server as configured from UTILITIES screen

I Desc/Mame Password
3| Polars Gudar] s |
List Wells |

SES User Manual 1H
Select matching well on server from list below...

O -nametell- Ui ell---- ---figld---- ~--COUREY----- ---shat
O Demodob #1 DemoPuzhl Big Field Spring T
O RT_TEST 785139b4-7ebl-4  South Spring T

% SSES. TEST EOf45c54-c9d7-4f  Big

al |

Selected Well:|S5E5_TEST | = | = =
ance anv'e an ose

Selected UID: |30f45c54-cod 7-4855-9197-aa06bcbea 2f4 |

w

ﬂl Click "Cancel" button to close "Match SES well to WITSML server well" dialog and return to
WITSML tab of WELLS screen. Any changes made are NOT saved.
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Senie el Llose |Click "Save and Close" button to close "Match SES well to WITSML server well"

dialog and return to WITSML tab of WELLS screen. Any changes made are saved and WITSML tab is
updated, as shown below in this example.

Well Properties B

_. General | Surface | Data Units  WITSML | Other |

To download well data from a WITSML server configured
from UTILITIES screen, AlLL below values must be set.

WITSML Server to use: |Polaris Guidance ~|

Browse server well list. ., |

Linique 1D of Well on WITSML Server
B0f45c54-c9d7-4855-9197-aa06bch6a2f4 |

Mame of Well on WITSML Server
S5ES_TEST |

SES Well ID | 864136805

Unigue ID of Well on WITSML Server
BOF45¢54-9d7-4855-9197-aa06bcb6a2f4 | After "Browse server well list..." has been

successfully performed, the unique ID of the SES Well as it was selected from the WITSML server is
displayed here. This is for informational purposes.

Mame of Wel on WITSML Server

|55ES_TEST | After "Browse server well list..." has been
successfully performed, the well name of the SES Well as it was selected from the WITSML server is
displayed here. This is for informational purposes.

©1999-2015 STONER ENGINEERING LLC 43 www.makinhole.com



SES v5.11

4.2.5 Well Setup - Other

The Other tab of Well Setup is used to enter optional additional information about the Well.

Well Properties N

General | Surface | Data Units | WATSML  Other I_
Project |Demnnsh'aﬁ|:|n ;I
Motes |Great training well
SES Well ID | 555555550 Close
Praoject |Dem|::ns1ration

| Enter the project or other classed information to which
the Well belongs. This property is not displayed in any reports.
Motes [Great training well

the Well. This property is not displayed in any reports.

Enter any other pertinent information about
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4.3 Export

WELLS screen, Export tab is used to generate a file containing SES-related data for transfer to other SES
users or Databases.

E9 WELLS: SE Demo v5 #2 (Geosteer)

Sefected Wel Well Setup  Export | import | Muli EdivDelete | Recards |
SE Demo v5 #2 (Geosteer) |
—Export Format

Create SES File... SEo A
Click to Select Well L[Er_l {#) SES XML (text) () SESV4.x () 55503
Well Name | Field = : : i
SE Demo (Plan) 30 Horzontal | Stoneman —Export Options {may significantly increase the 5ES XML file size) ———
SE Demo (Plan) 5-Type Stoneman [ Indude Assodated Grid Data {if applicable)
SE Demo {(Survey) Storeman

Indude ALL Wells (not only the selected W

SE Demo {THD) 3D Stoneman U & . gl )
SE Demo {THD) 3D Sidetrack Stoneman
SE Demo (THD) Mosty Vertical | Stoneman
SE Demo (THD) Multi-Plan Stoneman
SE Demo {THD) Slant Stoneman
SE Demo v5 #1 (Grid Stoneman

SE Demo v5 #2 (Geosteer) Stoneman
e N = L amp— [= P — I

Create SES File. . Click "Create SES File..." button to set the output path and name the file and then

generate an "SES xml" file, which is a text file in a special format that contains SES Well data and may
contain SES Grid data from one or multiple SES Wells and SES Grids. The generated SES xml file may
then be zipped and emailed or otherwise transferred to others for subsequent Import. The generated SES
xml file may also be used to produce a full copy of a Well in the current SES Database.

Export Format
{(*) SES XML (text) () SESW4x () SES V3w

Select the export format of the SES xml file to generate.
Usually the current format is best. If intended file recipients are known to be using an older version of
SES then select the older version export format option before creating the SES xml file.

] Indude Assodated Grid Data (if applicable) Check "Include Associated Grid Data (if applicable)" option if the
SES xml file should also contain any Grid data that the selected Well or all Wells use. Checking this
option may significantly increase the SES xml file size.

[ Indude ALL Wells (not oy the selected Welll Check "Include ALL Wells (not only the selected Well)" option to
generate an SES xml file that contains data from all Wells in SES Database; not only the one selected
Well. This option is helpful when merging data from one SES Database to one or more other SES
Databases. Checking this option may significantly increase the SES xml file size.



4.4 Import

WELLS screen, Import tab is used to transfer the contents of an SES xml file created with the Export
feature into SES Database.

_.WEII Setupl Export  Import |Multi Edit.fDeIetel Fecords

— Import Format
Import SES File... | i*1 SES XML (text)
— Import Options

Warn before overwriting data in SES Database
[ Create copy if Well in SES XML file already exists in SES Database

Impart SES File. ..

Click "Import SES File..." button to browse and select an existing SES xml file to import
into SES Database. The selected file must have been generated using SES Export tab. The selected file
may contain data from one SES Well or multiple SES Wells and one or multiple SES Grids. SES will
automatically import SES xml files generated with older versions of SES.

Warn before overwriting data in SES Database Check "Warn before overwriting data in SES Database" option
if SES should interrupt the import procedure if it is discovered that a Well with the same wID or a Grid with
the same gID, will overwrite data currently present in SES Database. Uncheck this option if SES should
replace the data within SES Database with the data contents contained within the SES xml file being
imported and provide no warning.

[ Create copy if Well in SES XML file already exists in SES Database Check "Create copy if Well in SES XML file
already exists in SES Database" option to instruct SES to create a copy of a Well in SES Database if itis
discovered that a Well and/or Grid in the SES xml file already exists in SES Database. In the situation
where a copy is generated, a time stamp is added to the Well's Well Name to help differentiate multiple
such copies.
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4.5 Multi Edit/Delete

WELLS screen, Multi Edit/Delete tab is used to delete multiple Wells at once from SES Database and/or
to more-easily edit select Well properties because of a table layout format.

el Setup | Export | Import Mulli EdivDelete | Recards |

Edit SOME well properties directly below. To delete multiple wells, select

AEE T e sing far left column and then dlick "Delete Selected” button at left..
: 41} 5E Demo (Plan) 3D Horizontal Stoneman . .
: [ 1§ S Dema (Plan) S-Type Stoneman
Select Al A1) sE Demo (Survey) Stoneman
— | M0} sE Demo (THD) 3D Stoneman
Doty [J{ 5 Demo (THD) 30 Sidetrack | Stoneman
AL} SE Deme (THD) Mostly Vertical Stoneman
A1) SE Demo (THD) Multi-Plan Stonerman
[} SE Dema (THD) Slant Stoneman
301} sE Demo v5 #1 (Grid) Stoneman _ _
b [ 1{ SE Demo v5 #2 (Geosteer) Stoneman Mike Stoner Ston
! (1) sE Demo w5 =3 (Geosteer) Stonernan | Mike Stoner | Ston|
LI} SE Demo v5 #4 (Geosteer) Stoneman | Mike Stoner Ston
[} SE Demo v5 #5 (Geosteer). Stoneman | Mike Stoner Ston
LI} SE Demo w5 #6 (Image Log) Stoneman | ) (-
[ 1§ SES User Manual 1H Stoneman | John Smith i 24

Record: 14| 4[] 10 |ei]r+] of 15 o] »

DdEte—lsaleztEd Click "Delete Selected" button to delete the Wells selected in the table. There is an SES
reserved Well that may not be deleted, however, its name may be changed to control where it displays in
the Well list.

Al Click "Select All" button to select all Wells in the table.
De = Click "De-Select All" button to de-select all Wells in the table.
% | wellName

SE Demeo (Plan) 3D Horizonl
L %5[ Demo (Plan) 5-Type
L SE Demo (Survey)

M1 SF Mama (THMY 20 Click under the far left "x" column on the respective row to select or

de-select a Well for deletion.
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% | Welllame Field |  Analyst [a
| |1 sE Demo (Plan) 30 Horizontal Stoneman Mike [ =l
. O sE Demo {Flan) 5-Type Stoneman . .
|_| SF Marmia (Coroean Strmaman D|Sp|ayed We” prOpertleS may be

changed by clicking into a cell and editing accordingly. Arrow, Tab, and Shift+Tab keys may be used to
navigate between Wells (rows) and Well properties (columns).

4.6 Records

WELLS screen, Records tab is used to inspect a listing of data record counts in all SES Database data
tables for the selected Well.

el Setup | Export | Import | Multi EditDelete  Records

Well data Record Count Summary for "SE DEMO V5 #2 (GEOSTEER)'
Tt ! from_.C:\SESrun\SESdata.mdb
Records Table Hame [B=
...... 4 | zDirPlanDetail |
...... 1 | zDirFlanHeader
...... 4 | zDirFlanSeclDetail
...... 3 | zDirSurveyAnno
100 | zDirSurveyCalcs
100 | zDirSurveyDetail
...... 1 | zDirSurveyHeader
...... 1 | zHeader
2927 | zLlwdDetailCalcs
...... 1 | zLwdHeader
..... 20 | zMBedsDetailCalcs
...... 1 | zMEBedsHeader
...... 0 | zTempActualMDCritFoints
130 | zTempDigitizedTHD
117 | zTempDigitizedTHDMEeds
.135 | zTemplDigitizedWellBore
2469 | zTempDigitizedWellBoreXSec
..... 71 | =zTempDigitizedWellPlan
..... 8 | zThdCalcs
..... 90 | =ThdCalcsMBeds
...... 1 | zThdHeader
...... 2 | zThdLogOptions
1129 | =zTLDetail
...... 1 | zTLHeader
1 1 _>IInit= b

w Click "Query/Refresh" button to query SES Database and produce a summary table of
record counts in each table for the selected Well. This report may be helpful at times to determine
different versions of the same well name for subsequent/appropriate deletion.




4.7 Critical

1.) If a new Well has been added to SES Database from WELLS screen while SES screen is open,
simply close SES screen and re-load it from Main Menu to refresh the Well list on SES screen.

2.) If a Well's Data Units selection is changed after data (e.g., directional survey data) have been added
to SES, re-calculate ALL survey-related data using SES screens.

3.) If a geologic model via Grid data will be displayed in Surveys, Planner, and/or Cross-Sections, then
the Well's surface coordinates (SurfaceX, SurfaceY, SurfaceZ) must be entered and referenced using the
same coordinate system (e.g., UTM13, Colorado Central Zone, etc.) and units (e.g., feet) as the Grid
data.

4.8 Tips
| TIPS

e The Well selected when WELLS screen is closed is the default Well selected/loaded when SES
screen is loaded.

e Some find it helpful to create a "Template Well" that has as much as possible about a new Well
already entered with the typical options and values and desired settings across WELLS, Surveys,
Planner, Type Log, LWD, Geosteer, and/or Cross-Sections screens, to more quickly setup a
brand new Well in SES.

e To create a full copy of a Well, use WELLS screen and Export it to an SES xml file and then
Import the same file with ‘Create copy...’ checked on Import tab and then change the Well Name
accordingly.

e Another method to archive Wells is to save an SES xml file of each Well.
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5. SES Screen

B3 Main Menu - Stoner Engineering Software E |E|5|

o UELLY -

Surveys, 30 Planner, Type Logs, LWD, THD,
8] %E% Q 3D Technical Geosteering, Steering Guidance

Well Entity Setup (Create/Modify/Delete Wells,
SES File Import/Export, Surface Coordinates...)

¢ CRIDS M| oeseomers tomn i ima
SUTILITIES 0| Wrtshe senars, Updstss Lxores peat
Abouti Exit

Yerzion 5.04 [2014-0ct-21] —
Lizerze | Guidance & Geosteering Feature Option 6

[ratabaze CASESmunASESdata.mdb

Made in USA [ EEHGE [ &S]l Samiall STl o5 el

i .makinhole.
©1999-2014 Stoner Engineering LLC R e R

{Q) SES - [SE Demo v5 #1 (Grid)]

[l File Window Help

x || Ba| @ || Activewell-> [SE Demo v5 #1 (Grid) _-[% 3

Surveys ]Planner| Type Logl LD | Geosteer] THD I Cmseren:tinnsI

5.1 General

SES screen is the "command center" of SES and contains multiple other screens. Each tab or "screen"
addresses a unique aspect of SES including smart data integration by design.

SES screen can be used to:

1.) Set the Active Well and display its current data by selecting a Well Name from the drop-down box.
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2.) Create and navigate to multiple datasets regarding directional surveys, well plans, type logs, LWD
data, marker beds (interpretations) from geosteering, technical hole deviation (THD) technology, and
Cross sections.

3.) Get more information by clicking the Help icon ("?") on any screen.

5.2 Toolbar <|¥¢| &[ 2[5

Control Control Tip | Detailed Description
X | close SES screen | Close SES screen and return to Main Menu.

E'i"l Main Menu | Return to Main Menu without closing SES screen. This may be helpful in order to
open WELLS screen or GRIDS screen while SES screen remains open with a Well loaded.

&I refresh (sometimes needed in network environment) | Requery all datasets for the current Well.
This is like selecting the Well Name from the dropdown box. This can be helpful when multiple
people are working on the same Well at the same time from different computers, or if multiple
instances of SES are being run from one computer while working on the same Well.

EI SES help | Display SES screen abridged help.

edit Active Well properties | Display Well Properties dialog for the Active Well to make edits or to
add new content. This dialog is the same as clicking "Edit" button from WELLS screen. For
example, click this button to change the Well's well name or surface coordinates. All content
currently entered for the Active Well is displayed in the upper-right table on SES screen.

5.3 Other Functions/Features

Stz el o ISE Demo w5 #2 (Geosteer) j Select a Well from the dropdown box to load and

make it the Active Well. If a recently added Well is not listed in the dropdown box but exists on WELLS
screen, close and then re-open SES screen.

Units | Surface X | Surface Y | Surface Z | Well Group | Notes | Field | Project ™,
b |feet 1000000 750000 3000 Great training well | Stoneman Demunstrationf
Any information entered from WELLS screen for the Active Well will be displayed in the upper-right table
E

on SES screen. This information in the table is read-only. To change the information, click £l

5.4 Critical
1.) Wells are added or deleted to SES Database only by using WELLS screen.

2.) Closing and re-loading SES screen refreshes the Active Well dropdown box.
3.) "Gracefully" exiting SES screen is recommended. This means to close SES screen using the upper-
LEFT "X" button, which saves the Active Well for subsequent initial load if possible when next returning to

SES screen.

4.) "Gracefully" exiting the SES application is also recommended. This means to click "Exit" button from
Main Menu (or "File, Exit" menu from almost any screen).

5.5 Hot Keys

» CTRL - hold down Control key while selecting different Well from dropdown box and
Surveys/Planner graphs are NOT updated (navigation/dataload is faster without updating graphs;
click "Refresh" respectively to update graphs)
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6. SES Screen — SURVEYS

|:©) sEs - [SE Demo v5 #3 (Geosteer)] =18
Eie Window Help 18 x|

‘ || Units | SurfaceX | Surfacey | SurfaceZ | well Group|Notes| _ Fied | MD/TVDRef | MapZone |  GL | Project | Analyst |AnalystCompany|  wiD
x| | &| 2| A:\weWeH-)FEDemuv5#3(GED£tEEf) = [p]feet 3974411 782132.7 362 Major 3 Stoneman KB UM 340 Demonstration | Mke Stoner | Stoner Engineering Ll 555555555

Surveys | Planner| TypeLog | LWD | Geosteer| THD | Cross-Secions |

Directional Wellbore Surveys
|D’;|¢|>*|M| o] 8|0 2|84 coosaresmver |6 [+ I AutoRecalc | Refiesh | Copy... | Print... | ... I_Hntmm‘
1 |[Directional Survey Data and Annotations of Selected WELLBORE SURVEY
Survey 2 Comment. Bidetack 1 ] GRID [5E Demo3 B i
Azimuths are Relative to (5) GRID North () TRUENorth 1| genge [ £000 LI
Vertical Section Azimuth [195.76 [ Exdude
Tie Point Coor.... VD [5995, 13663725268 | North [+2.8814114422728 | East [50. 1360634342058 0
D[ Inc | Am | Wete | I 1D | NotefAnno. | Show o
| | 13534 87.58 180.25 1! 6961 REENTRY e SDETRACK
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[ iss7.00 8802 180,16 676551 -1335.38 -1172.27  1603.57 161
| 108200 8785  i80.16 6767.02 -1377.35 -117239  1644.00 0.0 -4,000
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6.1 General

The wellbore directional survey is fundamental to many SES features. All directional survey calculations
are performed internal to SES. The survey calculational method is minimum curvature, including
interpolation between stations.

SURVEYS screen can be used to:

1.) Input wellbore directional survey station data (MD/Inclination/Azimuth) by keypunch, by paste from
Excel, by import from an LAS file, or by download/import from a WITSML server; manually enter tie point
coordinates and vertical section azimuth.

2.) Designate the north reference from which azimuths are relative (grid north or true north).

3.) Calculate the local Cartesian coordinates (true vertical depth - TVD, north - N, east - E), dogleg-
severity - DLS, and vertical section - VertS from wellbore survey data.

4.)) Set each directional survey vertical section azimuth independent of other Surveys.
5.) Create vertical section view and plan/map view standard directional plots of a wellbore.

6.) Associate a geologic Grid dataset to a Survey and then 3D plane-interpolate it and display the
formations/surfaces on certain views.
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7.) Interpolate a Survey at arbitrary measured depths for coordinates (TVD,N,E,INC,AZI,DLS,VERTS)
and for annotation/note posting on the vertical section view and Cross-Sections screen cross sections.

8.) Create a "digitized" wellbore survey table with extra interpolated values for smoother graphing,
including local coordinates converted into global X, Y, TVDss coordinates.

9.) Print/Preview a formal directional survey report for regulatory reporting or otherwise.

10.) Print the standard directional plots on any system printer (including Adobe/PDF).

11.) Copy the standard directional plots for paste into another application.

12.) View the wellbore survey station coordinates in 3D with full rotate/zoom/pan capabilities.

13.) Zoom the 2D graphs by dragging a window with the mouse; then pan by clicking the scroll bars.

14.) Temporarily change a variety of graph properties (including full-screen/maximize mode) by right-
clicking over the graph and selecting from the shortcut menu.

6.2 Toolbar lﬁ:l"’l**lml |$|@.l ?l%l'ﬁ' Calculate SURVEY |E|+|

Control Control Tip | Detailed Description

EI import Survey MD/Inc/Azi from LAS file... | Open "Import 3rd-Party Data File" dialog to browse
and open an LAS file, designate the respective columns in the LAS file that match MD/Inc/Azi,
and import directional survey data into the selected Survey. For more information see 6.6 Import
Survey Data from LAS File.

il import Survey MD/Inc/Azi from WITSML server... | Open "Import 3rd-Party Data" dialog to
download and then import directional survey data from a WITSML server. For more information
see 6.7 Import Survey Data from WITSML Server, 4.2.4 Well Setup - WITSML, and 2.4
WITSML Server.

b add Survey | Add a new Survey dataset and select it. SES automatically copies Survey header
properties (vertical section azimuth, tie point coordinates, etc.) from the largest numbered
existing Survey and initializes the new Survey with such values.

delete Survey | Delete the selected Survey dataset (and potentially renumber the remaining
existing Survey datasets). Survey #1 may only be deleted if there are at least two Survey
datasets before deleting Survey #1. Survey datasets are numbered starting at #1. To delete
Survey #1 when there is only one Survey dataset, first Add a new Survey dataset and then select
and delete Survey #1, after which empty Survey #2 will become Survey #1.

view digitized Survey table | Display a data table containing the entire Survey dataset including
input survey station data, calculated coordinates, interpolated coordinates/angles between
stations, global coordinates X, Y, Z (TVDss), and such values at arbitrary user-entered Survey
Annotation measured depths. Values from the data table may easily be copied for paste into
other Windows applications.

export Survey data to LAS file... | Export the calculated directional survey data to an LAS file after
setting the output path and filename. In addition to being CWLS LAS v3 compliant, LAS files
generated by SES are also created to present the data content in both space delimited and fixed
width text formats for greater versatility.

print preview Survey report | Display a directional survey print preview report that is often suitable
for regulatory reporting. The report header may contain much Well metadata and the report data
content contains the entire Survey dataset including input survey station data, calculated
coordinates, global coordinates MapE, MapN, SysTVD, and such values at arbitrary user-entered
Survey Annotation measured depths (e.g., casing setting depths). The report may easily be
printed (right-click for options).

X =
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ﬂ SURVEYS help | Display Surveys screen abridged help.

EI sort Survey data on MD & Renumber ID (occasionally needed) | Sort the selected Survey dataset
on MD and re-determine the "ID" column values. "ID" is an SES internal index number. Because
all new data must be added to the bottom of the data table, sometimes resorting is necessary to
ensure MD increases as is heeded by SES. Deleting one or more interior survey stations can
also require sorting using this button.

E check Survey for possible problems | Check the selected Survey header and table data for
conditions that are known or suspected to cause problems during or after the calculation of the
directional survey. This data quality check is applied each time a Survey is calculated whether or
not the SES user clicks this button. Sometimes called the "cat button”, the icon is actually
intended to represent two hands shaking. ©

Calaulate SURVEY (F6) Compute Survey & Digitize for Graphing | Calculate local coordinates

TVD, N, E, and vertical section from directional survey inputs MD, Inc, Azi, tie point coordinates,
and vertical section azimuth; calculate minimum curvate interpolated values for smoother plotting;
update the calculated/output table; update the map view; and update the vertical section view.

ﬂ lock graph extents (when zoomed) between refreshes | Maintain/lock current axes minimum and
maximum values after subsequent survey calculation and/or graph refreshes. This toggle button
is enabled only when the map view and/or the vertical section view is zoomed. To zoom, click
and drag a zoom window on the graph. By default, SES re-determines a graph's axes extents
after survey calculation or refresh and this toggle button allows the SES user to temporarily
override that behavior.

ﬂ convert Survey to new SES Plan | Convert the selected and calculated Survey dataset into a new
Planner screen Plan dataset. Often, this method of 3rd-party well plan transfer to SES is the
easiest and most numerically accurate method due to minimum round-off error inherent in how
well plans are stored in software and then formatted to two decimal places when disseminated to
clients.

™ Auto Re-calc auto-update after key punch; leave un-checked if pasting data from clipboard |
Set/check "Auto Re-calc" option if SES should immediately calculate the survey after any
directional survey station data are changed or added. If Survey data are normally entered
manually by key punch, this option may be helpful. This is an alternative to clicking

Calculate SURVEY

or pressing F6 to re-calculate the survey. ALWAYS leave this option un-
checked when pasting data from the clipboard!

6.3 Other Functions/Features

GRID [SE Dema2 =l select the corresponding Grid dataset associated with the Well. When "Plot
Grid" is checked on Surveys screen and/or Cross-Sections screen, this Grid is interpolated for respective
display.

Azimuths are Relative to (&) GRID Morth () TRUE Morth  Grid Convergence |:| Designate the north reference

from where azimuths are relative, for the selected Survey dataset. Azimuthal bearings are typically
measured downhole with respect to magnetic north and then converted to either true north or grid north
before data dissemination. This selection is also reflected in Surveys screen map view north/y axis label.
If the Survey dataset azimuths are relative to true north, then also enter the respective grid convergence
angle. Grid convergence is the angle in degrees from true north to grid north at the Well's surface
location, with the convention of clockwise/counterclockwise being a positive/negative value. Azimuthal
bearings north reference affects the calculation of global X-Y coordinate values and the display of
surfaces from interpolating global X-Y-TVDss Grid data at local N-E coordinate locations. North reference
designation is included in the header portion of any LAS file created by exporting respective data from
SES Surveys, Planner, LWD, THD, and Cross-sections screens.
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Vertical Section Azimuth Enter the angle in degrees from north defining a vertical plane on which
(horizontal) departure is projected to compute the length called vertical section. See the slide below for
more information.

Vertical Section Azimuth = angle from North defining a L
vertical plane on which (horizontal) Departure at MD location
is projected to compute the Length called Vertical Section -
f
/ Station 75 il
v / e e
& g B :
ll:'l - - = : G’& -E,Cl“"‘on
llllll Sg.;:fyﬁﬂ J.-" \Iefd
| N ) .
e ."ll H o '-}F.Nﬁ“"ﬂ”
¥ o h ; ;
\r ~ g o Vertical Section
Plan (Map) = il &
View !.{ . .;r'-'-":""' -
Section View
» East
:} TVD.,
Vertical Section Azimuth is “arbitrary” e,
but usually coincides with planned TD TVD |

[] Exdude Set/check "Exclude” option if SES should exclude plotting points from the selected Survey on
the map view and vertical section view of other Surveys of the same Well AND from Surveys considered
"Others" on Cross-Sections screen cross sections. Unless excluded, SES displays a gray symbol at
unique stations of other Surveys on the current Surveys screen map view and vertical section view
(assuming vertical section azimuths are identical), which can be helpful at times (e.g., seeing the original
hole after sidetracking; quickly comparing planned to actual when one survey is the well plan).

Tie Point Coor......TVD |7936.62344404656 | North |10.5325025134668 | East |-23.906666796254 | Enter the tie point

coordinates of the selected Survey. The tie point coordinates are the local Cartesian coordinates TVD, N,
E that correspond to the first/starting MD of the Survey dataset.

MD | Inc | Azi | mote | ID |«
| 13594 87.58 180.25 158
| 13s88 89.25 180.16 159
| 13782 8881 179.54 160
| 13876 90.22 180.07 161
| 13989 89.43 179.54 162
i3 §9.34 179.54 163 =
* 154| =]
Record: 14| ¢ || 164 v [wr|v#] of 164 Directional survey input data measured depth (MD),

inclination (INC), and azimuth (AZI) are populated in the upper-left Survey input table. User notes may be
entered under the Note column on the respective row. These notes do not display elsewhere in SES. "ID"
column values are determined by SES.
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Directional survey notes/annotations at specific MDs are entered in the upper-right annotation input table,
for interpolation and display on Surveys screen vertical section view and on Cross-Sections screen cross
sections. The Survey needs to be calculated after entering annotation data. The digitized coordinates
table displays full coordinates at annotation MDs. Check "Show" for the annotation to display in respective
tables and cross sections. Displayed annotations on the vertical section view may be moved by dragging
the text to a new location.

*Calculated® Directional Survey (Minimum Curvature Method)
MD | Inc | Azi | TVD n | E | verts DLS
| 13688.00 89.25 130,10 ©803.67 -4132.62 -1220.689 4310.45 1.78
| 13782.00 83.81 179.54| ©805.27 -4226.61 -1226.44 4400.83 0.81
| 13875.00 90.22 130.07| ©806.06 -4320.600 -1225.,12 449121 1.60
| 135869.00 89.43 179.54| ©6806.35 -¥13.600 -1225.81 4530.62 1.02
AW :40:0.00 89.34  179.54 6807.00 -4474.60 -1225.32 4A39.19 0.15 Local Cartesian

coordinates true vertical depth (TVD), north (N), and east (E) are calculated using the minimum curvature
survey calculational method. Vertical section (VertS) and dogleg-severity (DLS) are also calculated.
Calculated results are displayed in the lower output data table on Surveys screen.

M Redraw the map view and vertical section view graphs for the currently selected Survey. This
request does not re-calculate the directional survey but it does process any changes made regarding the
display of Grid data, Survey annotation show/hide settings, zoom-lock off setting, and which Survey is
currently selected. To automatically redraw the graphs when selecting different Surveys, press and hold
the CTRL key when selecting the Survey number in the list box along the left side of the screen.

M Display a dialog that reminds how to copy a graph. To copy a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

M Display a dialog that reminds how to print a graph. To print a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.



I 'Plot GRID Check "Plot GRID" option to interpolate and display the surface(s) of the associated Grid
dataset at locations along the selected Survey on the vertical section view. The Well's surface location
coordinates in the same global coordinate system need to be entered for Grid dataset interpolation. SES
uses planar triangulation to interpolate. At each respective Survey north and east coordinate, SES finds
the three nearest Grid dataset coordinates and calculates a plane. The plane is then interpolated to yield
the respective "Z" value. Surface layer colors and nhames may be set from Grids screen (see 3.2 Grid
Data Setup for more information). Plotting Grid surface interpolations may also be performed from Cross-
Sections screen at known wellbore locations and/or at wellbore-extrapolated locations.
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"Plot GRID" option also effects 3D Viewer. Grid dataset data points and surfaces may be viewed with 3D
Viewer (see 6.4 3D Viewer).



6.4 3D Viewer

SES can display 3D views of well paths and related grid data. Different default display settings are initially
applied based on the selected mode when 3D Viewer screen is opened. 3D Viewer may be opened in
Single Well mode or Multi Well mode from Surveys screen and from Planner screen.

LI [Survey =l Display an interactive 3D view of selected data, starting with a
particular display mode/template. In addition, "Plot Grid" option and a Well's "Well Group" value can effect
3D Viewer.

From Surveys screen there are five 3D Viewer display modes available from the dropdown box.

"Survey" (Single Well mode)

Surveys

Surveys & Flanz

Wl Group | Sureys

Well Group | Surveys & Plans

Graph selected survey using legacy display settings.

"Surveys" (Single Well mode)
Survey

Surveys & Flanz
Wl Group | Sureys
Well Group | Surveys & Plans

Graph selected survey and other surveys from same Well.

"Surveys & Plans"” (Single Well mode)
Survey T
Surveys

Surveps & Plans
Well Group | Surveys
Well Group | Surveys & Plans

Graph selected survey, other surveys, and well plans from

same Well.

"Well Group | Surveys" (Multi Well mode)
Survey =

Surveys
Surveys & Planz

Well Group | Sureeys

Well Group | Surveys & Plans

Graph surveys from all Wells with same "Well Group" value.

"Well Group | Surveys & Plans" (Multi Well mode)
Survey

Surveys B ”
Surveys & Plans | g8, "
Well Group | Surveys %

Well Group | Surveys & Plans

Group" value.

Graph surveys and plans from all Wells with same "Well

A variety of viewing options are available along the left side of 3D Viewer screen and the graph supports
interactive rotate/zoom/pan (drag graph with mouse to rotate the view; press and hold CTRL key and then
drag mouse up/down to zoom in/out; press and hold SHIFT key and then drag mouse to pan) and image
export. Below is a screen shot of the legacy 3D Viewer screen, which is accessed using "Survey" mode.
Survey stations are displayed as a 3D scatter chart.
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wer: SE Demo (THD) 3D Sidetrack]

6.4.1 Viewer Options

An improved 3D Viewer screen is included in this version of SES. Multiple surveys and multiple plans
from one or multiple wells—and grid data surfaces—may now be displayed and explored in SES. Options
set from Surveys screen tell SES how to initialize 3D Viewer and which data to include.

3D Viewer options are detailed next. Several common options are integrated on-screen for quick access
while more advanced options are accessible through the "Advanced Chart Properties..." button.
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) SES - [3D Viewer] =lgix]
e Windon Help TS

Drag to rotate, CTRL+Drag to z00m, SHIFT-+Drag to pan.
Basic Chart Properties
~Options —— —Active Survey —

M nitle colorsfl 2| 2 SE Demo v5 #3 (Geosteer) =
MLegend Width(0.05 = I O Criginal Hole
[ Comment StyleilCenter | B Sidetrack #1
Axes Stylea|Variant 1 x|
= |
Colors || %] 54|
Aiin Wiith|0.05 ]Jv

Stylei/Center |
il

Style2Variant 2+

2,000

= (o 1 i

Advanced Chart
Properties...

| Open "Properties” dialog to access a plethora of session options to further configure
the 3D chart view. For reference below, "ACP" refers to this dialog of Advanced Chart Properties.

x

labels | 3DView | Background | Lights | Events | Annotations | System settings |
General | Data I Presertation Groups I Bees | Walls I Database | Legend I

ITile Set/check "Title" option to display a well name label as 2D text at the top of the graph. See ACP,
"Labels" tab for more settings.

[MLegend Set/check “Legend" option to display a legend on the right side of the graph that lists the
datasets being graphed. See ACP, "Legend" tab for more settings. Also, see ACP, "Presentation Groups"
tab, select the row of a specific dataset, click "Properties”, and see "Legend" tab for additional settings.

[¥lComment Set/check "Comment" option if SES should use a dataset's Comment value instead of an
automatic generic dataset description (e.g., "Survey 1", "Plan 2", etc.) in the legend.

©1999-2015 STONER ENGINEERING LLC 60 www.makinhole.com



[MlAxes Set/check "Axes" option to display North, East, and TVD axes, respective tick marks, and
respective tick mark labels on the graph. See ACP, "Axes" tab, select "Left" (TVD), "Categories" (East), or
"Series" (North) and then click "Properties" button for more settings.

[ Morth

[JEast

LITVD  Set/check options "North", "East", and/or "TVD" to display the respective axis label on the graph.
If 3D Viewer has been opened in Multi Well mode, these options will read as "Grid Y", "Grid X", and
"TVDss" respectively.

o If 3D Viewer has been opened in Single Well mode, datasets are graphed using local coordinates
N, E, TVD. If 3D Viewer has been opened in Multi Well mode, then North, East, and TVD coordinates are
transformed global coordinates GridY, GridX, and TVDss, respectively, including proper true north to grid
north rotations wherever applicable.

¥l Grid Left Set/check "Grid Left" option to display gridlines on the left wall (TVD vs. North plane at
minimum East). See ACP, "Axes" tab, select "Left" or "Series", click "Properties" button, then "Gridlines"
tab for more settings.

[¥lGrid Back Set/check "Grid Back" option to display gridlines on the back wall (TVD vs. East plane at
maximum North). See ACP, "Axes" tab, select "Left" or "Categories", click "Properties" button, then
"Gridlines" tab for more settings.

¥l Grid Floor Set/check "Grid Floor" option to display gridlines on the floor wall (East vs. North plane at
maximum TVD). See ACP, "Axes" tab, select "Categories" or "Series", click "Properties" button, then
"Gridlines" tab for more settings.

MMargins Set/check "Margins" option to add extra white space about the general 3D graph area.

Mwalls Set/check "Walls" option to display solid surfaces at the left wall, back wall, and floor wall of the
3D graph. The default wall color is white, but may be changed to a variety of settings using ACP, "Walls"
tab for more settings.

[Mlwall Color Set/check "Wall Color" option to set the left wall, back wall, and floor wall to a non-white color.
See ACP, "Walls" tab for more settings.

[ 5urf. Plane Set/check "Surf. Plane" option to display a partially-transparent horizontal plane at TVD=0 (or
TVDss=0). If "TVD Zoom Deepest X%" is checked, this horizontal plane may not be visible at the current
scale limits. See ACP, "Axes" tab, select "Left", click "Properties” button, then "Const Lines" tab for more
settings.

MIN/SPlane Set/check "N/S Plane” option to display a partially-transparent vertical plane at East=0. See
ACP, "Axes" tab, select "Categories", click "Properties" button, then "Const Lines" tab for more settings.

[VIEM Plane Set/check "E/W Plane” option to display a partially-transparent vertical plane at North=0. See
ACP, "Axes" tab, select "Series", click "Properties” button, then "Const Lines" tab for more settings.

N/5 Stripe. Set/check "N/S Stripe" option to display a partially-transparent colored stripe that highlights
the North/South axis at East=0. See ACP, "Axes" tab, select "Categories", click "Properties" button, then
"Stripes" tab for more settings.



VIE/W Stripe Set/check "E/W Stripe" option to display a partially-transparent colored stripe that highlights
the East/West axis at North=0. See ACP, "Axes" tab, select "Series", click "Properties" button, then
"Stripes" tab for more settings.

TVD Zoom
[¥] Deepest %% \
%o (10 - . T
Set/check “Deepest X%" to change the minimum TVD axis limit in a manner that

effectively zooms the vertical scale and moves shallow data out of view. When “Deepest X%" is checked,
the “X%" zoom level may be selected from the dropdown box to better customize the view. For manual
setting of the TVD axis min/max extents, see ACP, "Axes" tab, click "Left", click "Properties" button, then
"Scale" tab for those settings.

Active Survey —— — Other Surveys
Cnlnrsl H“;’r)l H‘ﬁtjl Culursl H“?:JI H“;’a‘)l
Width|0.05 - Width|0.05 -
Stylel|Center = ||| Stylel|/Center -
Style2|Variant 1 = ||| Style2|Variant 2 -

When 3D Viewer is loaded from Surveys screen, the Surveys screen
selected Survey dataset is considered the “Active Survey” and every other survey (if applicable) is
considered an “Inactive Survey”. Click the respective color palate button to change the respective color.
Select Width to change the display tube width of the respective survey path, including 0 to change the
tube to a 3D line. Selecting an option under “Style 1” or “Style 2” can change how the gradient fill of the
tube is drawn or other display customizations. For more options, see ACP, "Presentation Groups" tab,
select the row of a specific survey, click "Properties" button, and make setting changes from there (e.qg.,
"Uniform Appearance" tab, select the row containing "Line", click "Fill Effect" button, and change the
gradient end point colors, transparency, etc.).

Plans
|7Cculur5| H“;’f)l “1‘33)|
Width -3 - -3 - . .
I When 3D Viewer is loaded from Planner screen, the selected Planner screen Plan

dataset is considered the “Active Plan” and every other plan (if applicable) is considered an “Inactive
Plan”. When 3D Viewer is loaded from Surveys screen using a template including "Plans”, then all plans
are considered to be "Inactive Plan". Click the respective color palate button to change the respective
color. Select a line width to change the display width of the planned well path. For more options, see
ACP, "Presentation Groups" tab, select the row of a specific plan, click "Properties" button, and make
setting changes from there (e.g., "Uniform Appearance" tab, select the row containing "Line", click
"Border" button, and change the line color, line width, etc.).

Grid Data
30 Surface
30 Points

When “Plot Grid” is checked from Surveys screen when 3D Viewer is loaded, Grid data
are queried and returned in the vicinity of the well path and made available for display. Grid data may be
displayed—as 3D scatter points ("3D Points") and/or as a surface ("3D Surface")—for each available grid
layer. The associated Grid dataset is selected from Surveys screen for the respective Survey dataset.

Set/check "3D Surface" option to display respective Grid data as a surface. Set/check "color sync'd to
TVD" option to vary the 3D surface color by true vertical depth instead of as a constant "zone" color.
Set/check "contour on floor" option to "flatten" the grid data view to display the surface at the deepest
TVD level. For example, setting "color sync'd to TVD" and "contour on floor" displays a contour map type
of display within the 3D graph.



Set/check "3D Points" option to display symbols at each respective grid data point. 3D points may be
displayed with or without the 3D Surface option. 3D points act as a "skeleton" view and the 3D graph may
be rotated and zoomed faster than when surfaces are also displayed. Dense grids may be sampled.

See ACP, "Presentation Groups" tab, select the row of a specific "Surface" or "Point" dataset display type,
and click "Properties” for additional settings.

LIMap View (2D) Set/check “Map View (2D)” to display the 3D view from the top; effectively a 2D map view
format (North vs. East). Uncheck this display option to return the graph to 3D view.

2D - 3D -

vl Approx. To Scale Set/check "Approx. To Scale” to display the North/South and East/West axes generally
to scale; i.e., where major grid values are equal. If “Approx. To Scale” option is unchecked the East axis
range and North axis range are determined from respective data ranges and respective axis major grid
values may differ and thus the map may not appear drawn to horizontal scale.

Scale- Not to Scale-
1m0 1m0
ZS00 =~ ZS00
2000 = 2000
1500 1500
1m0 1m0
e SO0

2,18 = o a1 — o
Scale- S1S00 L1000 S00 0 0 500 1000 1500 Not to Scale- S0 0 S0 100 150 300 FS0 300 350 400
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6.4.2 Viewer Examples
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jpg, 500x390, 100 quality, tick labels 8 font size
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6.5 Survey Data and Survey Calculations

An SES Survey dataset may represent an as-drilled wellbore or the wellbore of a theoretical well plan.
Directional surveys are calculated within SES from entered source data measured depth (MD), inclination
(Inc), and azimuth (Azi). SES uses the industry-standard minimum curvature survey calculational method
to both calculate local Cartesian coordinates true vertical depth (TVD), north (N), and east (E), and to
interpolate TVD, N, E, Inc, and Azi between directional survey stations.

To calculate a directional survey the SES user must supply directional survey station data MD, Inc, and
Azi, the tie point coordinates of the survey, and the vertical section azimuth on which to calculate vertical
section. Directional survey tie point coordinates are the local Cartesian coordinates that correspond to the
first MD station of the survey dataset. If the first MD is non-zero then non-zero tie point coordinates must
also be entered. If the Survey dataset starts at surface (i.e., at MD=0), then tie point coordinates are also
usually zero.

By definition, survey station azimuth is referenced to north. The SES user should designate whether this
north reference is with respect to grid north or true north. If azimuth is with respect to true north, then the
grid convergence angle should also be entered IF there is to be any use of Grid dataset interpolation or
any use of global X-Y coordinates via cross section export or other SES exports/reports. Grid
convergence is the angle in degrees at surface from true north to grid north, with the convention of
clockwise being a positive value.

Directional survey data are entered into SES by one or more of the following methods: keyboard manual
entry; copy/paste of tab delimited data (e.g., data copied from Excel are tab-delimited); LAS file import;
and/or import after downloading respective data from a WITSML server. For more information about data
transfer via copy/paste, see How To Paste Data From Excel into SES.

6.6 Import Survey Data from LAS File

With wellsite data transfer coming via LAS files, directional survey data updates can be performed
efficiently and often better than spreadsheet copy/paste methods. LAS files tend to be preferred over
spreadsheet copy/paste methods during live operations because if up-hole survey station data are
subsequently changed SES will automatically incorporate the data adjustments, and, via LAS file import
there is no chance a survey station is inadvertently skipped, which is possible via manual copy/paste.

On occasion an error message may be displayed when opening an LAS file for import, or while SES tries
to import the loaded data. In almost all such circumstances the error is caused by the LAS file not being
compliant with LAS specifications. If possible SES will report the line/row number of the offending
condition, which may help you or others resolve the issue through subsequent file editing. With the
routines in SES having being honed for more than a decade, SES can overcome many LAS specification
inaccuracies, but not all! When applicable the best resolution may be to contact the LAS file distributor for
correction/re-creation.

El "Import 3rd-Party Data File" dialog is used to browse and open an LAS file, designate the respective
columns in the LAS file that match measured depth (MD), inclination (Inc), and azimuth (Azi), and import
the directional survey data into the selected SES Survey dataset.
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Import 3rd-Party Data Fle N
LAS Format |
Import SURVEY #1
LAS Fle [E:\CurrentTrainingFiles\Well #1\Survey.LAS
Loaded Brawse... |
LAS File ~Yergion Information il
BT vEms. 2.00: STONER ENGINEERING LLC LAS - Ver
WEAE. Ho: One line per depth step
#lnes | ~Well Information
161 | MUTLL. -999_75:
Format ~Parameter Information
pos | ~Curve Information
) DEPT.FT : MWD Tool Measurement Depth
Version | Tnc L DEG : Inclination
=l az1 .rEG : Azimuth
Wrap | MITVD.FT : MWD Tool Measurement TVD e
MO ] | b
CLURVES IN LAS FILE | MAPPIMG INTO SES SURVEY
CEFT {FT) MWD Tool Measurems ol 2
ct Curve-—-= DEFT = Measured Depth
INC [DEG)  Indination e=> | Fnzl
AZI (DEG)  Azimuth Select Curve--> | INC (DEG) ~ | = Indlination (°)
MTTVD (FT) | MWD Tool Measureme Select Curve—= | AZI {DEG};I = Azimuth {®)
RCM {FT) Rectangular Co-ordin = _
RCE {FT) Rectangular Co-ordin Select Curve=—> | ==
SECT (FT) Section SelecE G ve— | _'I =
Select Curve=-> | =
LelecEOurve—> | _'I =
Select Curve=-> | =
LelecEOurve—> | _'I =
o | »| |4 Thin O APPEND
Cancel |  IMPORT
Import SURVEY #1
LAS File |E:\CurrentTrainingFiles\Well #1\Survey.LAS

Loaded

Enter the path and
filename of the LAS file to load for processing; or, this text box displays the path and filename of the
currently loaded LAS file as a result of using "Browse..." to specify such LAS file. The last LAS file from
which survey data were imported is the attempted default LAS file loaded when "Import 3rd-Party Data
File" dialog is opened.

M Click "Browse..." button to browse the computer's file system and select an LAS file to load
for processing.
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LASFile | version Information il
C“”tE”: VERS. 2.00: STONER ENGINEERING LLC LAS - Ver
WEAF. HQ: One line per depth step
#lines | ~Well Information
161 | NULL. -999,25:
= ~Parameter Informaticon
pos | ~Curve Information
) DEFT.FT : MWD Tool Measurement Depth
Version | Tyc | DEG : Inclination
2| az1 .oEe . Azimuth
Wrap | MITVD.FT : MWD Tool Measurement TVD ,I
MO
‘I | 4 This textbox

displays a full copy of the LAS file contents. Its content may be viewed using the scroll bars and ~ASCII
data content may be edited and/or rows deleted for subsequent actual import into SES. The left border
portion displays LAS file information including the number of lines of data in the file, the text file line
terminator format (DOS or Unix), the CWLS LAS file version, and the file "wrap" status. SES will import
both DOS and Unix LAS files, CWLS LAS file versions 2 and 3, and wrapped or non-wrapped formatted
LAS files.

CURVES IM LAS FILE
DEFT (FT) MWD Tool Measurems
INC (DEG) Indination
AZI (DEG)  Azimuth
MTTVD (FT) | MWD Tool Measureme
RCM (FT) Rectangular Co-ordin

RCE (FT) Rectangular Co-ordin ) ) o ) )
SErT ETY Cartinn This textbox displays a listing of all data curves in the LAS file and the

data curve descriptions.

MAPPIMG INTO SES SURVEY

Select Curve—> | DEFT (FT) ~ | = Measured Depth
Select Curve--= | INC [DEG]I;I = Inclination (°)
Select Curve—> | AZL (OEG) - | = Azimuth (°) Select the data curve that corresponds to the

respective data content required by SES. For Survey data import, SES requires measured depth (MD),
inclination (Inc), and azimuth (Azi). Tie point coordinates, when applicable, must manually be entered in
the header portion of Surveys screen.

Thin' Select/check "Thin" option if SES should not import depth stations/rows from the LAS file in
situations where Inc and Azi are null/blank. This can be helpful when importing from LAS files that contain
much more data than only survey data.

L] APPEND Select "APPEND" option if SES should only import depth stations/rows from the LAS file that
are deeper than the deepest MD already in the current Survey dataset. This can be helpful when
importing from LAS files that contain a different survey dataset than what is being populated within SES.
For example, use Append mode to effectively splice the contents of two or more LAS files. Using Append
mode for Survey data import is rare.

ﬂl Click "Cancel" button to close the "Import 3rd-Party Data File" dialog without making any
changes to the existing Survey dataset in SES.


http://www.cwls.org/las/

ml Click "IMPORT" button to import the respective LAS file data content into the currently
selected Survey dataset in SES. Unless "Append" option is checked, SES compares the content of the
LAS file with pre-existing content in SES (when applicable) and if any differences are present the pre-
existing content in SES is deleted and replaced with the LAS file content. After importing, the directional
survey is automatically calculated and Surveys screen map and vertical section views are updated. The

last LAS file successfully imported becomes the default LAS file loaded when Surveys screen EI is next
clicked. Thus, to update directional survey data in this fashion after the dialog has been opened requires
one click.

6.7 Import Survey Data from WITSML Server

With WITSML server connectivity, data updates can be performed on-demand and usually take less total
time because everything can be done without leaving SES (e.g., no time is spent opening and saving LAS
files from emails!).

il "Import 3rd-Party Data" dialog is used to download and then import directional survey data from a
WITSML server. The steps discussed in 2.4 WITSML Server and 4.2.4 Well Setup - WITSML must be
complete before using this feature.

Import 3rd-Party Data: SES User Manual 1H, Survey #1

WITSML Farmat |

nameWwell|S5E5_TEST

; = = uid\Well|30f45c54-c9d7-4855-9197-aa0obcboa 24
List Trajectories | l' -
uidWellbore|
LidT! rajectorﬂ

query server and list all trajectories for this well!

SES User Manual 1H, Survey #1 %(

Thin [] APPEND only Cancel [ L=

List Trajectories Click "List Trajectories" button to query the WITSML server for a list of available

trajectories on the WITSML server for the current Well. After the list is returned, select the corresponding
trajectory that matches the current SES Survey. The WITSML server may only expose one trajectory,
even if the current Survey represents a wellbore sidetrack. If the trajectory name/unique-ID has not
changed since the last time survey data were imported from the WITSML server, this step can be
skipped. In the example below, trajectory "Actual” is being selected for the first time.




Import 3rd-Party Data: SES User Manual 1H, Survey #1 _

WWITSML Format |
Select matching trajectory on server from list below... nameWell|SSES_TEST
= = = uidwell|30f45c54-c9d7-9855-3157-aa06bchsa2f4
List Trajectories | | j LidWielbore

---mdhdin-- ---ridhd - zerviceCompany- -azierts ect---

--Uidwellbore-- |

SES User Manual 1H, Survey #1

1 records

Import 3rd-Party Data: SES User Manual 1H, Survey #1 ol

WITSML Format |
Select matching trajectory on server from list below. .. nameWWsll|S5ES_TEST
uidwell| B0f45c54-c0d 7-94855-9197-aa06bchaa 24
List Trajectori Actual
.M | = uidWellbere db 39 100F037c46fc-95F3-58 592 748d=dD
uidTrajectory |Actual

Download Survey | SES User Manual 1H, Survey #1 %(
[ g

Download Survey | Click "Download Survey" button to download the directional survey data content stored

on the WITSML server and display it directly in the textbox below this button. In the example below, 158
directional survey stations were downloaded from the WITSML server, starting with MD = 7640. The tie
point MD of this Survey is 7640.

Download Survey | 158 records 55 User Manual 1H, Survey ¥1 '

i

£145.0 16 Ad|
I

Thin Select/check "Thin" option if SES should not import depth stations/rows from the WITSML-server-
returned dataset in situations where Inc and Azi are null/blank. This feature is rarely applied due to how
WITSML servers typically perform.

L1 APPEND erlly Select "APPEND only" option if SES should only import depth stations/rows from the
WITSML-server-returned dataset that are deeper than the deepest MD already in the current Survey.
Using Append for Survey data import is rare, but this can be helpful when importing from WITSML server
datasets that contain a different Survey dataset (e.g., one survey may start from surface while another
has a non-surface tie point) than what is being populated within SES.




ﬂl Click "Cancel" button to close "Import 3rd-Party Data" dialog and return to Surveys screen.
Any changes made are NOT saved.

ml Click "IMPORT" button to import the downloaded data displayed on screen into the
currently selected SES Survey and return to Surveys screen. Unless "Append" option is checked, SES
compares the content from the WITSML server with the pre-existing content in SES (when applicable)
and if any differences are present the pre-existing content in SES is deleted and replaced with the
WITSML server data. After importing, the directional survey is automatically calculated and Surveys
screen map and vertical section views are updated.

SES WITSML server data download parameters are Well and Survey number specific, which makes it
even easier to manage data-updating for multiple wells. After survey data have successfully been
imported once from a WITSML server for a specific Well and Survey, the default parameters are restored

when Surveys screen il is next clicked. Thus, at this time, updating directional survey data in this
fashion after the dialog has been opened requires two clicks ("Download" and then "IMPORT").

6.8 Critical

1.) The tie point coordinates (TVD, North, East) in the header section of Surveys screen are the Cartesian
coordinates of the first station (i.e., at the first MD in the survey dataset) and must be manually entered if
non-zero.

2.) If directional input data, tie point data, or vertical section azimuth are changed in any way, click
"Calculate SURVEY" or press F6 to refresh the survey calculation of the selected Survey.

3.) From Well Properties, coordinates SurfaceX, SurfaceY, SurfaceZ must equal local coordinates at
(MD,TVD,N,E)=(0,0,0,0) for proper geologic Grid dataset interpolation and display.

4.) For proper geologic surface display, coordinates SurfaceX and SurfaceY must be in the same
coordinate system as the associated Grid dataset, and grid convergence angle in degrees needs to be
entered if azimuths are relative to true north.

5.) If the Well's units are changed (e.g., from ft to m), select each Survey and re-calculate each Survey.

6.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

6.9 Hot Keys

» Drag rectangular window on graph to zoom
» With graph zoomed roll mouse wheel to scroll horizontally
» F6 — same as clicking Surveys screen toolbar button "Calculate SURVEY"

» CTRL - hold down Control key while clicking different Survey # and graphs are updated
(navigation/dataload is faster without updating graphs; click "Refresh" to update graphs)

» CTRL - hold down Control key while selecting different Well from dropdown box and
Surveys/Planner graphs are NOT updated (navigation/dataload is faster without updating graphs;
click "Refresh" respectively to update graphs)



6.10 Tips
| TIPS

e Step one for any SES technical geosteering operation is to ensure the SES calculated
directional survey (e.g., at total depth) matches "exactly" with the service company
supplying the source directional survey data. If they don’t match, resolve the difference before
proceeding (a common cause is tie point differences...see Critical point #1 above). The
calculated digits should closely match because most drilling service companies employ the
minimum curvature survey calculational method, as does SES. Some round-off error will normally
be present because tie point coordinates and potentially other data input are rarely made
available with full 32-bit precision but instead are often rounded to two decimal places.

o Repeat! Step one for any SES technical geosteering operation is to ensure the SES calculated
directional survey closely matches that from the service company supplying the source directional
survey data. It is critical to operations communications that everyone be on the same page.
Resolve any differences before proceeding with LWD data loading or any analyses.

e If SES calculated vertical section does not match the field but north/south and east/west
coordinates do match, then the vertical section azimuth (VSA) within SES and the value in use by
the field are not the same. Determine the applicable VSA from the official directional survey report
header or footer. VSA is entered into SES in the header portion of Surveys screen.

e A Survey dataset can contain the survey data from an as-drilled wellbore or from a theoretical
well plan. The easiest and often most accurate method of transferring a pre-designed well plan to
SES Planner screen is to use Surveys screen and then the toolbar command il

e If interpolating Grid data in SES or if exporting calculated global X-Y-TVDss values from SES for
use in other software, it is important to correctly set the directional survey north reference. The
official directional survey will normally report whether azimuthal bearings are from grid north or
from true north. If azimuths are relative to true north, the respective grid convergence value
(angle in degrees from true north to grid north at surface, clockwise positive) should be obtained
from the individual that generated the Grid dataset and be entered into the header portion of
Surveys screen.

e In this version, TVDss is not displayed along any TVD axes in SES. To "trick" SES into making all
Survey "TVD" values and axes be TVDss values with positive-down convention, do the following:

1.) Set Survey Tie Point TVD equal to its TVDss equivalent, BUT use negative-above mean
sea level (MSL) convention. For example, if the survey starts at surface (MD=0 at first
directional survey station) and KB elevation is 3000 ft, enter -3000 into tie point TVD
coordinate from Surveys screen, as shown below. 2.) Enter zero for "Surface Z" as shown
below from Edit Active Well. (Note: Grid data should still be entered into Grids screen as
usual for SES—positive-above MSL and negative-below MSL for all TVDss values.)

Tie Point Coor. - North [0 | East 0 |

Survey TD g
Surface Z | 0| M‘MD 160D 6150

INC 91.46°
DLS.0.
V5 2611.5
TVDss -6148.66

o<-
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7. SES Screen — PLANNER
(D) SES - [SEDemo v5 #1 (Grid)] =18 x]
FE) Hle Window Help el

o . || units | SurfaceX | Surface¥ | SurfaceZ | Well Group | iotes | Field | MD/TVDRef | Project | wiD
x || | B || Activewell-> IEE Demo 5 #1 (Grid) ] [B]meters  319528.083 638201301 54,802 GRID U Stoneman KB Demonstraton | 555555545

| Surveys P)ahhe!lt[ypELD'glLWD | Geosteer| THD | Grass-Gections |

tional Well Plans
\g*|;|»|m| |$,|ﬁ| ?|%¢|E!| Calculate PLAN |a| ™ AuoRe<alc || Refresh | Copy... | Print... Fmam|
MM [ TARGET" Details of Selected WELL PLAN

Plan 1 Comment [Slant Rig driling CBM. See GRID use. | GRID [SE Demot 20 Zones - 0

Azmuths are Relative to (9 GRIDNorth () TRUENorth Gric Converoence [ | W
Vertial Secton Azmuth shonReference | ~100 s

dMD | Tnc [ Azi [ VD [ W | E | DIS [ Reference| I

| 30 230.78 0 0 o Tie Point. 0 -200

(= |85 230.78 1 49/Csq 1 E

| w0 85 2078 2 T -300

| 85.5 230.78 01 El E

I R 4

[ | sts 20.m | 01 5 gm //

[ 10 845 2078 TOTALDEFTH 6}

3 ; -500 P

Record: 14] 4[] 8 o [rilr#] of B % P

- [*Calculated™ Detalls of Selected Plan by Hole Section e il
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o
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7.1 General

Any type of directional or horizontal well plan comprised of linear and circular-arc hole sections can be
designed with SES, including a circular arc in an oblique plane in any octant(s). SES complies with O&G
industry standards of directional/horizontal well planning.

PLANNER screen can be used to:

1.) Design and calculate the critical point values of a 3D or 2D well plan by combining multiple successive
"targets" as needed.

2.) Determine the minimum curvature necessary to intersect a specified 3D coordinate (target).
3.) Implement a "target” that extends a straight line of specified length in 3D space.

4.) Implement a "target" that is a circular arc in 3D space by specifying dogleg-severity (DLS) and ending
inclination and azimuth.

5.) Set each well plan's vertical section azimuth, independent from other well plans of the same Well.

6.) Create vertical section view and map view standard directional plots of a well plan.
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7.) 3D plane-interpolate associated geologic Grid data and display the formations/surfaces on the vertical
section view with the well plan.

0

Tk Polit
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TRUEYERTICAL DEPTH

]
]
=

250

o 100 200 00 400 S00 B00 TOO 00 00 1,000 1,100 1200 1,300

VERTICAL SECTION OM AZIMUITH 235 DEGREES
8.) Create a "digitized" well plan survey table with extra interpolated values for smoother graphing.
9.) Print/Preview a professional well plan survey report for regulatory reporting or otherwise.
10.) Print the standard directional plots on any system printer (including Adobe/PDF).
11.) Copy the standard directional plots for paste into another application.
12.) Zoom a graph by dragging a window with the mouse; then pan by clicking scroll bars.

13.) Temporarily change a variety of graph properties (including full-screen/maximize mode) by right-
clicking over the graph and selecting from the shortcut menu.

14.) Move graph annotations by simply dragging the text to a new location.

72 Toolbar =1 *[%| Bla|R] 2[2%| coaeera |a|

Control Control Tip | Detailed Description
@l N/A | Directional or horizontal well plans may not be imported from an LAS file. Instead, well

plans are manually entered/created using the well plan input table, or by converting a Survey
dataset (see Surveys screen 6.3 Other Functions/Features "convert Survey to new SES Plan"

for more information).

+ | N/A | Directional or horizontal well plans may not be downloaded/imported from a WITSML
server.
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add Plan | Add a new Plan dataset and select it. SES automatically copies Plan header
properties (vertical section azimuth, Grid association, etc.) from the largest numbered existing
Plan and initializes the new Plan with such values.

delete Plan | Delete the selected Plan dataset (and potentially renumber the remaining existing
Plan datasets). Plan #1 may only be deleted if there are at least two Plan datasets before
deleting Plan #1. Plan datasets are numbered starting at #1. To delete Plan #1 when there is only
one Plan dataset, first Add a new Plan dataset and then select and delete Plan #1, after which
empty Plan #2 will become Plan #1.

view digitized Plan table | Display a data table containing the entire Plan dataset including input
target data, calculated coordinates/angles, interpolated coordinates/angles between well plan
critical points, and global coordinates X, Y, Z (TVDss). Values from the data table may easily be
copied for paste into other Windows applications.

export Plan data to LAS file... | Export the calculated directional well plan data to an LAS file after
setting the output path and filename. In addition to being CWLS LAS v3 compliant, LAS files
generated by SES are also created to present the data content in both space delimited and fixed
width text formats for greater versatility.

print preview Plan report | Display a directional well plan print preview report that is often suitable
for regulatory reporting. The report header may contain much Well metadata and the report data
content contains the entire Plan dataset including input target data, calculated coordinates, and
global coordinates MapE, MapN, SysTVD. The report may easily be printed (right-click for
options).

PLANNER help | Display Planner screen abridged help.

N/A | Sorting on MD is not applicable from Planner screen. To effectively "re-sort" input well plan
targets, target data can be pasted at the bottom of the input data table and interior target rows
may be deleted by selecting the respective row and pressing the Delete key. SES automatically
controls the "ID" number of each input target when targets are added or deleted and ID number
controls how the targets are sorted.

check Plan for possible problems | Check the selected Plan header and target data for conditions
that are known or suspected to cause problems during or after the calculation of the directional
well plan. This data quality check is applied each time a Plan is calculated whether or not the
SES user clicks this button. Sometimes called the "cat button”, the icon is actually intended to
represent two hands shaking. ©

L IERLD (F6) Compute Plan & Digitize for Graphing | Calculate the full well plan based

on target inputs, which vary based on well plan design specifics. Calculate minimum curvature
interpolated well plan values for smoother plotting; update the calculated/output table; update the
map view; and update the vertical section view.

A calculated well plan includes MD, Inc, Azi, TVD, N, E, DLS (dogleg-severity), and VertS
(vertical section) at every well plan critical design station and per O&G industry standards
requires smooth Inc and Azi continuity between stations. A critical design station corresponds to
a unigue wellbore hole section in a well plan where the wellbore hole section changes from linear
to curved, curved to linear, or curved to curved-at-a-different-DLS. Some critical design stations
correspond one-to-one with target inputs and others may be generated by SES as necessary.
See 7.4 General Well Plan Design Notes for more information.

lock graph extents (when zoomed) between refreshes | Maintain/lock current axes minimum and
maximum values after subsequent plan calculation and/or graph refreshes. This toggle button is
enabled only when the map view and/or the vertical section view is zoomed. To zoom, click and
drag a zoom window on the graph. By default, SES re-determines a graph's axes extents after
plan calculation or refresh and this toggle button allows the SES user to temporarily override that
behavior.

™ Auto Re-calc auto-update after key punch; leave un-checked if pasting data from clipboard |
Set/check "Auto Re-calc" option if SES should immediately calculate the plan after any input plan
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target data are changed or added. This is an alternative to clicking Calaulate PLAN or pressing

F6 to re-calculate the plan. ALWAYS leave "Auto Re-calc" option un-checked when pasting data
from the clipboard!

7.3 Other Functions/Features
GRID |SE Dema2

=l Select the corresponding Grid dataset associated with the Well. When "Plot
Grid" is checked on Planner screen, this Grid is interpolated for respective display.

Azimuths are Relative to (=) GRID Morth () TRUE Morth  Grid Converoence |:| Designate the north reference

from where azimuths are relative, for the selected Plan dataset. This selection is also reflected in Planner
screen map view north/y axis label. If the Plan dataset azimuths are relative to true north, then also enter
the respective grid convergence angle. Grid convergence is the angle in degrees from true north to grid
north at the Well's surface location, with the convention of clockwise/counterclockwise being a
positive/negative value. Azimuthal bearings north reference affects the calculation of global X-Y
coordinate values and the display of surfaces from interpolating global X-Y-TVDss Grid data at local N-E
coordinate locations. North reference designation is included in the header portion of any LAS file created
by exporting respective data from SES Surveys, Planner, LWD, THD, and Cross-sections screens.

Vertical Section Azimuth Enter the angle in degrees from north defining a vertical plane on which
(horizontal) departure is projected to compute the length called vertical section. See the slide below for
more information.

Vertical Section Azimuth = angle from North defining a L
vertical plane on which (horizontal) Departure at MD location
is projected to compute the Length called Vertical Section -
'III S
)I Stmmrﬁs S
i / (Nyg. Eqs) ___-l ________________ e
& g :
-' S ocio”
| 5 e VG
[ swnso Nett
| (Mez, Ezpl £
||I L -,II JI.ﬂ' -,I-,_;_{'-"-.TE
== )2 0 o S S : :
e Vertical Section
Pian (Map) = i Aok L T
view L o L ¥
Section View
» East
-.l.',!-.__.-L WD‘?.}
Vertical Section Azimuth is “arbitrary” -
but usually coincides with planned TD D L 3

Show Reference Set/check "Show Reference" option if SES should post well plan input target Reference
text/annotations on Planner screen map view and vertical section view. Click "Refresh" to update graphs
after changing this option.
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i| tie_TVD| tie N | DEES DLS | Reference | ID |

i] 5300 0 0 Tie-In 0
0] KOP I
] 12| Landed 2
0 TD 3

4/ The upper Planner
screen table is populated with input target data to design a well plan. Every well plan starts with a full
definition of the well plan tie point MD, Inc, Azi, TVD, N, E (DLS is by definition null/lundefined at the tie
point). When the first row (ID=0) of the input target data table has the focus, the column labels change to
include "tie_" as a reminder. When tie point data have been fully specified, the ID=0 cell background is
colored light green (green means good).

dMD | Inc | Azi | TvD | W | E | DLS | Reference [/T0%/
: 8300 0 0 8300 ) 0 Tie-In 0
a 392 0 0 KOP
91,2 i 12| Landed
2200 912 0 D

L] Enter input target data to
design a well plan. SES supports four target types (see 7.4 General Well Plan Design Notes for more
information) and follows O&G industry directional well planning conventions. On a given target data row, if
SES recognizes the target type based on the columns containing numbers, the respective ID column cell
background is colored light green (green means good). SES Planner can be used to string together an
unlimited number of "target" hole sections to represent any well plan comprised of 3D linear and 3D
circular-arc hole sections.

~ |*Calculated™ Details of Selected Flan by Hole Section
# |Reference| Type | MD | Inc | Azi | ™vD | N | E | DS | Verts |
L 0| Tie-In Tie Point 3300.00 0.00 0.00,  8300.00 0.00 0.00 0.00
| 1|KOP Vertical 8692.00 0.00 0.00, 8692.00 0.00 0.00 0.00 0.00
2 Landed Build 9452.00 91.20 0.00, 9189.36 437.46 0.00 12.00 437.46
3(TD Harizontal 11652.00 91.20 0.00, 9123.29 2686.98 0.00 0.00 2686.98

Calculated results at well plan critical points are displayed in the lower output data table on Planner
screen. A calculated well plan fully completes the MD/Inc/Azi/TVD/N/E/DLS/VertS table based on target
input data and O&G industry well planning conventions. Admittedly, Planner screen is probably the most
complicated of all screens in SES, but very much can be done from only one input table! If an error is
reported when trying to calculate a well plan, carefully read the error message for help. See 7.4 General
Well Plan Design Notes for more information.

MI Redraw the map view and vertical section view graphs for the currently selected Plan. This
request does not re-calculate the directional well plan but it does process any changes made regarding
the display of Grid data, Plan Reference show/hide settings, zoom-lock off setting, and which Plan is
currently selected. To automatically redraw the graphs when selecting different Plans, press and hold the
CTRL key when selecting the Plan number in the list box along the left side of the screen.

M Display a dialog that reminds how to copy a graph. To copy a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/iwmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

M Display a dialog that reminds how to print a graph. To print a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.



" 'Plot GRID Check "Plot GRID" option to interpolate and display the surface(s) of the associated Grid
dataset at locations along the selected Plan on the vertical section view. The Well's surface location
coordinates in the same global coordinate system need to be entered for Grid dataset interpolation. SES
uses planar triangulation to interpolate. At each respective plan-interpolated north and east coordinate,
SES finds the 3 nearest Grid dataset coordinates and calculates a plane. The plane is then interpolated to
yield the respective "Z" value. Surface layer colors and names may be set from Grids screen (see 3.2
Grid Data Setup for more information).

In the below picture, "PAYZONE" is a Grid surface being interpolated along the planned wellbore path.
The well plan was in fact calibrated using the Grid surface. Zooming the vertical section view and applying
the lock toolbar toggle can be helpful when fine-tuning a well plan using a Grid surface. For this example,

dMD to the KOP and then the landing inclination angle were calibrated to setup the well plan using the 3D
Grid dataset for expectation guidance given a 12 deg/100ft performing bottom hole assembly.

Tie-In

8,300 ¢
g8,400
T 8,500
i 8 600
(i KOP
= 8,700 ¥
O
~ 8,800
o
8,900
L
> 9,000
o Landed
= 9,100 / PAYZONE

*
9,200

D

0 500 1,000 1,500 2,000 2,500
VERTICAL SECTION ON AZIMUTH 0° (ft)

9,100
Landed PAYZONE

9,150 .

0 500 1,000 1,500 2,000 2,500



lii Calculated
e tault (5.2917)
2917

This SES custom user setting (upper-left dropdown box) can be used to set the width of
the calculated results output table. If the computer monitor is wide, the bottom selection is often picked to
display the full width of the output table negating the need for horizontal scroll bars on the output table.

7.4 General Well Plan Design Notes
B3 Basic PLAMNER Help

-0 x|
‘Target' Types |Planning Motes | Critical | HotKeys | How To Paste | How 4 [ »]

General I General (cont)

TYPE I: Curved section
preceding tangent
section into TARGET

TYPE II: Entirely Straight
section (e.g., vertical,
slanted, horizontal)

TYPE I11: Entirely Curved
section into TARGET

TYPE I¥: Curved section
until TARGET Inc. and
Azi. at DLS are met

start

TARGET

start
Length = DelMD

N Constant
Inc g &z

start

TARGET

start

Ending Inc
and Az

¥

OLs

Specify (M,E, TWD) of
TARIGET, and DLS desired For
upper curyved hole seckion,

The term "TARGET" may
not coincide with the
traditional geclogical sense

specify Length (DelMD),
Inclination, and Azimuth,
MNOTE: Inclination and
Azimuth must equal same
from preceding hole section,
Al times, this may require
copy/paste from prior
calculated results, See

Specify (M,E, TYD) of TARGET
and leave DLS blank, The
rminimun curyature necessary
ko interseck TARGET will be
idetermined and emploved.

iSpeciFy Ending Inclinakion
land Azirmuth, and DLS.

MOTE: The curved and straight lines presented in the abowve

of the ward, 'Planning Mokes' tab For more sketches may exist in & vertical or horizontal planes (20, or in
informatian, an oblique plane {307,
Online Links Apaut SES hicrosoft Access Help

When designing or specifying a well plan, consider calculating the plan after the addition of each new
input target. This helps to ensure that the well plan parameters are valid and within accordance to what
SES expects based on industry conventions. Calculated results are presented in the lower part of Planner
screen.

It is highly recommended to follow the preceding suggestion when using Type Il or Type IV Target Types,
especially if Inclination and/or Azimuth are not "simple" numbers. Copy and Paste of non-simple numbers
(e.g., 23.435980298 degrees) is highly recommended in cases that require calculating the plan to
determine the numbers to feed into the next "Target".

For 2D wells, the following may assist in the respective design. In each case, it is assumed that Target
ID=0 is the tie point and Target ID=1 is Type Il to Kick-Off point, both of which have already been
specified.

SLANT (BUILD-AND-HOLD or DROP-AND-HOLD): Type | to wellbore Total Depth.

DOUBLE BUILD: Type | to start of lower build section, Type | to wellbore Total Depth.
-OR-



DOUBLE BUILD: Type | to start of lower build section, Type IV to final Inclination and Azimuth, Type Il to
wellbore Total Depth.

S-TYPE: Type | to start of drop section, Type | to wellbore Total Depth.

-OR-
S-TYPE: Type | to start of drop section, Type IV to final Inclination and Azimuth, Type Il to wellbore Total
Depth.

The foregoing are only suggestions. Given the four "Target" types allowed, there are multiple ways to
create an identical well plan.

7.5 How to Insert Targets between Existing Targets

New well plan targets are usually added at the bottom of the well plan target input table. However, there
are times when a target needs to be inserted above an existing target. There are two methods to perform
target insertion in the well plan target input table.

Method 1: Double-Click within "ID" Cell to Insert Blank Row Above

dMD | Inc | Azi | TvD | W | E | DIS | Reference| 1D |

| 4180.465 0 0 4180.465 0 0 KOP 0
] 50.47 170 3/END BUILD1 1
B =122 052 gg g Before double-click t = %NDED T i
* T T T L 4
dMD | Inc | Azi | TvD | W | E | DIS | Reference| ID |
4180.465 0 0 4180.465 0 0 KOP i
= 50.47 170 3 END BUILD1 1
90 2 12 LANDED 7

3] ] After double-click | IS
| 4122.082 g0 - - v Y] 4
el 5

Double-click within the "ID" cell to insert a blank plan target row above the current row. For example,
assume as shown above there are 3 targets and now you want to insert a new target between targets 2
and 3. Double-click inside the column labeled "ID" on row 3 and a new blank target row will be inserted
above what was ID=3 (old row ID=3 becomes ID=4).

Method 2: Add New Target at Bottom and then Cut and Paste

Combine row Cutting and Pasting to essentially insert. For example, assume there are 3 targets (rows)
and now you want to insert a new target between targets 2 and 3. Enter the new target data as a new
record at the bottom. Then select rows 3 and 4 and Cut by right-clicking over the selection and clicking
Cut. Then right-click on the asterisk at the bottom left part of the table and click Paste on the shortcut
menu.

7.6 Complex 3D Horizontal Well Design

A "3D well" as it is termed is a directional well path comprising one or more hole sections with turn in map
view, i.e., a hole section in which planned azimuth changes. Another definition of a 3D well is a well plan
that does not exist entirely within a single vertical plane. Designing a 3D well is inherently more
complicated than designing a 2D (constant azimuth) well because the number of degrees of freedom at
the designer's disposal is increased.

Constraints that normally exist in the design of a complex 3D horizontal well is the surface location, the
payzone structure TVD proximity, a maximum allowable design dogleg-severity of any hole section due to



multiple factors, and finally a line defined by at least two points in map view along which the planned path
in the payzone should be drilled (lateral target azimuth). For a 3D well, this lateral target line is non-
collinear with a straight line drawn from the well's surface location, hence the need for turn.

Given the preferred lateral target line/azimuth and the target structure TVD proximity, there are an infinite
number of planned paths that could be designed to "land" on the lateral target line/azimuth and structure.
There isn't one-size-fits-all in designing this type of well and based on distances and azimuths and
build/turn gradient preferences and perhaps nearby wells, a design structure will be created to satisfy all
constraints. Some sort of iteration/solving is normally required to design a complex 3D horizontal well.

SES can be used to design a complex 3D horizontal well. A "trick" to solve this very open-ended
mathematical problem is to breakup the design in SES into two steps. In step one, a "dummy" well plan
(Plan #1) is created in SES that merely represents the lateral target line/azimuth. For example, below we
are given north and east coordinates of a horizontal well's preferred heel and toe, from which an azimuth
of 269.64 degrees was calculated external to SES using basic trigonometry. TVD is set to 6000 feet as an
approximate value but is not actually important in step one because Plan #1 is merely to provide a map
view of where the 3D horizontal well should exist.

"TARGET" Details of Selected WELL PLAN
Plan 1 Comment |Lateral Plan Target” | GRID |
Azimuths are Relative to (&) GRID North () TRUE North Grid Convergence |
Vertical Section Azimuth [255.516 Show Refe
dMD | Inc | Azi | TvD | W | E | DLS | Reference| ID |
1] 0 90| 269.64 000 -1100 -333 Heel 0
il 6000 -1126  -4455 Toe 1
500
E
T
'g -1,000 /Toe ‘/Hee\
Z
)
x -1,500
]
-2,000
4500 4000 350 3000 2500 2000  -1500 1000 -500 0
EAST (ft)
5,400
E
< 5,600
'—
i
B 5.800
&' Heel Toe
O 6,000 «“ &
=
E 6,200
26
5
7 6,400
'_
6,600
1,000 2,000 3,000 4,000 5,000

VERTICAL SECTION ON AZIMUTH 255.816° (ft)
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Next, in step two, another plan is added (Plan #2) and populated with a well plan design structure that
satisfies all constraints for the 3D well. When calculating Plan #2, SES displays gray symbols on the map
view at locations from Plan #1. Together with zooming and locking graph extents and iterating to see

where Plan #2 is fitting compared to Plan #1, Plan #2 may be calibrated properly.
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Plan 2 Comment  |Double-Build Design (3 buid & 12 build/turn) | GRID | -]
Azimuths are Relative to (3) GRID Morth () TRUENorth Crc Comvercence [

dMD | Inc | Azi | TvD | W | E | DIS | Reference| ID
4180,465) 0.0 180,465 0| o lkor
|| ' 3 EMDBULDL
1 50 26984 | | . 12 LAMDED
| _|4122.082 90 269.64 | | | D

Record: 14 4[] 5 % |en]¥#] of 5
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In the preceding example the well plan is designed from kick-off point (KOP) to total depth (TD). It was
determined that initial build and/or turn gradient should not exceed 3 deg/100ft to reduce uphole pipe
stress, and final build and/or turn gradient should not exceed 12 deg/100ft due to the planned bottom hole
assembly capabilities, total departure required at TD, and planned completion. The chosen 3D design
was an initial build section followed by a final build-and-right-turn section into the lateral. Therefore, in this
example the critical parameters to calibrate were ending inclination (50.47 deg) and azimuth (170 deg) of
the first build section, which then leads into the second build-and-right-turn hole section that lands on the
preferred lateral target line/azimuth. With that part solved, KOP TVD (equal to tie point MD) was
determined easily by back-calculating to land at 6000 feet TVD. Finally, dMD of the lateral target line was
determined by ensuring its length landed on TD portrayed from Plan #1. Vertical section azimuth (VSA)
255.816 deg was determined from the final planned TD. Well planning in SES is further advanced with
use of Grid data for immediate feedback of the geologic model during well plan design. Eventually, a
solver mechanism specific to complex 3D well plan design may be added to SES to simplify the
calibration/iteration process.

7.7 3D Viewer

SES can display 3D views of well paths and related grid data. Different default display settings are initially
applied based on the selected mode when 3D Viewer screen is opened. 3D Viewer may be opened in
Single Well mode or Multi Well mode from Planner screen and from Surveys screen.

LI Ipla” =l Display an interactive 3D view of selected data, starting with a
particular display mode/template. In addition, "Plot Grid" option and a Well's "Well Group" value can effect
3D Viewer.

From Planner screen there are five 3D Viewer display modes available from the dropdown box.

"Plan" (Single Well mode)

Plans

Surveys & Flanz
wiell Group | Planz

wiell Group | Surveys & Plans | Graph selected plan using legacy display settings.

"Plans" (Single Well mode)
Flan

Surveys & Plans
Whell Group | Planz

Wwell Group | Surveys & Plahs | Graph selected plan and other plans from same Well.

"Surveys & Plans" (Single Well mode)
Flan

Plans

el Gru:up | Planz
Wwiell Group | Surveys & Plans | Graph selected plan, other plans, and surveys from same Well.

"Well Group | Plans" (Multi Well mode)
Plan

Planz

Surveys & Planz

whell Group | Plans
Wwiell Group | Surveys & Plans | Graph plans from all Wells with same "Well Group" value.
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"Well Group | Surveys & Plans" (Multi Well mode)

Plan
Plamnz

Surveys & Plans
Well Group | Planz

RIS ERCELEAC I Graph plans and surveys from all Wells with same "Well Group” value.

A variety of viewing options are available along the left side of 3D Viewer screen and the graph supports
interactive rotate/zoom/pan (drag graph with mouse to rotate the view; press and hold CTRL key and then
drag mouse up/down to zoom in/out; press and hold SHIFT key and then drag mouse to pan) and image
export. Below is a screen shot of the legacy 3D Viewer screen, which is accessed using "Plan" mode.
Plan "stations" are displayed as a 3D scatter chart, and the below real example is a complex 3D well from
the Alaskan North Slope.

|{©) S5 - [3DViewer: - =lmix]

NETE]
x -l Plan 1
IEast [EGradient
oiine || oo
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e
Mt\“
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7.7.1 Viewer Options

An improved 3D Viewer screen is included in this version of SES. Multiple surveys and multiple plans
from one or multiple wells—and grid data surfaces—may now be displayed and explored in SES. Options
set from Planner screen tell SES how to initialize 3D Viewer and which data to include.

3D Viewer options are detailed next. Several common options are integrated on-screen for quick access
while more advanced options are accessible through the "Advanced Chart Properties..." button.
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@) SES - [3D Viewer]

=lgix
=18l x|

Ele Window Help

Close Drag to rotate, CTRL+Drag to zoom. SHIFT+Drag to pan,

Basic Chart Properties
~Options —— —Active Survey ——
M nitle colorsfl 2] 2 SE Demo v5 #3 (Geosteer) =
[ Legend \ihdth|0.05 - O Criginal Hole
[ Comment StyletCenter | O Sidetrack #1
M Axes. Stylea|Variant 1 x|

Fborth —

MIEast

= Redrill Pre-spud Plan

Eno
#Grid Left

(7l Grid Floor
A Margins
Cwals

CIwal Color

2,000

[Percentage of TVD Range to set as TVD Min/Max

Nl B

Advanced Chart
Properties...

| Open "Properties” dialog to access a plethora of session options to further configure
the 3D chart view. For reference below, "ACP" refers to this dialog of Advanced Chart Properties.

x

labels | 3DView | Background | Lights | Events | Annotations | System settings |
General | Data I Presertation Groups I Bees | Walls I Database | Legend I

VITile Set/check "Title" option to display a well name label as 2D text at the top of the graph. See ACP,
"Labels" tab for more settings.

[Legend Set/check “Legend" option to display a legend on the right side of the graph that lists the
datasets being graphed. See ACP, "Legend" tab for more settings. Also, see ACP, "Presentation Groups"
tab, select the row of a specific dataset, click "Properties”, and see "Legend" tab for additional settings.

[¥lComment Set/check "Comment" option if SES should use a dataset's Comment value instead of an
automatic generic dataset description (e.g., "Plan 2", "Survey 1", etc.) in the legend.
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[MlAxes Set/check "Axes" option to display North, East, and TVD axes, respective tick marks, and
respective tick mark labels on the graph. See ACP, "Axes" tab, select "Left" (TVD), "Categories" (East), or
"Series" (North) and then click "Properties" button for more settings.

[OMorth

[JEast

LITVD  Set/check options "North", "East", and/or "TVD" to display the respective axis label on the graph.
If 3D Viewer has been opened in Multi Well mode, these options will read as "Grid Y", "Grid X", and
"TVDss" respectively.

o If 3D Viewer has been opened in Single Well mode, datasets are graphed using local coordinates
N, E, TVD. If 3D Viewer has been opened in Multi Well mode, then North, East, and TVD coordinates are
transformed global coordinates GridY, GridX, and TVDss, respectively, including proper true north to grid
north rotations wherever applicable.

¥l Grid Left Set/check "Grid Left" option to display gridlines on the left wall (TVD vs. North plane at
minimum East). See ACP, "Axes" tab, select "Left" or "Series", click "Properties" button, then "Gridlines"
tab for more settings.

¥l Grid Back Set/check "Grid Back" option to display gridlines on the back wall (TVD vs. East plane at
maximum North). See ACP, "Axes" tab, select "Left" or "Categories", click "Properties" button, then
"Gridlines" tab for more settings.

¥l Grid Floor Set/check "Grid Floor" option to display gridlines on the floor wall (East vs. North plane at
maximum TVD). See ACP, "Axes" tab, select "Categories" or "Series", click "Properties" button, then
"Gridlines" tab for more settings.

MMargins Set/check "Margins" option to add extra white space about the general 3D graph area.

Mwalls Set/check "Walls" option to display solid surfaces at the left wall, back wall, and floor wall of the
3D graph. The default wall color is white, but may be changed to a variety of settings using ACP, "Walls"
tab for more settings.

MlWwall Color Set/check "Wall Color" option to set the left wall, back wall, and floor wall to a non-white color.
See ACP, "Walls" tab for more settings.

[ 5urf. Plane Set/check "Surf. Plane" option to display a partially-transparent horizontal plane at TVD=0 (or
TVDss=0). If "TVD Zoom Deepest X%" is checked, this horizontal plane may not be visible at the current
scale limits. See ACP, "Axes" tab, select "Left", click "Properties” button, then "Const Lines" tab for more
settings.

MIN/SPlane Set/check "N/S Plane” option to display a partially-transparent vertical plane at East=0. See
ACP, "Axes" tab, select "Categories", click "Properties" button, then "Const Lines" tab for more settings.

[VIEM Plane Set/check "E/W Plane” option to display a partially-transparent vertical plane at North=0. See
ACP, "Axes" tab, select "Series", click "Properties” button, then "Const Lines" tab for more settings.

N/5 Stripe. Set/check "N/S Stripe" option to display a partially-transparent colored stripe that highlights
the North/South axis at East=0. See ACP, "Axes" tab, select "Categories", click "Properties" button, then
"Stripes" tab for more settings.



EM Stripe Set/check "E/W Stripe" option to display a partially-transparent colored stripe that highlights
the East/West axis at North=0. See ACP, "Axes" tab, select "Series", click "Properties" button, then
"Stripes" tab for more settings.

TVD Zoom
[¥] Deepest %% \
%o (10 - . T
Set/check “Deepest X%" to change the minimum TVD axis limit in a manner that

effectively zooms the vertical scale and moves shallow data out of view. When “Deepest X%" is checked,
the “X%" zoom level may be selected from the dropdown box to better customize the view. For manual
setting of the TVD axis min/max extents, see ACP, "Axes" tab, click "Left", click "Properties" button, then
"Scale" tab for those settings.

Active Survey —— — Other Surveys
Cnlnrsl H“;’r)l H‘ﬁtjl Culursl H“?:JI H“;’a‘)l
Width|0.05 - Width|0.05 -
Stylel|Center = ||| Stylel|/Center -
Style2|Variant 1 = ||| Style2|Variant 2 -

When 3D Viewer is loaded from Surveys screen, the Surveys screen
selected Survey dataset is considered the “Active Survey” and every other survey (if applicable) is
considered an “Inactive Survey”. Click the respective color palate button to change the respective color.
Select Width to change the display tube width of the respective survey path, including 0 to change the
tube to a 3D line. Selecting an option under “Style 1” or “Style 2” can change how the gradient fill of the
tube is drawn or other display customizations. For more options, see ACP, "Presentation Groups" tab,
select the row of a specific survey, click "Properties" button, and make setting changes from there (e.qg.,
"Uniform Appearance" tab, select the row containing "Line", click "Fill Effect" button, and change the
gradient end point colors, transparency, etc.).

Plans
|7Cculur5| H“;’f)l “1‘33)|
Width -3 - -3 - . .
I When 3D Viewer is loaded from Planner screen, the selected Planner screen Plan

dataset is considered the “Active Plan” and every other plan (if applicable) is considered an “Inactive
Plan”. When 3D Viewer is loaded from Surveys screen using a template including "Plans”, then all plans
are considered to be "Inactive Plan". Click the respective color palate button to change the respective
color. Select a line width to change the display width of the planned well path. For more options, see
ACP, "Presentation Groups" tab, select the row of a specific plan, click "Properties" button, and make
setting changes from there (e.g., "Uniform Appearance" tab, select the row containing "Line", click
"Border" button, and change the line color, line width, etc.).

Grid Data
30 Surface
30 Points

When “Plot Grid” is checked from Planner screen when 3D Viewer is loaded, Grid data
are queried and returned in the vicinity of the well path and made available for display. Grid data may be

displayed—as 3D scatter points ("3D Points") and/or as a surface ("3D Surface")—for each available grid
layer. The associated Grid dataset is selected from Planner screen for the respective Plan dataset.

Set/check "3D Surface" option to display respective Grid data as a surface. Set/check "color sync'd to
TVD" option to vary the 3D surface color by true vertical depth instead of as a constant "zone" color.
Set/check "contour on floor" option to "flatten” the grid data view to display the surface at the deepest
TVD level. For example, setting "color sync'd to TVD" and "contour on floor" displays a contour map type
of display within the 3D graph.



Set/check "3D Points" option to display symbols at each respective grid data point. 3D points may be
displayed with or without the 3D Surface option. 3D points act as a "skeleton" view and the 3D graph may
be rotated and zoomed faster than when surfaces are also displayed. Dense grids may be sampled.

See ACP, "Presentation Groups" tab, select the row of a specific "Surface" or "Point" dataset display type,
and click "Properties” for additional settings.

LIMap View (2D) Set/check “Map View (2D)” to display the 3D view from the top; effectively a 2D map view
format (North vs. East). Uncheck this display option to return the graph to 3D view.

2D - 3D -

¥l Approx. To Scale Set/check "Approx. To Scale” to display the North/South and East/West axes generally
to scale; i.e., where major grid values are equal. If “Approx. To Scale” option is unchecked the East axis
range and North axis range are determined from respective data ranges and respective axis major grid
values may differ and thus the map may not appear drawn to horizontal scale.

Scale- Not to Scale-
1m0 1m0
ZS00 =~ ZS00
2000 = 2000
1500 1500
1m0 1m0
e SO0

2,18 = o a1 — o
Scale- S1S00 L1000 S00 0 0 500 1000 1500 Not to Scale- S0 0 S0 100 150 300 FS0 300 350 400
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7.7.2 Viewer Plan Examples
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7.8 Critical

1.) The well plan tie point coordinates and angles (MD, Inc, Azi, TVD, N, E) are entered on the first row of
the input table (at ID=0).

2.) If well plan data or vertical section azimuth are changed in any way, click "Calculate PLAN" or press
F6 to refresh the well plan calculation of the selected Plan.

3.) From Well Properties, coordinates SurfaceX, SurfaceY, SurfaceZ must equal local coordinates at
(MD,TVD,N,E)=(0,0,0,0) for proper geologic Grid dataset interpolation and display.

4.) For proper geologic surface display, coordinates SurfaceX and SurfaceY must be in the same
coordinate system as the associated Grid dataset, and grid convergence angle in degrees needs to be
entered if azimuths are relative to true north.

5.) If the Well's units are changed (e.g., from ft to m), select each Plan and re-calculate each Plan.

6.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

7.9 Hot Keys

» Double-click inside "ID" cell to insert blank input target row directly above current row
» Drag rectangular window on graph to zoom

» With graph zoomed roll mouse wheel to scroll horizontally

» F6 — same as clicking Planner toolbar button "Calculate PLAN"

» CTRL - hold down Control key while clicking different Plan # and graphs are updated
(navigation/dataload is faster without updating graphs; click "Refresh" to update graphs)

» CTRL - hold down Control key while selecting different Well from dropdown box and
Surveys/Planner graphs are NOT updated (navigation/dataload is faster without updating graphs;
click "Refresh" respectively to update graphs)

7.10 Tips
| TIPS

e Awell plan is not required to use SES to perform technical geosteering. A well plan defined and
calculated in Planner screen may be available for use from THD, Geosteer/ParamTuner, and
Cross-Sections screens.

e If SES calculated vertical section does not match the field but north/south and east/west
coordinates do match, then the vertical section azimuth (VSA) within SES and the value in use by
the field are not the same. Determine the applicable VSA from the official directional well plan
report header or footer. VSA is entered into SES in the header portion of Planner screen.

o If interpolating Grid data in SES or if exporting calculated global X-Y-TVDss values from SES for
use in other software, it is important to correctly set the well plan north reference. The SES user
should discern whether well plan azimuthal bearings should be from grid north or from true north.
If azimuths should be relative to true north, the respective grid convergence value (angle in
degrees from true north to grid north at surface, clockwise positive) should be obtained from the



Method 2 example...(formatted, digitized) well plan from a service company...

individual that generated the Grid dataset and be entered into the header portion of Planner

screen.

There are three common methods to "transfer" an already-designed well plan from a service

company into SES Planner screen. They are:

1.

Use Surveys screen with the well plan's critical design stations and simply duplicate the

well plan as if it were a Survey; then click the Surveys screen toolbar command

ad . This

is often the easiest and most accurate method to transfer a directional/horizontal plan
to SES Planner screen.

Use dogleg-severity (DLS...value of zero means the hole section is linear; value of non-
zero means the hole section is curved) to manually by inspection transform a digitized

plan into a finite number of either Type Il or Type IV "target" types after fully defining the
tie point (first station/row, ID=0). Enter the respective values into SES Planner input
target table and calculate the well plan. See 7.4 General Well Plan Design Notes for
more information on target types supported in SES.

[ o | inee | oAz | 1w N | B | vertss | bLs Ref er ence
5936. 00 0.00 0.00 5936.00 0.00 0.00 0.00 0. 00 KOP
6000. 00 4. 68 188.73  5999.93 -2.58 -0.40 2.61 7.31
6100. 00 11. 99 188.73  6098. 81 -16.90 -2.59 7.31
6200. 00 19. 30 188.73  6195. 04 -43.53 -6.68 .04 7.31
6300. 00 26. 61 188. 73 -12. 83.01 7.31
6400. 00 33.92 188. 73 133. 38 7.31
6500. 00 41.23 188. 73 194. 31 7.31
6600. 00 48.54 188. 73 264. 83 7.31
6700. 00 55. 85 188. 73 343.79 7.31
6800. 00 63. 16 188. 73 429. 89 7.31
6900. 00 70. 47 188. 73 521.75 7.31
6920. 95 72.00 188.73  6681.44  -535.32 -82.20 541. 59 7.31P. P./ CSNG PNT
7000. 00 76.58 188. 5. 80
7100. 00 82.38 188. 5. 80
7200. 00 88.18 188. 5. 80
7216. 64 89. 15 188. 5. 80
7300. 00 89. 15 188.73  6730.92 -904.94 -138.96 915. 55 0. 00
7400. 00 89. 15 188.73  6732.40 -1003.78 -154.14  1015.54 0.00
7500. 00 89. 15 188.73  6733.88 -1102.61 -169.31  1115.53 0.00
7600. 00 89. 15 188.73  6735.37 -1201.44 -184.49  1215.52 0.00
7700. 00 89. 15 188.73  6736.85 -1300.27 -199.67  1315.51 0.00
7800. 00 89. 15 188.73  6738.33 -1399.10 -214.84  1415.50 0.00
7900. 00 89. 15 188.73  6739.82 -1497.93 -230.02  1515. 49 0.00
8000. 00 89. 15 188.73  6741.30 -1596.76 -245.19  1615. 47 0.00
8100. 00 89. 15 188.73  6742.78 -1695.59 -260.37  1715. 46 0.00
8200. 00 89. 15 188.73  6744.27 -1794.42  -275.55  1815. 45 0.00
8300. 00 89. 15 188.73  6745.75 -1893.25 -290.72  1915.44 0.00
8400. 00 89. 15 188.73  6747.23 -1992.08 -305.90  2015. 43 0.00
8500. 00 89. 15 188.73  6748.72 -2090.91 -321.07  2115.42 0.00
8600. 00 89. 15 188.73  6750.20 -2189.74 -336.25 2215.41 0.00
8700. 00 89. 15 188.73  6751.68 -2288.57 -351.43  2315.40 0.00
8800. 00 89. 15 188.73  6753.17 -2387.40 -366.60 2415.39 0.00
8900. 00 89. 15 188.73  6754.65 -2486.23 -381.78  2515.38 0.00
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00
00
00
00
00
00

.00

9000. 00 89.15 188.73  6756.13 -2585.06 -396.96 2615.36
9100. 00 89.15 188.73  6757.62 -2683.90 -412.13  2715.35
9200. 00 89.15 188.73  6759.10 -2782.73 -427.31 2815.34
9300. 00 89.15 188.73  6760.58 -2881.56 -442.48  2915.33
9400. 00 89.15 188.73  6762.07 -2980.39 -457.66  3015.32
9500. 00 89.15 188.73  6763.55 -3079.22 -472.84  3115.31
9600. 00 89.15 188.73  6765.04 -3178.05 -488.01  3215.30
9700. 00 89.15 188.73  6766.52 -3276.88 -503.19  3315.29
9800. 00 89.15 188.73  6768.00 -3375.71 -518.37  3415.28
9900. 00 89.15 188.73  6769.49 -3474.54 -533.54  3515.27
10000. 00 89.15 188.73  6770.97 -3573.37 -548.72  3615.25
10100. 00 89.15 188.73  6772.45 -3672.20 -563.89 3715.24
10200. 00 89.15 188.73  6773.94 -3771.03 -579.07  3815.23
10300. 00 89.15 188.73  6775.42 -3869.86 -594.25  3915.22
10400. 00 89.15 188.73  6776.90 -3968.69 -609.42  4015.21
10500. 00 89.15 188.73  6778.39 -4067.52 -624.60 4115.20
10600. 00 89.15 188.73  6779.87 -4166.35 -639.77  4215.19
10700. 00 89.15 188.73  6781.35 -4265.18 -654.95 4315.18
10800. 00 89.15 188.73  6782.84 -4364.02 -670.13  4415.17
10900. 00 89.15 188.73  6784.32 -4462.85 -685.30 4515.16
11000. 00 89.15 188.73  6785.80 -4561.68 -700.48  4615.14
12000. 00 89.15 188.73  6800.64 -5549.98 -852.24 5615.03
13000. 00 89.15 188.73  6815.47 -6538.29 -1004.00 6614.92
13100. 00 89.15 188.73  6816.96 -6637.12 -1019.18 6714.91
13200. 00 89.15 188.73  6818.44 -6735.95 -1034.35 6814.90
13300. 00 89.15 188.73  6819.92 -6834.78 -1049.53  6914.89
13400. 00 89.15 188.73  6821.41 -6933.61 -1064.71  7014.88
13500. 00 89.15 188.73  6822.89 -7032.44 -1079.88 7114.87
13600. 00 89.15 188.73  6824.37 -7131.27 -1095.06 7214.86
13700. 00 89.15 188.73  6825.86 -7230.10 -1110.24  7314.85
13800. 00 89.15 188.73  6827.34 -7328.93 -1125.41 7414.84
13900. 00 89.15 188.73  6828.82 -7427.76 -1140.59  7514.83
14000. 00 89.15 188.73  6830.31 -7526.59 -1155.76  7614.81
14100. 00 89.15 188.73  6831.79 -7625.42 -1170.94 7714.80
14200. 00 89.15 188.73  6833.28 -7724.25 -1186.12 7814.79
14300. 00 89.15 188.73  6834.76 -7823.09 -1201.29 7914.78
14400. 00 89.15 188.73  6836.24 -7921.92 -1216.47 8014.77
14438. 64 89. 15 188.73  6836.82 -7960.11 -1222.33  8053.41
..can be transferred into the following equivalent SES well plan INPUT...
| avp | mc | A | ™vo | N | E | DS | Reference |

0 0 0 5936 0 0 KoP 0

72 188.73 7.31P.P./Csng Pnt 1

89.15  188.73 5.8 LANDED 2

3

7222 89.15 188.73 D
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...with SES well plan calculated OUTPUT...

‘#| Reference Type MD Inc Azi TVD N E DLS VertS
0 KOP Vertical 5936.00 0.00 0.00 5936.00 0.00 0.00 0.00
1P.P./Csng Pnt Build 6920.95 72.00 188.73) 6681.44  -535.32 -82.20 7.31 541.59
2 LANDED Build 7216.64 89.15 188.73  6729.68  -822.56  -126.31 5.80 832.20
3 TD Horizontal = 14438.64 89.15 188.73  6836.82 -7960.11 -1222.33 0.000 8053.41

3. Fully specify the well plan's tie point coordinates and angles (entered on first row, ID=0)
and then simply paste the Cartesian coordinates (TVD, N, E) of the well plan into SES.
This method ONLY works "perfectly” if the source data are full precision (i.e., NOT
formatted; for example the number 23.435980298 is formatted if it is reported as 23.44).

The "trick" to pasting into SES when not pasting into the left-most columns of a data table
is to first select the proper columns on the bottom row onto which you want to paste data
from the clipboard, and then Paste using CTRL+V or by right-clicking over the selection
and choosing Paste from the shortcut menu.

To perform this "special” selection, move the mouse cursor to the left edge of the
respective cell and the mouse cursor will turn to a cross...

dMD | Inc | Azi | TvbD | N | E | DLS | Reference| ID |
4180.465 0 0 4180.465 0 0 KOP 0
50.47 170 Move mouse cursor to left part of first cell to be FILD]' 1

90 269.64 selected and the cursor will change to a cross... E 2

4122.082 90 269.64 v y v i 3

» 4 4

...at which time you may click-and-drag a selection window...

dMD | Inc | Azi | TvD | N | E | DLS | Reference| ID |
4180.465 0 0 4180.465 0 0 KOP 0
50.47 D BUILD1 1

90 269 ...then click-and-drag a selection... NDED 2

4122.082 90 269.69 1 ! 1 D 3
4

i3 P (N

...then right-click over the selection and choose Paste from the shortcut menu to perform
pasting of data into "interior" columns of an SES data table.
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dMD | Inc | Azi | TvbD | N | E | DLS | Reference| ID |
|| 4180.465 0 0 4180.465 0 0 KOP 0
|| 50.47 ...then right-click OVER THE SELECTION and EIEI) BUILD1 1

g0 264 choose Paste from the shortcut menu. DED 2
| | 4122082 90 26978% ) 3

"‘_@ Filter; By Selection

Filter Excliding Selection
Eilter For:
Record: 14 <4 ”— » [ri]r#] of 5 W Remove Filter/Sort

~ |*Calculated® Details of Selected Plan by Hole *

# | Reference| Type | MD
| »| olkor Tie Point 4180.46 Al‘ SortDescmdm
|| 1ENDBUILD1 Build 5862.80
| 2/LanpED Build/Right 6674.63 3 3{3 Cut
3 D Horizontal 10796.71 9 B3 copy

&N

¢ Inthis version, TVDss is not displayed along any TVD axes in SES. To "trick" SES into making all
"TVD" values and axes actually be TVDss values with positive-down convention, do the following:

1.) Set Plan Tie Point TVD equal to its TVDss equivalent, BUT use negative-above mean sea
level (MSL) convention. For example, if the plan starts at 8300 ft and KB elevation is 3000 ft
and the wellbore is assumed vertical to this point, enter 5300 into tie point TVD coordinate
from Planner screen, as shown below. 2.) Enter zero for Surface Z as shown below. (Note:
Grid data should still be entered into Grids screen as usual for SES—positive-above MSL
and negative-below MSL for all TVDss values.)

tie_MD | tie_Ind tie_Azj tie TVD[\tie N | tie E | DLS | Reference| ID |
E2EE 0 . 5300, o 0 TIE 0

Surface Z | o|

Survey TD
MD 11600
INC 91.46°

TVDss -6148.66
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8. SES Screen — TYPE LOG

/) 55 - [SE Demo v5 #4 (Geosteer)] g B |
Fle Window Help r i J
Units | Surface X |_Surface v | SurfaceZ | Well Group | Hotel =
x| o] &| B || Actvewel> |EE Demo vk #4 (Geosteer) | \ ¥y ;EE( Another geasteeriig. 1
Surveys | Planner Topelog |LwD | Geosteer| THD | Gross-Gedtions | AL@j’
Type Log - Geologic C i Verti | Offset Penetration  Horizontal-well Derived
FREEOERERTEE [ oo [ | 80 10,680
ES 0= Log Correlation Data with Calculated RSD (Relative Stratigraphic Depth) (9 curve 1 ) Curve 2 () Curve 3.C) Curve 4 *
Type Log 1 Comment [From offset well LAS file \ Curves [T - DM ricdate [ihicer ne (110G scale
mvu Crver Crves Ao ek trs A Zxeliee e
& ) 70 >
PAYZONE TOP {10738 ~] B UseinParamTuner (] Derived from Horizontal Well it 000 53 10,670
[ 10,620 <
= ! 60
= = 10,680
- T80 %
= QO s0
— oo || .2 ¢ 10,690
=] = ke
- o
= © I
— 10,080 a 40 m
= 2 10700 2
I a
= . 10700 % 5
— =
&
= 2 g 30 @
] o il 10,710%
7] @ ot | = * 5
I o gl = B (17.)
-] £ 3 2|l ®©
— = - g
] : : o)
8 ¢ e N || 120 < 10720
| fa}
o 2 I '
10742 42.41508 BASE PAY
I— 107425 46.41129 10,700 a
| 10743 46.46316 (0p] 10
107435 37.02619
] 10744 35.2753 m Cc (7) 10,730
s e o
| womss 2a17me \~>
10746 24,16933
(| 10746.5 24.36418 . 0 PAYZONE 1’(2';
10747 28.12365 10,8 0
[T oners sasermy “ 10,740
10748 43.24972
| 10748.5 53.13427 BASE PAY (75)
= 107495369672 10820
10749.5 6150239 F
I 10750 6069638 -10 F (61.5)
(| 107505 52.3511 1 0,759
I 10751 45.00571
| 107515 44.4393% 10840
= 10752_42.02422 E =0 100 180
Record: M| 4 277 > | o1 [r] of 477 GAMMA 20
el Doy 50 100 150
GAMMA &

8.1 General

A type log dataset provides geologic guidance for stratigraphic correlation of a horizontal well's landing
and lateral hole sections. Each type log dataset may include from one to four curves of quantitative
correlation information. All such data curves and multiple Type Logs may be used for geosteering.

TYPE LOG screen can be used to:

1.) Input or import quantitative stratigraphic correlation "type log" data (e.g., gamma ray, resistivity,
porosity, etc.) that source from offset payzone and shallower measurements.

2.) Manage and navigate Type Logs from multiple vertical offset wells, vertical pilot holes, dip-corrected
calculated logs, and derived type logs from horizontal well correlations.

3.) Designate each type log dataset's curve name and curve color (color is applied in ParamTuner and
Cross-Sections screens), with up to four curves per Type Log.

4.) Convert "Stratigraphic Depth" (which in most cases is MD from a vertical well with beds of low dip) to

"Relative Stratigraphic Depth" (RSD) by entering the depth of the PAYZONE TOP. RSD is required for
geosteering.
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5.) Designate which Type Log(s) to currently display in

ParamTuner when geosteering (multiple Type Logs may be

displayed simultaneously and/or switched on/off as needed);

may also be set from ParamTuner. = 9,220
6.) Recall if a Type Log was derived from a horizontal well using

ParamTuner. " 9.240
7.) Graph a type log dataset's curve on linear or Log10 scale. UPPER BKN (21.96)

8.) Print the graph on any system printer (including Adobe/PDF). 20 ; st
MIDDLE 98)

PAYZONE ToP = 9,280
(20.47)

9.) Copy the graph for paste into another application.

10.) Zoom a section of the log track graph by dragging a window
with the mouse within the graph; then pan by clicking the scroll

bars or rolling the mouse wheel. 9,300

20 OWER BKN (34.44)

1
=

ypdeqiels

11.) Temporarily change a variety of graph properties (including
full-screen/maximize mode) by right-clicking over the graph and
selecting from the shortcut menu.

Relative Stratigraphic Depth

RSD =
&

12.) Display annotated (e.g., formation name) horizontal lines on
the graph by entering text into the "Zone (@Top)" column at a &0
particular depth. Thicknesses between such lines may also be
posted (see adjacent picture).

9,340
9 360
13.) Set "PAYZONE TOP" by double-clicking a data point while
the graph is zoomed.

9,380
14.) Delete an exterior range of data (e.g., shallow-depth and =D
deep-depth data far from the landing and payzone proximities).

270" 418" 81P 29108
GR

15.) Import/copy/transfer a Type Log from another Well in SES
database to the selected Type Log.

16.) Export a Type Log (e.g., a type log dataset derived from a horizontal well correlation) to an LAS file
for use in 3rd party software.

17.) Reset or change "PAYZONE TOP" in the middle of an interpretation, with optional automatic
correction to all respective existing interpretation parameters and 3DStratBlock (3DSB) stored views.

8.2 Toolbar Z1¥[*%| &|&[=] 22 a]

Control Control Tip | Detailed Description

EI import Type Log data from LAS file... | Open "Import 3rd-Party Data File" dialog to browse and
open an LAS file, designate the respective columns in the LAS file that match
StratDepth/Curvel|Curve2|Curve3|Curve4, and import stratigraphic correlation data into the
selected Type Log. For more information see 8.5 Import Type Log Data from LAS File.

N/A | Type Log data may not be downloaded/imported from a WITSML server.

add Type Log | Add a new Type Log dataset and select it. SES automatically copies some Type
Log header properties (total curves count, curve names, curve colors) from the largest numbered
existing Type Log and initializes the new Type Log with such values.

L4153

ES

delete Type Log | Delete the selected Type Log dataset (and potentially renumber the remaining



existing Type Log datasets). Type Log #1 may only be deleted if there are at least two Type Log
datasets before deleting Type Log #1. Type Log datasets are numbered starting at #1. To delete
Type Log #1 when there is only one Type Log dataset, first Add a new Type Log dataset and
then select and delete Type Log #1, after which empty Type Log #2 will become Type Log #1.

E import/copy Type Log data from within SESdata... | Open "Copy Type Log from Another Well"
dialog to copy an existing Type Log dataset to the currently selected Type Log. Any existing
header or table data of the currently selected Type Log are replaced with the contents of the

copied Type Log dataset. A Type Log from any Well in SESdata.mdb may be copied/imported.

ﬂ export Type Log data to LAS file... | Export the Type Log dataset to an LAS file after setting the
output path and filename. In addition to being CWLS LAS v3 compliant, LAS files generated by
SES are also created to present the data content in both space delimited and fixed width text
formats for greater versatility.

ﬂ delete unneeded Type Log data... | Open "Clean-up Type Log Data Range" dialog to delete
shallow-depth and deep-depth Type Log data that is far from the landing and payzone

proximities. This feature is helpful because often LAS files used for Type Logs source from wells
that were logged from surface casing to total depth and usually contain much more wellbore
depth range than is needed for geosteering. The "extra data" unnecessarily increases file sizes
and internal memory needs, and adds computational overhead. For best ParamTuner
performance, delete all Type Log data that isn't necessary for geosteering your payzone.
Keeping 1000ft of data above the payzone and 100ft of data below the payzone is usually
sufficient, and this dialog often simplifies the process of deleting such records. This dialog also
circumvents a Microsoft Access bug where after manually deleting many records from a data
table the screen is not properly refreshed and as a result requires changing the SES Active Well
or selected Type Log in order to receive a proper screen refresh/redraw.

TYPE LOG help | Display Type Log screen abridged help.

sort TypelLog data on StratDepth & Renumber ID (occasionally needed) | Sort the selected Type
Log dataset on StratDepth and reset the calculated "ID" column values. "ID" is an SES internal
index number and SES assumes elsewhere that Type Log data are sorted ascending on
StratDepth. Because all new data must be added to the bottom of the data table, sometimes
resorting is necessary to ensure StratDepth increases. Deleting one or more interior depth
stations can also require sorting using this button because "ID" column values will need reset.
Also, in rare cases an LAS file's depth data are descending in which case the data after importing
into SES require re-sorting using this button.

EI check TypelLog for possible problems | Check the selected Type Log header and table data for
conditions that are known or suspected to cause problems in ParamTuner. This data quality

check is applied each time ParamTuner is loaded whether or not the SES user has ever clicked
this button. Sometimes called the "cat button”, the icon is actually intended to represent two
hands shaking. ©

ﬂ lock graph extents (when zoomed) between refreshes | Maintain/lock current Type Log graph y-
axis minimum and maximum values upon graph refresh. This toggle button is enabled only when
the log track graph is zoomed. To zoom, click and drag a y-axis zoom range on the graph.
Successive click and drag to zoom is supported. By default, SES re-determines a graph's y-axis
extents after refreshing and this toggle button allows the SES user to temporarily override that
behavior.

=]

8.3 Other Functions/Features

Curves Select the maximum number of data curves the Type Log dataset will contain. For example,
if gamma ray and resistivity will be measured anywhere within the horizontal well being drilled, select a
total curve count of 2.



Curve 1 |GAMMA -

For each data curve, enter its name and pick its corresponding color. The selected
curve color is applied in ParamTuner and Cross-Sections screen inset RSD track view. Usually it is best
to populate curve 1 with gamma ray. When geosteering in ParamTuner, SES assumes Type Log curve 1
corresponds to LWD curve 1. For example, if geosteering with two separate signals gamma ray and
resistivity, Type Log curve 1 and LWD curve 1 should both contain gamma ray while Type Log curve 2
and LWD curve 2 should both contain resistivity.

e Enter the StratDepth of the top of the payzone. In SES geosteering, the

payzone has a top, a base (and therefore some stratigraphic thickness), and a specific target depth within
the top and base range (see Geosteer screen header section to set the offset depth from Payzone Top to
the specific target depth). Payzone Top depth must be the exact depth value of an existing StratDepth
data point within a Type Log dataset.

To set Payzone Top graphically, drag a window to zoom the log track and then double-click the

corresponding data point. The mouse cursor turns to a hand when hovering over a data point when
zoomed. Enabling "Mark Data Points" can be helpful to discern exactly where data point depths exist.

9,180

Yiewing Style
Border Style
Font Size
Mumeric Preasion
Plotting Method
Grid Options

Lindo Zoom [ g

Maximize. ..
Customization Dialog...
Export Dialog. ..

Double-click a data point to set
its depth as the Payzone Top

v v v vy wv v

Mouse cursor tracking is also reported in the upper right corner of the graph area when the mouse is
moved over the log track.

Use in ParamTuner One or multiple Type Logs may be used while geosteering, or Type Logs may be
switched accordingly. "Use in ParamTuner" option sets whether the selected Type Log is displayed the
next time ParamTuner is loaded. This option may also be set directly from ParamTuner.



[] Derived from Horizontal Well "Derived from Horizontal Well" option is automatically checked when a Type
Log dataset is created using ParamTuner. Its setting value essentially only serves as a reminder of its
source. Type Log datasets may come from offset wells or they may be created ("derived”) from an
interpretation of horizontal well data that originally depended on an offset well Type Log. Because derived
type logs often contain more character about the strata being analyzed, they may be preferred. For
example, an area near a drilling pad may contain one nearby vertical well that is used for Type Log
purposes during the drilling of the first lateral pad well. A derived type log is then created after correlating
the first lateral pad well. Subsequent horizontal pad wells may be better served using this derived Type
Log instead of the original nearby vertical well log because the vertical well had much less exposure and
more layer averaging than what was gleaned from the horizontal well interpretation dataset.

M Redraw the log track graph for the currently selected Type Log and the currently selected curve.
This request processes any changes made regarding the display of "Zone @ Top" annotations and/or
curve name/color changes.

M Display a dialog that reminds how to copy a graph. To copy a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

M Display a dialog that reminds how to print a graph. To print a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

(+) Curve 1 () Curve 2 (3 Curve 5 () Curve 4 Select the data curve to plot on the log track. Only curves up to
the total curve count will be enabled.

[Markdata When the log track is zoomed, select "Mark Data" option to mark data points with a small solid
symbol. Marked data points make it easier to pick the Payzone Top depth by double-clicking a data point.

[ Thicker line. Check "Thicker line" option to thicken the plotted line on the log track.

¥ILOG scale Check "LOG scale" option to plot the selected curve on a Log10 scale. Uncheck this option to
plot the selected curve on a linear scale.

a4
i :IEI Mark zo

This SES custom user setting (upper-left dropdown box) can be used to set the width of
the Type Log screen log track graph.

[¥] Mark zone tops \When text (e.g., formation name) has been entered into the column labeled "Zone
(@Top)" at a particular depth, an annotated horizontal line is displayed on the log track if "Mark zone
tops" option is checked. Annotated horizontal lines above the Payzone Top depth are colored red and
below the Payzone Top depth are colored blue.

[¥] Zone labels Check "Zone labels" option to post the annotation (e.g., formation name) on the log track. If
this option is unchecked, the horizontal line remains displayed but the annotation text is not displayed.

M Thicks Check "Thicks" option to calculate and post the thickness between two horizontal line
annotations. This feature can be helpful when setting-up offset layers (Geosteer screen, Tab View, Bed
Thickness & Color tab) for ultimate display on Cross-Sections screen cross sections. These thicknesses



may also be transferred to a Marker Bed (Interpretation) by right-clicking the log track graph and choosing
"Send Thicks to Marker Bed..." or "Send Thicks & Zone Names to Marker Bed...".

8.4 Type Log RSD Calculation

By specifying the Payzone Top depth of a Type Log, SES can convert StratDepth to Relative
Stratigraphic Depth (RSD). RSD equals StratDepth at Payzone Top minus StratDepth, thus, RSD is
positive above Payzone Top depths and negative below Payzone Top depths. RSD is required for
technical geosteering and is displayed in the far right column of the data table.

Through RSD, SES performs a "disconnect" from absolute depth coordinates and effectively creates a
dynamic coordinate system that travels along the wellbore being analyzed, while referencing this known
"anchored" stratigraphic horizon.

After Payzone Top has been set, the data curve is plotted in green on the Type Log screen log track, and,
the RSD cell background color at the Payzone Top depth (where RSD=0) is also colored green (green
means good).

StratDepth [GRAX (AF| LValue2 | Zone (@Top) [ 1D v, lou
L] 9184.5 333.2844 236
(] 9185 376.5298 0 ETOP
9185,5 362,1146
0 9186 258.6159 9,190
| .o186.5.133.8672)
3 9137 68,1662,
i 9187.5  47.0389 -10
= 9188 41,5678 9,200
L] 9188.5 49,5915
9189 941148
1 9183.5/  94.7189 -20

8.5 Import Type Log Data from LAS File

Original (i.e., non-derived) Type Log datasets usually source from a logged vertical pilot hole, a logged
vertical offset wellbore, or a logged offset directional wellbore. The data are often contained in an LAS file
so SES Type Log data are usually imported using the LAS file importer.

On occasion an error message may be displayed when opening an LAS file for import, or while SES tries
to import the loaded data. In almost all such circumstances the error is caused by the LAS file not being
compliant with LAS specifications. If possible SES will report the line/row number of the offending
condition, which may help you or others resolve the issue through subsequent file editing. With the
routines in SES having being honed for more than a decade, SES can overcome many LAS specification
inaccuracies, but not all! When applicable the best resolution may be to contact the LAS file distributor for
correction/re-creation.

EI "Import 3rd-Party Data File" dialog is used to browse and open an LAS file, designate the respective
columns in the LAS file that match StratDepth and the necessary log correlation data curves for the
selected SES Type Log dataset, and to import data.
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Import 3rd-Party Data Fle N

LAS Format |

Import TYPE LOG #5

LAS Fle [E:\CurrentTrainingFiles\Well #1\TypelLog.las
Loaded

LASFile | _vpRsTON INFORMATION -
G"”te’;t VERS. 2.0: CWLS LOG ASCII STANDARD -VERSION 2.0 ™=
WEAP. No: SINGLE LINE PER DEPTH STEP

Flines | ~WELL INFOEMATION BLOCK

4 72% | aMNEM.TNIT DRTR DESCRIPTION OF MK
Format | ¥~~~ e s M
Dos STRT.ft g000.00 : Start Deg
) STOP. £t 9351.00 : Stop Der
Version | sTRp, £t 0.50 : Step Det
2| . ~999. 25 : Mull valt
Wrap WELL. SES Training Well #1 : Well Hame o
MO ] | b
CURVES IN LAS FILE MAPPING INTO SES TYPE LOG
DEPTH (ft) 0 Depth Hole ol = 5
ct Curve—> DEFTH (ft =5 De
GRAX (APT)  1Gamma Ray - Appar e=> | (f) 2| = Stratigraphic Depth
Select Curve--> | GRAX (APT) ~| = GRAX (API)
SeiectClrie—= | _'I =
Select Curve=-> | =
SeiectClrie—= | _'I =
Select Curve=-> | =
SeiectClrie—= | _'I -
Select Curve=-> | =
SeiectClrie—= | _'I -
o | »| | M Thin [ Inherit content if notset ] APPEND

Cancel |  IMPORT

Import TYPE LOG #5

LAS File [E:\CurrentTrainingFilesiWell #1TypelLog.las
Loaded

Enter the path and
filename of the LAS file to load for processing; or, this text box displays the path and filename of the
currently loaded LAS file as a result of using "Browse..." to specify such LAS file. The last LAS file from
which Type Log data were imported is the attempted default LAS file loaded when "Import 3rd-Party Data
File" dialog is opened.

M Click "Browse..." button to browse the computer's file system and select an LAS file to load
for processing.
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LASFile | .vERSION INFORMATION i’
C“”be”:f VERS. 2.0: CWLS LOG ASCII STANDARD -VERSION 2.0
WRLF. No: SINGLE LINE BER DEETH STEF
#lines | ~WELL INFORMATION BLOCK
2,724 | 2MNEM.UNIT DATR DESCRIFTION OF ME
Format et
nos | STRT.ft 8000.00 . Start Def
_ STOE. ft 9351.00 . Stop Der
Version | sTRPR. £t 0.50 . Step Der
2| woLL. -999.25 . Wall valt
Wrap WELL. SES Training Well #1 : Well Hame| .
He ‘I I —’I—I This textbox

displays a full copy of the LAS file contents. Its content may be viewed using the scroll bars and ~ASCII
data content may be edited and/or rows deleted for subsequent actual import into SES. The left border
portion displays LAS file information including the number of lines of data in the file, the text file line
terminator format (DOS or Unix), the CWLS LAS file version, and the file "wrap" status. SES will import
both DOS and Unix LAS files, CWLS LAS file versions 2 and 3, and wrapped or non-wrapped formatted
LAS files.

CURVES IM LAS FILE

DEFTH (ft) | 0 Depth Hole
GRAX (API) | 1Gamma Ray -.ﬁ.ppall

This textbox displays a listing of all data curves in the LAS file and the
data curve descriptions if available.

MAPPING INTO SES TYPE LOG
Select Curve—= | DEPTH (ft) = | = Stratigraphic Depth
Select Curve—> | GRAX (APT) = | = CurveDesc

Select the data curve that corresponds to the
respective data content required by SES. For Type Log data import, SES requires Stratigraphic Depth
(StratDepth), and at least one stratigraphic correlation curve (usually Gamma Ray). The total curve count
is set in the header portion of Type Log screen before the dialog is opened. If the well data are from a
"vertical" wellbore with "horizontal" beds, then StratDepth can be measured depth (MD). If the well data
are from a directional wellbore with "horizontal" beds, then StratDepth can be true vertical depth (TVD). If
the well data are from a directional wellbore with beds inclined at true dips exceeding roughly five
degrees or if such data are from a "vertical" wellbore with beds inclined at true dips exceeding roughly ten
degrees, some trigonometric corrections may need to be performed to "raw" MD or TVD before using
such in SES as StratDepth.

Thin: Select/check "Thin" option if SES should not import depth stations/rows from the LAS file in
situations where all imported curve data values are null/blank. This can be helpful when importing from
LAS files that contain many curves of log data with depth stations containing null values for curve data of
interest.

[ APPEND Select "APPEND" option if SES should only import depth stations/rows from the LAS file that
are deeper than the deepest StratDepth already in the current Type Log dataset. This can be helpful
when importing from LAS files that contain a different Type Log dataset than what is being populated
within SES. For example, use Append mode to effectively splice the contents of two or more LAS files.
Needing Append mode for Type Log data import is rare.

ﬂl Click "Cancel" button to close the "Import 3rd-Party Data File" dialog without making any
changes to the existing and currently selected Type Log dataset.


http://www.cwls.org/las/

ml Click "IMPORT" button to import the respective LAS file data content into the currently
selected Type Log dataset. Unless "Append" option is checked, SES compares the numeric content of
the LAS file with pre-existing numeric content in SES (if applicable) and if any differences are present the
pre-existing content in SES is deleted and replaced with the LAS file content. After importing, the Type
Log screen log track graph is updated. The user is reminded to set Payzone Top if applicable because
RSD can not be calculated without Payzone Top being set. The last LAS file successfully imported

becomes the default LAS file loaded when Type Log screen El is next clicked.

8.6 Critical

1.) PAYZONE TOP, which defines where Relative Stratigraphic Depth (RSD) equals zero, must be
specified in the header portion of Type Log screen.

2.) PAYZONE TOP must exactly match a StratDepth value in the data table. The cell where RSD equals
zero displays a green background. Each log curve value must be non-null at the Payzone Top
StratDepth.

3.) SES assumes Type Log dataset and LWD dataset curves are consistent when they are selected for
geosteering. For example, if gamma ray is being used to geosteer, setup curve 1 to contain gamma ray
for both Type Log and LWD datasets. For another example, if both gamma ray and resistivity are being
used to geosteer, setup curve 1 to contain gamma ray and curve 2 to contain resistivity, for both Type
Log and LWD datasets.

4.) Exported SES XML files will be smaller if unnecessary Type Log data have been deleted from the
respective dataset. For example, if 1000 to 7000 ft of Type Log data exist but the Payzone Top depth is
located at 6800 ft, then consider deleting the unneeded data from 1000 to 6000 ft for smaller related files
and faster ParamTuner performance.

5.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

8.7 Hot Keys

» Drag vertical window on graph to zoom; roll mouse wheel to then scroll
» With graph zoomed, double-click data point to graphically set Payzone Top depth

» Right-click graph to "Send Thicks & Zone Names to Marker Bed..."

8.8 Tips
| TIPS

e ParamTuner is the interactive technical geosteering screen in SES where Type Log data are
displayed with other data from the horizontal well being analyzed. Frequently, initial Type Log
(e.g., gamma ray) data come from a vertical well in the vicinity of the horizontal well and the data
are imported from an LAS file that contains data for the entire vertical well logged interval. In
many cases the depth range spanned is far more than what is needed for technical geosteering
and as a result the "shallow"/"deeper" data creates unneeded overhead through larger-than-
necessary array sizes. ParamTuner performance may be enhanced if such non-needed data are
deleted from SES or never imported in the first place. Three common different methods to
address this concept are discussed below:



1. After importing the full Type Log dataset into Type Log screen of SES, use toolbar button

il "delete unneeded Type Log data..." to open a dialog to easily remove unnecessary
data.

2. After loading the full Type Log dataset into Type Log screen of SES, manually select and
then delete the non-needed (e.g., shallow) depth data. In some cases clicking to a
different Type Log # and then back—or selecting a different well and then returning—may
be required to "clean-up" or
otherwise refresh/repaint the screen.

Import 3rd-Party Data File

3. If using the LAS file importer, non- LAS Format |
needed rows of data can be §elected Import TYPE LOG #2
and deleted from within the viewer LAS File |C:\Documents and Settingsimstoner, QUESTA\Deskbopl,SESYMance! Sc
window (see adjacent picture Loaded [#5-7H|33053014430000_Density_Meutron,las
showing data selection just prior to LésFie [ e rack:
pressing the delete key) prior to o <Descloghlothnd>
clicking IMPORT. This action will not otz W

affect the source LAS file data. 1,072

Farmat
DoS

Cross-sections in SES can include up to ten
stacked beds above and five stacked beds

903.0 5.99734700

below the primary payzone layer. Type Log B503.500 5. 78374433

screen is often helpful to determine what A

those offset beds thicknesses should be if the

color/layer scheme also has some sort of SEPTED)  Toepth i Eoer TarRE =
direct stratigraphic reference. Entering a GR (GAPI) | Gamma Ray Select Curye--> DEPT (T
comment in the "Zone (@Top)" column at a Slecttunve>[ R (G

particular depth will produce an annotated horizontal line on the Type Log screen log track graph.
Moving the mouse cursor over the graph and observing the cursor tracking coordinates may
further assist with determining desired stacked bed thicknesses for input on Geosteer screen
(Tab View - Bed Thickness & Color tab). Alternatively, you may right-click the log track after
setting-up horizontal line annotations to "Send Thicks & Zone Names to Marker Bed..."
automatically.

ParamTuner screen (El "camera" toolbar button) may be used to create a Type Log dataset,

which is derived from select 3DSBs of an analyst's interpretation. If performed, the derived type
log dataset will appear on Type Log screen with the next incremental Type Log datasets count

number.

One or more Type Logs may be used when geosteering. In some cases, during the landing for
example, it makes sense to use multiple Type Logs to better understand thickness variations to
expect. In other cases with plentiful nearby Type Logs, it may make sense to switch from
generally honoring one Type Log for another, due to "current"” relative proximity or for switching to
a derived type log. The Type Log(s) in use at any given time may be set directly from

ParamTuner screen ( I "pick type log(s) to show..." button).

One of the data organization "tricks" some people practice is to populate a Well with all of their
area's Type Log datasets, already "marked-up" and named (using Type Log Comment) with a S-

T-R type of location description, for easy subsequent retrieval. Recall, Type Log screen toolbar
-

button - "Copy Type Log from Another Well" can be used to copy a Type Log dataset from one
well in SESdata.mdb to the Active Well's selected Type Log dataset.
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9.1 General

"Logging While Drilling" (LWD) data in SES are any quantitative MD-associated measurement available to
help discern wellbore stratigraphic location, or, anything to be graphed on a cross section. Such data are
often measured at uninformed MDs and between directional survey stations. SES uses minimum
curvature interpolation to determine the 3D location of where such data were measured.

LWD screen can be used to:
1.) Input LWD data (e.g., gamma ray, high-side/low-side gamma ray, total gas, ROP, casing pressure, 8-
sector azimuthal resistivity, etc.) by keypunch, by paste from Excel, by import from an LAS file, or by

download/import from a WITSML server.

2.) Associate an LWD dataset to its corresponding wellbore (directional survey) from which its data were
measured. Each LWD dataset may contain up to eight curves of information.

3.) Interpolate the associated directional survey at LWD MDs for Cartesian coordinates and wellbore
angles, for use when performing technical geosteering.
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4.) Set each LWD curve's name, line width, color, linear|log scale format, ,,l 3 | "*lml - | - | 1
override min, and override max; for graphing from LWD, ParamTuner, L= =l =1

. . . ! LWD Dat d Calculzg
with LWD and Type Log normalization/re-scaling when geosteering %8 ane e

and Cross-Sections screens. Store "Adder" and "Divisor" values, for use 1 |

(normally set from ParamTuner). LWD 2 Comment |Sidetr
5)M dvi ltiple LWD datasets from th t Well ( Curve 1 [cavvA__ L]
.) Manage and view multiple atasets from the current Well (e.g.,
datasets from multiple wellbores/sidetracks). LWI:.‘*‘ )Log D
MinMax 8|/

6.) Plot LWD curve data versus MD or vertical section, and set which Div/Add| 12.9|/ U

curve(s) to display on the graph. Constants |LW| 6 -
13,10 a| 1460 %a

7.) Overlay LWD data curves when multiple curves of data are plotted.
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8.) Stack LWD data curves and set relative proportion when multiple curves of data are plotted.
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9.) Zoom a section of graph by dragging a horizontal window with the mouse within the graph; then pan
by rolling the mouse wheel or clicking the scroll bars. Repeated zooming is also supported.
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10.) Navigate to a data record in the data table by clicking a graph data point while the graph is zoomed.
11.) Print the graph on any system printer (including Adobe/PDF).
12.) Copy the graph for paste into another application.

13.) Temporarily change a variety of graph properties (including full-screen/maximize mode) by right-
clicking over the graph and selecting from the shortcut menu.
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14.) Set LWD curve constant values and their colors for selective display from LWD, ParamTuner, and
Cross-Sections screens.

—— GAMMA
35
30
< .
=25
= 14.6
Y20 13.1 13.1
¥ SoT Lk lﬁ..‘..,.,‘.. b b g ALY ML Ml il b UL o b B, ‘.i & ,I.n.u,.u“.liu‘ 0 ; ; Iy
ey |10 "R b ST I il il I IO ’ L 'l I ! r 1l | ! ' THLI |||D.mﬂF!!!!l‘.Tﬂ|[ka.W.ﬁT LT
10
8200 8300 3400 8500 8600 8700 8800 8900 9000 9100
MEASURED DEPTH
il o

0.2 Toolbar El¥[**["] 8] 224t merooiate survey

Control Control Tip | Detailed Description

g import LWD data from LAS file... | Open "Import 3rd-Party Data File" dialog to browse and open
an LAS file, designate the respective columns in the LAS file that match
StratDepth/Curvel|Curve2|Curve3|Curved|Curve5|Curve6|Curve7|Curve8, and import drilling
data into the selected LWD. For more information see 9.4 Import LWD Data from LAS File.

+ | import LWD data from WITSML server... | Open "Import 3rd-Party Data" dialog to download and
then import LWD data from a WITSML server. For more information see 9.5 Import LWD Data
from WITSML Server, 4.2.4 Well Setup - WITSML, and 2.4 WITSML Server.

add LWD | Add a new LWD dataset and select it. When clicked, the user is prompted to enter the
LWD dataset number to copy. SES copies LWD header properties (hnumber of curves, associated
Survey number, curve names, curve color, etc.) from the existing source and initializes the new
LWD dataset with such values.

delete LWD | Delete the selected LWD dataset (and potentially renumber the remaining existing
LWD datasets). LWD #1 may only be deleted if there are at least two LWD datasets before
deleting LWD #1. LWD datasets are numbered starting at #1. To delete LWD #1 when there is
only one LWD dataset, first Add a new LWD dataset and then select and delete LWD #1, after
which empty LWD #2 will become LWD #1.

N/A | LWD data may not be copied from another Well.

X =

o™

export LWD data to LAS file... | Export the numeric LWD and interpolated survey data to an LAS
file after setting the output path and filename. In addition to being CWLS LAS v3 compliant, LAS
files generated by SES are also created to present the data content in both space delimited and
fixed width text formats for greater versatility.

LWD help | Display LWD screen abridged help.

sort LWD data on MD & Renumber ID (occasionally needed) | Sort the selected LWD dataset on
MD and re-determine the "ID" column values. "ID" is an SES internal index number. Because all
new data must be added to the bottom of the data table, sometimes resorting is necessary to
ensure MD increases as is needed by SES. Deleting one or more interior LWD records can also
require sorting using this button.

check LWD for possible problems | Check the selected LWD header and table data for conditions
that are known or suspected to cause problems during or after the calculation of directional
survey interpolation. This data quality check is applied each time a Survey is interpolated whether
or not the SES user clicks this button. Sometimes called the "cat button”, the icon is actually
intended to represent two hands shaking. ©

Interpolate SURVEY

Ble o

&

(F6) Interpolate Survey | Interpolate the associated Survey at LWD MDs and
return minimum curvature calculated local coordinates Inc, Azi, N, E, TVD, DLS, and vertical




section.

I" Projectto TD | INEARLY extrapolate SURVEY at LWD MDs greater than Survey TD (NOT
RECOMMENDED IN BUILD SECTION) | It is common while drilling that LWD total depth (TD) is
greater than the associated directional survey TD. By default, SES does NOT extrapolate the
deepest directional survey station values in order to interpolate local coordinates etc. at LWD
MDs that exceed current survey TD.

Check "Project to TD" option to override the default SES behavior in order to be able to use all
available LWD data to geosteer since its 3D measurement location is required in ParamTuner,
however, the interpolated values that fall within the survey-extrapolated portion will change
somewhat as additional directional survey data are eventually acquired.

If non-negligible wellbore curvature is expected between current survey TD and bottom hole TD,
and the SES user wants to use every available LWD measurement possible in ParamTuner, this
option should not be checked but instead, estimated non-linear survey station data at bottom hole
TD should be entered into Surveys screen as a best estimate of wellbore (survey) extrapolation
to TD.

™ Auto Re-interp. auto-update after key punch; leave un-checked if pasting data from clipboard |
Set/check "Auto Re-interp." option if SES should immediately interpolate the survey after any
LWD data records are changed or added. If LWD data are normally entered manuallr by key

punch, this option may be helpful. This is an alternative to clicking Interpolate SURVEY or pressing

F6 to re-interpolate the survey. ALWAYS leave "Auto Re-interp." option un-checked when pasting
data from the clipboard!

9.3 Other Functions/Features

Curves Select the maximum number of data curves the LWD dataset will contain.

5“”"35" Select the corresponding wellbore (directional survey) from which the LWD data were
measured.

o= For each data curve, enter its name as it's to be displayed in SES. Usually it's best
to populate curve 1 with gamma ray. When geosteering in ParamTuner, SES assumes Type Log curve 1
corresponds to LWD curve 1. For example, if geosteering with two separate signals gamma ray and
resistivity, Type Log curve 1 and LWD curve 1 should both contain gamma ray while Type Log curve 2
and LWD curve 2 should both contain resistivity.

w6 - [l¢altes O Select the data curve's line width, line color, and linear|Log10 scale preference. Line
width is applied on Cross-Sections screen. The selected curve line color is applied on LWD, ParamTuner,
and Cross-Sections screens.

MinMax|  0l/ | Enter the data curve's minimum and maximum override values, if desired. When
these settings are left null or when "Apply Min/Max" is not checked, axes min/max values are determined
automatically by the data within the respective view. Curve min/max values may be applied on LWD
screen graph, selectively and saved by 3DStratBlock on three different graphs on ParamTuner, and on
Cross-Sections screen cross sections.

NOTE: For 8-sector azimuthal data, Curve 1 Min/Max is applied to ALL curves when generating an image
log on Cross-Sections screen.



Div/Add 1|f| 0 "Adder" and "Divisor" values are used with LWD and Type Log normalization/re-
?l

scaling when geosteering and are typically set from ParamTuner (—1).

Constants |[LW| 6 -

ol | 4] Enter up to two constant values per data curve to help "tag" certain data curve
magnitudes that may assist to identify wellbore stratigraphic location. Select the constant value's line
width and line color. Line width is applied on Cross-Sections screen. The selected line color is applied on
LWD, ParamTuner, and Cross-Sections screens. The color palette is only enabled when a constant value
number is entered.

MD | GAMMA | mMote || Inc | Azi | W | E | wwp | DIS | Verts | ID |
| 11561 157.87 - 91.17 14,60 2573.84  340.32  9149.55 0.75| 2573.84 2919
| 11ss2 187.77 - 91.17 1450 2574.31  340.58  9149.53 0.75/ 2574.81 2920
|| 11563 208.36 - 91.18 1460 257573 340.83  9149.51 0,75/ 2575.78 2971
| 11564 231.95 - 91.19 1460 2576.75  341.08  9149.49 0.75| 2576.75 2922
|| 1155 250.22 - 91,20 1460 257771 34133 9149.47 0,75/ 257771 2923
|| 1156 261.32 - 91.20 14,60 2578.68 34158  9149.45 0.75| 32578.58 2924
| 1157 - 91.21 1450 2579.65  341.84  9149.43 0.75| 2579.65 2925
i3 91.22 14,60 2580.62  342.09  9149.40 0,75/ 2580.62 2928
* 2927

LWD data are entered along the left side of the LWD data table. All values to the right of the green
separator column are calculated or determined by SES. User notes may be entered under the Note
column on the respective row. These notes do not display elsewhere in SES. From the entered MD, SES
determines the 3D location of the measurement by interpolating the associated directional survey. "ID"
column values are determined by SES.

M Redraw the LWD screen graph for the currently selected LWD. This request does not re-
interpolate the directional survey but it does process any changes made regarding curve header
properties, graph plotting options, and which LWD is currently selected.

M Display a dialog that reminds how to copy a graph. To copy a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/wmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

M Display a dialog that reminds how to print a graph. To print a graph double-click or right-click
the respective graph and use the graph "Export..." feature. When exporting you may choose/set the
image format (emf/iwmf/bmp/jpg/png), destination (clipboard/file/printer), size, and resolution/dpi.

[ #1 ] £3 [»] #5 ¥l £7

vl #2 [vl#4 [Vl #6 W1 #8 Check or uncheck the LWD data curve number to control which data curves display
on the graph.
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[Vl Stack Curves Check "Stack Curves” option to display each curve on its own portion of graph (see top
picture below). Relative portions may be adjusted. Uncheck this option to overlay all curves displayed on
the graph (see bottom picture below).
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[ ws. Vertical Section Check "vs. Vertical Section" option to display LWD curve data versus vertical section
instead of versus measured depth on the graph.

[l Apply Min/Max Check "Apply Min/Max" option to override data driven auto scaling and instead fix the y-
axis minimum and/or maximum value(s) with those entered in the header section of the LWD data curve.

[¥] Sshow Censtants Check "Show Constants" option to post a horizontal line at constant values entered in the
header section of the LWD data curve. The horizontal line is also annotated with the constant value.

[¥] Auto Rescale \When the graph is zoomed by dragging a zoom window, data content can be scrolled by
rolling the mouse wheel or by clicking the scroll bars. By default, the y-axis limits are adjusted
automatically to the data in the current view. Uncheck "Auto Rescale" option to keep the y-axis limits
constant.

[v] Apply Leg10 Check "Apply Log10" option to enforce a Log10 scale format if an LWD data curve has been
configured in the header section to be Log10.

9.4 Import LWD Data from LAS File

It is very typical for wellsite LWD data to be transferred to SES via import from LAS files. This method of
data transfer is efficient and usually better than spreadsheet copy/paste methods.

On occasion an error message may be displayed when opening an LAS file for import, or while SES tries
to import the loaded data. In almost all such circumstances the error is caused by the LAS file not being
compliant with LAS specifications. If possible SES will report the line/row number of the offending
condition, which may help you or others resolve the issue through subsequent file editing. With the
routines in SES having being honed for more than a decade, SES can overcome many LAS specification
inaccuracies, but not all! When applicable the best resolution may be to contact the LAS file distributor for
correction/re-creation.

©1999-2015 STONER ENGINEERING LLC 111 www.makinhole.com
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El "Import 3rd-Party Data File" dialog is used to browse and open an LAS file, designate the respective
columns in the LAS file that match measured depth (MD) and the LWD data curves of interest, and import
the LWD data into the selected SES LWD dataset.

Import 3rd-Party Data Fle N

L&5 Format |

Import LWD #2

LAS Fle [E:\CurrentTrainingFiles\Well #1\L\WD_Gamma.LAS

Loaded

LASFile | .vERSION INFORMATION [
G“”ba;t VERS. 2.0: CWLS LOG ASCIT STANDARD -VERSION 2.0 =

WELF. HNo: 5INGLE LINE PER DEFTH 3TEF
#lines | ~WELL INFOEMATION BLOCK

2,945 #FMMEM.THIT DETR DESCRIFTION OF MK
Format i oo S L G R 5o o
Dos STRT.ft 2g642.00 : Start Degp
) STOP. £t 1156%8.00 : Stop Deg
Version | sTEPR. £t 1.00 » Step Der
2| moLi. ~999._25 s Wull wvalt
Wrap WELL. SES Training Well #1 = Well Name o
MO | 4] | b
CLIRVES IN LAS FILE MAPPIMNG INTO SES LWD
DEFPTH (ft) 0 Depth Haole el
ct Curve--= DEFPTH (ft = Measured Depth
GRAX (APT)  1Gamma Ray - Appar 7 e=> | R
Select Curve—x= | GRAX (APT) ~| = GRAX (API)
Select Clrve-=> | =
Selech Curve—> | _I =
Select Clrve-=> | =
Selech Curve—> | _-I =
Select Clrve-=> | =
Selech Curve—> | _I =
Select Clrve-=> | =
4| | »| |M Thin [ Inherit contentif notset [ APPEND [ fuito

Cancel |  IMPORT

Import LWD #2

LAS File |E:\CurrentTrainingFiles\Well #1\LWD_Gamma.LAS
Loaded

Enter the path and
filename of the LAS file to load for processing; or, this text box displays the path and filename of the
currently loaded LAS file as a result of using "Browse..." to specify such LAS file. The last LAS file from
which LWD data were imported is the attempted default LAS file loaded when "Import 3rd-Party Data File"
dialog is opened.

ml Click "Browse..." button to browse the computer's file system and select an LAS file to load
for processing.

©1999-2015 STONER ENGINEERING LLC 112 www.makinhole.com



LASFile | _.vERSTON INFORMRTION ﬂ
C“”te”: VERS. 2.0: CWLS LOG ASCII STANDARD -VERSION 2.0
WRAP. No: SINGLE LINE DER DEPTH STEP
#lines | ~WELL INFORMATION BLOCK
2,945 | gMNEM.TUNIT DATR DESCRIETION OF ME
Format B oo mo—ooo oo
pos | STRI.ft 8642.00 . Start Der
_ STOP. ft 11568.00 . Stop Der
Version | sTEp. £t 1.00 : Step Deg
2| woLL. ~999,25 : Wull valt
Wrap WELL. SES Training Well #1 : Well Name
NO [ 41 | p|_| _
This textbox

displays a full copy of the LAS file contents. Its content may be viewed using the scroll bars and ~ASCII
data content may be edited and/or rows deleted for subsequent actual import into SES. The left border
portion displays LAS file information including the number of lines of data in the file, the text file line
terminator format (DOS or Unix), the CWLS LAS file version, and the file "wrap" status. SES will import
both DOS and Unix LAS files, CWLS LAS file versions 2 and 3, and wrapped or non-wrapped formatted
LAS files.

CURVES IM LAS FILE

CEFTH (ft) | 0 Depth Hole
GRAX (APT) | 1Gamma Ray -.ﬂ.ppal]

This textbox displays a listing of all data curves in the LAS file and the
data curve descriptions if available.

MAPPING INTO SES LWD

Select Curve—= | DEFTH (ft) = | = Measured Depth
Select Curve—>= | GRAX (APT) ~ | = GRAX (API)

Select the depth and data curves that correspond
to the respective content desired for import. For LWD data import, SES requires measured depth (MD)
and at least one data curve. The dropdown box listing is how the information is listed in the LAS file, while
the name to the right of the "=" sign is how the SES user has setup the reference to the respective curve.
The curve name in SES may be changed from LWD screen, regardless of how the curve is labeled in the
LAS file.

Thin: Select/check "Thin" option if SES should not import depth stations/rows from the LAS file in
situations where all data curves are null/blank. This can be helpful when importing from LAS files that
contain much more data than the data content being imported.

Inherit content if not set Select "Inherit content if not set" option to name data curves in SES as they are
referenced in the LAS file, if the data curve names have not been set in SES. This option also copies the
LAS file name to the LWD comment if the comment is initially null/blank.

APPEND |v| Auto Select "APPEND" option if SES should only import depth stations/rows from the LAS
file that are deeper than the deepest MD already in the current LWD dataset. This can be helpful when
importing from LAS files that contain a different LWD dataset than what is being populated within SES.
For example, use Append mode to effectively splice the contents of two or more LAS files. "Auto" makes
the append process smarter by first looking at all curves and finding the first curve with a null/blank value
in SES and that depth determines the starting append depth (helpful when curve data have different
depth lags due to different relative sampling locations).

ﬂl Click "Cancel" button to close the "Import 3rd-Party Data File" dialog without making any
changes to the existing LWD dataset in SES.


http://www.cwls.org/las/

ml Click "IMPORT" button to import the respective LAS file content into the currently selected
LWD dataset in SES. Unless "Append" option is checked, SES compares the content of the LAS file with
pre-existing content in SES (when applicable) and if any differences are present the pre-existing content
in SES is deleted and replaced with the LAS file content. After importing, the associated directional
survey is automatically interpolated and the LWD screen table and graph are updated. The last LAS file

successfully imported becomes the default LAS file loaded when LWD screen EI is next clicked. Thus,
to update LWD data in this fashion after the dialog has been opened requires one click.

9.5 Import LWD Data from WITSML Server

With WITSML server connectivity, data updates can be performed on-demand and usually take less total
time because everything can be done without leaving SES (e.g., no time is spent opening and saving LAS
files from emails!).

il "Import 3rd-Party Data" dialog is used to download and then import LWD data from a WITSML
server. The steps discussed in 2.4 WITSML Server and 4.2.4 Well Setup - WITSML must be complete
before using this feature.

Import 3rd-Party Data: SES User Manual 1H, LWD #1

WITSML Farmat |

nameWwell|S5E5_TEST
uidell| 30f45c54-c8d7-4855-9197-aa06bch6a 24

List All Logs | Ll uidWellbore
uidLog

query server and list all logs for this welll

SES User Manual 1H, LWD #1 0

MD Curve 1
Measured Depth CurvebDesc

| - | I | | I

b Thin [ Inherit contentifrotset 7 APPEND [ Auto [ Quantize | 1 ~| Cancel | IR |




List All Logs

Click "List All Logs" button to query the WITSML server for a list of available logs on the

WITSML server for the current Well. After the list is returned, select the corresponding log that contains
content for the current SES LWD. The WITSML server may only expose logs from one trajectory, even if
the current Survey represents a wellbore sidetrack. If the log name/unique-ID has not changed since the
last time LWD data were imported from the WITSML server, this step can be skipped. In the example

below, log "SSES TEST DepthLog MDepth" is being selected for the first time.

Import 3rd-Party Data: SES User Manual 1H, LWD #1

WITSML Farmat |

Select matching log on server from list below.. nameviell| SSES_TEST
uidWell[80f45c54-c9d7-4855-9197-aa06bch6a2f4
List All Logs | | | LI uidwellbore
—-namelog-- —-gtart--- —-gid---- —-mneméilias-- —-gerviceompang---

ATETIME_LOG z DilTech

Jer U

I (R F7S

Import 3rd-Party Data: SES User Manual 1H, LWD #1

WITSML Farmat |

DATETIME

—uidwellbore--

&

Select matching log on server from kst below. .. nameWwell|S5ES_TEST

uidWell|B0f45c54-c9d7-4855-5197-aa06bch6a 24

List All Logs | | :5_TEST DepthlLog MDepth Ll uidWellbore|db39 100f-037c-46fc-95f3-5559e 748dedd

uidLog|MDepth

Download Log Data | SES User Manual 1H, LWD #1 [

&
pull data from server

| N/

Download Log Data | .
oWnNIog og La ClICk

"Download Log Data" button to download the log data content stored on the

WITSML server and display it directly in the textbox below this button. In the example below, 10000
records and 30 columns of data were downloaded from the WITSML server, starting at MD = 0.5. Some
WITSML servers restrict the number of records returned on any single data request and therefore
sometimes it may take multiple requests to "chunk" the full dataset into SES (successive downloads to
"catch-up" to TD). Also, some logs on WITSML servers may be raw and in need of being quantized (e.qg.,
averaged to every 0.5 feet) and other logs on WITSML servers may already be quantized (as shown

below).

Download Log Data | 10000 records, 30 columnz SES User Manual 1H; LWD #1 E
~MOPT--- -0 0-- -1 08-- 0170 =173 0117 il
0.a0 0.00 0.00 0.00 0.00 0.0
1.00 0.00 0.00 0.00 0.00 0.0
1.50 0.00 0.00 0.00 0.00 0.0
2100 0.0 0.00 0.00 000 0.0
280 0.00 0.00 0.00 0.00 0.0
200 0.00 0.00 0.00 0.00 0.0
280 0.00 0.00 0.00 0.00 0.0
400 0.00 0.00 0.00 0.00 0.0
450 0.00 0.00 0.00 0.00 0.0
A.00 0.0 0.00 0.00 000 0.0
540 0.0 0.00 0.00 000 0.0
.00 0.00 0.00 0.00 0.00 0.0
.50 0.00 0.00 0.00 0.00 0.0
700 0.00 0.00 0.00 0.00 0.0
FRN nnn nnn nnn nnn nn




Thin Select "Thin" option if SES should not import depth stations/rows from the WITSML-server-
returned dataset in situations where selected data curve values are all null/blank. This feature is rarely
applied due to how WITSML servers typically perform.

Inherit content ifnot set Select "Inherit content if not set" option to name data curves in SES as they are
referenced on the WITSML server, if the data curve names have not been set in SES. This option also
copies the WITSML server log name to the LWD comment if the comment is initially null/blank.

APPEMND Select "APPEND" option if SES should only request/import depth stations/rows from the
WITSML server that are deeper than the deepest MD already in the current LWD dataset. Using Append
for LWD data import is very common because often times WITSML servers won't allow for a Well's entire
LWD dataset to be downloaded with one request (too many records) and often there is variable depth lag
with different log measurements.

Aute Request from server and start appending after last MD with no null values in any curve. This is
helpful when different curves have different depth lags. For example, if one measurement is acquired 25
feet from the drill bit and another measurement is acquired 50 feet from the drill bit, SES would
request/import all data from the depth where the "50 feet from the drill bit" measurement was first null.

Quantize

0.10

0.15  MD rounding value
0.20 7

e, or [1> [ data ab

0.75
1.00
2.00

3.00 Select "Quantize” option to quantize/average the downloaded data
upon import into SES. This feature is critically important if the WITSML server data are raw. By raw we
mean high resolution samples in their as-recorded depth domain "un-averaged" state. For example, over
the course of one minute while drilling there may be X samples of ROP and Y samples of gamma ray that
were recorded in time and then cross-referenced to measured depth at their respective sampling times.
To inspect a table of this raw data, some depths may have only ROP and some only gamma ray and
normally there would be multiple measures of both over 1 foot. Quantizing is the process of
averaging/binning raw LWD data to a common multiple of measured depth; 0.5 feet or 1.0 feet for
example.

If the WITSML server data to which you have access are raw data, they should be quantized upon import
into SES! For example, 5000 feet of drilled wellbore could easily have 200000 raw data records. Raw
data for geologic/engineering analyses is overkill and would likely invoke errors due to LWD record count
limitations in SES (~32000). Distributed LWD LAS files are almost always the end result of some system's
guantizing/averaging/binning. Some WITSML server service companies are (finally) starting to store logs
on the server that are identical to distributed LAS files, i.e., post-processed from raw datasets.

ﬂl Click "Cancel" button to close "Import 3rd-Party Data" dialog and return to LWD screen. Any
changes made are NOT saved.

Ml Click "IMPORT" button to quantize and import the downloaded data displayed on screen
into the currently selected SES LWD and return to LWD screen. If "APPEND" option is unchecked, SES
compares the content from the WITSML server with the pre-existing content in SES (when applicable)
and if any differences are present the pre-existing content in SES is deleted and replaced with the



WITSML server data. After importing LWD data, the associated directional survey is automatically
interpolated and the LWD screen graph is updated.

SES WITSML server data download parameters are Well and LWD number specific, which makes it even
easier to manage data-updating for multiple wells. After LWD data have successfully been imported once
from a WITSML server for a specific Well and LWD, the default parameters are restored when LWD

screen ﬂ is next clicked. Thus, at this time, updating LWD data in this fashion after the dialog has been
opened requires two clicks ("Download" and then "IMPORT").

9.6 Critical

1.) Each LWD dataset must be correctly associated to its corresponding directional survey in the header
portion of LWD screen.

2.) If directional survey data (or Well units) are changed after importing or pasting LWD data, click
"Interpolate SURVEY" or press F6 to refresh the survey interpolation at LWD MDs.

3.) Interpolating the survey only does so for the currently selected LWD dataset.

4.) Curve 1 min/max setting values govern all curves while generating an 8-sector azimuthal image log
from Cross-Sections screen.

5.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

9.7 Hot Keys

» Drag horizontal window on graph to zoom
» With graph zoomed roll mouse wheel to scroll
» With graph zoomed click data point to move table cursor to corresponding data record

» F6 — same as clicking LWD toolbar button "Interpolate SURVEY"

9.8 Tips
| TIPS

e During live geosteering operations, a typical bottom-hole assembly configuration has (for
example) the gamma ray measuring tool closer to the drill bit than the survey tool, and thus,
gamma ray data will lead survey data. In order to use LWD data while geosteering with SES, the
3D spatial locations from where the LWD signals were measured are required. Therefore, in
some cases, it might be necessary to first provide a directional survey station estimate (e.g., at
current bottomhole TD) in order to fully use all available LWD data. Such estimate could be quite
different during the landing than during the horizontal section, to account for significantly
different/intentional anticipated build and or turn gradients. Consulting with the directional driller is
recommended for non-linear angle estimations at TD. If minimal build gradient is anticipated as is
often the case while drilling the lateral, LWD screen toolbar option "Project to TD" may be used.

e LWD screen can be used to effectively create a Type Log dataset from a logged offset directional
wellbore. Load the directional survey and LWD data and interpolate the directional survey from
LWD screen. Then export the LWD dataset to an LAS file, for subsequent import from Type Log



screen for the respective well to be analyzed. Use TVD for StratDepth, assuming low regional
true bed dip (<5°). For larger true dips an additional trigopnometric correction may be necessary.

Navigating to data in order to "clean" erroneous LWD data is easy. Click and drag a window near
the suspect data to "zoom" and then click a data point and the table selection will automatically
move to the clicked data point. Manual data editing may then commence, including making data
values null/blank. An alternative method to manage suspect/extreme/bogus data is to enter curve
minimum and maximum override values for select application on ParamTuner and Cross-sections
screens.

Curve 1 minimum and maximum values are special for 8-sector azimuthal LWD data. Curve 1
min/max values govern all curves while generating an image log from Cross-Sections screen
when Apply Min/Max is checked.
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10. SES Screen — GEOSTEER

|:©) sEs - [SE Demo v5 #3 (Geosteer)] =18
Eie Window Help =18l x|
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x || 5| 2 || Active Well-> [SE Demo 5 #3 (Geosteer) -

Notes Field
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SES Screen — GEOSTEER (continued)
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10.1 General

A 3DStratBlock (3DSB) is a planar surface that defines a geologic marker (normally the payzone top) over
a MD range of associated wellbore, above which and below which multiple layers may be stacked for
visualization. A "Marker Bed" dataset is a collection of 3DSBs that defines one geologic interpretation of
strata. SES technical geosteering involves determining 3DSB MD extent and orientation such that LWD
data are acceptably mapped onto a type log using Relative Stratigraphic Depth (RSD) mapping
transformation. RSD is the minimum 3D distance to a 3DSB from the wellbore measurement location and
then also RSD is given in the form of a type log and thus calibration resolves the differences.

GEOSTEER screen can be used to:
1.) Select the LWD dataset to geosteer using ParamTuner. ParamTuner is the screen used to visually

calibrate/tune 3DStratBlock (3DSB) parameters of 3DSBs of the selected Marker Bed...THIS IS
GEOSTEERING!

2.) Manage and navigate multiple Marker Bed datasets of the current well (multiple interpretations;
multiple wellbores/sidetracks).

3.) Designate the stratigraphic depth offset to target, i.e., the stratigraphic depth difference between
RSD=0 (payzone top) and the target line within the payzone layer.

4.) Designate a well plan that optionally may be displayed in ParamTuner if THD has been calculated.

5.) Set which Type Log and LWD curve to load into the RSD domain on the two left RSD tracks in
ParamTuner (curve 1 is most common). Up to 8 LWD curves may also be graphed.

6.) View/edit/enter individual 3DSB parameter values and display them in Tab or Table display format.

7.) Interpolate the associated directional survey at 3DSB control point MDs to set respective control point
Northing and Easting coordinate values.

8.) Set the name/thickness/color of the primary ("payzone”) layer and same for offset layers--up to 10
above and 5 below--for outer/left RSD track display in ParamTuner and for full-well cross section
generation using Cross-Sections screen. See Tab View, Bed Thickness & Color tab.

9.) Import/copy layer thicknesses/colors/names from any Marker Bed in SES Database to the current
Marker Bed. See Tab View, Bed Thickness & Color tab.

10.) Set the default length of new 3DSBs for when a new 3DSB is appended from ParamTuner.

11.) Set ParamTuner to operate in "Fast Load" mode, where user set depth-range of 3DSB/LWD data
relative to the active 3DSB MD are loaded instead of all such data (on occasion, helpful for interpretations
with many 3DSBs and very long laterals).

12.) Let SES try to guess the parameters of the first 3DSB (#0) of a brand new interpretation, in order to
load ParamTuner for initial/first-3DSB calibration (simply click "ParamTuner" for a Marker Bed with no
3DSBs yet defined).
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Control Tip | Detailed Description

N/A | Marker Bed datasets may not be directly imported from a file.

N/A | Marker Bed datasets may not be downloaded/imported from a WITSML server.

add Marker Bed | Add a new Marker Bed dataset and select it. When clicked, the user is asked
whether to copy 3DSBs from an existing Marker Bed (interpretation) or to start from scratch. In
either case, SES copies Marker Bed header properties from the respective source (or default)
and initializes the new Marker Bed dataset with such values.

delete Marker Bed | Delete the selected Marker Bed dataset (and potentially renumber the
remaining existing Marker Bed datasets). Marker Bed #1 may only be deleted if there are at least
two Marker Bed datasets before deleting Marker Bed #1. Marker Bed datasets are numbered
starting at #1. To delete Marker Bed #1 when there is only one Marker Bed dataset, first Add a
new Marker Bed dataset and then select and delete Marker Bed #1, after which empty Marker
Bed #2 will become Marker Bed #1.

N/A | Marker Bed datasets may not automatically be copied from another Well. However, they
may manually be copy/pasted from Table View. Please note 3DSB control point MDs must be
within the MD range of associated LWD data!

N/A | Marker Bed datasets may not be exported to an LAS file.

GEOSTEER help | Display Geosteer screen abridged help.

sort on Starting MD & Renumber 3DStratBlock# (occasionally needed) | Sort the selected Marker
Bed dataset on MDStart and re-determine the 3DStratBlock numbers. This command is normally
not needed but may become needed if manual edits/deletions to 3DSBs have been made or if
complicated overlapping 3DSBs have inadvertently been created in ParamTuner.

check Marker Bed for possible problems | Check the selected Marker Bed header and table data
for conditions that are known or suspected to cause problems during or after the calculation of
directional survey interpolation. This data quality check is applied each time a Survey is
interpolated whether or not the SES user clicks this button. Sometimes called the "cat button”,
the icon is actually intended to represent two hands shaking. ©

Interpolate SURVEY (F6) Interpolate each 3DStratBlock MD to get EASTING and NORTHING

parameters | Interpolate the associated Survey at 3DSB control point MDs and return control
point Easting and Northing coordinate values.

™ Auto Re-interp. Survey auto-update after key punch; leave un-checked if pasting data from
clipboard | Set/check "Auto Re-interp. Survey" option if SES should immediately interpolate the
survey after any 3DSB data records are changed or added. If 3DSB data are entered manually

by key punch, this option may be helpful. This is an alternative to clicking Interpolate SURVEY or

pressing F6 to re-interpolate the survey. ALWAYS leave "Auto Re-interp. Survey" option un-
checked when pasting data from the clipboard!

™ PIot GRID /A | Displaying Grid surfaces in ParamTuner is not yet supported. Grid data may be
interpolated and displayed from Surveys, Planner, and Cross-Sections screens.




10.3 Other Functions/Features

two| 1 - survey| 1 - |select the corresponding LWD dataset with which to geosteer in ParamTuner.
SES will automatically set/inherit the LWD dataset's corresponding wellbore (directional survey) from
which the LWD data were measured.

(¥ TabView (" TableView Select the preferred display format to view/edit/enter 3DStratBlock (3DSB)
parameter values of the selected Marker Bed. Some settings are only displayed in Tab View and
sometimes Table View is most helpful to assess something or to make "backdoor" settings edits.
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il Search the 3DSBs of the selected Marker Bed for MD interpretation gaps and if any such gaps are
found then create new 3DSBs to fill the gaps and renumber existing 3DSBs as needed. This command is
rarely needed from Geosteer screen, as a more sophisticated version of this functionality is available from
ParamTuner.

Stratigraphic Depth Offset to Target| 6 | ey the stratigraphic depth difference between where RSD=0
(payzone top) and the target line (typically) within the payzone layer. A positive value is deeper and a
negative value is shallower. The target line displays in ParamTuner on both RSD tracks and on the
structural cross section between the payzone top and payzone base. The target line is used to define the
target when Technical Hole Deviation (THD) is calculated with planned TVD/Dip being set by a Marker
Bed. The target line is displayed on Cross-Sections screen cross sections and can be colored differently
than the payzone layer color.

Pla” Select the well plan to optionally be displayed in ParamTuner. To display a well plan in the
MD domain (e.g., in ParamTuner or from Cross-Sections screen using MD mode), Technical Hole
Deviation (THD) must first be calculated (see 12. SES Screen — THD).

2
3

[y

Select the data curve to process in the Relative Stratigraphic Depth (RSD) domain. In other
words, set which Type Log & LWD curve to load on the RSD tracks in ParamTuner. Curve 1 is most
common but in some situations (e.g., where both gamma ray AND resistivity are being measured
downhole) something other than curve 1 may be applicable for processing. SES assumes that the Type
Log curve and the LWD curve are synchronized/comparable. For example, in most cases Type Log and
LWD curve 1 should contain average gamma ray data values.



ﬁ Select any "other" LWD curves to be graphed in ParamTuner on the track beneath the structural
cross section. Up to 8 data curves may be displayed, and multi-select is supported as shown.

L Mﬂﬂ Check "Fast Load" option to process a subset of LWD data when ParamTuner is
loaded. The selected/entered corresponding depth amount is the total feet/meters of data from the active
3DSB loaded in ParamTuner. This feature may be helpful when analyzing very long laterals and/or
Marker Beds with many 3DSBs. ParamTuner load time is normally reduced when this option is checked
but less data are available for viewing/processing, which may be beneficial depending on specific matters.

DM“JL' SES supports on-the-fly LWD data smoothing from ParamTuner. Usually, data
smoothing should NOT be applied in the build section of a horizontal well; only in the lateral section.
Smoothing can be extremely helpful to reduce noisy LWD data where signal variation may originate from
a variety of sources (e.g., geologic setting, tool issues within the geologic setting, tool placement such as
near-bit within the BHA, etc.). The LWD data smoothing option is typically enabled from ParamTuner and
includes a window size. Data smoothing is a central moving average window with a user-set window size.
The window size is an odd number and is centralized about the respective data point. A window size of 3
is the least amount of smoothing possible, as it averages the current data point and one data point to the
left and one from the right. A large window size will create more smoothing/averaging. When a 3DSB is
saved, the LWD curve smoothing state and window size is saved, and the setting is both curve-specific
and 3DSB-specific.

When smoothing is enabled, LWD data are smoothed on both RSD tracks and Type Log data are
unchanged. On the LWD graph below the structural cross section on ParamTuner, SES displays both the
smoothed data and the "raw" unsmoothed LWD data behind it.

Restore Smoothing

Settings if Available "Restore Smoothing Settings if Available" is an SES custom user setting, saved on
the user's computer only. If this option is checked, SES applies the 3DSB-saved settings upon 3DSB
loading/review. If this setting is unchecked, then smoothing settings are overridden with the current user's
smoothing setting and window size (shown above) on Geosteer screen. Where this feature may have
purpose is when user "B" is inspecting user "A's" analysis in ParamTuner but user "B" doesn't prefer the
smoothing options originally set/not-set/saved by user "A". The smoothing settings in force when a 3DSB
is saved governs what is saved in SES Database for the Well/Marker Bed/3DSB.

ml Click "ParamTuner" button to make ParamTuner the top window and refresh it with any
respective data changes and make the currently selected 3DSB (if one exists) ACTIVE. If no 3DSB
currently exists for the selected Marker Bed, SES will ask the user if SES should attempt to initialize the
first 3DSB (#0) by looking at the various respective datasets and then load ParamTuner accordingly so
3DSB #0 may be appropriately calibrated. SES will not automatically create 3DSB #0 until certain
thresholds are recognized in the datasets (e.g., a certain wellbore inclination magnitude needs reached).
The alternative to SES automatically creating 3DSB #0 is to manually enter 3DSB parameter values into
Geosteer screen (Tab or Table View) so that one 3DSB/record exists, after which ParamTuner may be
loaded and then calibrated appropriately. The easiest way to load a particular 3DSB in ParamTuner from
Table View is to double-click inside the respective row's Block cell.
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ParamTuner as a 3DStratBlock (3DSB) Its thickness and orientation is set from ParamTuner. Offset
layers for presentation purposes may be "stacked" above (up to ten) and below (up to five) the payzone
layer. The offset layers may be named and colored as desired. Offset layers display on the outer/left RSD
track in ParamTuner as a labeled horizontal line annotation. Offset layers are fully displayed on Cross-
Sections screen cross sections. Geosteer screen, Tab View, Bed Thickness & Color tab is where offset
layer settings are entered.

-
il Click this button to load a dialog to copy offset bed thicknesses/names/colors from any well in SES
Database. At least one 3DSB must exist before using this command. It is common for a consistent layers
color scheme to develop in a given drilling play.

Auto-copy Check "Auto-copy" option to apply a thickness/name/color edit to the current 3DSB to all
3DSBs in the current Marker Bed. Uncheck this option for selective single-3DSB editing, such as to create
variable thickness of offset layers across the lateral after originally saving 3DSBs.

Bed Thicknesses and names can be set from Table View but colors must be set using the respective
color palette button from Tab View.

10.4 Critical

1.) SES assumes the selected "Curve #" is comparable/synchronized for Type Log and LWD datasets.
For example, if geosteering with gamma ray, ensure Type Log curve 1 and LWD curve 1 both contain
gamma ray.

2.) From Geosteer screen, Tab View, click "ParamTuner" with a blank/empty interpretation and SES wiill
try to initialize 3DStratBlock #0 in order to get started geosteering with ParamTuner.

3.) It is recommended practice that a 3DStratBlock's control point MD and MDStart are equal. The control
point MD must fall within the portion of LWD MD range for which there are known Survey data.

4.) A 3DStratBlock's control point appears on the TVD vs. MD plot in ParamTuner as a black dot symbol
and LWD curve data that fall within the current/active 3DStratBlock MD start/end range are colored
magenta.



5.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

10.5 Hot Keys

» Double-click within Block, MDStart, Dip, or Dip Azi to make the 3DSB active in ParamTuner

» Double-click bottom row MDENd to create new/next 3DSB and load it in ParamTuner (adds
default length to MDStart; uses MDStart as control point MD; interpolates survey; determines
control point TVD from end of prior 3DSB; and sets the new 3DSB active in ParamTuner)

» Double-click MD to interpolate Survey to get control point Easting and Northing coordinates

» Double-click TVD to calculate and set its value to the ending TVD of the prior 3DSB

» F6 — same as clicking Geosteer screen toolbar button "Interpolate SURVEY"

10.6 Tips

| TIPS |

After data (Survey / Type Log / LWD, at a minimum) have been populated in SES and correct
Marker Bed header settings have been set or entered from Geosteer screen, click "ParamTuner"
button to get started interpreting data. The below screen will be displayed, to which normally the
analyst should click "Yes".

Help is here... =]

I-" - || Mo D5tratBlocks have been created for Marker Bed #2,
- 4 Shall 3E5 *TRY™ to initialize 3058 #0 and then load ParamTuner?

Yes Mo

Most 3DStratBlock (3DSB) settings discussed in chapter 10. SES Screen — GEOSTEER and
displayed in Tab/Table view are normally controlled and set entirely from ParamTuner and do not
require direct manual editing from Geosteer screen! The primary exception to this statement at
this time is "Bed Thickness & Color" settings. However, in most cases, after bed thickness and
color settings are populated through copy and/or direct entry, no further edits are required for the
rest of the Well.

The easiest way to load a particular 3DSB in ParamTuner from Geosteer screen Table View is to
double-click inside the respective row's Block cell.
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11.1 General

Technical geosteering is quantitative log correlation and analyses that ultimately provides explicit location
approximation of nearby geologic beds relative to a wellbore (directional survey). Parameter Tuner
("ParamTuner") screen is used to perform SES 3D technical geosteering through 3DStratBlock (3DSB)
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calibration/tuning, which relies on relative stratigraphic depth (RSD) data transformation. Correlatable
LWD data measured along the horizontal wellbore are transformed to map onto a type log "expected
profile", first gleaned from offset-wellbore beds penetration. ParamTuner is opened from Geosteer screen
(see 10. SES Screen — GEOSTEER). For a more technical introduction to 3DSB and RSD, see this
article published in 2007. For more in-depth and experienced discussion about geosteering, see 11.9
Tips.

ParamTuner can be used to:
1.) Create geologic interpretation by integrating and analyzing multiple data sources.

2.) Visualize data and calibrate 3DSB parameters MDStart, MDENd, control point TVD, and true dip (& its
azimuthal direction) in order to control how a segment of wellbore data are mapped onto one or more
stratigraphically representative type logs, thereby creating geologic interpretation.

3.) Visualize data and calibrate 3DSB parameter values through multiple mouse and keyboard
mechanisms, with instantaneous visual feedback in BOTH structural and RSD domains.

4.) Set multiple options and properties to preserve the general view of structural and RSD domains, as
they looked to the analyst at the time of 3DSB calibration, for subsequent recall on demand.

5.) Observe the wellbore's stratigraphic progression into the landing and its status within the lateral and at
current survey TD by loading and observing respective 3DSBs and associated data.

EI Closze ® | ¥ Restore Viewing Options
11.2 Toolbar 8|t [@|F[#]=][19 -| #4 =] ¥ ||

Control Control Tip | Detailed Description

mj.l toggle back to SES (Ctrl+B) | Return to SES screen. Please note, if 3DSB changes have NOT
been saved before using this button AND IF ParamTuner is subsequently reloaded, such
changes would be lost.

Close

|Close ParamTuner without saving changes | Close ParamTuner and return to
SES screen. Any unsaved edits are not saved. If ParamTuner is subsequently opened it will be
reloaded from scratch, which takes more processing time compared to when ParamTuner is
already open and data are simply requeried and recalculated.

T | ParamTuner help | Display ParamTuner screen abridged help.

Restore Viewing Options. on load if available (otherwise override with options as-checked below) |
When parameters defining a 3DSB are saved, certain viewing options are also saved (e.qg.,
"Thicker Lines", "4+", "AQ", etc.). When "Restore Viewing Options" is checked, all such settings
in effect when a 3DSB was originally saved are restored in ParamTuner when the 3DSB is made
active. If "Restore Viewing Options" is unchecked, then applicable viewing options are governed
by how ParamTuner is currently set, which may differ from how the 3DSB was originally saved.
Thus, with this feature "User 2" may override certain settings and preferences by "User 1" and
view the data with User 2's preferences. However, the setting values set in ParamTuner when
"Save" is clicked controls what setting values are saved in SES Database for the respective
Well/Marker Bed/3DSB.
save and update ‘Initial’ (Ctrl+S) | Save the current 3DSB parameter values and viewing options
for the active 3DSB currently loaded in ParamTuner. Saving can not be undone with the Undo
button.
_!I reload current 3DStratBlock | Re-Load the current active 3DSB in ParamTuner, which means to
requery SES database, recalculate, reset default view properties, and manifest any changes
made from any other SES screen.

=
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create 'Derived’ Type Log... | Open "Create Type Log Setup" dialog to select 3DSBs from which
to generate a new Type Log dataset that is sourced from the current interpretation. For more
information see 11.5 Create Derived Type Log.

re-assess/refresh horizontal scale limits on RSD / Type Curve tracks | Inspect the data content
now present on the RSD tracks and re-determine/reset the x-axis auto scale limits accordingly to
show all data. This command is sometimes needed when MDStart and/or MDENd are changed in
a way where LWD data at higher magnitudes and/or lower magnitudes have been brought into
view while calibrating and are currently plotting "off-scale". This command has no effect if "Use
LWD Min/Max" for the respective RSD track is checked.

insert blocks into MD gaps...(Ctrl+G) | Open "Confirm 3DStratBlock Insertion into Existing Gaps"
dialog to analyze the Marker Bed for any MD intervals that are not currently spanned by a 3DSB.
Up to seven gaps may be discovered and each gap found is quantitatively described. One or
multiple gaps may selectively be filled in one step. SES automatically renumbers pre-existing
3DSBs accordingly, and the user can set which 3DSB to make active after gap insertion
processing completes.

undo (restore 'Initial values) | Restore 3DSB parameter values and viewing options to their
original/last-saved values. The 3DSB calibration process often requires experimentation and
using "Undo" can be very helpful when an experiment doesn't lead to a better condition.

select 3DSB to make Active (identical to Dbl-clicking 'Block' # from GeoSteer) | Select which
3DSB is Active in ParamTuner, or click this dropdown to observe multiple 3DSB properties of all
3DSBs including saved Notes. The Active 3DSB has its parameter values loaded in ParamTuner
and are subject to calibration by the user while other 3DSBs' properties remain constant. Special
LWD curve segment color coding is applied on the RSD tracks and on the log strip below the
structural cross section to the Active 3DSB and to nearby (+3) 3DSBs. Active 3DSB segments
are colored magenta. An alternative method to set which 3DSB is Active is to double-click the
3DSB# annotation label on the structural cross section (TVD vs. MD).

append new 3DStratBlock (Ctrl+A) | Add/append a new 3DSB to the end of the current Marker
Bed (interpretation). By default, SES adjoins the new 3SBD to the end of the last 3DSB with no
fault appearance and copies all respective 3DSB properties (dip, dip direction azimuth, etc.) and
viewing options from the last 3DSB to the new 3DSB. The new 3DSB default MD length is
controlled by parameter "Default length of new 3DStratBlock", which may be set from Geosteer
screen, Tab View, Parameters tab.

enable primary LWD curve smoothing | Click this toggle button to enable/disable LWD curve
smoothing. The applied averaging method is central moving average window, centered about the
data point of interest, and the window size is set by the analyst. When this button is toggled from
off to on, the analyst is prompted for the central moving average window size (number of data
points), which must be an odd number. Both RSD tracks display only smoothed LWD curve data
and Type Log data are unchanged. The LWD log strip below the structural cross section displays
both smoothed and raw LWD data. Data smoothing can be extremely helpful in geologic
environments with highly variable LWD curve measurement values (e.g., many shale plays), and
often times with near-bit tool measurements. Smoothing status and window size are saved at the
3DSB level and are curve-specific. Smoothing should only be applied in the lateral hole section;
NOT in the build section.

change LWD divisor/adder values (for normalize mode) | Open "Set LWD Divisor/Adder for
Normalize Mode..." dialog to set or change/test parameters that transform how LWD data are
plotted on the RSD tracks when "Normalize Mode" is applied. Normalize Mode is helpful when
Type Log and LWD data magnitudes are—for whatever reason—significantly different even
though they represent the same LWD measurement. For more information see 11.6 Rescale
LWD on RSD Tracks (Normalize Mode).

delete 3DStratBlock(s)...(Ctrl+D) | Open "Confirm 3DStratBlock Deletion” dialog to selectively
delete the current 3DSB and/or any +10 3DSBs from the Active 3DSB. One or multiple 3DSBs
may selectively be deleted in one step, SES automatically renumbers the existing 3DSBs
accordingly, and the user can set which 3DSB to make active after deletion completes.



11.3 Other Functions/Features

A 3DsStratBlock (3DSB) spans a MD interval range of wellbore/survey over which the respective geologic
beds are "modeled" to act in a 3D planar fashion. Relative Stratigraphic Depth (RSD) is the minimum 3D
distance from a wellbore location to the top of the 3DSB surface. When nature sufficiently curves or
faults, a new 3DSB is created to approximate the new reality. A 3DSB is an independent 3D object. The
wellbore/survey is an independent 3D object. By changing how a 3DSB is positioned in space, RSD is
adjusted and LWD data being mapped onto a type log are affected.

Current Initial Current Initial AppDip (AppInc| VSA
MD Start| 8393.00 4 | » | 5355 | MDEnd| 870200 4 | » -0.85 | 89.15 [195.76
Thick 550 4| v | 55 TVD| 730,55 4| »
Dip Azl 210,00 4 | » | 210 Dip 0.33_4 | » Note| -1

Six parameter values collectively define each 3DSB. They include:

e MD Start (and control point MD)............ccccevevnee. MD Start] 11446.00 « | » |
o MDENd.......cccoiiiii MD End| 11600.00 4 | v |

Thick 15.00 4 | » |

o 3DSB Stratigraphic Thickness...........ccccceeeeeeenns

e 3DSB TVD (at control Point) .........cccceveveveeveveuenenns o[ 9138.70 4|+ |
e 3DSB TIUE DiP..eeeeeeeeeeeeeeeeeeee e, — 2.69 4| |
e 3DSB True Dip Direction Azimuth ...........c........... Dip Az 180.00 4| » |

ParamTuner screen is used to study and ultimately determine the values of these parameters. There are
multiple logistical ways to set parameter values from ParamTuner, and each method has its best time of
application when analyzing data. The multiple ways include:

e Various mouse-interactive click-and-drag methods specific to a graph and linked to a parameter
value or values (discussed in following sections)

e Clicking or click-and-holding the decrement/increment spin button _‘l_’l adjacent to the
respective parameter value text box (ideal for fine-tuning and sometimes necessary when other
methods are not presently handy)

e Clicking or click-and-holding the associated decrement/increment spin button while
simultaneously pressing the CTRL key for 10x|30x|50x amplified-tuning

e Manual keypunch value entry, followed by hitting Enter or "clicking-away" from the respective text
box

AppDip [AppInc| VSA

269 | 82,63 | 000 |t is normally recommended that the Dip calibrated in ParamTuner is true dip. This is
performed by setting Dip Azi to the best estimate of true dip direction azimuth, regardless of how the
horizontal wellbore is oriented relative to true dip direction azimuth. However, if Dip Azi is set to
something other than true (e.g., vertical section azimuth if different than true), the Dip calibrated is of an
apparent nature. When Dip Azi and vertical section azimuth are different and Dip is hon-zero, Apparent
Dip ("AppDip") and Dip will differ. ParamTuner calculates and displays Apparent Dip (and Apparent
Inclination - "Applnc") along the vertical section azimuth plane, FYI.

Cirl
Key

Select the amplification amount to be applied with CTRL key use. Pressing CTRL key while also

clicking or click-and-holding a decrement/increment spin button _*l_’l adjacent to a parameter value
text box will amplify the default decrement/increment amount by 10x or 30x or 50x as selected.
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=1 Enter pertinent calibration or correlation notes

specific to the Active 3DSB or otherwise. SES also lists in the Note drop-down box displayed here all

such notes present in SES Database for easy lookup/re-use, but any new text may also be entered. The

Notes lookup list is refreshed after any

Notes from all 3DSBs display under the main dropdown box used to select the 3DSB to make Active in

ParamTuner.

Note content is changed/added/deleted and the 3DSB saved.

11.4 Graph Details & Features

Each graph in ParamTuner has special options and click-and-drag functionalities. Those details and

features are explained next.
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11.4.1 Structural Cross Section (TVD vs. MD)
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11.4.1.1 Respective Features/Options (TVD vs. MD)

3D5B Dip&Azi. Each non-Active 3DSB has an annotation with its respective 3DSB number and a gray

arrow pointing to its control point, which is displayed on the structural cross section (TVD vs. MD) graph
as a black symbol at MD Start. Check "3DSB Dip&Azi." option to include the respective 3DSB calibrated

dip and dip direction azimuth values in this label annotation. This display setting is stored by 3DSB.

Other ways to inspect/see 3DSB calibration values are to view the 3DSB selection drop-down box from

ParamTuner or to look at Geosteer screen, Table view.

LI Plan Check "Plan” option to post the associated well plan on the structural (TVD vs. MD) cross section.

The specific well plan dataset to display must have been calculated from Planner screen and selected
from Geosteer screen for the current Marker Bed. In order to display a well plan in the survey's MD



domain, THD is required to have been calculated for the respective Survey|Plan pair. This display setting
is stored by 3DSB.

[1SC Check "SC" option to post "survey callouts" at every third directional survey station. A survey callout
includes the directional survey information MD/Inc/Azi/DLS/TVD/VS. This information is always included
at survey TD and then "every third station" counts backwards from TD. This display setting is stored by
3DSB.

o

+_|:I Enable this toggle button to lock the current TVD axis min/max range on the structural cross section
(TVD vs. MD) while the MD range view is changed by rolling the mouse wheel, adjusting scroll bars,
zooming, etc. Click this button to toggle the setting on or off. When this toggle is not set on, the TVD axis
minimum and/or maximum value changes based on the data range in current view. This display setting is
temporary to the current session; it is not stored by 3DSB.

il Enable this toggle button to lock the current MD axis min/max range on the structural cross section
and the LWD track beneath it. When a new 3DSB is added or if an existing 3DSB is made Active, SES by
default will calculate and set a MD range to display. Sometimes this behavior is helpful and sometimes
not. This toggle is a means to override or return-to default SES behavior. This display setting is temporary
to the current session; it is not stored by 3DSB.

11.4.1.2 More Details (TVD vs. MD)

The structural cross section displays the location of the wellbore (directional survey) and the payzone
top/target/base 3DSBs, as calibrated. The Active 3DSB (magenta-colored, available for editing) and other
nearby 3DSBs are normally in view by default. A well plan may also be displayed. These data are
presented in TVD vs. MD and so there are no distortions, unlike what can occur in projected views (e.g.,
vertical section). In some cases the 3DSB(s) will display with curvature if the wellbore sufficiently turns in
map view in a non-zero dip environment.

3DSB parameters MD Start and MD End define the MD extents of the 3D-curved wellbore over which
geologic beds are behaving in a 3D planar fashion. When nature faults or sufficiently curves, a new 3DSB
is needed to approximate the geometric location of the payzone and its associated stacked layers.

Two gray vertical lines labeled "START" and "END" are displayed at the current extremities of the Active
3DSB. The "START" line is tied-to 3DSB parameter MD Start. The "END" line is tied-to 3DSB parameter
MD End. Hover over the respective line and the mouse cursor changes to a double-headed arrow, and
then click-n-drag to change its value. Often times while dragging one of these vertical lines, the analyst's
eyes are looking at the right/inner RSD track to help determine where to cease movement and thus the
extent of a 3DSB.

When 3DSB parameter values are being changed by respective click or click-and-drag means, SES
temporarily changes the back-color of the respective 3DSB parameter text box to magenta to reiterate
what'’s being calibrated.

While calibrating 3DSBs (interpreting data) it is possible to have 3DSBs that overlap or wellbore intervals
that contain "gaps"—i.e., where a 3DSB’s settings have not yet been determined—however these
conditions are intended to be temporary and ultimately resolved before final interpretation presentation.

MD Start and MD End may also be changed by dragging the same-labeled vertical lines in the log track
directly below the structural cross section.

3DSB control point MD is also tied-to MD Start. Control point MD is automatically updated when MD Start
is changed, and control point northing and easting are also automatically determined via minimum
curvature interpolation. When the "START" line is dragged and thus MD Start and control point MD



change, SES also automatically calculates and updates control point TVD so that the control point "Z"
value "slides" along the identical 3D surface.

3DSBs that aren’t the Active 3DSB are annotated on the structural cross section with a label "#X" with an
arrow pointing to the respective 3DSB control point (start of block). To make a non-active 3DSB active for
editing, double-click the "#X" label. A particular 3DSB may also be made active by selecting its number
from the toolbar drop-down box.

11.4.1.3 Zooming, Scrolling, Maximizing, Exporting (TVD vs. MD)

The structural cross section (TVD vs. MD) and the LWD vs. MD log track beneath it are normally depth-
synchronized (MD). To scroll back-and-forth through a depth range of data roll the mouse wheel or click
the respective scroll bars. Multiple zoom features are available. For example, click-and-drag a section of
the graph to zoom the MD range of the selection.

Right-clicking the structural cross section displays a shortcut menu (see [% q J r
adjacent picture) with menu items including "Undo Zoom" and "Restore Hordet Sty

Initial Zoom" among others. "Undo Zoom" un-synchronizes the structural st e E
cross section and LWD log track depth ranges and each graph’s respective Mumeric Precision E
depth ranges are zoomed to display all possible respective data. "Restore | Grid Options »
Initial Zoom" sets the viewable MD range to an SES-calculated range Mark Data Points

determined when a 3DSD is first loaded or is last saved, and the MD range
is synchronized between the two graphs.

Successive zooming and custom zooming are also supported. Set a custom
zoom MD range by click-and-dragging a horizontal window selection over
the TVD vs. MD cross section graph depth range to then zoom, once or
multiple times. Identical functionality may also be performed on the LWD log ==
track. Performing this after clicking "Undo Zoom" is another way to custom- gﬂﬁ??tﬂ_f?.lﬂiﬁ?l Zoom’
set the zoom size/MD-range to a desired amount visually and via a mouse
drag. Using "Customization Dialog..." and the Axis tab is another way to precisely set x-axis and y-axis
graph extents via keyboard value entry.

The right-click shortcut menu has multiple other features, most of which are reset during a subsequent
screen load. Choose "Maximize..." to temporarily enlarge the graph to full screen (maximize mode).
Choose "Export Dialog..." to set export size properties and export the graph to a picture format (emf, wmf,
bmp, jpg, or png) with export destinations including the clipboard, a printer, or a file.



11.4.2 LWD Track (LWD vs. MD)
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11.4.2.1 Respective Features/Options (LWD vs. MD)

[IConstants Check "Constants" option to post LWD lines of constant value on the LWD vs. MD log track.
Any such constant is set for the specific LWD dataset and specific curve from LWD screen (see 9.3 Other
Functions/Features). Some analysts at times find that "tagging" certain data curve magnitudes assists to
identify wellbore stratigraphic location. This display setting is stored by 3DSB.

[] Use LWD MinfMax Check "Use LWD Min/Max" to apply a fixed scale instead of an automatic data-driven
scale to the LWD (y-axis) scale on the LWD vs. MD log track. Any such min/max preference is set for the
specific LWD dataset and specific curve(s) from LWD screen (see 9.3 Other Functions/Features). Some
analysts at times prefer to see LWD data on a fixed scale instead of on an adaptive data-driven scale.
This display setting is stored by 3DSB.

11.4.2.2 More Details (LWD vs. MD)

The LWD vs. MD log track is directly beneath the structural cross section and displays LWD data
measured along the wellbore being analyzed. The MD scales of the two graphs are usually synchronized.
From one (e.g., gamma ray) to a maximum of eight (e.qg., resistivity, total gas, ROP, casing pressure, flare
height, high-side gamma, low-side gamma, etc.) LWD data curves may be displayed and such curve
selection is controlled based on how ParamTuner is opened from Geosteer screen (see "Curve #" and
"Others" at 10.3 Other Functions/Features for more information).

Sometimes it's helpful to isolate the extents of the Active 3DSB to a particular portion of LWD signal
character, such as a "signal mirror" section that potentially suggests up-and-then-down or down-and-then-
up stratigraphic movement along a portion of wellbore. After such isolation, experiments with parameter
values of 3DSB dip and control point TVD using the right/inner RSD track often follow.
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Whether "traceback" of signal representing stratigraphic movement up-and-then-down or down-and-then-
up (when legitimately identified) can be modeled with one 3DSB depends on if nature was acting linearly
or not over the respective portion of wellbore. If nature was curving, then multiple 3DSBs may be required
to construct the traceback using the type log as a guide for specifics. However, simply finding valid
traceback can be a welcomed observation by the analyst.

While calibrating 3DSBs (interpreting data) it is possible to have 3DSBs that overlap or wellbore intervals
that contains "gaps"—where a 3DSB’s settings have not yet been determined—however these conditions
are intended to be temporary and ultimately resolved before final interpretation presentation.

The primary LWD curve data over the MD range of the Active 3DSB are colored magenta on the LWD vs.
MD log track. LWD data from £3 3DSBs from the Active 3DSB are also specially color-coded in a fixed
manner. LWD data over other MD portions of the wellbore (including gaps between interpreted intervals)
are colored as set from LWD screen.

If LWD data smoothing is enabled, then both the "raw" (i.e., un-smoothed) and smoothed data will be
displayed on the LWD vs. MD log track and only the smoothed curve is color-coded. See "Smoothing"
under 10.3 Other Functions/Features or "enable primary LWD curve smoothing" under toolbar
commands of this chapter for more information about LWD data smoothing in ParamTuner.

3DSB parameters MD Start and MD End define the MD extents of the 3D-curved wellbore over which
geologic beds are behaving in a 3D planar fashion. When nature faults or sufficiently curves, a new 3DSB
is needed to approximate the geometric location of the payzone and its associated stacked layers.

Two gray vertical lines labeled "START" and "END" are displayed at the current extremities of the Active
3DSB. The "START" line is tied-to 3DSB parameter MD Start. The "END" line is tied-to 3DSB parameter
MD End. Hover over the respective line and the mouse cursor changes to a double-headed arrow, and

then click-n-drag to change its value. Often times while dragging one of these vertical lines, the analyst's



eyes are looking at the right/inner RSD track to help determine where to cease movement and thus the
extent of a particular 3DSB.

When 3DSB parameter values are being changed by respective click or click-and-drag means, SES
temporarily changes the back-color of the respective 3DSB parameter text box to magenta to reiterate
what'’s being calibrated.

MD Start and MD End may also be changed by dragging the same-labeled vertical lines in the structural
cross section above the LWD vs. MD log track.

3DSB control point MD is also tied-to MD Start. Control point MD is automatically updated when MD Start
is changed, and control point northing and easting are also automatically determined via minimum
curvature interpolation. When the "START" line is dragged and thus MD Start and control point MD
change, SES also automatically calculates and updates control point TVD so that the control point "Z"
value "slides" along the identical 3D surface.

11.4.2.3 Zooming, Scrolling, Maximizing, Exporting (LWD vs. MD)

The LWD vs. MD log track and the structural cross section (TVD vs. MD) above it are normally depth-
synchronized (MD). To scroll back-and-forth through a depth range of data roll the mouse wheel or click
the respective scroll bars. Multiple zoom features are supported. For example, click-and-drag a section of
the graph to zoom the MD range of the selection.

Right-clicking the LWD vs. MD log track displays a shortcut menu (see [% Border Style ;
adjacent picture) with menu items including "Undo Zoom" and "Restore :

Initial Zoom" among others. "Undo Zoom" un-synchronizes the structural i :
cross section and LWD log track depth ranges and each graph’s respective Mumeric Predision *
depth ranges are zoomed to display all possible respective data. "Restore _ Grid Options *

Initial Zoom" sets the viewable MD range to an SES-calculated range Mark Data Paints
determined when a 3DSD is first loaded or is last saved, and the MD range A
is synchronized between the two graphs.

Custom zooming and successive zooming are also supported. Set a custom Maximize, .,

zoom MD range by click-and-dragging a horizontal window selection over Customization Dialog. ..
the LWD vs. MD log track graph depth range to zoom, once or multiple HpOrt Lialog. .,

times. Identical functionality may also be performed on the structural cross .
section. Performing this after clicking "Undo Zoom" is another way to  Restore Initial Zoom:
custom-set the zoom size/MD-range to a desired amount visually and viaa ~
mouse drag. Using "Customization Dialog..." and the Axis tab is another way to precisely set x-axis and y-
axis graph extents via keyboard value entry.

The right-click shortcut menu has multiple other features, most of which are reset during a subsequent
screen load. Choose "Maximize..." to temporarily enlarge the graph to full screen (maximize mode).
Choose "Export Dialog..." to set export size properties and export the graph to a picture format (emf, wmf,
bmp, jpg, or png) with export destinations including the clipboard, a printer, or a file.

11.4.3 RSD Tracks

The heart of SES technical geosteering relies on mapping data acquired in the structural domain along
the horizontal wellbore and into the stratigraphic depth domain. Relative Stratigraphic Depth (RSD)
means that the depth in question is oriented in the stratigraphic depth direction and is relative to a
geologic marker, such marker typically chosen from Type Log screen to be the top of the payzone/target
layer. The actual drilling target or "sweet spot" is located at an offset stratigraphic distance from the top of
the payzone layer (see "Stratigraphic Depth Offset to Target" at 10.3 Other Functions/Features for more
information).
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3 It should be understood that anywhere along the wellbore ARSD # ATVD if 3DSB dip is non-zero! (In
the sketch below, "TVT" is true vertical thickness in TVD direction, "TST" is true stratigraphic thickness in
stratigraphic direction, and "RSD" is relative stratigraphic depth from top of yellow marker bed.)

There are multiple features in ParamTuner specific to the two RSD tracks. Different conditions and
different points in the general progression of analyzing a horizontal wellbore often require different needs.
Furthermore, ParamTuner is designed to capture the analyst's view over a specific portion of wellbore, as
it looked at the time of calibration. The view may subsequently be recreated by the analyst or their
associate.

The "top row" set of RSD track features shown below are discussed in this section while specific left/right
RSD track features are discussed in the next two sections.

[ Normalize Mode W] 4+ (] ALL []AO [ ThickerLines [ TypeLog TL|

[JUse LWD Min/Max [JUse LWD Min/Max Zoom IEl
|~ | RsDMaxMin[25 < ]-25 | |[=] RSDMaxMin[10 ~|-10

Normalize Mode Check "Normalize Mode" option to enable Type Log and LWD data re-scaling through a
tunable transform process capable of linear and non-linear mapping. Sometimes there are scaling issues
between Type Log data and LWD data for a variety of potential reasons and "Normalize Mode" allows for
a quick and easy way to mathematically rescale data within SES and without having to create any
additional permanent datasets. Please see 11.6 Rescale LWD on RSD Tracks (Normalize Mode) for
detailed information. This display setting is stored by 3DSB and can flow through to Cross-Sections
screen RSD Inset graphs.

4+ Check "4+" option to calculate and post a single line/curve that averages RSD-mapped data from alll
3DSBs that are 4 and more 3DSBs behind the Active 3DSB. Thus, the "4+" line, which is colored gray, is
essentially an evolving derived type log. This feature is abbreviated "4+" because the Active 3DSB and +3
3DSBs from the Active 3DSB are always color-coded in a fixed manner, represent "nearby" data, and are
not included in the "4+" line calculation. This display setting is stored by 3DSB.

Eventually, in the course of analyzing data from a horizontal well, it is quite common that the analyst will

give more weight to the "4+" line than to the official offset well type log. This is because the "4+" line will
normally possess better subtle/pertinent character than what is evidenced in the offset well type log
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because of signal averaging that took place by the tool when the measurements were taken in the offset
well. For example, a gamma ray tool in a vertical wellbore with horizontal beds will measure and then
average the signal within an ellipsoidal rock volume 4-6 inches in the circumferential direction and 30+
inches vertically as the tool passed and ultimately reported a single data value at a single depth value.
However, this described "extra weight" employed by the analyst does not necessarily pertain to bed
stratigraphic thickness in general! Normally, stratigraphic thicknesses are assumed to be understood and
bed dip is calibrated accordingly. Nothing definitive/unique is necessarily learned about stratigraphic
thickness AND dip from only drilling a horizontal well because both attributes at a map location between
vertical wells are unknown. It normally makes the most sense in oil and gas horizontal drilling to assume
stratigraphic thickness is known (either as a constant or its thickening or thinning tendencies over the
specific drilling area as learned from multiple vertical well penetrations and 3D modeling/mapping) and to
calibrate local "average" bedding dip over 10s to 100s of feet.

Another important benefit of the "4+" line is that the signal magnitude is with respect to the LWD tool in
the horizontal well, which is often different than the logging tool used to take signal measurements in the
offset well. Because both signal functional form and magnitude fuel the tricks-to-the-trade of
geosteering, the "4+" line can at times be extremely valuable to confidently discern stratigraphic depth
likelihood of wellbore portions.

L1 ALL Check "All" option to display all individual 3DSB signal mapping traces that are or can be averaged
to produce the "4+" line described above. These individual RSD signal mapping lines are colored black.
What can happen while geosteering is that too many traces and/or aberrant traces can create distracting
"noise", making it more difficult to interpret data. The "4+" option can help with this, and the "All" option
shows exactly just what values are being averaged. Applying "All" option is sometimes a temporary look
at data or simply an analyst preference. This display setting is stored by 3DSB.

L1AD Check "AO" to display RSD signal from the Active 3SBD only. This option is helpful to fully isolate
RSD signal from a specific portion of the wellbore and not be "distracted" from color-coded RSD signal
from other 3DSBs. This display setting is stored by 3DSB.

[ Thicker Lines' Check "Thicker Lines" to enable RSD domain curves and LWD data curves to have larger
line widths than the default setting. This display setting is stored by 3DSB.

I TypeLlog Check "Type Log" option to display type log datasets currently set to "Use in ParamTuner"
from Type Log screen. Such type log datasets could source from offset wells or they could be derived. If a
"4+" evolving type log is well formed, it may at times be preferred by the analyst to uncheck this option to
disable display of the "formal" type log(s). This display setting is stored by 3DSB.

ll Open "Pick Type Log(s)" dialog to set which type log(s) to currently display in ParamTuner. The type
log datasets would need to exist from Type Log screen. SES can display multiple type logs in
ParamTuner, which can be helpful to the analyst for example to better understand expected uphole
thickness variations when drilling the curve. Switching type logs is also practiced at times, for example
when there are multiple offset wells in the drilling vicinity or as a different offset well becomes closer at a
point or points between the heel and toe along the horizontal well being analyzed/drilled. Switching to a
derived type log (see 11.5 Create Derived Type Log) after its creation can also easily be performed
using this button.

o When switching type logs, it's usually a good idea to document the change in the Note field, which is
saved by 3DSB. 3DSB Notes are viewable from the 3DSB selection drop-down box.



11.4.4 Outer/Left RSD Track (RSD vs. LWD)
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11.4.4.1 Respective Features/Options (Outer/Left RSD vs. LWD)

[ Use LWD MinfMax Check "Use LWD Min/Max" to apply a fixed scale instead of an automatic data-driven
scale to the LWD (x-axis) scale on the outer/left RSD track. Any such min/max preference is set for the
specific LWD dataset and specific curve from LWD screen (see 9.3 Other Functions/Features). Some
analysts prefer to see LWD data on a fixed scale instead of on an adaptive data-driven scale. At other
times, there may be a large dynamic range that need not be fully seen to best calibrate the 3DSB in
guestion because it may be suppressing signal character that is more prevalent on a different scale
range. This display setting is stored by 3DSB.

Use this dropdown box to set the width of the outer/left RSD track. If the computer monitor
is wide for example, a different-than-default setting may be desired. This is an SES custom user setting
saved on the user's computer only (SESuser.mdb); not by 3DSB.



RSD Max/Min |45 :I' 45 :I' Select or enter a value in the respective Max or Min dropdown box to set the
RSD (y-axis) extent on the outer/left RSD track. These values may also be set with the mouse, as
described in the next paragraph. The outer/left RSD track range is always a superset of the inner/right
RSD track range. These display settings are stored by 3DSB to preserve by 3DSB the data view at time
of calibration.

While manual keyboard entry of this setting is supported, it is normally easier to set it graphically by click-
and-drag on the graph itself. If the first click is in the upper half of the log track, the Max is adjusted
with subsequent dragging/panning. If the first click is in the lower half of the log track, the Min is
adjusted with subsequent dragging/panning. Repeat as necessary to control the range of data in view for
current 3DSB calibration.

11.4.4.2 More Details (Outer/Left RSD vs. LWD)

The outer/left RSD track is especially helpful when landing and then with keeping the "big picture" in view.
This track accommodates quickly exploring for most logical options after a fault has been crossed or
when the correlation becomes complex due to the acquisition of unexpected signal. The outer/left RSD
track extents/range is always equal to or larger than the subset inner/right RSD track. The inner/right RSD
track is for "zooming" closer to the details and for calibration itself.

Geosteering correlation often begins soon after downhole formation evaluation LWD data are being
recorded or shortly after the kick-off point (KOP). As geosteering correlation analysis progresses through
the build section of the well, the RSD range of data needed to be seen changes. After the analysis is at
the landing, the outer/left RSD track data range may not require much altering for the remainder of the
well.

At the outset, the outer/left RSD track Max may be set to include the KOP and the Min may be set to
show the full payzone thickness and some buffer below the payzone. During the build, RSD Max is
manually adjusted after each new 3DSB is added. After landing, leaving the outer/left RSD track data
extents/range too large is not helpful to the analyst. Normally it should be set to display 2-5 times the
payzone thickness to be most beneficial.

The payzone layer top, target, and base are displayed and labeled on the outer/left RSD track. If offset
bed layers (thickness - required; name - optional) have been set from Geosteer screen (see 10.3 Other
Functions/Features), horizontal line annotations will display on the left/outer RSD track accordingly. In a
future version of SES, offset beds will be configured directly from the outer/left RSD track and additional
ways to adjust RSD track extents will exist.

If LWD data smoothing is enabled, then only smoothed RSD data will be displayed on the RSD tracks.
See "Smoothing" under 10.3 Other Functions/Features or "enable primary LWD curve smoothing" under
toolbar commands of this chapter for more information about LWD data smoothing in ParamTuner.

11.4.4.3 Zooming, Scrolling, Maximizing, Exporting (Outer/Left RSD vs. LWD)

Change the RSD Max/Min dropdown box values above the outer/left RSD vs. LWD log track OR click-
and-drag on the graph itself to effectively zoom/scroll data. If the first click is in the upper half of the
graph, the Max is adjusted with subsequent dragging/panning. If the first click is in the lower half of the
graph, the Min is adjusted with subsequent dragging/panning.

The right-click shortcut menu has display features, most of which are reset during a subsequent screen
load. Choose "Maximize..." to temporarily enlarge the graph to full screen (maximize mode). Choose
"Export Dialog..." to set export size properties and export the graph to a picture format (emf, wmf, bmp,
jpg, or png) with export destinations including the clipboard, a printer, or a file.



11.4.5 Inner/Right RSD Track (RSD vs. LWD)
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11.4.5.1 Respective Features/Options (Inner/Right RSD vs. LWD)

[ Use LWD MinfMax Check "Use LWD Min/Max" to apply a fixed scale instead of an automatic data-driven
scale to the LWD (x-axis) scale on the inner/right RSD track. Any such min/max preference is set for the
specific LWD dataset and specific curve from LWD screen (see 9.3 Other Functions/Features). Some
analysts prefer to see LWD data on a fixed scale instead of on an adaptive data-driven scale. At other
times, there may be a large dynamic range that need not be fully seen to best calibrate the 3DSB in
guestion because it may be suppressing signal character that is more prevalent on a different scale
range. This display setting is stored by 3DSB.

Zoom

-

Unda
Current 3D5B

Current 3D5B top half

Current 3DSE +/- 1
Current 3DSB +/- 3
Copy Previous
Copy Mext

30 ft Centered

50 ft Centered

80 ft Centered

Multiple Zoom Presets are available that on occasion have applicability and

save the analyst time in setting the inner/right RSD (y-axis) scale extents/range. In some cases, it may be



best to first save the current 3DSB before choosing a zoom preset. The available options whereby RSD
Max/Min values are automatically determined and set are:

"Undo" — return to values that were last saved for the 3DSB (often after experimentation)
"Current 3DSB" — sets them so the current 3DSB's RSD range fills most of the graph

"Current 3DSB top half" — sets them so the current 3DSB's RSD range fills the top ¥ of the graph
"Current 3DSB +1" — sets them to include all RSD signal from the current 3DSB +1 3DSB
"Current 3DSB +3" — sets them to include all RSD signal from the current 3DSB +3 3DSBs
"Copy Previous" — sets them to equal the settings from the previous 3DSB

"Copy Next" — sets them to equal the settings from the next 3DSB

"30 ft Centered" — sets them with current 3DSB centered and with total RSD range at 30 ft

"50 ft Centered" — sets them with current 3DSB centered and with total RSD range at 50 ft

"80 ft Centered" — sets them with current 3DSB centered and with total RSD range at 80 ft

VVVVVYVYYVYVVY

"Current 3DSB top half " is often helpful during the build section. "Copy Previous" and "Copy Next" often
find application when working with an inserted 3DSB from addressing interpretation gaps and reworking
portions of wellbore. "30|50|80 ft Centered" may be handy when a general "reset" and centering are
needed.

The Zoom Presets may immediately be followed with manual click-and-drag/pan of the graph for
additional RSD Max/Min extents tuning, assuming "disable RSD Max/Min re-sizing" is not toggled-on (see
next command).

+

*_El Click this toggle button to enable or to disable RSD Max/Min extents panning. The inner/right RSD
track has multiple click-and-drag features and sometimes analysts find it helpful to temporarily disable
changing the graph's y-axis extents in order to more easily click-and-drag other objects. This toggle may
also be flipped on/off by double-clicking anywhere within the inner/right RSD track graph grid area.

'!I‘ S0 Ma M
Default (2.25)
2,25

2.5

2,75

15 Use this dropdown box to set the width of the inner/right RSD track. If the computer
monitor is wide for example, a different-than-default setting may be desired. This is an SES custom user
setting saved on the user's computer only (SESuser.mdb); not by 3DSB.

RSD Max/Min|12 :I' -37 :I' Select or enter a value in the respective Max or Min dropdown box to set the
RSD (y-axis) extent on the inner/right RSD track. These values may also be set with the mouse, as
described below. The inner/right RSD track range is always a subset of the outer/left RSD track, i.e.,
this RSD track is for zooming and getting closer to signal details. These display settings are stored by
3DSB to preserve the data view at time of 3DSB calibration.

While manual keyboard entry of this setting is supported, it is normally easier to set it graphically by click-
and-drag on the graph itself. If the first click is in the upper half of the log track, the Max is adjusted
with subsequent dragging/panning. If the first click is in the lower half of the log track, the Min is
adjusted with subsequent dragging/panning. Repeat as necessary to control the range of data in view for
current 3DSB calibration.
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11.4.5.2 More Details (Inner/Right RSD vs. LWD)

The inner/right RSD track is used to "zoom" close to RSD-domain details, and for 3DSB dip and control
point TVD calibration, whether analyzing the curve or the lateral hole section. Stratigraphic horizons
displayed and labeled on this track include the payzone top (black line), the target, and the payzone base

(gray line).

3DSB parameter TVD defines the "Z" value of the control point used to define a 3D plane, which is the top
of the 3DSB. 3DSB parameters Dip and Dip Azi (dip direction azimuth) define the orientation in space of
this same 3D plane.

(%Y, 2)

Two gray horizontal lines labeled "START | TVD" and "END | DIP" are displayed at the current extremities
of the Active 3DSB. The "START | TVD" line is tied-to 3DSB parameter TVD. The "END | DIP" line is tied-
to 3DSB parameter Dip (and Dip Azi when coupling is applicable). "Start" and "End" are included in the
label as a reminder of where the Active 3DSB in the MD domain in fact starts and ends, which isn't
always obvious when interpreting data within the lateral hole section. Hover over the respective line and
the mouse cursor changes to a double-headed arrow, and then click-and-drag to change its associated
3DSB parameter value.

By chosen 3D vector convention, 3DSB Dip is always zero or positive in SES because Dip Azi handles
the dipping orientation. Currently, the largest dip magnitude allowed through "END | DIP" line click-and-
drag is 50°. With manual entry or with spin button use, the domain of 3DSB Dip in SES is [0°,90°) and the
domain of Dip Azi is [0°, 360°).

When 3DSB parameter values are being changed by respective click or click-and-drag means, SES
temporarily changes the back-color of the respective 3DSB parameter text box to magenta to reiterate
what'’s being calibrated.

If "START | TVD" line is changed, a faulted 3DSB appearance may result assuming there are no
interpretation gaps on either side of the Active 3DSB. To reset the Active 3DSB to start at the end of the
prior 3DSB ("TVD-wise"), double-click inside the control point TVD text box.

If LWD data smoothing is enabled, then only smoothed RSD data will be displayed on the RSD tracks.

See "Smoothing" under 10.3 Other Functions/Features or "enable primary LWD curve smoothing" under
toolbar commands of this chapter for more information about LWD data smoothing in ParamTuner.

©1999-2015 STONER ENGINEERING LLC 143 www.makinhole.com



11.4.5.3 Zooming, Scrolling, Maximizing, Exporting (Inner/Right RSD vs. LWD)

Change the RSD Max/Min dropdown box values above the inner/right RSD vs. LWD log track OR click-
and-drag on the graph itself to effectively zoom/scroll data. If the first click is in the upper half of the
graph, the Max is adjusted with subsequent dragging/panning. If the first click is in the lower half of the
graph, the Min is adjusted with subsequent dragging/panning.

The right-click shortcut menu has display features, most of which are reset during a subsequent screen
load. Choose "Maximize..." to temporarily enlarge the graph to full screen (maximize mode). Choose
"Export Dialog..." to set export size properties and export the graph to a picture format (emf, wmf, bmp,
jpg, or png) with export destinations including the clipboard, a printer, or a file.

11.5 Create Derived Type Log

Type Log datasets may come from offset wells or they may be created ("derived") from an interpretation
of horizontal well data that originally depended on an offset well Type Log. Because derived type logs
often contain more character about the strata being analyzed, they may be preferred. For example, an
area near a drilling pad may contain one nearby vertical well that is used for Type Log purposes during
the drilling of the first lateral pad well. A derived type log is then created after correlating the first lateral
pad well. Subsequent horizontal pad wells may be better served using this derived Type Log instead of
the original nearby vertical well log because the vertical well had much less exposure and more layer
averaging than what was gleaned from the horizontal well interpretation dataset.

Click ParamTuner toolbar button El to load a dialog from which to create a new Type Log dataset,
which is calculated/derived from signal from a selection of 3DSBs created in an interpretation. From
dialog "Create Type Log Setup", select all 3DSBs to be included in the dataset (multi-select is supported).
See pictures below for an example.
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SES sets the default value for "StratDepth at RSD=0" equal to the payzone top from an active type log, to
which derived RSD values are added when creating the new Type Log dataset. This default value may be
changed to some other number, but all resulting StratDepths should be kept as positive numbers to
comply with SES assumptions. After button "Create new" is clicked, a new Type Log dataset will appear
from Type Log screen (e.g., Type Log #2). From ParamTuner, button "TL" may be used to enable/disable
Type Log datasets currently displayed in ParamTuner.

11.6 Rescale LWD on RSD Tracks (Normalize Mode)

Sometimes Type Log and LWD data magnitudes are—for multiple possible reasons—significantly
different even though they represent the same LWD measurement (e.g., gamma ray). "Normalize Mode"
is a helpful feature to deal with this condition by allowing for Type Log and LWD data re-scaling through a
tunable transform process capable of linear and non-linear mapping.

Click ParamTuner toolbar button ﬂ to load a dialog from which to set/test parameters that transform
how Type Log and LWD data are plotted on the RSD tracks when option "Normalize Mode" is checked.
Data rescaling is performed mathematically in memory and directly within SES and without having to
create any additional permanent Type Log or LWD datasets.

B Set LWD Divisor/Adder for Normalize Mode_. x|

Normalize Mode may help to address scaling issues between
LWD and Type Log data. Setting Adder and/or Divisor values
below affect how LWD data are re-scaled in Normalize Mode.

IF Divisor=1 {Translate Left/Right Only)...
MEW | OLD LWD Plot Value = Value+Adder
Divisor| S0 a0 Type Log Plot Value = Value
Adder, 0 o IF Divisor<=1 (Non-linear Transform).
LWD Plot Value = (Value +adder) Divisor
Type Log Plot Value = Value/(Value @RSD=0)

Apply NDW’\L Cancel Appls & Close
by

?l Mormalize Mode refresh ParamTuner with current values|

From "Set LWD Divisor/Adder for Normalize Mode..." dialog, Divisor and/or Adder values may be entered.

If Divisor=1, then only LWD data are changed through an arithmetic translation controlled by the Adder
value. For this case, a linear left/right shift of LWD data with respect to Type Log data is performed.

LWD = LWDValue + Adder Typel.og = TypelL.ogValue

If Divisor<>1, then LWD and Type Log data are plotted as ratios as defined below. With this formulation,
the Type Log curve is essentially fixed and the LWD curve is transformed per the set divisor/adder
parameter values that are tuned by the analyst. Adder is often set to zero while Divisor is adjusted to
produce an acceptable new overlay of data.

LWD — LVVDVa? ug+ Adder TypeLog = TypelLogValue
Divisor TypeLogValueg e




The pictures below display signal examples using "Normalize Mode" with different transform parameters.

HEW NEW HEW
Divisor| S0 Divisor| 110 Divisor| 1
RAW DATA N1 Adder i] N2 Adder 30 N3 Adder 25
10 10 10 10
0 0 0 0
-10 -10 , =) v -10
) il

B s

-20 -20
.
) A
< < <
-30 -30 4 -30 -30 f
100 200 1.0 15 20 1.0 15 20 150 200
11.7 Critical

1.) ParamTuner is accessed through 10. SES Screen — GEOSTEER screen by double-clicking within a
3DSB# cell in Table or Tab view or by clicking ParamTuner button in Tab view.

2.) Structural domain, stratigraphic domain, and LWD domain data on all four ParamTuner graphs that fall
within the Active 3DSB MD Start to MD End range are colored magenta.

3.) Unlike most places in SES where "clicking-away" immediately saves information to SES Database,
o
with ParamTuner the analyst clicks the "Save" il toolbar button to permanently save changes to SES

Database. This facilitates experimentation and "Undo" il which frequently are needed during
calibration.

4.) How to address "erratic" 3DSB dip evidenced while dragging "END | DIP" line on 11.4.5 Inner/Right
RSD Track (RSD vs. LWD):

a.) If wellbore inclination angle is less than =50°, set dip to zero or approximate regional average true
dip and true dip direction azimuth values as determined from a relevant contour map over the
horizontal wellbore-path vicinity. Consider using the "Tie-on" Method to interpret the early landing
(see 16.4 Interpreting the Early Landing).

b) If 3DSB dip direction azimuth has been set approximately 90° different than wellbore azimuth AND
if true dip in the wellbore vicinity is low (e.g., less than =1.5°), change 3DSB dip direction azimuth to a
value closer to wellbore azimuth or simply make it equal to vertical section azimuth or its 180°
counterpart (see 16.11 3DSB Dip Azimuth...What should | use?).



c) If the total RSD range on 11.4.5 Inner/Right RSD Track (RSD vs. LWD) is large (e.g., 200 ft),
change the RSD Max/Min extents to create a smaller range (e.g., 80 ft or less) for enhanced mouse
sensitivity/depth-resolution.

d) Double-check that LWD and MarkerBed datasets are associated with the correct Survey dataset. If
an error is found, correct the disassociation and then re-interpolate survey from LWD and Geosteer
screens and try 3DSB calibration again.

e) If following all above suggestions does not resolve the issue, use the spin buttons 41 v 1o make
dip changes instead of dragging the "END | DIP" line on 11.4.5 Inner/Right RSD Track (RSD vs.
LWD). It could be that a more fine-tune adjustment is presently needed.

11.8 Hot Keys

>

>

Double-click within MD End to change its value to equal current Survey TD

Double-click within TVD to change its value to "snap" to the end of the prior 3DSB (removes fault
appearance between non-gapped adjacent 3DSBs)

Double-click within Dip Azi to manually toggle/"flip" its value 180° (this occurs automatically when
dragging "END | DIP" line)

Click-and-drag a horizontal selection on the structural cross section or LWD track beneath the
structural cross section to zoom a specific wellbore section (right-click for other related features)

Click-and-drag on either RSD track graph grid to adjust RSD Max/Min extents (first click in upper
half adjusts Max with up/down drag and release; first click in lower half adjusts Min with up/down
drag and release)

Double-click right/inner RSD track graph grid to enable/disable RSD Max/Min adjusting via click-
and-drag on graph grid

Press/release keyboard CTRL key to amplify/resume spin button default response (click and hold
down spin button with mouse while simultaneously pressing CTRL key to amplify response by
selected 10x|30x|50x amount)

CTRL+S (save and update displayed "Initial" values) El
CTRL+A (append new 3DStratBlock) ﬂ

CTRL+D (delete 3DStratBlock(s)...) ﬂ

CTRL+G (insert blocks into MD gaps...) EI

-
CTRL+B (return to SES screen) E

CTRL+F6 (in most Microsoft Office versions) or ALT+TAB to cycle between open windows



11.9 Tips
| TIPS

e The typical minimum data required to apply SES technical geosteering are directional surveys
from the horizontal well, type log gamma ray signal from an offset/pilot "vertical" payzone
penetration well, and gamma ray signal from the horizontal well. A geometric well plan (see 7.
SES Screen — PLANNER) can be quite helpful to initialize 3DSB #0 and to plainly see the
directional driller's target. THD first needs calculated to display a well plan in ParamTuner
because ParamTuner's structural domain graph is in the MD domain (not in a
projected/potentially-distorted domain like vertical section).

e |If technical geosteering is new for you, it is recommended to first analyze multiple historical
horizontal wells before applying SES geosteering to live horizontal drilling operations. In addition
to climbing the software learning curve and not being burdened with data lag issues inherent to
live operations, "practicing”" and geologic thought will introduce you to the geologic features that
are present in your field that without technical geosteering software analysis were likely not fully
appreciated.

e The inclination-build hole section and the lateral hole section penetrate the reservoir at unique
locations that are different than at the type log location! As a result, bed thicknesses and
dependable geologic marker depths may vary. After landing, a constant payzone stratigraphic
thickness is most commonly assumed and 3DSB dip is calibrated.

e SES technical geosteering does not have variable-dip-calibration application until the wellbore at
the start of the 3DSB is significantly inclined. Before significant wellbore inclination is attained,
normally control point TVD should be adjusted to map LWD signal onto the type log and dip
should be left at zero or regional average.

e ltis possible while geosteering to reach data analysis conditions where multiple different
interpretations are equally likely; at least until some other signal signature is evidenced later in
the wellbore. SES by design is setup to easily handle the management of multiple simultaneous
interpretations (Marker Beds). Geosteer screen "Add" (asterisk) toolbar button allows an existing
Marker Bed to be copied for subsequent alternative tuning/calibration and multiple cross sections
may be generated from Cross-Sections screen with each pointing to a different Marker Bed.

e All four ParamTuner graphs automatically resize to fill the screen. However, due to a Microsoft
Access form limitation, contained objects may only be resized to fill 22 inches vertically and ~22
inches horizontally.

e To display a payzone as thinning or thickening along the lateral due to significant stratigraphic
thickness certainty gleaned from nearby vertical well penetrations through the payzone layer
within a respective geologic environment (such as one with an erosional surface), change 3DSB
thickness (which is stratigraphic thickness) accordingly at different depths/3DSBs along the
lateral.

e Additional essential geosteering concepts are discussed in 16. GEOSTEERING TRADE
SECRETS.



12. SES Screen — THD

SES - [SE Demo v5 #3 (Geosteer)] -] B |

Fie Window Help =181 x|
[ units | Surfacex | Surface | Surface | Well Group | Wotes| _ Field | MD/TVDRef | MapZone | GL | Project |  Analyst | Analyst Company]
x || & B || ActveWell> IEE Demo & #3 (Geosteer) ] et 3974411 782132.7 362 Major 3 Stoneman B UM 340 Demonstraion | Mike Stoner _ Stoner Engineering Ll 555555555
Surveys | Planner| TypeLog | LWD | Geosteer THD | Cross-Sections |
igation Assistance - Technical iati ) & Fuzzy Drilling Direction Controller (FDDC) Steering Guidance
@] E|8] B[2] coieemo |
[Survey [Plan_|[THD, THD Logs, & FODC Steering Guidance “Denotes Planned Value
PR
i ‘ THD Logs & Birection Plots...
Side | ARight/Leftside || vb [Rovp | 1 | RaD [ WD [ReAD| AD [READ[| Tne | e | Am | o [ Tvor [ W [ W | E [ E [ Vers [ Verts" | _BIS =
10046.00 ToWardDROP20% TowardsLEFT 20% - 440 3 0.9 0.3 218 25| -L65 0.5 9004 033  179.28 576,73 6766.07 45485 49475 117272 115087 79457 7873 0.8
"] 10108.00 ' Towards DROP 60% NOCHANGE - 446 1 013 03- 1945 3 2m L8 8969 8982  1m.14 674,88 675704 5%563 5568 -117.33 115187 85385 84861 Lt
| 10140.00 | Towards DROP20% NOCHANGE - 434 4 030 0.5 1784 47 2682 05 8952 a8 1731 675010 675755 58862 58863 -L170.33 115239 88436 67350 0.0
| 1017100 TowardsDROPZ0% TowardsRIGHT 10% - 415 6 0.33 0.3~ 1650 47 271  0.3- 8343  8a.82  17.22 6750.3 6768.03  619.60 619.59 -l169.%0 -15230 91533 90843 0.
"] 10233.00  ToWardsDROP10% Towards LEFT 0%~ 4,32 086 04 1465 30 068 33 8872 8238 180.25 675133 6769.01 68155  65L54 116857 115390 97335 96833 3.
| 10326.00 TowerdsBULD20% TomardsLEFT30% - 285 15 103 0.5 1327 15 104 0.4 8823 8938 179,89 675381 677047 77455 77450 -1168.68 115541 1062.86 105921 0.
| 10420.00 TowardsDROP 0% TonardsLEFT 40% - 7.03 027 05 18 15 068 04 8367 S04 180.25 675,31 677034 668,51 86647 -L165.80 115694 115334 115005 L3
|| 1095100 TowardSDROPSO% Towards EFT 40% - 7.05 1034 200 L@ 12 08 00 0.8 0.4 180.25 675,23 677243 699,53 899.45 -l168.93 -1157.44 18321 118001 L€
| 10514.00 TowerdsBUILD30% TonardsLEFT 0% 6.50 133 27 1093 9 033 06 8881 9014  130.60 755,62 677342 962,53 96243 -1169.%0 115846 124396 124090 2.
| 10607.00 TowerdsBULD50% TonardsLEFT60% - 406 26 168 0.4 1082 1 015 06 8846 014 1BL12 6757.83 677483 105543 105540 -L170.79 115997 133381 133078 O
] 107100 TowardsBULDS0% ToardsEFT40% - 103 32 184  0.3- 1035 5 47 -L0 820 014 180.16 6760.57 670635 11843 -1149.36 -L17184 -115150 142452 142063 Lt
| 10763.00 TowerdsBULD30% TonardsLEFT 0% | 468 56 183 0.0 955 13 068 0. 8520 9013 180.25 676252 677733 121141 UL 117207 116250 146422 148LS5 Q.
| 1074.00 NOCHANGE TowardsLEFTS0% - 386 27 114 25 925 10 042 08 8399 9013 18051 6%63.28 677782 12240 124233 -1172.27 116301 151400 151151 2f
] 10826.00 TowerdsBULDS0% TowerdsEFT 10% - 320 20 123 0.3 881 14 121 25| 8880 8013 1772 676387 677832 127440 127431 17234 116352 15H91 154243 2.+
| 10867.00 TowsrdsBULD40% TowardslEFT30% - 213 <17 131 0.0- 775 -7 07 07- 8302 8933 1016 765,51 6779.23 -1335.38 -1335.08 -l17227 -116451 160557 160L3  L¢
7| 10929.00 ‘TowardsDROPSO% TonardslEFT20% | 133 21 084 51 219 13 077 00 8285 8201 1016 6%67.02 677994 1377.35 137726 -1172.30 116520 16400 16419 0.
| 1098100 TowardsDROP100% TonardsLEFT10% - 238 20 154 13- 641 15 095 0.3 8855  87.01 179,98 6763.65 678075 142832 1429.24 117245 116604 169404 169221 1,
] 11013.00 TowardsDROP40% TonardsLEFT80% - 283 17 0.45 5.3- 674 10 213 96 8.16 5331  183.06 6763.23 678L25 6130 146122 -L173.30 -1166.56  1725.04 172304 8
7| 11044.00 TowardSDROPSO% Towards(EFT70% - 288 -2 .08 0.3 801 4l 25 14 89.25 8931 183.50 676872 678L74 -1462.25 -1492.19 -1175.07 -1167.06 175531 175308 i<
| 1107400 ToWardsDROP20% TonardslEFT70% - 279 3 032 08 94 46 274 06 8399 8331 18367 670,18 678221 -1522,18 -1522.15 117695 -1167.55 178463 1758204 Lt
| 11167.00 TowerdsDROP 0% Towards LEFT 0% - 2.91 1023 06 1513 62 433 17 8378 8955 18526 577118 673367 161489 151484 118419 116905 1875.82 18717 1t
| 1126100 ToWardSDROPZ0% Towards(EFT30% - 275 2 .47  0.7- 2252 73 468 04 8908 8355 13561 677211 6785.14 170846 70863 -L183.03 -1170.57 196828  1362.33
| 11292.00 ToWardsDROPEO% TowardsLEFTO0% | 274 1 0.03 14 2507 83 475 0.3 8881 8854  185.69 677269 67563 173,31 173951 119,19 117108 1998.81 199219
] 11353.00 TowardsDROP10% TowardslEFT100% 2.1 10 049 0.3 3032 8 512 06 9013 %032 186.05 5773.25 673658 170,98 -1800.27 -1202.38 -1172.05  2058.90  2050.83
] 11447.00 TowerdsBULD 50% ToardsLEFTS0% - L2 -1t 0.88 0.6 3628 85 459 06 8934  S0.32 13552 573,63 6705.05 18330 189380 121186 117358 215147 214L.%
7| 11590.00 TowardsBULDS0% TowardsLEFT20% - 0.7 20 -L42 0.5 4579 s 468 0.1 s.46  sass 18561 6775.47 6789.51 -1986.05 -1986.57 -1220.87 -1175.08 22496 223L0S
| 11633.00 TowerdsBULDE0% TonwardslEFT80% - 255 19 080 0.7 528 76 405 0.7 .08 89.88 13490 6777.47 679097 20763 0727 -1229.% 117659 233442 232068
| 11726.00 TowerdsBULD20% TonerdslEFT80% - 270 2 035 12 5861 62 301 L1 8343 8308 13394 6778.68 679242 217131 217207 123670 1178.10  2425.61 2410.90
] 11772.00 TowardsBUILD 10% Towards LEFT 40% - -2.38 7 04 02- &8 34 080  A6- 8352 39.08 13183 678.10 679315 2217.27 -218.03 -1239.02 -1175.84 2470.45 245483
| 11519.00 TowerdsBULD 10% TowardsLEFT&0% - 201 & 044 00 6088 15 081 0.2 | 8952  82.08  18L7M §779.4  6793.88 226425 226501 -1240.98 117961 2515.06 250026
| 11912.00 TowrdsBULD30% TonardslEFT80% - 251 5 047 0.0 6269 19 L4 07 8325 8873 18235 678043 679535 235718 235797 -1243.80 118112 2606.40  2590.13
] 12004.00 "o % TonardslEFT20% - 133 13 100 6 632 65 0.8 23 &, 8.7 675127 679679 24815 2M9.83 124585 115261 2695.48  2579.04
| 12087.00 TowardsBULD 10% TomwardslEFT30% - 0.3 1t 0.30 0.8 - 6188 15 -L04  0.4- 8308 873 173,89 678220 6795.25 254215 254280 -1246.00 -1184.12 2785.01 2768.32
7| 12190.00 ' ToWardsDROPSO% TonardsLEFT20% - 0.64 10 091 07 5948 2 192 0.8 @69 sa; 17901 678319 679971 263514 263584 124511 118563 297426 2856.78
] 12284.00 NOCHANGE TomardslEFT10% - 151 8 021 07 5583 3 25 06 8899 887 1B4 678428 680119 272,10 2729.74 -1242.98 1187.15 206412 2949.57
| 12377.00 | TowardsDROP30% Towards LEFT 20% - 1.72 2 042 4. 5237 37 L34 08 8880 8873 1719 675558 630265 282007 -B22.66 -124L03 -1188.66 305305  3038.40
(| 12471.00 TowardsDROPSD% TowardsLEFT 10% - 2.38 7 074 07 401 36 2% 07- 852 387 1857 6787.25 680412 2916104 -B16.57 -1299.1 -110.18 314299 3130.19
"] 12565.00 ToWardSDROP70% TowardsLEFT40% - 108 37 255 19 4629 29 095 L5 9066 8811  179.98 67%87.14 630560 301003 01049 -1238.00 119171 323313 322L00
| 12659.00 ‘ToWardSDROPSO% TonardslEFT10% 218 35 148 41 4373 27 218 L3 8360 8811 1B.75 6786.93  6307.07 310402 310441 -1236,9 119323 3323.30 33L&
7] 12755.00 TowardsBUILD 20% TowardsRIGHT 20% - 167 -5 0.87 26 3301 -0 -35 L5 8.8 sa2 17735 6768.65  6808.55 315794 -3196.06 -1233.76 119476 341283 340254
7| 1284.00 TowardsBULD50% TonardslEFT10% - 013 17 0.88 0.0 3433 %0 218 L5 8837 8925 17.75 679137 6310.01 329035 329111 -1230.60 -1196.25 350138 349231
[T 12939.00 Famar 10% TomardsEFT20% 054 7 008 L0 3123 33 LG5 06 834 8225 1.8 6793.22 6831147 338381 3%403 129,00 119777 350,42 38215
] 13033.00 TowerdsBULDE0% TonardslEFT30% - 0.3 4 0.54 0.7 2% 27 1® 03 @72 a3 17 673457 631254 547780 347785 175,03 1199.30 3680.60 367257
| 1316.00 TowardsBULD 20% TowardsEFT 10% -  -154 6 0.8  0.4- 2591 -3 209 0.8 8908 8928 1784 6796.60 681940 35M.77 35781 -1236.72 -120080 376872 376282
"] 13157.00 TowerdsBULD 100% TonardsLEFT 3% - 203 16 183 56 2488 33 174 L1 8908 9101 17,19 6797.10 681489 60L76 360188 -1226.18 10131 379,40 379277
| 13188.00 TowerdsBULD90% TowerdslEFT30% - 304 33 185 0.3 2403 27 13 11| 8916 101 1754 6797.5 681538 363275 363286 122584 10181 Bm.14 38272
| 13213.00 TowardsBULD 100% TowardsLEFT 20% - 403 32 -L85 0.0~ 2321 27 -165 0.8 8316 8101 173.28 6738.03 631555 366375 -663.85 -121550 -10231 38558 5267
7| 13315.00 ToMards DROP100% TonardsLEFT 0% | 2,38 68 L6938 2085 25 L2l 0.5 048 e’ 172 798,33 681734 375.79 375778 122470 10384 HDVL BB
["| 1396.00 ToWardsDROPSO% TonardslEFT 4% - 385 16 036 14 1518 18 0.8 04 9075 0.3 130.07 6797.33 681880 385079 385071 -124.53 -1205.35 40357 403334
7] 13500.00 TowerdsBULD i0% TonardsLEFT60% - 246 15 0.26 0.7 1848 7 002 08 8555 8851 190.35 6797.50 6320.27 354472 BMET 120537 120687 4128.25 412418
7| 1359400 TowardsBULD60% TowardslEFT40% - 123 -13 123 -l0- 1785 & 068 4.7 8755 8881 180.25 630105 682175 <0366 -403.63 -126.35 -108.40 4213.83 421500
| 1385.00 ‘ToWardsDROP40% TonardslEFT40% | 001 13 004 L3 676 13 077 0. 8925 9921 18016 803,67 6823.23 413262 413259 126,69 120982 310,45 430586
| 13782.00 TowerdsBULD40% TowardslEFT30% - 031 3 040 0.5 1499 18 139 07 8381 8321 1754 805,27 682470 422661 422655 126,41 121145 4400.83 439670
] 13675.00 ToWaidsDROP70% Towards(EFT40% - 0.7 5 101  L5- 1345 20 086  0.6- 9022 8821  130.07 5306.06  6326.18 431060 432050 -1236.12 -121237 48121 #8754
13069.00 ToWArdSDROP0% TonardslEFT30% - 115 1L 022  08- 1.2 -2 -139 06 8943 89.21 17954 6306.35 682764 441360 41345 -1225.81 121448 4580.62 457740
PSRN TowardsDROP20% _Tonarcs FFT0% | 1% 3 013 01 984 24 1% 00 89.34 _ 89.21 1754 5307.00 682860 447460 447442 125,32 121547 433,19 43635
Record: 14| ¢ 133 > |1 [p+] of 133 Rl | »
IMeasured Depth e

12.1 General

Technical Hole Deviation (THD) mathematically quantifies spatial differences between planned and actual
well paths for the purposes of directional control monitoring and for supporting real-time rationalization of
tool setting adjustments that affect directional steering. SES Steering Guidance is calculated using THD.
"THD Logs" present THD in conventional well log format. Please see 14. TECHNICAL HOLE
DEVIATION & THD WELLS LOGS for more information about THD.

THD screen can be used to:

1.) Calculate THD for a Survey|Plan pair, with the option to inherit planned TVD and planned inclination
from an associated Marker Bed (geosteering interpretation) target line (“THD Geosteer Mode").

2.) Calculate steering guidance using the patented Fuzzy Logic Drilling Direction Controller (FDDC).
3.) Create and view THD Logs.
4.) View any Survey|Plan THD dataset for which THD has been calculated.

5.) Assist directional steering decision-making (e.g., tool setting adjustments, duration of slide/rotate
drilling modes, etc.).



12.2 Toolbar =¥ =[] Z|&| B[2/%| caoiaeno
Control Control Tip | Detailed Description

N/A | THD datasets may not be imported from an LAS file.

N/A | THD datasets may not be downloaded/imported from a WITSML server.

R4l KLY

*

N/A | THD datasets are not added from THD screen. Available THD datasets are controlled by
the available Survey and Plan datasets that exist for the current Well. THD is calculated for a
specific Survey|Plan pair.

N/A | Respective THD datasets are automatically deleted when Survey or Plan datasets are
deleted.

N/A | THD datasets may not be copied from another Well.

export THD data to LAS file... | Export the selected THD dataset to an LAS file after setting the
output path and filename. In addition to being CWLS LAS v3 compliant, LAS files generated by
SES are also created to present the data content in both space delimited and fixed width text
formats for greater versatility.

|4 |£

THD help | Display THD screen abridged help.
N/A | Sorting on MD is not applicable from THD screen.

(@[22 ]=

check Survey/Plan/Marker Bed for possible problems | Check the selected Survey, Plan, and
Marker Bed for conditions that are known or suspected to cause problems during or after the
calculation of THD. Sometimes called the "cat button”, the icon is actually intended to represent
two hands shaking. ©

Calaulate THD |(F6) Calculate THD | Calculate Technical Hole Deviation (THD) and directional

steering guidance for the selected Survey|Plan pair. For more introduction about THD please see
14. TECHNICAL HOLE DEVIATION & THD WELLS LOGS.

12.3 Other Functions/Features

[v| Use Marker Bed for Planned TVD Check "Use Marker Bed for Planned TVD" option if SES should use the
associated Marker Bed target line as the planned TVD and the respective 3DSB dip as the effective
planned inclination, in the calculation of THD. This is called THD Geosteer mode. The well plan's north,
east, and azimuth remain unchanged from the respective geometric well plan. In THD Geosteer mode,
column VD (vertical deviation) is equal to RSD (relative stratigraphic depth) +/- the respective depth offset
to the target line; in other words VD and RSD are parallel-offset values.

Marker Bed| 1 -] select the respective Marker Bed (Interpretation) to use in THD Geosteer mode.

Calculate FDDC

Steering Guidance Check "Calculate FDDC Steering Guidance" option if SES should apply the patented
Fuzzy Logic Drilling Direction Controller (FDDC) to calculate and report directional steering guidance.
Such results are displayed in the two far left columns labeled "A High/Low Side" and "A Right/Left Side"
within the THD data table. "A High/Low Side" is with respect to "vertical" trajectory control and "A
Right/Left Side" is with respect to "horizontal" trajectory control.

12.4 SES Steering Guidance

FDDC steering guidance is relative (how to change); not absolute. For example, "Towards DROP 40%"
could mean to continue drilling high side, but less of such is advised with respect to what occurred during
the last survey station interval and with respect to what in general is considered to be a very large
steering adjustment towards "changing angle" for the current bottom hole assembly setup. SES



calculated steering guidance is provided with each new survey station after sufficient well plan
inclination/azimuth are attained.

Two example Fuzzy Logic Drilling Direction Controller (FDDC) rules (of which there are 486 in total) are
detailed below.

TVD
l PLANNED ACTUAL
\ / PATH PATH
I‘I\u M"““‘t
- % T bit
ACTUAL ¥ %
PATH A PLANNED '
\ PATH
N \
bit .

| IF [m=VD] is <VERY HIGH>, AND
IF [RCVD] is <NEGATIVE BIG>,
THEN ATF,; should be <LEAVE ALONE>

IF [msVD] is <LOW>, AND
IF [RCVD] is <&ERO>,
THEN ATFy should be <BUILD SOFT>

msvVD

+b VL LO RO HI §VvH

bs DH | DH |JDH |PB

RCVD LA | DS | DH ||DH |PS

BS LA DS ||DH |ZE RCVD

BH BS LA DS (NS

BH | BH BS LA NB

msVD
A technical paper about FDDC steering guidance was published in 2003 (click here). A similar paper may
be found here. The respective U.S. patent document here is also quite informative.

For example, in the below picture, FDDC output steering guidance at MD (9306 ft) from THD VD (8.43 ft
high of plan) and RCVD (-79 ft/1000ft) and ID (5.51 deg low of planned inclination) and RCID (-6.1


http://www.makinhole.com/images/PDF/Stoner_FuzzyLogicForDirectionalSteering.pdf
http://www.makinhole.com/images/PDF/FuzzyLogic4DirectionalSteering.pdf
http://www.makinhole.com/images/PDF/Stoner_NumericalControlUnitForWellboreDrilling.pdf

deg/100ft) is..."Towards BUILD 60%"; in other words significantly more steering towards high-side is
being advised even though the wellbore is currently 8.43 high of the well plan.

!Survev Plan | THD, THD Logs, & FDD Controller Steering Guidance *Denotes Planned Value
Lise Marker Bed for Planned TVD Caloulate FODC
L S?___ A 4 Steering Guidance THD Logs & Directional Plots |

MD ' A High/Low Side ' A Right/Left Side |- {"f‘n | RevD | ID | RaD
Towards BUILD 50% § Towards RIGHT 10% = 8,43 79 -5,51
Towards BUILD EU%} Towards RIGHT 10%: 4,88 -110 -7.18
Towards BUILD 80%{] Towards LEFT 30% 0.84 -127 7.3
940100 Towards BUILD 100%!|] Towards LEFT 30% -3.15  -130 -7.49
9433.004Towards BUILD 100%# Towards LEFT 20% =% -7.46  -137 -7.96

"A High/Low Side" FDDC output is a % value with respect to what's considered to be a large respective
change. For example, if the last "Kelly-down"—or more-precisely the last measured depth distance
between two successive directional survey stations—the wellbore was largely drilled in rotary mode and if
steering guidance was then advised to be "Towards BUILD 100%", this could be interpreted as
suggesting that the next Kelly-down be drilled predominantly in a high-side manner, whether that be via
PDM TFO high-side sliding, or by rotary-steerable means. For another example, if the last Kelly-down
was largely drilled low-side and steering guidance was then advised to be "Towards BUILD 100%", this
could be interpreted as suggesting that the next Kelly-down be drilled predominantly in a rotary or non-
oriented/non-sliding manner (i.e., a large change from drilling entirely low-side prior). Thus, SES steering
guidance output is relative to what's considered to be a large change and it is contextual, i.e., with respect
to recent directional control actions.

7

If an SES user is using steering guidance to generally monitor directional control performance while
drilling, successive directional survey stations with repeated "Towards XXX 100%" may instigate
communications with the directional driller to determine the root cause, especially if still drilling the curve
before the horizontal landing. Even when drilling a horizontal wellbore that will be geosteered, the
geometric well plan is usually honored until =z 50-75 degrees wellbore inclination is achieved. If repeated
"Towards XXX 100%" is occurring while the live drilling wellbore is in the curve, there could be multiple
explanations ranging from a break-down in well plan communications and steering desires or simply a
bottom hole assembly that is not currently performing; or even a personnel problem.

Caution is often applicable when viewing steering guidance on an already-drilled well. Because well plans
may change frequently with varying levels of documentation, recreating what transpired during past live
operations can be challenging or effectively impossible without complete relevant records.

12.5 THD Logs and Directional Plots

THD Logs present technical hole deviation (THD) and other actual/planned well path values in a
traditional well log format. They may be created for geometric or geosteered well plans, dependent on
how the screen is loaded. Please see 14.2 THD Well Logs for more information.

THD Logs & Directional Plofs... Click "THD Logs & Directional Plots..." button from THD screen to load a

dialog to setup and generate THD well logs for the currently selected Survey|Plan pair.




THD Logs & Directional Plots: SE DEMO ¥4 #3 (GEDSTEER), Survey &3

— Change Log Scale ————— — Yertical/Haorizontal D eviation Projections [feet] ——
1.0 | l 3.0 5.0 | Project Vertical Deviation [mavD) by ilEIEI - I
15 | a5 | £ | Project Honzontal Dieviation [msHD by ilEIEI 'I

20 | 40 | Smalest |
28 | 4.5 | Largestl

—[ata Frocessing Frogress —————— — PRINTING

(1 Eueal Livk Faper Size on which to Print/Plot

e cll.ih..,_j. " [Letter (8.5 % 11 in] =1

L' Critizal DLS® Diata Wertical THD Lag

D erped Survey Data

G CE U Harizontal THD Log

O asutezcaling

[ e Vertical Section | Plan Wigw |
¥ Emphasize despest IZS% *I when &uto-zcaling THD Faci |
¥ Create Plan & Vertical Section Views to 5 cale

[T Automatically Process Well Data on Open [ Automatically Preview after Processing

Protess Wwiell [rata iPreview THE Logs & Direchional Plokz; ? | Close

THD Logs & Directional Plots dialog can be used to:

1.) Create a Vertical THD Log and a Horizontal THD Log to be viewed in Microsoft Excel.
2.) Print THD Logs or standard directional plots on the system default printer.

3.) Change the approximate MD scale of either THD Log.

4.) Affect the auto-scaling of THD log tracks.

5.) Project THD ahead of the last survey station (black line extension on THD Log).

6.) Assist with directional tool setting adjustment decision-making.

Frocess Well Data | Click "Process Well Data" to create the THD logs and directional plots for the loaded

Survey|Plan pair. An instance of Microsoft Excel is automatically opened and a temporary xIs file is
generated that contains the two well logs on two separate worksheets named "VD" (vertical deviation)
and "HD" (horizontal deviation). Various options exist to further customize the generated well logs.

Re-process Data | If certain display option values are changed after the THD logs have been generated,

the "Process Well Data" button will change to "Re-process Data". Click "Re-process Data" to effect the
applicable new option value settings and update the THD logs accordingly.

V' Automatically Process Well Data on Dpen Check "Automatically Process Well Data on Open” if SES should
immediately begin well log generation as soon as "THD Logs & Directional Plots..." button has been



clicked from THD screen. When this option is checked, "Process Well Data" will not initially be enabled
and a delay will exist before the above dialog or the THD logs are viewable.

Preview THD Logs & Directional Plofs Click "Preview THD Logs & Directional Plots" to attempt to switch to

Microsoft Excel to view the THD logs. With some versions of Microsoft Office or Microsoft Windows or for
other various reasons, the Excel application icon on the Windows Start row may instead just blink and
manual selection of Excel via mouse click or keystroke ALT+TAB is required to preview the THD logs.

V' Automatically Preview after Processing Check "Automatically Preview after Processing” if SES should
immediately attempt to switch to Microsoft Excel after the THD logs have been generated. This option is
often used in conjunction with "Automatically Process Well Data on Open" so that one click from THD
screen results in THD logs being "immediately” viewable.

¥ Emphasize deepest IEE% i I when Auto-zcaling THD Check "Emphasize deepest X%" when Auto-scaling
THD" to tweak the scaling algorithm in SES and thereby affect the resulting x-axis scale limits on the THD
log tracks (two right tracks).

— Change Log Scale
15 | 35| 55 |
20 | 40 | Smallest |
25 | 45 I Largeszt |

Click a toggle button to set the preferred log scale value. The displayed
options depend on whether the Well's length units are feet or meters. For example, toggle button value
"1.0" means to set the log scale to approximately 1 inch per 1000 MD feet; "3.0" means 3 inches per 1000
MD feet; etc. Toggle button values "Smallest" and "Largest" set the log scale to 2500 MD feet per inch
and X MD feet per inch (depending on the total MD range of log data processed), respectively.

Yertical/Haorizontal Deviation Projections [feet] ——

Project Wertical Deviation [meWD] by IlEIEI i I
Project Horizontal Dewviation [mzHD] by I 100 - I

- Select the length that the respective lineal deviation should
be projected on the respective THD log, or select option "none" for no projection. A projection displays as
a thick, black line starting at Survey total depth. Please see 14.2.2 THD Projections for more information.

— PRIMTING
Faper Size on which to Print/Plot
[Letter [B.5 % 11 in) |

Yertical THD Log

Harizontal THD Log

Yertical Section | F'Ian"-.-"iewl

THD Logs may be printed directly from SES to the default Windows
system printer. Select the preferred Paper Size if different than the default. Click "Vertical THD Log"
button to print the vertical THD log. Click "Horizontal THD Log" button to print the horizontal THD log.
Click "Vertical Section" button to print the vertical section view. Click "Plan View" button to print the
plan/map view.



[V Create Plan & Yettical Section Views to Scale Check "Create Plan & Vertical Section Views to Scale” if SES
should create the map view axes range and vertical section view vertical section axis range to be the
same. These industry standard graphs are located in the footer section below the log strips of either THD
log.

Example of well data, drawn to scale...
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Click "Reset" button to restore THD Logs & Directional Plots dialog settings to default setting
values. Setting values are automatically saved when the dialog is closed.

EI Display THD Logs & Directional Plots dialog abridged help.



ﬂl Click "Close" button to save setting values, close Microsoft Excel if it is still open, and return
to THD screen. To preserve a THD Log for subsequent reference outside of SES, save it from Microsoft
Excel using "File" menu "Save As..." or print the THD Log to PDF or the like, before clicking this "Close"
button.

12.6 Critical

1.) If the directional Survey, Plan, or Marker Bed (if applicable) data change, click "Calculate THD" or
press F6 to refresh the THD calculation.

2.) THD Geosteer Mode...THD when using a Marker Bed to determine planned TVD and Inclination is
only calculated at depths below the start of the first 3DStratBlock.

3.) THD Geometric Mode...If "Use Marker Bed for Planned TVD" option is not checked, the displayed
THD data table represents the selected geometric Survey|Plan pair.

4)) If a different Marker Bed is newly selected from the dropdown box, click "Calculate THD" or press F6
to refresh the THD calculation.

5.) Printing options from "THD Logs & Directional Plots" dialog apply to the Windows default system
printer. To change your system default printer, use Windows Control Panel.

12.7 Hot Keys

» F6 — same as clicking THD screen toolbar button "Calculate THD"

12.8 Tips
| TIPS

e The Microsoft Excel THD log template file is password-protected. Contact us if you require the
password to (carefully) make custom changes to the template file.

e The most common commercial application of FDDC Steering Guidance by geologists is to
monitor its output, especially during the landing phase of a horizontal well where the geometric
well plan is dominant. In general (landing or otherwise), repeated FDDC output at the 90% or
100% level should typically raise a "red flag" and may instigate communication with the
directional driller for clarification about deviation from the planned path. With good oversight and
communication some sidetracks can fully be prevented.

e FDDC Steering Guidance was calibrated to produce smooth steering adjustments (6 degrees per
100 feet or less) for minimum but realistic DLS variance.

e When using FDDC Steering Guidance with a Marker Bed (i.e., in THD Geosteer mode planned
TVD and inclination are determined by respective 3DSB properties), please realize that the
orientation of the leading 3DSB in real-time application is often subject to change as the
interpretation is fined-tuned with additional data. In this respect, "historical" observation of FDDC
Steering Guidance and what actually transpired during real-time operations may be difficult to
fully reproduce. This is not an issue when drilling a purely geometric plan, such as some
horizontal well landings or when drilling any general directional well where the target doesn’t
change during the course of drilling.
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In THD Geosteer mode (i.e., "Use Marker Bed for Planned TVD" is checked when THD is
calculated) planned TVD and inclination are mathematically defined by respective 3DSBs. Thus,
THD can easily be used to help fine-tune the horizontal landing and/or to enhance communication
with directional drillers. Vertical Deviation (VD) for example is the minimum 3D distance between
a directional survey station and the 3D target plane, which is defined by the parallel offset target

plane from the respective 3DSB surface. Based on current survey and target (3DSB) landing
inclinations, the build gradient in the landing can be fine-tuned on the approach using THD.
For example:

o 1) At 7050 ft MD, vertical deviation (VD) is 54.46 ft and wellbore inclination (I NC) is
72.63 degrees. The wellbore is already on target azimuth.

0 2) Current planned landing inclination (I NC* ) is 91.50 degrees as set by the calibrated
3DSB. Therefore, inclinational deviation (I D) = 91.50-72.63 = 18.87 degrees.

o 3)Question: What is the current revised build gradient to hit the target zone on
depth and on inclination?

o 4) Answer: It's easy with THD!

2
11459.15590261646 Sin('Dj
2)) 565

VD 1001t

= Tryto drill at 5.65 degrees/100 ft until the next directional survey station or 3DSB
calibration change, and then respectively repeat steps 1 through 4 to reassess.

By SES default—since a vertical hole doesn't technically have a high side—during a planned
vertical hole section, Vertical Deviation (VD) is actual North minus planned North and Horizontal
Deviation (HD) is actual East minus planned East.



SES v5.11

13. SES Screen — CROSS-SECTIONS

/) 55 - [SE Demo v5 #5 (Geosteer)] -] B |
Eie Window telp 17X
) | Units | Surface X | SurfaceY | Surfacez | wellGroup | Hotes [ _Feld | Project | Analyst |AnalystCompany| _ wiD
X || & B|em| ActveWell> FE Demo v #5 (Geosteer) | \ P [feet Much stratigraphy seen |Stoneman Demonstration | Mike Stoner | Stoner Engineering Ll 555555565

Surveys | Planner| TypeLog | LWD | Geosteer| THD  Crase-Gectians |
Create Geologic Cross-Sections

=R )5 @Fzmnmw 200 =] print... | EB ﬂ‘
‘Crasssecuon LComment [ST=1, Interp. #1(2014) Legal Size Paper | Paper{Legal -] wmmmi

Marker Bed SES Insets.

General Main Plot Settings
SURVEY MDMIN MDMAX TVD o lnatnxhased(mtsprmw) - [.wayldq)\ﬁew [ Display RSD Track. |
‘ 1 'I 10800 'I15DUD 'I 10725 |MIN I Target| .Dmm ] Bed Labels

Surveys' Plannerl Type Logl LD I Geosteer] THD £ Cross-Sections

Create Geologic Cross-Sections

| 4 x| 2|2 | @& 7 z0omereview[200 =] prin |_||

-| Cross-section 1 Comment iSI' #1, Interp. #1 (2014) Legal Size Paper ]Paper Legal -| Width| 9.95 v[‘
General Main Plot Settings rMarker Bed (Interpretation) Settings ————— SES Insets
SURVEY MDMIN MDMAX TVD | [Plot Marker Bed (Interpretation) | 1~ | e | [l Display Map View [l Display RSD Track
10800 ~ [ 15000 - |[ 10725 |MIN MTarget| | FOffsetBeds [ Bed Labels
orinc 0 ~|orSR 11050 MAX -Custom Imagesflogos ——————————————————
o = - [MIFill Beds w/color Fill Density| UltraFine | . 5
PLAN | 1 +| [IMajor Gridines [JMinor Gridines Display Images 2
Y [ Zone InfOut Stats [ Auto In-zone Start Y
.5.Mode [Mauto Min Max
LIv.s f”‘o DI 1w [ Annotate Survey MD Values []3DSB Number
W survey iz SheEE DExport Coordinates, Propertie vl Default ~| Ccsv '|
[V Survey TD Values (V] ¥ (0 M M M O o0 M&E&@ OO0
OPlotGRID [(interp  [(Exi=p ""Eﬂma rLWD Data along bottom/top of Cross-Section
~Center-Line Settings for Revised Planned Path Show LWD Curve Data WEREREE ) gure s oo
[Plot Center-Line as defined below gf||| o[ 1 ] Tack o[ -] Track | RO |5 <[ CIA]| B4 Apply MinMax
Minterp Mextrap MDefinition MRotated MjGAMMA 1 |- Blcurve £ 1li¥. - [ Apply Log10
Clparal tiee’ gy » 0o MIRESISTIVITY | 1 |~ | Dlcorve 2 1~ [ Constants
argliel Lines' Abov ED Belo D 1ErS ®rop 3 ~| Ocoves ik [ Axis Limits
D) Verical Section Azimt 304.42 Olicurve 4 1 v | OCurve 4 1|}
D Vs | Mort Olcurve 5 3 v | Ocurve 5 3~
Dip I"CI I o8 Oicurve 6 3 |v| Ocurve 6 3
Lip ] [CliGurve 7 3 I~ Olcurve 7 gE
DIR. DRILLER. [Dip &DipAzi &V.5.A, need set |[ | Cicurve s 3 |~ Olicurve s g
New v5.x session options (will become saved in v6)
{va‘m to Scale
Feady T

13.1 General

Cross-Sections screen creates wellbore path TVD vs. MD|VS cross sections with a plethora of possible
display options that incorporate multiple SES datasets and other custom features. Data contents options
include wellbore surveys, planned path, interpreted geologic beds, LWD curve data, center-line drilling
target for well plan revision, 3D grid surfaces interpolation, inset graphs and images, depth in zone
statistics, and more. An SES Cross-Section dataset holds the particular view settings of a specific cross
section. A Well may have multiple Cross-Section datasets for a variety of possible reasons. A cross
section is often displayed on-screen, printed to PDF, or its processed numeric data exported to a file for
transfer to 3rd party software.

CROSS-SECTIONS screen can be used to:
1.) Configure and display a full-well cross section for viewing/printing/data-exporting and screen capture.

2.) Plot a wellbore interval of TVD vs. MD or TVD vs. Vertical Section with Marker Bed dataset
(interpreted geologic payzone and offset beds) and automatic zone in/out statistics.

3.) Plot synchronized LWD curve data along bottom and/or top tracks of cross section, with optional
constant-value lines, axis min, axis max, and log/linear scale format inherited from LWD curve setup.
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4.) Control track position, track size, background, and gridline settings, on which up to sixteen LWD data
curves may be plotted.

5.) Plot associated well plan.

6.) Plot interpolated 3D grid surface(s) at wellbore-interpolated and at well path extrapolated locations.
7.) Post MD/Inc/Azi/DLS/TVD/VS/TVDss annotation at survey TD, MD annotations at select/fixed depth
frequency, and general user annotations at any MD and including rotated text, leader line, and font
control capabilities.

8.) Post a drilling center-line and parallel lines to convey a revised well plan and drilling window.

9.) Create and post up to two image logs from 8-sector azimuthal LWD data, with low/mid/high color
controls and three dimensions of smoothing controls.

10.) Post inset map view, inset correlation view (RSD track), and custom images/logos (jpeg, tiff, etc.).
11.) Toggle zoom from fit-to-page to 200% (or up to 1000%) at cursor by clicking cross section.
12.) Export cross section numeric data (e.g., coordinates, 3DSB properties, zone/completion summaries,

tops TVD) in CSV/LAS/XLS/TXT/PRN text file formats at high-resolution depth frequency or user-set
sampled depth frequency for use in 3rd party software.

13.2 Toolbar 2| ¥ [+Px| E| %] [&| ¥ zeompreview[0 =] prnt... | S| 2|

Control Control Tip | Detailed Description
E?l N/A | Cross-Section datasets may not be imported from an LAS file.

+ | N/A | Cross-Section datasets may not be downloaded/imported from a WITSML server.

Hl add Cross-Section | Add a new Cross-Section dataset and select it. When clicked, the user is
prompted to enter the Cross-Section dataset number to copy, or the user may enter 0 to start
from system default (blank) settings.

ﬂ delete Cross-Section | Delete the selected Cross-Section dataset (and potentially renumber the
remaining existing Cross-Section datasets). Cross-Section #1 may only be deleted if there are at
least two Cross-Section datasets before deleting Cross-Section #1. Cross-Section datasets are
numbered starting at #1. To delete Cross-Section #1 when there is only one Cross-Section
dataset, first Add a new Cross-Section dataset and then select and delete Cross-Section #1, after
which Cross-Section #2 will become Cross-Section #1.

N/A | Cross-Section datasets may not be copied from another Well.

N/A | Cross-Section datasets may not be exported to an LAS file.

Jio? [ |5

preview cross section | Create a cross section with the respective specified settings and display it
on screen for preview. SES uses the Windows Default system printer driver to display the cross
section preview on screen. The Default system printer should support the paper size selected for
the cross section.

V' Zoom Preview [ 200 7] zoom initial view | zoom setting | This SES custom user setting can be
used to set whether the initial cross section preview is zoomed or fit-to-page. Set/check "Zoom
Preview" option if SES should set the initial zoom level to a specific setting value. If this option is
NOT checked the initial cross section preview is fit-to-page.
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Q Click the cross section preview to toggle between zoom and fit-to-page. The zoom setting
value—up to 1000%—may also be changed/entered from the cross section preview through the
right-click shortcut menu.

6 To generate a hard copy or PDF print of the cross section it is often best to use the
toolbar button from Cross-Sections screen instead of using the right-click shortcut menu from the
preview.

Print. .. |send cross section to select printer | Click "Print..." button to load a dialog to select a system
printer and print the currently selected Cross-Section. Using this button is recommended to
generate a hard copy or PDF print of the cross section because it circumvents a known bug with
Microsoft Access that may arise when printing directly from the preview.

J send cross section to *default* printer | Send the currently selected Cross-Section directly to the
Windows system Default printer.

ﬂ CROSS-SECTIONS help | Display Cross-Sections screen abridged help.

Print...

13.3 Other Functions/Features

Paper|Letter ~[sojact the preferred paper size on which to generate the cross section. The Windows
system Default printer should support this paper size. Paper sizes supported include Letter, Legal, and
A4,

"'""r'dﬂ‘ Select the preferred width of the main cross section plot (TVD vs. MD|VerticalSection).
Landscape paper orientation and 0.5 inches top/bottom/left/right page margins are assumed and fixed.
Inset graphs may be positioned to overlay the main cross section plot or this Width setting may be
changed to effectively place inset graphs free-standing along the right side of the canvas as shown
below. The minimum width setting value is 5 inches.

= _'"_'_#.,.,,_._... ; .-:..1-."_‘-' ..._.IH- . n > - = *.r, . N e
ﬂ--—.'-“-q.-'-t.'v--'dhl'.'"'nlmm"‘- by A | ! W "':‘:’1” “:.11‘” H ‘ i |
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13.4 Cross Section Settings

The SES Cross-Sections screen cross section is a highly customizable, printable, custom "graph” that is
drawn entirely from scratch using only lines, circles, and text printing as has evolved over years of SES
use and is based on input from hundreds of oil & gas geologists, geophysicists, and petroleum engineers.
In other words it is not a commercial-off-the-shelf graph or chart object where the application simply feeds
the control with data and hopes for the best.

Cross-Sections screen is divided into six main sections and include access to other screens of respective
display setting features. These main sections include "General Main Plot Settings", "Center-Line Settings
for Revised Planned Path", "Marker Bed (Interpretation) Settings"”, "LWD Data along top/bottom of Cross
Section”, "SES Insets", and "Custom Images/Logos". Links to respective discussion are provided below:

13.4.1 General Main Plot Settings

13.4.2 Center-Line Settings for Revised Planned Path

13.4.3 Marker Bed (Interpretation) Settings

13.4.4 LWD Data along Cross Section (Standard Curves)
13.4.5 LWD Data along Cross Section (Azimuthal Image Logs)
13.4.6 SES Insets

13.4.7 Custom Images/Logos

13.4.1 General Main Plot Settings
-General Main Plot Settings =
SURVEY MDMIN MDMAX  TVD

&:.Iu.wu@ﬁﬂ

ar Inv:l_El_;l or SR

bApLan | 1 ~| ] Major Gridines [ ]Minor Gridines
V.5 Mode [#lAuto i | Max| |
vl Survey Annotations [#] Other Surveys

[#] Survey TO Values [#] [l [1 ¥ ] [#] (]
MPlotGRID [interp [Extrap Method| P-2zi ~|

A Survey dataset is required to generate a cross section. Most other settings are optional. Please note

additional General Main Plot Settings are accessible using the "other properties” button () circled
above.

SURVEY

E Select the primary Survey dataset (usually an as-drilled wellbore calculated from directional
survey data) to draw on the cross section, and from which some properties and pairings are inherited
(e.g., associated Grid dataset; THD). See "other properties" to set survey line width, survey line color, and
survey symbol size/color at directional survey stations.

MDMIN ~ MD MAX

| 9150 | 12950 x| Enter the Survey's measured depth minimum and/or maximum values to manually set
the survey data's depth range to include in the cross section as well to set the cross section x-axis
(MDJVS) scale limits. MD min/max dropdown boxes display survey station depths and other survey data,
but any MD may be entered. Normally, MD max is set to a value larger than planned TD to give right
margin space to the cross section.

Alternatively and mutually exclusively, a minimum Survey inclination angle ("Inc") may be
selected/entered as the means to set the MD filter.



™D
075 MIN

3250 MAX Enter the cross section TVD minimum and/or maximum values to manually set the cross
section y-axis (TVD) scale limits for the desired data presentation.

@ Alternatively and mutually exclusively, select the MD:TVD scale ratio ("SR") to affect the y-
axis (TVD) scale limits accordingly for desired/consistent fixed scale appearance.

el PLAN Check "PLAN" option to display a well plan on the main graph and select the
corresponding Plan dataset. The selected Plan dataset applies to the main graph and/or to the well plan
displayed on the inset map view (see 13.4.6.1 Inset Map View Properties).

To display a Plan using cross section MD mode, THD for the respective Survey|Plan pair must be
calculated (see "Calculate THD" toolbar button from 12. SES Screen — THD). THD need not be
calculated if using cross section Vertical Section mode.

The respective Plan must be defined/calculated with Planner screen. For information on how to most

easily and accurately transfer a well plan into SES that was designed by others, see 7.10 Tips (il).

See "other properties" to set plan line width and plan line color.

Major Gridines []Minor Gridines Check "Major Gridlines" and/or "Minor Gridlines" to display respective
gridlines on the main graph.

(V.S Mode lAuto 11| | Max] | Uncheck "V.S. Mode" to process the cross section using MD,
whereby the x-axis of the main graph is measured depth. Check "V.S. Mode" to process the cross section
using Vertical Section, whereby the x-axis of the main graph is vertical section. MD MIN and MD MAX still
apply regardless of V.S. Mode setting. Displaying information (e.g., plan, center-line, interpolated grid
data) at a wellbore/survey-extrapolated location normally requires Vertical Section Mode. "Auto" vertical
section axis extents may be overridden with manual min/max values by unchecking "Auto" and entering a
respective value into the respective text box. Azimuthal north reference (grid or true) is included in the
axis label if "V.S. Mode" is checked.

MEASURED DEFTH

].DEIIEII:I lD%SD lD?DD lI:ITI-‘SD
1 1 1 1 L] L] 1 1 L]

VERTICAL SECTION on Azimuth 0° [Grid]

250 500 750 l.DIDEI ].EISD 15|I:ID l.'r‘|5I:I

[¥] survey Annotations Check "Survey Annotations" to post text annotations on the \
cross section. Annotations are entered from Surveys screen (upper-right input \ i :
table) and associated with the Survey. See "other properties" to set a variety of 1“-.. : =
annotation display options including individual annotation show/hide, leader-line \
line width/length/color, annotation font settings, background, automatic MD ol i
insertion, and text rotation angle (default angle is perpendicular to survey at '
respective MD, but can be overridden at individual annotation level).



[¥] Other Surveys Check "Other Surveys" to post directional survey well paths from all Survey datasets not
equal to the primary one and not marked "Exclude". This option may be helpful when the primary Survey
is a sidetracked wellbore or if it is desired to see other Survey datasets in general, when applicable. This
display option affects both the main graph and the inset map view (if applicable). See "other properties" to
set line width/color of "Other Surveys" line(s).

[Vl Survey TD Values [ L1 Check "Survey TD Values" to post survey properties ~ fiSuvey

at current survey total depth ("TD"). From onscreen left to right, wellbore path options that ;4\_:12115..;;
may be posted include: measure depth ("MD"), inclination ("Inc"), azimuth ("Azi"), dogleg aEuE
severity ("DLS"), true vertical depth ("TVD"), vertical section ("VS"), and true vertical depth Tip s e
subsea ("TVDss"). Applicable units are industry standard, as chosen for the Well, and are Tv D -E145 55

reported in the cross section header next to "Units".

(IPlot GRID Minterp MExtrap Method|P-AZ = | check "Plot GRID" to interpolate the Grid dataset

associated with the Survey and display such surface(s) on the cross section. This may occur at wellbore-
interpolated locations (current depth range spanned by the Survey dataset) and at wellbore-extrapolated
locations (depth range beyond current Survey total depth and thus, speculative, since such true 2D
locations are not yet known).

bMinterp Check "Interp" to display interpolated Grid data surface(s) over the respective cross section
depth interval where Survey data are known.

MExtrap Check "Extrap" to display interpolated Grid data surface(s) over the respective cross section
depth interval where Survey data are NOT yet known, that is, at depths beyond current Survey total
depth. Cross section Vertical Section Mode is required for this display feature. Because the "future"
location of the actual wellbore is unknown in this "look-ahead" perspective, logic must be applied to
determine the forecast wellbore X-Y locations at which to interpolate Grid data for onscreen display. Four
methods are available for this purpose, as shown and described below:

of Cross Section
o Lontherwise from current survey TD along projected line at Current TD Azimuth

p-ysa | jwellbore extrapolation preference htherwise from current survey TD along projected line at Vertical Section Azimuth

Az interp grid from current survey TD along projected line at Current TD Azimuth

TRotated V54  |interp agrid from current survey TD along projected line at Vertical Section Azimuth

-L\WE Data along

"P-Azi" — interpolate Grid data at "future" X-Y's along the selected Plan. If valid Plan data are not
available for any reason at required locations of interest, interpolate Grid data at X-Y's along a line
calculated from survey (North, East) at total depth and oriented along the azimuth at survey total depth.

"P-VSA" — interpolate Grid data at "future" X-Y's along the selected Plan. If valid Plan data are not
available for any reason at required locations of interest, interpolate Grid data at X-Y's along a line
calculated from survey (North, East) at total depth and oriented along an azimuth equal to vertical section
azimuth.

"Azi" — interpolate Grid data at X-Y's along a line calculated from survey (North, East) at total depth and
oriented along the azimuth at survey total depth.

"VSA" — interpolate Grid data at X-Y's along a line calculated from survey (North, East) at total depth and
oriented along an azimuth equal to vertical section azimuth.

Depending on multiple factors including map view well plan complexity, closeness of drilling relative to
plan at survey TD, and the point of drilling progress along the general well plan, discontinuities
understandably may be present between "Interp" and "Extrap" surface(s) near Survey TD. Extrapolated
well path locations are always to some degree speculative and thus imperfect. Using Grid data "Extrap"
should be interpreted within the realm of general drilling guidance and various modeling uncertainties.



General — More Settings

B More Cross-Section Settings... i x|

g
General §Center-Line | Marker Bed | SES Insets | Custom Images I

i L B

Linewﬂl:hs Colors Symbol Color
SUrvey SL-IWE?@ i I H‘:’JI
Flan

Other Surveys |3
Grid at Wellbore Interpolation| 10 -
Grid at Wellbore Extrapolation| 1 - |

Survey Annotations
[ Auto-copy edits to ALL Annotations | Leader-Line Font & Other Options =
{Show| MD | Annotation Width | Length |Width | Height | BG Fil | Add MD |Auto Rotate |Rot Azi

. | 9390[7"Cs6 | 1=]ow=] 6-] 125 -] ves =] MNo -] | |
| 9751/STRONG SHOW | 1xjowz] 6=] 125 ) Yes =] Moz} |
| 11277/STRONG SHOW | i=jow=] 8= 2-|ves=| Yes~|
COLORS of SELECTED ANNOTATION: |Leader-line] 4] [Fontl 4] £
Record: 14] ¢ |] 1 v mlre]of 3

Cik; ik and Preview xSec |

As shown above, General Main Plot Settings have additional feature properties that are accessible

through the respective "other properties" button () from Cross-Sections screen. These properties are
described below.

6 With the intention of saving the user time ©, the dropdown boxes from all tabs of "More Cross-
Section Settings..." dialog (excluding those on subforms, such as "Survey Annotations" shown above) will
automatically "open" to display their options when the respective text box receives the focus. Clicking the
dropdown box itself ~linstead of within the text box effectively cancels the dropdown and may give the
impression that the dropdown box is not correctly functioning by effectively requiring two clicks. Therefore,
the quickest/best way to see dropdown box options is to click inside the text box portion of the
dropdown box from "More Cross-Section Settings..." dialog.

Line Widths Colors

Survey

Plan

Other Surveys

Grid at Wellbore Interpolation

s 1H Use the respective dropdown box to set the line width in pixels of
Survey, Plan, Other Surveys, Grid at Wellbore Interpolation, and Grid at Wellbore Extrapolation. Use the
respective color palette to set the line color of Survey, Plan, and Other Surveys. Note: Grid surface line
colors are set from GRIDS screen.

Symbol Color

survey| 10 - l€a| A soid circle is posted at directional survey stations on the main plot of the cross
section. Use the dropdown box to set the circle radius in inch 1000ths. Use the color palette to set the
circle color.
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A "Survey Annotation" is a general note associated with a measured depth (MD) \
of a Survey dataset. The note may be posted on the cross section with a leader \ 9
line connecting the respective location along the Survey to the start of the note \
text. Survey annotations are first entered from Surveys screen, upper-right input \\
table, and the directional survey then calculated. Survey annotations also display | \_._\T__
on Surveys screen vertical section view. "Survey Annotations” table on "More il
Cross-Section Settings..." dialog contains single annotation-level control of how annotations are displayed
on the main plot of the cross section.

SThe =

Survey Annotations
(] Auto-copy edits to ALL Annotations | Leader-Line Font & Other Options =
|sShow| ™MD |  Annotation Width | Length |Width | Height | BG Fill | Add MD |Auto Rotate |Rot Azi
9390(7" CsG 1= 0w =] 6+ 125 «|ves =] Mo~ [ ]
9751/STRONG SHOW i-] 00| 6] 125 -] ves | Mo~ [ ]
11277|STRONG SHOW 1-] 0w -] 58~ 2 x| ves =| tves - [ ]
COLORS of SELECTED AMMOTATION: |Leader-Line f;::)l Funtl f;::)l EI
Record: 14 « || N

[ ] Auto-copy edits to ALL Annotations Check "Auto-copy edits to ALL Annotations" to apply any single leader-
line or font/other property change to all other annotations.

COLORS of SELECTED ANNOTATION: [Leader-tine[ ] [Fontll 4] A piack arrow is displayed on the far left "row" to

indicate the currently selected annotation. To change the leader-line color or the annotation font color,
click the respective color palette button with the correct annotation selected.

Shaow

| Check "Show" to display the annotation on the cross section. Uncheck "Show" to hide the
annotation.

[ MD |  Annotation |

| |"MD" is the tagged measured depth and "Annotation" is the display text. MD
may not be changed from this screen, but instead may be changed from Surveys screen (upper right data
input table) and the survey then re-calculated when applicable. "Annotation" display text may be changed
directly from this screen.

Leader-Line
Width | Length
Select the leader-line line width in pixels and line length in inches.
Font & Other Options
Width | Height | BGFil | Add MD |Auto Rotate |Rot Azi
- - - v - . . .
1.25 I Yes No || Annotations are drawn with lines using a custom-

designed font we created, in order to enable rotated text capabilities. Select the annotation font line width
in pixels, and font height adjustment factor in fraction of default size. "BG Fill" is an option to place the
annotation on a white background. "Add MD" is an option to automatically insert the measured depth into
the annotation text. Check "Auto Rotate" to place the annotation parallel to the survey well path tangent at
the respective MD (the leader-line is perpendicular to the well path). Uncheck "Auto Rotate" and enter
"Rot Azi" (rotation azimuth) to manually set the rotation angle of the annotation text on the cross section.



13.4.2 Center-Line Settings for Rewsed Planned Path

-Center-Line Settings for Revised Planned Path -
[#] Plot CenterLine as defined below

Uinterp [WlExtrap [ Definition [v]Rotated
[l Parallel Lines .ﬁ.huvel ! Below| 5_| [ others

MO lljh_tiai Verical Section Azimuth i)

TVD|  9176| V.5 1045.39] Northing, 1045.39

Dip 1.4 Inc  91.40! Easting 30.93
Dip Azi 180|

DIR. DRILLER [@V.5.=0, Inc=91.40, TVD=9201.55 !
| .

Horizontal drilling operations may require planned well path revisions from time-to-time, such as during
the landing and/or after local geologic structure has been gleaned from geosteering interpretation. To
communicate a new well plan to operations, a fully bona fide industry-convention-following well plan may
be created using 7. SES Screen — PLANNER and displayed on the cross section. However, a simpler
alternative to accomplish this task—for cross section purposes when a sloping plane will work—employs
the SES "Center-Line" feature described in this section.

The "Center-Line" feature of SES Cross-Sections screen is more precisely described as a "Center-Plane”,
that is, a single general horizontal/dipping 3D plane that is "cut" along the actual survey/wellbore path
over the "Interp" interval and then for the "Extrap" portion is sliced along the vertical section line. The 3D
plane definition—defined like a 3DSB—is transformed into the lingo required by the directional driller, with
respective corrections into the apparent domain automatically made when applicable as math and logic
dictate.

Determining the preferred Center-Line orientation is a subjective and speculative undertaking.
Updating the planned drill path may occur once or twice (or even dozens of times) during drilling
depending on a variety of factors and on the drilling practices that have evolved in a given field. In some
cases simply a new inclination is provided to drilling personnel, but providing a line is always better than
providing a future point in space as the next "target".

Please note additional Center-Line Settings for Revised Planned Path are accessible using the "other

properties" button () circled above.

[v] Plot Center-Line as defined below Check "Plot Center-Line as defined below" to calculate and post a cut or
slice target line, derived from a 3D plane that represents a planned drilling surface.

Minterp Check "Interp" to plot the Center-Line along the surveyed portion of wellbore. For "Interp”, the
displayed Center-Line path is along the "as-drilled" portion and may therefore display curvature
depending in general on the non-linear nature of the surveyed path in map view. This is always true when
using MD Mode, but only true using Vertical Section Mode if the Center-Line Dip Azimuth is not set
parallel to the survey Vertical Section Azimuth. However, normally, Center-Line Dip Azimuth is indeed
chosen to be set parallel to survey Vertical Section Azimuth and is defaulted as such by SES.

VlExtrap Check "Extrap" to plot the Center-Line beyond survey total depth. For "Extrap”, Vertical Section
Mode is required and the displayed Center-Line path is a plot of the Center-Line plane at X-Y's along the
remaining portion of the vertical section line, that is, along the projected path between survey total depth
and the right-side axis extent of the cross section. Some data conditions may produce a visual

discontinuity in the Center-Line between "Interp" and "Extrap" because of the leap from actual X-Y at TD
to its coupled X-Y location along the vertical section line. However, often, for presentation purposes after



some tuning has occurred to determine the preferred Center-Line orientation, "Interp” is hidden and only
"Extrap” is displayed.

Definition [¥]Rotated Check "Definition” -
to post the 2D mathematical \ - E600

representation of the Center-Line on
the cross section, near the right-
side/end of the Center-Line. Check
"Rotated" to post the definition using
rotated text parallel to the Center-Line.
This feature allows for simple and
accurate communication with
directional drilling personnel, straight
from the cross section.

T
L 5525y

[+] Parallel Lines Abuueljl BelowEl

Check "Parallel Lines" to add one or a3
two parallel lines about the Center-Line
to help communicate a preferred
vertical drilling window. Enter the
preferred "Above" and "Below"
amounts—which are simply ATVD-up
and ATVD-down—to set the size of the T T T i ——
drilling window (see adjacent picture for '

an example).

6830

[¥lothers Check "Others" to display Center-Lines from all other Cross-Section datasets that post the same
Survey dataset. Because the Center-Line is stored with the Cross-Section dataset and because multiple
Cross-Section datasets may easily be created, a record of planned path changes may be preserved (if
desired) and post-well tendencies observed/analyzed.

MD 10000|  Verical Section Azimuth 0

™D 9176| V.5, 1045,39| Morthing| 1045, 39

Dip 1.4 Inc 91.40| Easting 30.93
ST 180 Enter control point "MD", "TVD", "Dip" and "Dip Azi" to

define a 3D plane (the Center-Line plane) that represents a planned drilling surface. "Vertical Section
Azimuth" is inherited from the Survey. "Northing", "Easting”, and "V.S." (vertical section) correspond to the
entered MD value and the Survey. "Inc" is the corresponding apparent inclination angle of the 3D plane
as sliced by the vertical plane defined by vertical section azimuth and at N=E=V.S.=0 (surface).

Normally, control point "TVD" and "Dip" are modified until the resulting Center-Line orientation is
preferable. This may require iterating with cross section inspection. Setting MD=0 is common.

If the Center-Line dips in the wrong direction (e.g., up-dip when down-dip is desired), toggle "Dip Azi" by
180 degrees by double-clicking inside the "Dip Azi" text box.

"Dip Azi" is normally chosen to be parallel to vertical section azimuth, and when so, the 3D plane
intersected by the vertical section azimuth plane is the Center-Line. However, any azimuth is supported.

DIR. DRILLER |@V.5.=0, Inc=91.40, TVD=9201.55  Text offsetting "DIR. DRILLER" is the mathematical

definition of the Center-Line plane along the vertical section azimuth plane. With this information the
directional driller (DD) can represent the analyst's preferred drilling path in the DD's software. This text
may be posted on the cross section.




Center-Line — More Settings

B3 More Cross-Section Settings...

Center-Line at Wellbore Interpolation
Center-Line at Wellbore Extrapolation
Parallel Center-Lines

Other Center-Lines

As shown above, Center-Line Settings for Revised Planned Path have additional feature properties that

are accessible through the respective "other properties” button () from Cross-Sections screen. These
properties are described below.

Line Widths Colors

Center-Line at Wellbore Interpolation
CenterLine at Wellbore Extrapolation
Parallel Center-Lines

COther Center-Lines

Use the respective dropdown box to set the line width in
pixels of Center-Line at Wellbore Interpolation, Center-Line at Wellbore Extrapolation, Parallel Center-
Lines, and Other Center-Lines. Use the respective color palette to set respective line colors.

13.4.3 Marker Bed (Interpretation) Settings
-Marker Bed {Interpretation) Settings —
[ Plot Marker Bed {Interpretation) | 1 ~|
[ Target| 5| MlOffset Beds [¥] Bed Labels
[AFil Beds wfcolor Fill Density|  Fne -]

Zone InfOut State [AAuto nzore Start|

Annotate Survey MD Values [ 3058 Number
L1 Export coordinates & properties |= =0t _;I

A "Marker Bed" dataset refers to a collection of 3DStratBlocks (3DSBs) that defines one geologic
interpretation of strata, as calibrated using ParamTuner (see 11. SES Screen — GEOSTEER —
ParamTuner). At a minimum there is a single "payzone" layer with a top and base and "target line" or
"sweet spot" horizon between the top and base. Above and/or below the marker bed surface, multiple
additional layers are normally stacked for stratigraphic cross section visualization. Please note additional

Marker Bed (Interpretation) Settings are accessible using the "other properties" button (
above.

) circled

[7IPiot Marker Bed (Interpretation) | 1 -] check "Plot Marker Bed (Interpretation)” to plot the primary

payzone layer, as currently calibrated. Select the Marker Bed dataset of interest to process and draw on
the cross section. See "other properties"” to set line widths or MD annotation properties to further
customize the appearance of the view.

Ta"g‘at[ﬁl Check "Target" to display a target line within the primary payzone layer. To change the
target-line line color to be different than the payzone layer color, click this color palette button. See "other
properties"” to set the target-line line width in pixels.



[¥lOffsetBeds Check "Offset Beds" to display stacked beds/layers about the payzone layer, as configured
for the Marker Bed. Offset bed properties are set from Geosteer screen, Tab View, Bed Thickness &
Color tab. See "other properties" to set the offset bed boundary line width in pixels.

BedLabels Check "Bed Labels" to post defined bed/layer/zone names on the cross section.
Bed/layer/zone names are entered from Geosteer screen, Tab View, Bed Thickness & Color tab. Label
font color is inherited from the respective layer color and is automatically altered if insufficient contrast
difference against a white background is detected.

[FIFil Beds wjcolor Fil Density]  Fire ] check “Fill Beds wicolor” to shade each layer's region with

colored vertical lines across the display. Select a "Fill Density" from the dropdown box to set the effective
frequency of vertically drawn lines used to create the shading appearance. See "other properties” to set
the fill vertical-line line width in pixels.

Zone InfOut Stats M Auto [2oreStrt] | check "Zone InfOut Stats” to Mle Tes00

compare the Survey path to the geologic interpretation and report the amount of V5281157

wellbore length—and its percentage—drilled in each defined bed layer. The trigger PAY: 1171 Mt (SE%)

to start assessing zone statistics (reported as "FirstDepth") is automatically St P 400 Mt (19.1%)
determined if "Auto" is checked. The auto trigger mechanisms include: any Survey FirstDepth: 5507 i

MD within the payzone layer or deeper; TVD decreasing (i.e., up-dip drilling); or mesiheRn 180T
survey inclination decreasing after 80 degrees wellbore inclination has been reached. Uncheck "Auto" to
override auto and manually enter FirstDepth. Entered bed layer names are used if available, otherwise
SES-generated zone names (Upl, Dn2, etc.) are used. Any wellbore length penetration below the

deepest defined layer is termed "Out_Base". Zone stats are posted under "Survey TD Values".

[l Annotate Survey MD Values Check "Annotate Survey MD Values" to
post MD as annotations along the Survey wellbore path. This
feature is available in both MD and Vertical Section Mode. The
leader line is drawn perpendicular to the Survey wellbore path at
the respective MD (see adjacent picture for an example). See
"other properties" to set a variety of display options including
leader-line line width/length/color, font settings, background, and
the delta-MD posting interval.

(13058 Number Check "3DSB Number" to post the 3DStratBlock
number along the cross section at roughly the payzone layer height
near the start of the 3DSB. Please see adjacent picture for an
example.

=
=]
a

[+ Export | Coordinates, F‘rl:-pertiej DEfElLIHj CS'-.'j

C1 L1 L Click "Export" and then Print-Preview button &I to
generate a text file populated with data from the cross section. This feature has multiple options and file
formats. Please see 13.5 Export Cross Section Data for 3rd Party Software for in-depth discussion.
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Marker Bed — More Settings

B More Cross-Section Settings...
1ﬁ_'_— - —=

Marker Bed S Insets | Custom Images

Line Widths Survey MD Value Annotation Properties
PAYZONE Top| 3 - Leaderine Fant & Other Options

TARGET Line| 10 - Annotation Color Width Length [Color Width Height BGFI  Other

PAYZONE Base| 3 » SurveyMDl ! 1 -] 0.10 ~[lwal & - 1=] No=] 100+
OffsetBeds| 3 - el 1] e

Al 1~

_. General | Center-Lind

As shown above, Marker Bed (Interpretation) Settings have additional feature properties that are

accessible through the respective "other properties" button () from Cross-Sections screen. These
properties are described below.

Line Widths
PAYZOME Top| 3 =
TARGET Line| 10 =

PAYZONE Base| 3 v
OffsetBeds| 3 =

Al 1] yse the respective dropdown box to set the line width in pixels of payzone top, target
line, payzone base, offset bed boundaries, and vertical fill line.

Leader4ine
Color Width Length

) 1x] 0.10 2 Set the leader-line line color using the color palette button. Select the leader-line line
width in pixels and line length in inches.

Font & Other Options
Color Width Height BGFill Other
G| 6 x 1 -] Mo -] 100 7] MD annotations are drawn with lines using a custom-designed font we

created, in order to enable rotated text capabilities. Set the font color using the color palette button. Select
the font line width in pixels, and font height adjustment factor in fraction of default size. "BG Fill" is an
option to place the MD annotation on a white background. The MD annotation orientation is parallel to the
survey well path tangent at the respective MD (the leader-line is perpendicular to the well path). Under
"Other", select the uniform frequency at which to post MDs on the cross section.
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13.4.4 LWD Data along Cross Section (Standard Curves)
-LWD Data along bottomftop of Cross Section

Shaiw LWD Curve Data Track{s) Setup Curve Options
two| 1 -] Trak LwD =] Track top (3)(S ~J[] (] Apply MinMax
BAlGAMTA 1 =] Olcored =] | below(9IM 1 ] Apply Log 10
MREsisTIVITY | 1 = Ocuve 2 T ~| [Shove @M - [v] Constants
Mroe 3 = Cllcurve I | |bottom ()| M = | G L] [ Auds Limits
Cllcure 4 1 =] Ollcurve 4 1=
[Clcure:s 3 =| Ollcure:s 7 - | [O8-Sector Azimuthal Image Log
Cllcurve s 3 = Olleurve s 3 - Track Smooth Ansten MHExE]
Ellcurve 7 3 = Ellcurve 7 3 =] 1w {3 - il % gal 3 5 =] s~
Cicurea 3 =| Ollcurve 8 3 =] 1wD 45 =] 5w 3 =5 = 5 o

"Logging While Drilling" (LWD) data in SES are any quantitative MD-associated measurement to be
graphed on a cross section. Data from LWD datasets may be plotted as regular line graphs or as
azimuthal image logs. LWD data are graphed near the top and/or bottom of the main cross section plot.
Up to 2x8=16 LWD data curves in any combination may be plotted on one to four tracks.

[¥] Show LWD Curve Data Check "Show LWD Curve Data" to plot respective LWD data curves and/or
azimuthal image log(s) that are checked to be graphed.

=
+i
ﬁ
=
(51}
il

; 1
.|5-.1:_1.-|11||- 1 &) Ellcurve 2 2|5
[l cop 3 =] Ellcurve 3 15
Elcurve 4 1 =] Elcurve 4 1
EllGurve 5 3w |:|Cur1.'£ 5 3w
g P = g P = -1 Data from two LWD datasets may be plotted on a cross section;

thus, up to 2x8= 16 curves. Select the desired LWD dataset from the dropdown box to list its data curves.
Check the box just left of the curve name to display it; select the track from the dropdown box to control
where the respective curve is plotted.

b iismey ] TRACK3 wany

Track J.W[i_i

W:ID

top

4 below top "
2 above bottom | JissA w“” = TRACK 1
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Track(s) Setup

top (35 | [1

pelow (4| M =

above (23| M 4 ] [+

bottom ()M —§ M[1

SES v5.11

"Track(s) Setup": four tracks are available on which to graph LWD data on the

cross section. Track 1 ("bottom") runs along the bottom of the main plot. Track 2 ("above") is stacked
above Track 1 (or above where Track 1 would exist if something was being posted on it). Track 3 ("top")
runs along the top of the main plot. Track 4 ("below") is stacked below Track 3 (or below where Track 3
would exist if something was being posted on it). Only tracks currently in-use are enabled.

AUV E ) 1T T e

bottom (1)| M & 4 [

Two display options accompany each track: "show gridlines through track" and

"show gray background behind track". If "show gridlines through track" is checked and if major gridlines
and/or minor gridlines are checked under 13.4.1 General Main Plot Settings, then the respective track
will essentially share gridlines with the main plot. If "show gray background behind track" is checked, then
a border around the track is displayed and the area filled with a gray background. Examples of the eight
possible combinations are provided below.

GA&MMA

W/\IQ

' ' ' ' ' '
L
I 1 1 1 1 '

I 1 1 1 1 I
o
f
k

o

T R A
' ' ' ' '
1 1 1 1 I
e e e

2300 2750

9250
GA&AMMA

9350 2500 2750
[T, T S Y M S S A

] | 1 1 1 1 '

1 | 1 1 1 1 I
Lo hochodbodoobooso

] ' ] ] 1 1 '

1 1 1 1 1 I
F=-1-- e e I

1

—T — T T
2300 2750
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Curve Options

Apply Min/Max

Apply Log10

Constants

MlaxisLimits  "Curve Options": multiple display options are available to control various attributes of the
LWD curve data presentation.

"Apply Min/Max" — check this option to truncate curve data to its minimum and/or maximum values as
configured for the respective curve from LWD screen. If unchecked, axis limits are auto-scaled to display
all curve data without margin and axis limits are single curve dependent. This option also accordingly
affects image log generation.

Q If data from focused/azimuthal tool measurements are being graphed as standard curves, "Apply
Min/Max" should be checked AND identical Min/Max preferred values should be entered for each
respective LWD data curve from LWD screen to ensure apples-to-apples comparison of like signal.

"Apply Log10" — check this option to enforce a Log10 scale format if the LWD data curve is configured
for such from LWD screen. If unchecked, all curve data are plotted on a linear scale. Log10 and linear

LWD data curves may be displayed on the same track. Gridlines are not affected by this setting. In the
example below, Gamma is plotted on a linear scale and Resistivity is plotted on a Log10 scale, and no
Min/Max values are set.

Curve lllGnMM.ﬁ. vI Curve 2 o
w6 = leallon O] w6 [ elLog DLW &
Min Tax fi MinMax] |/ || Min/Ma:

T35 T I

204304

T T T T 1 T T T T T T T
11000 11500 13000 13500

"Constants" — check this option to post a horizontal line at constant values entered for the respective
LWD data curve from LWD screen. See green line in picture below.

"Axis Limits" — check this option to post labels of the respective LWD curve axis min/max limits at the top
and base of the respective track. See "477.3" and "0." in picture below.

GAMMA

9230 2500 5730 10000 10250 10300
MEASURED DEPTH
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13.4.5 LWD Data along Cross Section (Azimuthal Image Logs)

Ims

ILIM'.};"H

v JWW ? P o MW .r‘- % al T =

- e o e

LWD data from azimuthal signal measurements—of gamma ray, resistivity, etc.—may be presented in
image log format on one or two tracks of the main cross section plot. A borehole image log is a
representation of scalar data in a special format that provides insight about how measurements vary
circumferentially about the wellbore and along the wellbore.

As shown in the adjacent sketch, typical convention for 8-sector 8-SECTOR AZIMUTHAL DATA
data is sector one is wellbore high-side ("top") and sector 5 is

wellbore low-side ("bottom"). Image log pixels corresponding to (T)OP

MD and azimuthal location about the wellbore are colored in

proportion to signal magnitude, thereby enabling the analyst to
observe contrast differences between—maost importantly—high-
side and low-side readings. On the above image log where MD
increases from left to right, the upper and lower edges of the
image log correspond to the top of the wellbore and the center of
the image log corresponds to the bottom of the wellbore.

Azimuthal LWD borehole measurements may help discern and/or
confirm wellbore stratigraphic location at MD, for example, when
high-side and low-side values significantly differ near a suspected
stratigraphic bed boundary. This type of clarity is possible to (B)OTTOM
obtain through an image log or through direct graphing of high-
side and low-side measurement values. However, an image log makes for an entirely different visual
experience and has other attributes of value. To learn more about general borehole imaging technology,
please see Atefeh Shahinpour's September 2013 thesis.

Q If only 4-sector (up/down and left/right) azimuthal data are available, make sectors 2=8=1 (high-side)
and sectors 4=6=5 (low-side) to produce a similar image as would 8-sector azimuthal data. This data
manipulation can be performed within SES when importing LWD data from LWD screen or through
column copy/paste from LWD screen.
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In SES, data smoothing in three dimensions is performed in order to generate an image log for specific
display from "raw" numeric sector-at-depth data. The smoothing dimensions include MD, azimuthal
binning at which to interpolate to produce data between known sector values, and then with respect to
horizontal pixilation control on the canvas. The analyst has control of three smoothing parameters and
color spectrum characteristics.

~LWD Data along bottom/top of Cross Section

[¥] Show LWD Curve Data Track{s) Setup Curve Options

two| 1 -] Track LwD =] Tradk top (3} M =} 00| [ Apply Min/Max
Mieroi{arn) |t =] Ojcave T 1 -] [below(5|M 7 [v] Apply Log10

Clleroz(aen) | 1 =] Clleure 2 1 -| [Zhove @M - [v] Constants

Cleroa (&P | 1 =] Clicire3 I - | |bottom (D) M - | (]| [ Aus Limits

|:||' 1= |:||Cur'u'E-”. 1 -

[Pleros (AT | 1 = Clcurve's 7 - | [#8Sector Azimuthal Image Log

[llGRos (APT) | 3 = Clcurveé 3 - Tradk Low Mid High Smoocth AziStep MHPixel
O 3 =] Oicurve 7 o) twnl 1 -3 ] P walllzal 3 -] 3 <] 3~
[llcros (arT) | 3 = Olcurveg 3 -] wwo “a - oyl eal eal 3 -5 - 5=+

[v] 8-Sector Azimuthal Image Log Check "8-Sector Azimuthal Image Log" option to display an image log on the
main plot of the cross section.

Tradck
LwWo| 1 ~|3 -
o =1 " 1 Select the LWD dataset from the dropdown box that contains LWD 8-sector azimuthal

signal data from which to generate an image log. One or two image logs may be generated on the cross
section using the same or different datasets. Select the respective track on which to post the image log.
Using the same LWD dataset on two different tracks allows for faster experimentation with altering display
options described below. To clear/remove an LWD dataset selection, delete its number from inside the
text box.

Q LWD Curve 1 should contain sector 1 (high-side) data, Curve 3 should contain sector 3 (right-side)
data, Curve 5 should contain sector 5 (low-side) data, and so forth. LWD Curve 1 Min/Max overrides
control of all sector curve data during image log generation and the color spectrum extents, when curve
option "Apply Min/Max" is checked.

Low Mid High

S S0 5 The image log color spectrum varies from white (0%; minimum) to black (100%;
maximum). "Primary" colors within the color spectrum may be set using the respective color palette button
for "Low" (25%), "Mid" (50%), and "High" (75%). An SES algorithm then colors pixels accordingly.

u ‘u ‘u |
l .
Smoath

Select a "Smooth" value to control data smoothing in the MD domain. This value represents the
window size—number of data points—for central moving average smoothing. Select 1 for no smoothing.
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AziStep

Select an "AziStep" value to set the azimuthal bin size in degrees. For example, 8-sector
azimuthal data has known values at every 45 degrees. If azimuthal bin size of 15 degrees is selected,
there will be 360/15=24 bins about the wellbore of which 8 are inputs and 16 are calculated with
interpolation. This parameter affects the image "pixel" in the "vertical" direction.

MHPixel

Select an "MHPixel" value to set the minimum horizontal "pixel" width in inch 1000ths. Discussion:
MD and azimuthal binning generate "raw pixels", "horizontally" and "vertically”, which are then again
"lumped" horizontally to be displayed on the cross section. This final lumping step depends on the total
MD range of displayed wellbore and essentially the physical length on which the image log is printed, in
order to create a reasonable display memory-size-wise. Large total MD range and a small MHPixel
setting value may require significant on-screen video resources and generate relatively large cross
section PDF file sizes when printed.

Over roughly 400 feet of wellbore, two example color setups (with identical gamma ray data and
smoothing settings) follow.

[v] 8-Sector Azimuthal Image Log

Track Low Mid High Smooth AziStep MHPixel
o 1 |3 -] wal sl 3 -3 -] 3-
two 1 |4 ~-leal sallzal 3 -3 -] 3-

HEARREED I?lﬂ'-“'l'll

14338 TR ta s 12138 - TR
f 13RED

pFL ]
:-J:'ICI'.
T
¥
B
i H-]
=_Tﬁﬁ
l 1
i
v
Ll
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(S (e Hib i ﬁ'!;a e .' Pn"".J'M'.I?J n I\r _ !IT--“.-" e / ,.:-, .# I w’l
) v LA L v |
1 1ot ut."l'-u.,r _.N'-’f“ll.ll f
L e e e R e AR e e e e
1 i s sie jean sekag T - I I [t PR B WHE 1 M TR

©1999-2015 STONER ENGINEERING LLC 176 www.makinhole.com



SES v5.11

13.4.6 SES Insets

SES Insets
[+#] Display Map View [ Display RSD Trac

VERTICAL SECTION on Azimuth o

1500 1750 2000 rIEn 2500 17E8 000 3280 3500 3750
4 = = — ——— — = | | | ! | —anys
T Y
RSO vs. LWD
200 a0
aQ +— Q100
o
= @125
T
v
[
IIh-.lll L T e e BT
W0 11600 2154
NC 91 442
DLS 0.75
VD L4E.66
W5 2611.57
PaY: 1172 Tt [56%)
Z: 521 Me{24.9%)
Out_Bass: 400 i {19.1% s
FirstDapth! 9507 T
LastDepth: 11600 ft
%, ' ' N
% Wak W IEW .
% o TROE HabE v
(1]
| "rf- - sain | : ]
LT
L4 | |Hfpzas
1naak |
| b )
1y \
a
]
L W
J ] i ] L ] ] D250
1500 1750 2000 2250 2500 2750 E000 3250 3500 750

An "SES Inset" is a free-standing graph of information with coordinate axes that are independent from the
main plot of the cross section. The inset may be aligned to overlay the main plot or it may be configured
to reside along the right side of the canvas (by reducing the width of the main plot).

All SES Insets configuration settings are accessible through the "properties” button () circle above
from Cross-Sections screen. Two insets are currently available: a map view of directional surveys and
well plans, and a log strip that presents a look at the geologic interpretation in the relative stratigraphic
depth (RSD) domain. Their display settings are described in the following sub-sections.
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13.4.6.1 Inset Map View Properties

B More Cross-Section Settings... 3 .| ﬁl

Title—=|MAP VIEW

Letter Presets—:>| -
[ Survey Stations  Line Widths Colors Symbaol Color Width| 2.25 - |Top| 4.87 -
[v] Plan Survey| 10 - {5 Survey| 10 ~ [l Left| 7.35 =

Flan| 10 - [l %)l

Ok Ok and Prewview xSec

Inset Map View provides a top-down horizontal view of the Survey and Plan. The inset may be arbitrarily
sized (width equal height) and the top/left corner coordinates may be set for inset placement on the
canvas. Inset Map View properties are described below.

Title-—>|MAP VIEW | Enter text into "Title" to set the main title on the inset map view.

survey Stations Check "Survey Stations" option to post unfilled circular symbols at directional survey
station locations.

Symbol Color

survey| 10 - %3] Select the circle's radius in inch 1000ths from the "Survey" "Symbol" dropdown box
and use the color palette button to control its color.

Line Widths Colors

suvey| 10 =[] 3]
A line is posted along the path of the directional survey. Use the dropdown box to set
the Survey line width in pixels. Use the color palette button to set Survey line color.

Plan Check "Plan" option to post a line along the planned path.
Line Widths Colors

Plan| 10 | Use the dropdown box to set the Plan line width in pixels. Use the color palette button
to set the Plan line color.
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Enter or select the inset width ("Width") in inches. Inset height is made equal to inset
width. See "Letter Presets” below.

Top
Left

4,87 =

735 =

Enter or select the top ("Top") and left ("Left") inset corner coordinates in inches to control

the placement of the inset on the canvas. See "Letter Presets" below.

Letter Presets—= || -~ |
Reference |whidth [Height[Top  [Left  «
Small (V-top,Heft) 200 200 0.75 0.00
Small {V-top,H-center) 200 200 |0.75 | 3.80
Small (V-top,H-right) 2.00 200 |0.75 @7.60
small (v-middle, H4eft) 2,00 200 294 |0.00
small (v-middle,H-center) 200 200 294 380
Small {V-middle,H-right) 2.00 2.00 294 |7.60
Small (v-battom, Hleft) 2,00 200 512 |0.00

small (vV-bottom, H-center) | 2.00 |2.00 |5.12 |3.80
Small {v-battom,H-right) 2,00 200 512 7.60

Medium {V-top,H4eft) 3.00 3.00 0.75 0.00
Medium (V-top,H-center) 3.00 300 075 330
Medium (V-top,H-right) 3.00 300 0.75 6.60

Medium (V-middle,H1eft) 300 300 244 0,00
Medium (V-middle, H-center) 3.00 3.00 244 3.30
Medium (V-middle, Hright) 3.00 300 244 6.60
Medium (V-bottom,H-left) 3.00 |3.00 4,12 |0.00
Medium (V-bottom,H-center) 3.00 | 3.00 412 3.30
Medium (V-bottom,H-right) |3.00 3.00 4.12 6.60

Large (V-top,Heft) 400 400 075 000 | etter Presets” (or "Legal Presets"

or "A4 Presets") lists a number of automatic placement options to more quickly spot the location of the
inset. The list depends on the cross section Paper Size in use. There are three general size options
("Small", "Medium", "Large"), three vertical alignment options (“top", "middle", "bottom"), and three
horizontal alignment options (“left", "middle", "right™).

Mew v5.x session options {will become saved in v&)
’V Map View to Scale

Cross-Sections screen contains a session setting for

the Inset Map View feature called "Map View to Scale". An example of its effect is shown below.

2R005
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13.4.6.2 Inset RSD Track Properties

B More Cross-Section Settings... x|

_. General | Centerdine | Marker Bed sets BCustom Images I

{(Inset RSD Track Properties

Title—:[RSD vs. LWD | cuves 1 -] Letter Presets—:| -
[l Horizontal Gridines [l Vertical Gridines ~ 3DSB| Last ~ |LR[R ~| S LSOfi e 0850
[l Current TD Arrow [ Target Arrow [ inherit Norm Mode Pelt 250 TR 325

[ LWD Symbols Symbol Radius(0.010 ~|

MLWDLine Smooth| 7 - | Line Width| 10 - | (] Detect Faults
MTypelog(s) LineWidth 5 - -
[MBeds [/ ColorFill Adjust 50%Lighter ~| [MLabels Align|Center ~ |

Cik; | ik and Preview xSec

Inset RSD (Relative Stratigraphic Depth) Track provides a look into the underlying details of the geologic
interpretation (Marker Bed), as interpreted with ParamTuner. The inset may be arbitrarily sized and the
top/left corner coordinates may be set for inset placement on the canvas. Inset RSD Track properties are
described below.

Title—|RSD vs. LWD | Enter text into "Title" to set the main title on the inset RSD track.

o= # Similar to Geosteer screen and how ParamTuner is loaded, select the data curve to
process in the Relative Stratigraphic Depth (RSD) domain. In other words, set which Type Log & LWD
curve to graph on the inset RSD track. Curve 1 is most common but in some situations (for example,
where both gamma ray and resistivity are being measured downhole) something other than curve 1 may
be applicable.

30SB| Last - | LR|R -
First L

The RSD axis min/max range is inherited from a 3DSB of the Marker Bed, and its
corresponding ParamTuner settings. The default 3DSB's min/max range is from the last 3DSB. However,
option "3DSB" shown here will also accept entering a specific 3DSB number (for example, 8), or selection
"First", which means 3DSB #0. Option "3DSB" is further clarified with either the left ("L") RSD track or
right ("R") RSD track since ParamTuner displays two such tracks with different values.

[l Inherit Norm Mode Check "Inherit Norm Mode" option to apply the normalization settings in use for the
3DSB whose settings are being copied to determine RSD axis min/max range on the inset RSD track. If
this option is unchecked, "raw" (non-normalized) LWD and Type Log data are plotted on the inset RSD
track. See 11.6 Rescale LWD on RSD Tracks (Normalize Mode) for information about signal
normalization.



[¥] Horizontal Gridlines [v] Vertical Gridines Check "Horizontal Gridlines" option to display horizontal gridlines on
the inset RSD track. Check "Vertical Gridlines" option to display vertical gridlines on the inset RSD track.

[¥] Current TD Arrow Check "Current TD Arrow" option to post:

1) small black arrow in the right margin of the inset RSD track
at the RSD corresponding to the current deepest
interpreted depth with LWD data ("TD").

2) numeric text reporting the RSD distance from RSD at "TD"
to target RSD.

3) text summary of conditions at "TD" (for example, "@11568ft
MD, 10.23ft RSD BELOW TARGET") in the bottom margin
of the inset RSD track.

Target Arrow Check "Target Arrow" option to post a small
gray arrow in the right margin of the inset RSD track at the
RSD corresponding to the target line as set for the Marker Bed

=20

(see "Stratigraphic Depth Offset to Target" feature at 10.3

Other Functions/Features for more information).

E— - — - i
r@-".lE-EB" tMD, 10237t RED BELOW TARGET
Mg =

The arrows and text described above are intended to be subtle features that normally require zooming to

generally expose legible access to these details.

LWD Symbols Symbol Radius(0.010 = | check "LWD Symbols" option to post unfilled gray circular symbols of

LWD|RSD data being plotted. Select the circle's radius in inches from the "Symbol Radius" dropdown

box.

W] LWD Line Srnooﬁ"l Line 'mdﬁw [ Detect Faults ~pock

"LWD Line" option to calculate and post a black smoothed line
through the LWD data using a central moving average window.
The "Smooth" value from the dropdown box represents the
window size—number of data points—for central moving
average smoothing. Select 1 for no smoothing. Use "Line Width"
dropdown box to set its line width in pixels. Check "Detect
Faults" option to apply an algorithm that looks for significant
discontinuities in the RSD domain and if found, a respective
break in the LWD line is drawn.

TypeLog(s) Line Width| 5 = check “Type Log(s)" option to post
type log data from Type Log datasets currently checked "Use in
ParamTuner" from Type Log screen (see "Use in ParamTuner"
feature at 8.3 Other Functions/Features for more information).
Use "Line Width" dropdown box to set its line width in pixels.
Type Log line colors are inherited from the respective Type Log
dataset.

[ABeds [ Color Fil Adjust| 50%Lighter - | [Labels Align|Center =
Check "Beds" option to draw payzone and offset bed layers
within view on the inset RSD track. Check "Color Fill" option to fill
the layers with their respective colors as set for the 3DSB. Select
"Adjust” option to lighten or darken the fill color as may be desired

BTBLE WD 2 3 RGO ADOYVE TARGET|

I

1 B0

9500 750

25

FOS0

=10 |

07

7100

. Check "Labels" option to include the



respective bed/layer name on the inset RSD track and set the preferred text alignment using "Align"
dropdown box. For more information about bed thicknesses/names/colors see 10.3 Other
Functions/Features).

Width| 1.50 - |Top| 0.35 =

Height| 2.50 - fLleft| 3.25 =| Enter or select the inset width ("Width") and height ("Height") in inches. Enter
or select the top ("Top") and left ("Left") inset corner coordinates in inches to control the placement of the
inset on the canvas. See "Letter Presets" below.

Letter Presets—>

Reference [\sth [Height[Top  [Left "
Small {V-bottom,Hleft) 1,50 |3.50 3.62 |0.00
small {v-bottom,H-center) 1.50 3.50 362 4.05
Small {V-bottom,H-right) 1.50 |3.50 3.62 &8.10

Medium (V-top,H4eft) 225 450 0.75 0.00
Medium (V-top,H-center) 225 450 |0.75 |3.68
Medium (V-top,H-right) 225 450 0.75 7.35

Medium (V-middle,Hleft) 2,25 |4.50 169 (0.00
Medium (V-middle,H-center} 2,25 4,50 | 1.69 3.68
Medium (V-middle,H-ight) | 2.25 (4.50 |1.69 |7.35
Medium (V-bottom,H-eft) 2,25 |4.50 262 (0.00
Medium (V-bottom, H-center) | 2,25 |4.50 |2.62 |3.68
Medium (V-bottom,H-right) |2.25 4.50 2.62 | 7.35

Large (V-top,H-eft) 3.00 550 075 0,00
Large (V-top,H-center) 300 550 075 330 _I
Large (V-top,H-right) 300 550 075 660
Large (V-middle H1eft) 3.00 550 |1.19 |0.00

Large (V-middle, H-center) 3.00 550 1.19 330
Large (V-middle H-right) 300 |550 (119 |6.60
Large (V-bottom,HAeft) 300 550 182 0.00 Tl etter Presets" (or "Legal Presets"
or "A4 Presets") lists a number of automatic placement options to more quickly spot the location of the
inset. The list depends on the cross section Paper Size in use. There are three general size options
("Small", "Medium", "Large"), three vertical alignment options ("top", "middle", "bottom"), and three
horizontal alignment options ("left", "middle", "right"). Making a selection here updates "Width", "Height",
"Top", and "Left" setting values.

13.4.7 Custom Images/Logos
Custom Images/Logos

Display Images

Custom Images/Logos
Display Images @

"Custom Images/Logos" are external graphics files (pictures) that may be posted on the cross section.
Custom images overlay any portion of the cross section printable area including the header section.
Custom images—can be just that, anything—have included pictures of cuttings samples, 3D views, snips
from field maps, proprietary report summaries/content, and operator/service company branding.

Up to four pictures may be displayed, and, SES will look at up to four different locations on computer
systems for the respective picture file. For example, a company logo file may reside at different places to
which users have current access. In the displays above, an icon means there is a graphics file set to be
displayed—camera icon means the file is currently available while a frown icon means file not found or file
not entered correctly.

All Custom Images/Logos configuration settings are accessible through the "properties” button ()
circled above from Cross-Sections screen. The display settings are described next.
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B2 More Cross-Section Settings... il ﬁl

" General | Centerdine | Marker Bed | SES Insets  Custom Images |

Transpare = | W 25T 0= ElFHE|C:\JJsers'u’|EIHE| |
Zoom -~ H 0.5 L 0= _
_| Center = E,’jFI|E| |E|HE| |
El I.Trar:snan - : E )T 0= ElFiiEl |E|:i|5:| |
; {;_.:u:-nn I H Bigi=] L o - F:H | - F!iel |
% i nilCenter - [ El
El #3 Back|Transpar: ='W 210 Q- ElFiiE |E|=5L=:| |
5iz e |Zoom ~lH DE~-]L 0« .
%l i nilCenter = - Hlel |E|F!"?| |
El #4 B=ck(Transpart - 2 =47 Q- ElFiiE |E|:i|5:| |
izE Maode|2oom | H 051 L 0= o .
El flCenter = [ H!El |E|F!|-E| |

| Ol and Preview »Sec |

EI IE Click this camera icon toggle button to enable/disable the
display of a graphics file within an image frame.

El Click this open icon to browse for a graphics file to display within
an image frame. Supported file formats are displayed in the adjacent
picture.

HE The textbox contains the actual path and file name to a

possible location of the graphics file. Its content may also be
manually edited. Up to four different computer locations may be
searched to look for a specific graphics file. SES uses the first such
file that is found. Mouse-over the "File" text box to see a basic
preview of the file.

W Enter or select the image frame width in inches. The
graphics file is displayed within the image frame.

IGraphics Files Supported i

(*JPE) JPEG File Interchange Format
(*.TIF) Tag Image File Format

(*.GIF) Graphics Interchange Format
(*.PMG) Pertable Metwork Graphics
(*.BMP) Bitmaps

(*.0IB) Device Independent Bitmaps
(*ICO) Icons

(*.EMF) Enhanced Metafiles

(= WMF) Windows Metafiles

(*.EP5) Encapsulated PostSeript
(*.PCX) PC Paintbrush

(*.CGM) Computer Graphics Metafile
(*.PCT) Macintosh PICT

(" WPG) WordPerfect Graphics
(*.FPX) FP¥ Farmat

(*.PCD) Kodak Photo CD

(ML) Picture It! Format

H Enter or select the image frame height in inches. The graphics file is displayed within the

image frame.

T Enter or select the distance in inches from the top edge of the printable area to the top side of

the image frame.

L Enter or select the distance in inches from the left edge of the printable area to the left side of

the image frame.
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Transpars ~

Transparent

] Select "Back" option to set the image frame back style. Options include: transparent
("Transparent”) or normal ("Normal"). With normal option, any space between the image frame boundary
and the picture boundary is white.

ENGINEERING LLLC

Foai
i

Select "Size Mode" option to set the image frame size mode. Options include: clip
("Clip", stretch ("Stretch™), or zoom ("Zoom"). With clip option, the picture is displayed at its actual size
and if the picture is larger than the image frame then the picture is truncated. With stretch option, the
picture is sized to fill the image frame so if the picture size and image size are significantly unequal the
picture will appear distorted. With Zoom option, the entire picture is displayed and only resized as
necessary to prevent distortion.

Top Right

Bottorn Righ{ Select "Alignment" option to set the image frame alignment. Options include: top left
("Top Left"), top right ("Top Right"), center, ("Center"), bottom left ("Bottom Left"), or bottom right ("Bottom
Right").

%l Click this icon to reset all properties to default settings and to delete all currently saved file paths for
the respective image.

13.5 Export Cross Section Data for 3rd Party Software

[¥] Export |Cocrdinates, Propertie = | |Default vl csv -
Od MMM OO _|

Geologic interpretation and related data processing in SES creates new knowledge of the drilling area
and wellbore/rock completion and this information is often fed while drilling or post drilling into other
industry G&G software or proprietary systems. Cross-Sections screen "Export" feature provides a
versatile way to extract the desired digits of interest. When "Export" option is checked, export preferences
may be set, and then when the cross section is previewed a corresponding data file is generated for use
in 3rd party software. This section details current data export capabilities.

Wl Expart Click "Export" option to enable controls to make preference settings; then preview or print the
cross section to generate the corresponding data file.



13.5.1 Data Content

nordinates, Propertie
Coordinates, Properties &

Tops TVD & Summaries content to export
Tops TVDss & Summaries Three data content options are currently available for export.

"Coordinates, Properties, & Summaries" — export all (full directional survey via minimum curvature
interpolation, 3DSB calibration properties, RSD, local coordinates (TVD) of top/base all layers, wellbore
completion layer/zone ID, gridX]|Y, global coordinates (TVDss) of top/base all layers, well ID, wellbore ID;
payzone summary; gross zone summary; and completion summary).

Main table default columns include: MD, INC, AZI, TVD, N, E, DLS, VS, 3DSB#, 3DSBDip, 3DSBDipAzi,
AppDip, AppDipAzi, RSD, Top_Up10, Top_Up9, Top_Up8, Top_Up7, Top_Up6, Top_Up5, Top_Up4,
Top_Up3, Top_Up2, Top_Upl, Top_PAYZONE, Target, Base_ PAYZONE, Top_Dnl, Base Dnl,
Top_Dn2, Base_Dn2, Top_Dn3, Base_Dn3, Top_Dn4, Base_Dn4, Top_Dn5, Base_Dnb5, ZonelD,
GridX, GridY, Z_Top_Up10, Z Top_Up9, Z Top_Up8, Z Top_Up7,Z_Top_Up6, Z Top_Up5,

Z Top_Up4, Z Top_Up3,Z_Top_Up2,Z Top_Upl, Z_Top_PAYZONE, Target, Z Base PAYZONE,
Z Top_Dnl, Z Base Dnl,Z Top_Dn2,Z Base Dn2,Z Top_Dn3,Z Base Dn3, Z_Top_Dn4,
Z Base_Dn4,Z Top_Dn5, Z_Base_Dn5, WelllD, WellborelD.

Payzone Summary table default columns include: ZonelD, ZoneName, LengthinZone, InZonePct, WelllD,
WellborelD.

Gross Zone Summary table default columns include: ZonelD, ZoneName, LengthinZone, WelllD,
WellborelD.

Completion Summary table default columns include: MDStart, MDEnd, ZonelD, ZoneName,
LengthinZone, WelllD, WellborelD.

"Tops TVD & Summaries" — export non-null tops & summaries in generally database friendly column
format (in-use layer tops (TVD) in local coordinates; payzone summary; gross zone summary; and
completion summary).

Main table default columns include: WellborelD, MD, 1stTop, 2ndTop, ..., LastTop, Count

Payzone Summary table default columns include: ZonelD, ZoneName, LengthinZone, InZonePct, WelllD,
WellborelD.

Gross Zone Summary table default columns include: ZonelD, ZoneName, LengthinZone, WelllD,
WellborelD.

Completion Summary table default columns include: MDStart, MDEnNd, ZonelD, ZoneName,
LengthinZone, WelllD, WellborelD.

"Tops TVDss & Summaries" — export non-null tops & summaries in generally database friendly column
format (in-use layer tops (TVDss) in global coordinates; payzone summary; gross zone summary; and
completion summary).

Main table default columns include: WellborelD, MD, 1stTop, 2ndTop, ..., LastTop, Count

Payzone Summary table default columns include: ZonelD, ZoneName, LengthInZone, InZonePct, WelllD,
WellborelD.

Gross Zone Summary table default columns include: ZonelD, ZoneName, LengthinZone, WelllD,
WellborelD.



Completion Summary table default columns include: MDStart, MDEnd, ZonelD, ZoneName,
LengthinZone, WelllD, WellborelD.

When source directional survey data are referenced to true north, SES correctly transforms
coordinates when converting to global/grid coordinates (GridX, GridY). Please see "Azimuths are Relative
to" at 6.3 Other Functions/Features for more information.

13.5.2 MD Frequency

n Select the preferred export frequency (MD-step). High-resolution (1 ft or 0.25 m) is the
default export measured depth frequency, but sometimes a sampling (for example, coordinates every 200
ft MD) is desired. Note: summaries are always computed from high-resolution depth frequency even when
selected MD-step isn't.

6 If "Default" MD-step is selected and file format is CSV, the output file will normally contain duplicate
MDs at 3DSB boundaries (fault boundaries for example will have two different TVDs at one MD's value on
two rows). If duplicate MDs create a problem for the subsequent export file's use, choose a non-default
MD frequency or select any file format besides CSV. However, a high-resolution dataset is always
thinned to produce a sampled unique-MD dataset and during the process first MD survives.

13.5.3 File Format

LAS [é

LS
T
PRM__| Five file format options are available for export. File formats LAS, XLS, TXT, and PRN always
create a unique-MD dataset. File format CSV and "Default" MD frequency may produce duplicate MD
rows at 3DSB boundaries.

"CSV" — comma separated value text; uniqgue-MD and duplicate MD datasets possible.

"LAS" — Canadian Well Logging Society Log ASCII Standard version 3.0 text; unique-MD dataset.

"XLS" — Microsoft Excel binary; unique-MD dataset.
"TXT" — tab delimited text; unique-MD dataset.

"PRN" — fixed-width text; uniqgue-MD dataset.

13.5.4 Options

Additional export options are available to further customize the export content and/or logistics. For
example, the file SaveAs dialog may be hidden and file content may be placed onto the clipboard for
subsequent paste. The export options make for a plethora of possible output combinations to efficiently
meet the needs of many other systems that operate on SES data. Additional data export options are
handled with checkboxes on the row below "Export" option and are discussed next.


http://www.cwls.org/las/

V| v [V

[1] "close preview after export" — check this option to automatically close the cross section window after
the data file has been created.

[2] "auto-name export file (no SaveAs prompt; overwrite; last export folder)" — check this option to
automatically name the export file and save it to the last folder to which was exported. If unchecked, the
analyst is prompted to verify or enter the file name and folder each time an export is performed.

[3] "include footer summaries" — check this option to include "Payzone", "Gross Zone", and "Completion”
summaries in the created file; if unchecked, only the respective main table is present.

[4] "include header comment (first line)" — check this option to include the header comment in the created
file; header comment includes meta data about the file and is printed on the first row (for example, "SES
v5.11 www.makinhole.com & WelllD=555555550 & SURVEY=1 & MARKERBED=1 - Coordinates and
Properties (Length Units are ft; Azimuths to GRID North)").

[5] "include column labels" — check this option to include column labels in the main table of the created
file; does not affect summaries.

[6] "include N,E| X,Y in Tops export" — check this option to insert into the main table of the created file
after MD column—North and East into Tops TVD export or GridX and GridY into Tops TVDss export.

[7] "include target *surface* in Tops export" — check this option to insert into the main table of the created
file the target surface, which is normally between the payzone top and payzone base layers.

[8] "copy to clipboard" — check this option to place an exact copy of the file content onto the clipboard for
immediate paste capability.

13.6 Critical

1.) "preview cross section" toolbar button @ draws the cross section on the screen and uses the
Windows default printer driver. The system default printer should support Letter, Legal, or A4 size paper.

2.) "send cross section to *default* printer" toolbar button %I prints to the system default printer
(including Adobe/PDF). To change your system default printer, use Windows Control Panel.

3.) Right-clicking the actual cross section preview also provides options such as printing, including printer
selection. If a stray line appears to connect first and last survey stations on a print-out, use "Print... "

Print...

toolbar button from Cross-Sections screen to print instead.

4.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

13.7 Hot Keys

» Double-click Center-Line Dip Azimuth to flip it 180°



» Esc - close cross section preview (some Office versions first require clicking on side gray area
before Esc key functions in this manner)

13.8 Tips
| TIPS h

e Even if planning to display a cross section in vertical section mode, it is recommended to first
setup the cross section to look ideal in MD mode. Typically, the cross section starting MD ("MD
MIN") will exceed MDStart of 3DSB #0. If right-side space/padding is desired (i.e., room out-front
of the bit showing section yet to be drilled and interpreted) and it normally is, set cross section
ending MD ("MD MAX") much greater than current survey TD...perhaps 100s greater than
planned TD.

e Sometimes, printing directly from Print Preview (using right-click shortcut menu or ribbon toolbar
in some Microsoft Office versions) will generate a cross section with aberrant connecting lines, for
example a line may display that connects the wellbore survey from its start to TD as if to close a
polygon (see picture below). This is a Microsoft bug present in Access 2000, 2002, 2003, 2007,

2010, 2013, and 2016! The workaround is to use Print... from Cross-Sections screen to generate

a cross section without any such connecting lines.
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e SES uses your Windows default printer driver to preview the cross section on-screen. If an
"unexplained" or "strange" error message (e.g., Error 6 Overflow) is all-of-sudden being displayed
when any cross section is previewed, check that your Windows default printer is still the correct
one (some other application may have changed it; or a brand new computer may need to have a
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legitimate printer added) and that it supports letter/legal/A4 paper size. If it's correct, remove the
printer and then add it back again, as the printer driver may have become corrupt.

If all-of-sudden the cross section looks goofy from normal (all lines are really thick; portions of the
plot are truncated; text appears exceedingly bold; etc.) when any cross section is previewed,
check that your Windows default printer is still the correct one. If it's correct, remove the printer
and then add it back again, as the printer driver may have become corrupt.

To post a well plan—or extrapolate a Center-Line, or interpolate Grid data—BEYOND current
Survey TD, the cross section must be generated using Vertical Section mode ("V.S. Mode").

To post a well plan in MD mode, THD must have been calculated for the corresponding
survey/plan pair (see 12. SES Screen — THD). To post a well plan in Vertical Section mode, THD
need not be calculated.

To export numeric cross section data, please see 13.5 Export Cross Section Data for 3rd Party
Software.
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The 13.4.2 Center-Line Lasingi i Bed Above

To post zone tops without . T L. .. I m R - o
color fill and when the ' L e - S '
bottom-most top is desired ' [ !
to be posted without its _ II'. Parametors | 850 Trads | Othr B8 Thckness 8. Color [ Sieich |
base, a very small thickness | 1uu W HE
(e.g., 0.001) should be R D Cabelfd (apiional] | Thichirem | Gl |
entered for its thickness (see | ez | (1 e R = I - |

: . [ e = k1
adjacent picture). e A Bed Above =

Bl =

Settings for Revised _ Pty g;’_‘*“ . 5 Fﬁ
Planned Path feature of B 2 Bed Above = =1

. | Rk Bieel Alsiived Pt Pt = E - o |
Cross-Sections screen [ (PR = ove T = = |-
provides a way to create a i et e ] %
revised linear planned well . NG B n—

path definition based on the | TTrel L whEedBeow
analyst's interpretation that | 2 s e

can easily be communicated || 1 e

to directional drilling

personnel during live drilling operations. The line is determined by the intersection of a 3D dipping
plane and a vertical plane defined by the vertical section azimuth of the associated Survey.

0 To make a Center-Line "plan" available from THD and Geosteer/ParamTuner screens,
define and calculate it using Planner screen. See below for an example Center-Line
followed by its equivalent Planner screen well plan input where total vertical section at TD
is set to 4300.

Show Center-Line For new Plan
MD 0| ¥.5. Azimuth [154.808
TYD 14945|  Easting 0.000
Dip 1.8 Marthing 0.000
Dip Azi 154,808 ¥.5 0.0oo | dMD | Inc | Azi | TVYD N E | D5 | Reference | ID
DRILLER Directions Inc 86,200 14945 §8.Z 154,61 14945 0 0 TYDKE 0
@Yy,5,=0, Inc=65.20, TYD=14945,00 4300 88.2 154,81 D 1
» z
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14. TECHNICAL HOLE DEVIATION & THD WELLS LOGS

Technical Hole Deviation (THD) mathematically quantifies spatial differences between actual and planned
well paths. THD provides unique insight regarding three important directional drilling issues: control,
monitoring, and post-evaluation.

More specifically, THD provides:

» support information for real-time rationalization of directional tool settings. A THD well log
significantly augments the visual tools available to the directional driller to rationalize control
decisions, especially for 3D/complex wellbores and non-linear hole sections.

» information for daily progress monitoring of directional control performance. Many relevant
wellbore details cannot be determined from directional vertical section and plan view plots. For
example from these standard plots alone, it is impossible to determine dogleg-severity (DLS),
wellbore inclination, and wellbore azimuth, and (more importantly) how they are changing relative
to the planned trajectory. THD logs present all of this information and much more. A glance at the
THD logs for a well, quickly conveys how directional control is progressing, on a scale that
doesn't mask the true details.

» abasis upon which to evaluate overall directional control performance of a directional
driller, service company, or directional drilling system. With THD, directional control
performance can be quantified with various metrics. Three such examples are Average Absolute
Vertical Deviation, Average Absolute Inclinational Deviation, and Excess Measured Depth.

THD is calculated at each survey station. THD may be fully presented with two well logs. Computing THD
only requires a mathematical understanding of the "current" planned well path, and directional survey
data. Employing THD technology doesn't require more "steering"; rather, it's an enhanced use of standard
information to make more-informed directional control decisions at the same or less steering frequency.

Technical Hole Deviation (THD) is:

» directly applicable to all types of directional drilling (ultra-short, short, medium, and long radii
of curvature; slant; horizontal, etc.)

» relevant to every type of directional drilling system (rotary, PDM, rotary steerable) and all
related industries (oil & gas, utilities/HDD, in-seam coal bed methane (CBM), in-seam coal mine
methane degasification)

» mathematically valid as defined, with any planned well path profile (2D/3D circular arc, line,
catenary, double circle, spline-in-tension, 3D StratBlock, earth model marker bed grid, "plan”
defined by survey of offset well for relief well drilling, etc.)

Of critical importance to almost any system is how its state is changing. Actual directional well paths are
"noisy". From an engineering/mathematical point of view, differentiating "noisy" data is useless. In effect,
THD smoothes the data by associating the actual well path to the planned well path. The smoothed
profile is then differentiated (differenced) to determine how it is changing relative to lineal and angular
target path properties. This process provides the foundation for projecting future well path deviations,
without explicitly assuming a model of directional drilling.



14.1 Technical Hole Deviation Components

THD Description Deviation Unit Order Lineal Angular Verbal
Component P "Sense" Deviation | Deviation | Descriptor

vertical . i

msVD N Vertical ftorm 1st X High/Low
relative
change in . ft/1000ft or

RCVD vertical Vertical m/304.8m 2nd X -
deviation

msID |ncI|n_at|_onaI Vertical deg 1st X High/Low
deviation
elatve deg/100ft

RCID inclinagtional Vertical or 2nd X +|-
deviati deg/30.48m
eviation

msHD hon;ontal Horizontal ftorm 1st X Left/Right
deviation
relative
change in , ft/1000ft or

RCHD horizontal Horizontal | 1304 gm 2nd X =
deviation

msAD az'”.‘“t.ha' Horizontal deg 1st X High/Low
deviation
C{gg“‘éein deg/100ft

RCAD ang Horizontal or 2nd X + |-
azimuthal
deviati deg/30.48m
eviation

The planned well path defines the preferred location of the wellbore in 3D space. Every directional well
has a planned path. In some cases as information is acquired while drilling, the planned path changes via
geosteering. However, there is always a planned path in force at each survey station.

Technical hole deviation is defined with properties of the nearest point between "current TD" and the
"current” planned path. Given the current actual location of the wellbore, there is one point along the

planned path that minimizes the 3D distance between where the bottomhole location actually is, and
where it is preferred.

This point along the planned path is called MD* ("measured depth star"). Associated with MD* is N*, E*,
TVD*, Inc*, and Azi*, respectively, planned values North, East, True Vertical Depth, Inclination, and

Azimuth. With a directional survey and a mathematical understanding of the planned path, MD* is found
iteratively.

Eight components collectively define technical hole deviation and are presented in the above table. They
are based on lineal and angular differences—and the relative changes thereof—between the actual and
planned well paths. Four THD components address hole deviation in the "vertical" sense, and four THD
components address hole deviation in the "horizontal" sense. Other variables of interest include:

> INC (¢) - actual wellbore inclination angle; (deg)

INC* (¢*) - planned wellbore inclination angle; (deg)

DLS - actual wellbore dogleg-severity; (deg/100ft or deg/30m)
DLS* - planned wellbore dogleg-severity; (deg/100ft or deg/30m)

VYV V



AZI (0) - actual wellbore azimuth; (deg)

AZI* (0*) - planned wellbore azimuth; (deg)

>
>
> AL - difference in MD* between two consecutive survey stations
> b - subscript with reference to current wellbore total depth

» N - superscript with reference to a survey station

» *-denotes a planned value

A description and mathematical definition of each THD component follows.

14.1.1 msVD|msHD (1st Order, Lineal Deviation)

Vertical Deviation, msVD, and Horizontal Deviation, msHD, are the two most easily-visualized
components of technical hole deviation. They convey where the wellbore exists in space, relative to the

(current) preferred location.
& M
E (Nu,Eb, TVD b, db, 90 )

VD

(N*, E*, 'I"'iui"D *, ¢3|C, B*)
msVD = cosl0” Jcoslg” N, — N )+sin(6” )eosl¢” (E, — E" )-sin(¢" TVD, -TVD")
msHD = cosl6” [E, —E" )-sin(0” N, - N")

By design, their definitions are such that being High or Low, and Left or Right, match common directional-
driller sense. The terminology and equations apply to ALL curvilinear and linear well plans (i.e., not just
circular-arc). In the mind's eye, if you were to "walk" along the planned path at MD* as the well is drilled
and point to the current wellbore TD, the components of that pointing vector, relative to the high side of
the planned hole, would be msVD and msHD.

The relevancy of industry's "vertical section" deteriorates when the current planned azimuth is different
from the vertical section azimuth. In other words, projecting well path departure onto a single vertical
plane (i.e., to compute vertical section) can sometimes have little meaning over thousands of feet of hole.

EVERY well with "turn” built into the plan, to some degree, suffers from this fact. It's not an issue with
msVD and msHD.



14.1.2 RCVD|RCHD (2nd Order, Lineal Deviation)

The Relative Change in Vertical Deviation, RCVD, and the Relative Change in Horizontal Deviation,
RCHD, are less visually intuitive than are msVD and msHD. However, they contain much information,
including "predictive" qualities because, for example, RCVD leads msVD (or similarly msVD lags RCVD).

n n-1 n n-1
RCVD = 1000 TSVD_ —msVD RCHD = 1000 MsHD_ —msHD
AL" AL"

*Note: For metric, use 304.8 in place of 1000 in the equations above.

Consider two THD examples in the vertical sense, as sketched below.

PLAMMNED PATH PLANMED PATH
ACTUAL / /,
PAH CASE A ACTUAL CASEB
PATH .
‘@ \ Msyph-1 '\n’.‘f nsyph- 1 'ﬁ'
] " ‘JJ;;’ / Psrte thu e rr’./’. .
k g ation s
& n/ 'y e NsVD n
._ . HSVIE'J;_J .l o, .. \ ; ;’
Previnus-'""/ v ...,_.,»

Station . | - W : ] ¢
Current ’/ ¢WD Current "’/ VD

Current msVD is identical in both cases, that is, the wellbore is low of the plan by the same amount.
Current RCVD is positive in both cases but the magnitude of RCVD for Case B is clearly higher. Thus, the
plan is being approached more quickly in Case B than in Case A, which may have significant influence on
the next directional tool setting decision.

RCVD provides insight as to how msVD is changing. RCHD provides insight as to how msHD is
changing. The signs and magnitudes of RCVD and RCHD are important for real-time tool-setting
purposes. For example, if the wellbore is high, then RCVD must be made negative before the wellbore
will begin to approach the plan. Typically, this will happen long before the planned path is approached or
intersected, hence, the "predictive" quality as mentioned above. RCVD and RCHD are also used for
projecting msVD and msHD.

14.1.3 msID|msAD (1st Order, Angular Deviation)

Inclinational Deviation, msID, and Azimuthal Deviation, msAD, are differences in actual and preferred
wellbore angles. For example, if the current wellbore inclination is 91.6 degrees while the plan is
horizontal, msID = 1.6 degrees.

msiD = ¢, — ¢’ mMsAD =0, —0°

Visualizing msID or msAD in space is not simple. Nevertheless, both their signs and magnitudes contain
important directional control information, especially when combined with other THD components and
while considering the task at hand. In all cases, controlling msID (or msAD) is easier to accomplish than
controlling msVD (or msHD), because sooner or later msVD depends on msiID.

While drilling the upper hole section of a directional well, maintaining msID and msAD close to zero is
usually more important than minimizing msVD and msHD. Why? Because it means the wellbore is
headed in the planned directions and drilling is taking place at the planned DLS. For example, you may
be drilling that 45 degree tangent section 15 feet low, but you're drilling it at 45 degrees, which may be
perfect in the practical sense.



However, landing and drilling the payzone "perfectly” requires minimization of all 8 components of
technical hole deviation. In the vertical sense, this includes msVD, RCVD, msID, and RCID. In the
horizontal sense, this includes msHD, RCHD, msAD, and RCAD. Typically, "being on depth", that is,
minimizing hole deviation in the vertical sense is most important.

It is entirely possible for msVD = 0, RCVD = 0, and msID to be significantly greater-than or less-than 0. In
other words, even though the wellbore is currently on-depth, msVD won't stay zero for long and the
wellbore will soon be either high or low. Collectively analyzing technical hole deviation in the vertical
sense can help eliminate the foregoing situation.

14.1.4 RCID|RCAD (2nd Order, Angular Deviation)

The Relative Change in Inclinational Deviation, RCID, and the Relative Change in Azimuthal Deviation,
RCAD, are similar in design to RCVD and RCHD. They quantify how msID and msAD are changing as
the hole is drilled.

RCID =100 RCAD =100
AL" AL

*Note: For metric, use 30.48 in place of 100 in the equations above.

msID" — msID"* msAD" — D"

As was the case with 2nd order lineal deviation, both the signs and magnitudes of RCID (or RCAD) have
relevancy and insight into controlling msID and msVD (or msAD and msHD). In fact, the directional driller
may directly control these THD components more-easily than any of the preceding THD components.

14.1.5 THD Summary

Dr. Michael Stoner patented a Fuzzy-Logic-based controller for auto/guided directional drilling and for
general steering guidance at surface. In its infancy in 1996, the project began with identifying the system
observables of directional drilling trajectory control. This work led to what is now called Technical Hole
Deviation (THD). Since THD is essential "input" to an auto/guided directional drilling control system, THD
may assist the directional drilling industry in general by directly assisting directional drillers and conveying
information to operators. A more-informed human (or system) is more likely to make better decisions.

Discovering new technology from "standard data" is a welcomed occurrence. Numerically defining
geometric hole deviation extracts an abundance of information, simply from directional survey data and a
planned well path. The details of directional control performance are no longer hidden. THD well logs
convey the actual and planned well path properties in a manner far superior than path projections onto
static vertical and horizontal planes and tables of numbers alone.

Directional drilling trajectory control requires minimization in at least 4 x 2 = 8 dimensions. This helps to
convey its complexity! Minimizing 8 variables is not simple for man or machine. Much value exists in
simply identifying what needs minimized. It is our opinion that the THD state variables msVD, msID,
msHD, msAD, and the respective THD state-transition variables RCVD, RCID, RCHD, and RCAD,
collectively and sufficiently quantify how a directional well path differs from its planned trajectory.

14.2 THD Well Logs

A visual way in which to present Technical Hole Deviation (THD) is with a well log. A "THD Log" is a well
log that conveys the directional well plan and the actual associated geometric deviations. THD logs equip
the operator with a superior mechanism for monitoring and/or "grading” directional control performance,
and they provide directional drillers with critical information for rationalizing tool settings while drilling.

As would be expected, THD values are plotted versus actual measured depth. The Vertical Technical
Hole Deviation Log addresses deviations in the "vertical" sense. It presents planned and actual values of
well bore inclination and dogleg-severity, and THD components msVD, RCVD, msID, and RCID. The
Horizontal Technical Hole Deviation Log addresses deviations in the "horizontal" sense. It presents



planned and actual values of well bore azimuth and dogleg-severity, and THD components msHD,
RCHD, msAD, and RCAD.

THD logs can be created prior to drilling in order to present the plan, just like standard directional plots.
Then, as drilling commences, the "actual part" of the THD logs are plotted and the directional control
performance unfolds. The footer section of a THD log also contains standard vertical section and plan
view directional plots!

Regardless of the planned well path linear/curved 3D/2D complexity, the target path is always a single
vertical green zero line on the two right Technical Hole Deviation log tracks.

14.2.1 THD Well Log Headers

Besides Measured Depth, the commonality between the Vertical THD Log and the Horizontal THD Log is
the inner left track. Here, planned and actual dogleg-severities (DLS) are graphed. Circular unfilled
markers on the actual DLS curve convey depths with directional surveys. Circular filled markers on the
planned DLS curve convey critical-point changes in the well plan (e.g., curved to straight).

14.2.1.1 Vertical THD Log Header
The upper THD log header section contains basic summary statistics. These include:

» Excess Measured Depth - amount of actual hole drilled subtracted by the corresponding
planned measured length of drill hole. This value typically indicates the "cost" of oscillating about
the planned path. However, in special cases this value can be negative. Such may be observed,
for example, when dropping a well bore to vertical with actual dogleg-severities exceeding
planned dogleg-severities.

» Average Absolute msVD - average absolute value of vertical deviation (msVD) associated with
real survey stations over the length of drill hole for which the THD log was created. A smaller
value usually indicates better directional control performance.

» Average Absolute msID - average absolute value of inclinational deviation (msID) associated
with real survey stations over the length of drill hole for which the THD log was created. A smaller
value usually indicates better directional control performance.

» THD Grid Values - conveys the grid values of the THD tracks, as a result of auto-scaling. For the
example header below, the "20~2" means the grid value for the msVD track is 20 feet, and the
grid value for the msID track is 2 degrees.

WELLNAME: SE Demo

Average Absolute msVWD: 30,1 FT

Excess Measured Depth: 140 FT 1.9% Average Absolute msID: 1.74 DEG
based on footage of: 7138 FT THDr Grid Walues (FT~DEG): ZO0~Z

INC* DLa* MD |Low msWVD™ HIGH|LOW msID™  HIGH

0 I{DEG) 100f1a™ (DEGSLO0FT) 0] ¢FTy [-100 [FT) loof{-10 I{DEG) 10

IHNC DLS HEG RCwvD™ POS|NEG RECID™ POS

0 I{DEG) 1oof1a” (DEGSLO0FT) 0 -100 (FT/1lO000FT: 100|-10 (DEG/100FT) 10

The outer left track graphs planned and actual wellbore inclination. Hole deviation in the "vertical" sense
is displayed on the two right tracks. The inner right track displays vertical deviation (msVD-blue) and the
relative change in vertical deviation (RCVD-red). The outer right track displays inclinational deviation
(msID-blue) and the relative change in inclinational deviation (RCID-red).

A zero line (green) centers each of the two THD tracks. For the actual drill path to follow the planned path
in the vertical sense, msVD, RCVD, msID, and RCID must trace their respective zero lines.



14.2.1.2 Horizontal THD Log Header

The upper header section of the Horizontal THD Log contains the same Excess Measured Depth values
and other basic summary statistics including:

» Average Absolute msHD - average absolute value of horizontal deviation (msHD) associated
with real survey stations over the length of drill hole for which the THD log was created. A smaller
value usually indicates better directional control performance.

» Average Absolute msAD - average absolute value of azimuthal deviation (msAD) associated
with real survey stations over the length of drill hole for which the THD log was created. A smaller
value usually indicates better directional control performance.

WELLNAME: SE Demo Average Absolute wmsHD: 78.8 FT

Excess Measured Depth: 140 FT 1.9% Average Ahsolute msAD: 5.0 DEG
based on footage of: 71598 FT THD» Grid Walues (FT~DEG): d0~3

AZT* DLE* MD |LEfT m=HD™ RIGHT|LEFT m=AD™ RIGHT

0 (DEG) 60|14 (DEGSL100FT) 0] ¢{FTy [-200 (FT) Z00)-15 (DEG) 15

AZT DLA NEG RCHD™ POS|NEG RCAD™ POz

0 (DEG) 360(147 (DEG/1O0FT) 0 -200 (FT/lO000FT) Z00)-15 (DEGS100FT) 15

The outer left track graphs planned and actual wellbore azimuth. Hole deviation in the "horizontal sense”
is displayed on the two right tracks. The inner right track displays horizontal deviation (msHD-blue) and
the relative change in horizontal deviation (RCHD-red). The outer right track displays azimuthal deviation
(msAD-blue) and the relative change in azimuthal deviation (RCAD-red).

A zero line (green) centers each of the two THD tracks. For the actual drill path to follow the planned path
in the horizontal sense, msHD, RCHD, msAD, and RCAD must trace their respective zero lines.

14.2.2 THD Projections

Forecasts of msVD and msHD are shown on THD logs as thick black lines that extend from the last
survey station depth. These THD projections are helpful for directional drillers while they rationalize
directional tool setting adjustments during drilling operations.

The equations for projecting THD in the vertical sense (msVD) and in the horizontal sense (msHD) are
provided below. In either case, AMD represents a projection length (e.g., 100 feet measured depth)
beyond the current known values at the deepest survey station "n".

rrsVD””:rrBVDM%AMD msHD™ = meHD" + FeHP” AmD

1000

*Note: For metric, use 304.8 in place of 1000 in the equations above.

Although the THD projection equations are linear, it does not mean the planned or actual well paths are
assumed linear, circular, or of any specific shape. What is assumed is that the relative change in
deviation is constant over deIMD. Over short distances this assumption is often completely valid.
Obviously, forecasting and subsequent visual interpretation influences the tool-setting control actions
taken by the directional driller, which will affect the actual well path and thus the actual THD profiles that
unfold.



14.3 Example THD Well Logs

Vertical and Horizontal THD well logs for three wells are presented below. These logs were created with
SES and then converted to JPEG graphics files. Click a thumbnail to enlarge. All data are from actual

wells.

3D Sidetrack Horizontal | 3D Sidetrack Horizontal 2D Sidetrack Directional

3in. /1000 ft | 5cm /300 m | 1.5in. / 1000 ft

14.4 THD and Directional Steering Guidance
A technical article about THD was published in 1999 (click here). A similar paper may be found here.

SES directional steering guidance is calculated using THD and a Fuzzy Logic control system that was
patented in the United States in 2000 (click here). A technical article about SES directional steering
guidance was published in 2003 (click here). A similar paper may be found here.

Please see 12.4 SES Steering Guidance for more discussion about SES steering guidance.


http://www.makinhole.com/images/PDF/Stoner_DeviationLogNewFormulaeAidDirectionalDrillers.pdf
http://www.makinhole.com/images/PDF/HoleDeviationIsDefined.PDF
http://www.makinhole.com/images/PDF/Stoner_NumericalControlUnitForWellboreDrilling.pdf
http://www.makinhole.com/images/PDF/Stoner_FuzzyLogicForDirectionalSteering.pdf
http://www.makinhole.com/images/PDF/FuzzyLogic4DirectionalSteering.pdf
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15. FAULT PICTURES for ENGINEERS

This chapter is primarily for engineers. © We all know the cliché about pictures and words. Enough said.
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Jurassic Limestone-Shale Sequence (2)
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Photograph by Grant M. Skerlec http://Www.sealsinternation'al.com-/

©1999-2015 STONER ENGINEERING LLC 203 www.makinhole.com


http://www.sealsinternational.com/

SES v5.11

hp://ortsettl.edu/

©1999-2015 STONER ENGINEERING LLC 204 www.makinhole.com


http://www.northseattle.edu/

SES v5.11

Faults (2)
"Local" can be opposite "Regional."

‘Regional’ Dip

‘Block’ Dip

Photo by T.N. Diggs, http://www.glossary.oilfield.slb.com/en/Terms/f/fault.aspx
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Faults (3)
First fault would go undetected.

Imagine
the
gamma
signal.

Photo by Gordon Pirie, http://www.glossary.oilfield.slb.com/en/Terms/f/fault.aspx
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Faults (4)

"Photograph of faulting in Cretaceous strata southwest of Marmarth, North Dakota. Sectional view of the
fault trace is exposed on the side of the bluff (between arrows)."

NDGS Newsletter, by Paul E. Diehl
https://www.dmr.nd.gov/ndgs/documents/newsletter/2001Winter/PDF/smlisclWO01.pdf
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Faults (5)
One "brave" geologist, or too close to the details?

http://folk.uib.no/nglhe/StructuralGeoBook.html

More pictures and information about rock faulting can be found here.
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16. GEOSTEERING TRADE SECRETS

This chapter features a variety of critically important topics related to horizontal drilling and technical
geosteering. Some content is specific to SES and other is general.

16.1 Geosteering 101

Geosteering is drilling a horizontal wellbore that ideally is located within or near preferred rock layers. As
interpretive analysis performed while or after drilling, geosteering determines and communicates a
wellbore's stratigraphic depth location in part by estimating local geometric bedding structure. Early
geosteering was performed mostly with interpretation from cuttings samples, paper well logs, maps, and
rough sketches/calculations. Modern geosteering normally incorporates more dimensions of information,
including insight from downhole data and quantitative correlation methods.

Ultimately, today's geosteering provides explicit approximation of the location of nearby geologic beds in
relation to a wellbore and coordinate system, and helps to explain wellbore/rock completion and
subsequent oil/gas/water/frac fluid-flow observations from and into rock. What happens structurally
between vertical wells is uncertain. Horizontal drilling is lateral geologic exploration.

16.2 Quantitative Geosteering

Quantitative geosteering analyses often follow one of two fundamental technical approaches. Along
the actual wellbore path, one approach effectively assumes the vertical formation-evaluation (FE) well
log profile is known while the other approach effectively assumes that the stratigraphic FE well log
profile is known. Regardless of approach, normally one or very few sparsely-distributed control well logs
from non-horizontal wellbores exist in the direct drilling vicinity.

In most commercial oil and gas horizontal well geologic settings, stratigraphic thickness is relatively
more stable than vertical thickness along a horizontal wellbore path because bedding dips change and
faults are crossed. By definition, bed vertical thickness depends on dip AND stratigraphic thickness at the
map location of interest, and furthermore is complicated when considering attributes of true dip versus
apparent dip and the fact that—incidentally and/or purposely—real 3D wellbore paths turn left and turn
right in map view. In numerous structurally-complex (i.e., dip-varying) geologic settings over typical
horizontal wellbore lengths, stratigraphic thickness may actually be effectively constant or its
thickening/thinning tendencies known with sufficient certainty. In the below cross section the wellbore
turns right about 40 degrees azimuth after landing and true stratigraphic thickness (TST) throughout is
fully constant for all layers while true vertical thickness (TVT) is of course dip-dependent and thus varies.
Bottom line...TVT will always vary because dip always varies; but the same is not necessarily true for
TST.




Therefore, in general when trying to approximate structure/dip, analyzing FE data at the local horizontal
well level in the stratigraphic depth domain is superior than in the vertical depth domain
(AVerticalDepth # AStratigraphicDepth) and performing 3D-math geosteering logic is better than
projecting into a 2D vertical plane (AMeasuredDepth # AVerticalSection).

16.3 Vertical Scale Uncertainty

Think about vertical scale: seismic, vertical well log, and core. The vertical scale of SES technical
geosteering—approaching the landing and within significant lengths of lateral—is between vertical well
log and core. It is not surprising to repeatedly discover structural features and tendencies at near-core
scale that are not observable at seismic or full-field 3D model scale and that can only be discovered
through drilling horizontally.

Seismic analyses and structure contour maps are calibrated with picks from vertical, directional, and even
horizontal wells. All such picks are subject to ellipsoids of uncertainty regarding their true global 3D
locations, and these uncertainties are blended within a gridding process that creates a model of surfaces
with wrinkles of unknowable errors. The aerially-sparse sampling of control points (picks)—especially
within an environment of low regional bed dip—clouds structural tendency certainties at near-core
scale along a brand new horizontal wellbore.

In other words, pre-spud drilling area dip accuracies from full-field 3D models are X°+Y°, and Y (one
standard deviation) could easily be 0.5° to 2° whether X is 0° or 20°! Furthermore, "instantaneous dip"—
3DSB dip; what is calibrated with SES over 10s to 100s of ft—can often be X + 2-5 times Y! For a real
example, "From seismic we fully expected to see 3° down-dip, but mostly what we saw was 2° up-dip."
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The advantage of SES technical geosteering is that the analysis is disconnected from absolute 3D
accuracy, which is inherently impractical because of relatively large modeling uncertainty at near-core
scale. The effective SES ellipsoid sizes are much smaller because the interpretation is calibrated relative
to local geologic markers deep in the landing; a bad KB or absolute survey errors or a busted contour
map from a miss-spotted nearby well or a more complex world than seismic or contouring can honor at
near-core scale, all matter not. In this "relative, small-scale world" we keep our "eye on the prize" and let
others address absolute 3D modeling accuracy later. There is no better estimate of lateral small-scale
geologic reality—which horizontal drilling sees—than what evolves from technical geosteering.

16.4 Interpreting the Early Landing

An offset-well type log provides guidance for stratigraphic correlation when drilling through the landing
portion and the payzone portion of a horizontal well. However, as different horizons are traversed from
the near-vertical to near-horizontal wellbore states, the wellbore penetration is a unique sample of rock



and measured signal. Therefore, "think like a geologist” instead of an engineering curve fitter when
interpreting signal coming into the landing. ©

The calibrated structural picture is true to the same degree that the RSD signal mapping is true. In
other words, if the RSD signal mapping (“curve match") fits well but is in fact not representative of reality,
then the resulting structural picture will not reflect reality. ®

Consulting/displaying multiple offset type logs may help to communicate the level of thickness and signal
character variability to be expected, coming into the landing (drilling the curve) and within the payzone
(drilling the lateral). Quite often though, the nearest vertical reservoir penetration well log is used as the
single type log to guide all expectations. With either case—single or multiple type log use—differences
between "actual" and type log must be handled. In areas of low general geologic heterogeneity, there is
little issue; but in many plays that luxury is unavailable.

How do geosteering analysts deal with thickness variability between "evidenced" and type log when
drilling the curve? The answer depends on multiple possible factors but the solution set of choices
includes the application of one or more combinations of the following techniques:

e "Fake fault" (regional or zero 3DSB dip is maintained, but what appears as a fault in RSD and
structural domains is introduced between two adjacent 3DSBs to handle thickness variability
while constraining dip variability)

e "Unrealistic dip" (some 3DSB dips are exceedingly different/large in magnitude from what is
most likely actually present, however, RSD mapping "matches" the type log and stratigraphic
depth is therefore generally tracked)

e '"Tie-on" (current deepest signal is matched/snapped-to; "poor" uphole RSD mapping differences
are ignored; final tie-on ~100 ft RSD or wellbore inclination ~60°, using regional average dip
before then)

With the "Tie-on" method, only 3DSB control point TVD is adjusted while dip and dip direction azimuth are
left constant at a regional average value over the drilling area.

The "Tie-on" method may actually be the most accurate and operationally usable technique, but
it isn't necessarily the most pleasing curve fit appearance in the RSD domain. The provided ball-park
numbers (~100 ft RSD or wellbore inclination ~60°) depend on wellbore build gradient in the curve and
geologic variability. Displaying/using multiple type logs during the landing may also help to remind the
geosteering analyst or analyst's client of uphole thickness variations in the area.

Drawing definitive conclusions too early (and acting upon it with the directional driller) regarding "where
the payzone is coming-in" can be counterproductive if significant thickness variability is present. Zones
above the payzone may have quite different thickness variation characteristics than the payzone.
Fortunately, as signal characteristics understanding, local/small-scale structural tendencies
understanding, and geosteering experience within a particular field all evolve, trained personnel know
what is normal and what isn't and how best to act.

Three early-landing interpretation examples follow to demonstrate the three aforementioned techniques of
addressing uphole thickness variations in geosteering interpretation. Please note the following
interpretations are identical from 8880 ft MD forward! The latter part of the landing phase is most critical
and usually more stable. Fortunately, when wellbore inclination becomes significantly high, the very-
early-landing estimate becomes effectively trivial and in most cases will purposefully not be displayed
in distributed cross sections.



SES v5.11

"Fake Fault" Landing Interpretation Example
NOTE: Cross-Section is TVD vs MD. Well is vertical at 8100 ft MD and horizontal at 9400 ft MD. Re ional true dip is roughly 2° dipping south.
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SES v5.11

"Unrealistic Dip" Landing Interpretation Example

NOTE: Cross-Section is TVD vs MD. Well is vertical at 8100 ft MD and horizontal at 9400 ftTIU\{ID. Regional true dip is roughly 2° dipping south.
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SES v5.11

"Tie-on" Landing Interpretation Example (ignore uphole differences; final tie-on is about 100 ft RSD or wellbore inclination ~60°)
NOTE: Cross-Section is vs MD. Well is vertical at 8100 ft MD and horizontal at 9400 ft MD. Regional true dip is roughly 2° dipping south.
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16.5 Dip vs. Thickness

After the well is landed...by drilling horizontal hole and analyzing LWD signal, payzone properties true
stratigraphic thickness (TST) AND true bed dip (and direction) over tens to hundreds of feet are
mathematically indeterminate, i.e., their quantities are not known and cannot for which be solved. They
are coupled properties. Therefore, we assume to know one (usually stratigraphic thickness) and
calibrate/solve-for the other (dip) because this usually makes the most sense based on commercial O&G
expected payzone variabilities and because this process yields a solution—albeit non-unique—sufficient
to make definitive, confident, and defendable decisions.

Be that as it may, with SES, the geosteering analyst may impose a variable thickness interpretation
along the horizontal wellbore. 3DSB thickness, which is TST, is set by 3DSB and therefore different
3DSBs may have different thicknesses. When variable TST logic of interpretation is performed, much
offset vertical well control is normally available to defend its application, especially if more than general
and minimal payzone thickening or thinning is being portrayed. Constant 3DSB and offset layer
thicknesses is most common.

16.6 Novice Curve Mistake: Calibrating Dip Too Early

Until significant wellbore inclination is attained in the curve (perhaps greater than 45°, but there is no
magic inclination), 3DStratBlock calibration may primarily be based on control point TVD adjustments,
with 3DSB dip set to zero or the regional average value as determined from a contour map over the
drilling area. This is known as the "Tie-on" method (see 16.4 Interpreting the Early Landing).

An empirical manifestation of "it's too early to calibrate dip" is overly sensitive and/or erratic RSD signal
response to dip adjustments made via dragging the "End|Dip" horizontal line on the inner/right RSD track
on ParamTuner screen. Erratic RSD signal response would include the "Start|TVD" line significantly
moving. The fundamental reason for this behavior is that the mathematics of SES technical geosteering
are not generally applicable to vertical or near-vertical wellbores. Viewing the wellbore on TVD vs. MD
axes can mask the present inclination state of the wellbore, but ParamTuner always displays inclination at
TD.

Recall, the calibrated structural bedding picture is only true to the same degree that the RSD signal
mapping is true. If RSD signal mapping "fits" well but is in fact not reality, then the resulting structural
picture will also not reflect reality. If "forcing” a signal match in the RSD domain requires unrealistic dip
and there isn't the situation discussed in the next section, then wellbore inclination may still be too low to
effectively calibrate dip or the type log may not be very representative at the current stage of progression
towards the payzone. The math is such that the general sensitivity to "forcing" an erroneous thickness
match and observing erratic RSD signal response is exacerbated in a non-horizontal wellbore.

16.7 Novice Lateral Mistake: Over-fitting/Under-fitting

Repeatedly making 3DSBs too short can give the geosteering analyst a false sense of stratigraphic
location certainty and it can obscure the opportunity to observe the sought-after good estimate of reality.
At the other end of the spectrum, 3DSBs that are too long—with overly-repeated signal retracing in the
RSD domain—can mask important structural information that is clearly present but hidden by the
smearing of the puzzle pieces. Too much of anything is not helpful! ©

The rule-of-thumb is to calibrate a 3DSB to be as long as possible, without burying important signal.
This frequently requires interpretation exploration with temporary interpretation gaps or even overlaps,
and fitting different length 3DSBs together. At other times during live drilling operations, multiple possible
interpretations are necessary to be maintained until sufficiently definitive signal is acquired after drilling
more wellbore and analyzing its data. In other cases, formerly numerous 3DSBs may be replaced with
one or fewer 3DSBs as interpretation certainty unfolds with the help of new stratigraphically informative
data, such as a boundary crossing or scrape.



There is no uniform 3DSB length that governs best geosteering practices. How nature is curving with
respect to the vertical and horizontal scales of interest is a variable, governing factor of ideal 3DSB
length, as is analyst preference with respect to appearances of type log curve matching.

16.8 "Block of Clarity" —the Calm Feeling of Certainty

Stratigraphic location certainty changes along the horizontal wellbore. In other words, the confidence in
the interpretation of some 3DStratBlocks will be much greater than others. This is normal and
inescapable. For example, the signal signature when "scraping"” an offset bed may be more recognizable
than drilling somewhere in the "middle" of a relatively thick, clean (or dirty) gamma ray portion of a bed.

SES by design is setup to enable quick isolation of wellbore signal portions to help find where
interpretation confidence could be high. In this process a MD gap—interval of wellbore with no current
interpretation of payzone location—may be introduced as the user changes MD_Start of a 3DSB (or
MD_End of an internal 3DSB) and focuses on a portion of recognized signal. Subsequently, the gap is
typically filled-in with one or more 3DSBs and calibrated with "Occam's razor" in mind...the simplest
geologic interpretation is best.

o A "block of clarity" corresponds to an interval of wellbore where stratigraphic location is highly
certain based on great signal matching in the RSD domain, the structural domain making unmitigated
sense, and the general passing of all "sniff tests" from all possible data sources. In many cases a block
of clarity will provide guidance to geosteer towards. In fact, the case can be made that technical
geosteering analysis is in-effect the process of identifying as many blocks of clarity as possible, such that
when fully "connected" over the entire wellbore length, reality is well portrayed and closely approximated.

Pinpointing reality confidently well should usually precede any planned well path change, and changing
the planned well path always includes speculation about rock structural behavior in front of the drill
bit. Indeed, solidifying with high certainty what has occurred behind the drill bit is step one of geosteering.
Repeated observations of geologic reality in a given commercial play increase the speculator's odds of
making steering decisions that turn-out good, because geologic realities often repeat.

16.9 "TraceBack" — a GeoSteerer's Best Friend

A geosteering analyst is sometimes called a - —
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geosteerer. "Traceback" is the name given to
a portion of RSD signal mapping that
captures a stratigraphic down-up or up-down
traverse over a continuous wellbore interval.
The signal "traces back" over itself at a
specific dip. When accurate, this observation
is an excellent estimate of 3DSB dip. With
subsequent 3DSB TVD adjustment usually
then necessary to vertically align the signal
against the type log, the final result provides
a "block of clarity" that serves as a local
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If true bed dip in reality is steady and nearly flat, then traceback will be evidenced with sufficient
alternating wellbore TVD increase and then decrease (or decrease and then increase) against a backdrop
of sufficient signal character contrast. However, traceback need not necessarily coincide with absolute



TVD increase/decrease! Traceback is evidenced by means of definitive changing wellbore
stratigraphic location relative to a chance intersection of payzone with constant dip. Therefore,
traceback may be evidenced while wellbore TVD is increasing but at varying rates (or is decreasing at
varying rates) relative to a portion of geologic reality that happens to possess constant dip over the same
interval. This means traceback can technically be evidenced anywhere along a lateral. ©

The heart of the landing may provide an opportunity to observe traceback, and some operators in some
payzones purposefully plan the landing to observe it. Such a landing may immediately supply a landing-
derived type log for subsequent drilling of the lateral. At other times while geosteering, directional steering
action may intentionally be performed to look for traceback by increasing or decreasing wellbore
inclination to help reduce uncertainty about the wellbore's current stratigraphic location. In other more
structurally complex situations, "traceback" may effectively be assembled but with multiple contiguous
3DSBs, in particular when nature significantly curved while true stratigraphic down-up or up-down
traverse over a wellbore interval in fact occurred or if it occurred over a relatively long section of wellbore.

16.10 Watch for Mirrors

Sometimes it's helpful to isolate the extents of a 3DSB to a particular portion of LWD signal character,
such as a "signal mirror" portion of wellbore that potentially suggests up-and-then-down or down-and-
then-up stratigraphic movement (“traceback™). After such data isolation, experiments with 3DSB dip and
control point TVD often follow. If valid traceback is found, it is a welcomed observation as explained in
16.9 "TraceBack" — a GeoSteerer's Best Friend. Therefore, always be on the lookout for signal mirrors.

"Signal mirror" gamma ray data from what indeed turns out to be traceback from three different wells are
shown below. Notice how the boxed data portion somewhat appears to repeat or "mirror" the
measurement signal after roughly midway through the boxed area. It's never perfect and working in
ParamTuner and the RSD domain will significantly help, but even at the raw data level a "signal mirror"
may scream to the analyst what's happening or for what and where to look.
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16.11 3DSB Dip Azimuth...What should | use?

3DStratBlock (3DSB) control point coordinates, plus dip and dip direction azimuth define a unique 3D
plane that is an estimate of the payzone top location and therefore technically is independent of wellbore
location (including wellbore direction/azimuth). If regional true dip direction azimuth is confidently known
over the horizontal well area or certainly if true dip magnitude is large, then regional true dip direction
azimuth (or its 180° counterpart) may be and should be applied while geosteering with ParamTuner.
The reason for this is due to the inherent 3D mathematics underlying RSD and signal calibration from
independent 3D objects (wellbore and zones).

An alternative option is to strictly use vertical section azimuth (or its 180° counterpart) for 3DSB dip
direction azimuth. In this case, the 3DSB dip being calibrated is of an apparent (instead of true) nature.
This is a common practice in drilling areas of low regional dip (e.g., less than two degrees) and a 2D
well plan (no appreciable wellbore turn in map view).

A third option is to use "current” wellbore azimuth (or its 180° counterpart). In this case, the 3DSB dip
being calibrated is also of an apparent nature.

Because of the non-unique nature of coupled dip and dip direction azimuth, and the RSD calculation,
different pairs of dip/dip_azimuth can produce near-identical mapping of signal onto the type log and thus
a near-identical interpretation of where the payzone is located over the respective finite interval of
wellbore; but a different number of 3DSBs may be required to produce the "same" mappings. In general
this is a positive attribute because if 3DSB dip azimuth is different than nature's true dip direction azimuth,
a similar interpretation can still be found.

The 3DSB/RSD concept is superior to vertical section projection analyses because in practice the ability
of transforming all related data to use wellbore-interval-dependent "projection azimuth" is entirely
impractical with current industry protocols. Also, with 3D objects (wellbore and zones) truly being
modeled as 3D objects instead of projected-into-2D objects, "things" often fall into place more easily
and naturally, and distortions related to projections are largely altogether avoided. Such distortions
are exacerbated with thin payzones or "3D wellbores" (appreciable wellbore turn in map view).

16.12 High Dip Artifacts in Low Dip Environments

A condition can arise related somewhat to general numeric "instability" within the 3D math from having
calibration parameters "out of sync" in a particular geologic/geometric setting. IF true dips are actually
quite low (e.g. <1 degree) AND the 3DSB dip direction azimuth set in ParamTuner is roughly 90 degrees
different than the wellbore azimuth, then larger calibrated 3DSB dip magnitudes in ParamTuner may be
evidenced and are an artifact of being very-much out of phase in the low-dip environment. Dip and dip
direction azimuth are coupled. In this situation, it would be better to set 3DSB dip direction azimuth to
either be a better estimate of true dip direction azimuth (from a contour map) or set it to either the vertical
section azimuth or the wellbore azimuth at TD and recognize that dips being calibrated in ParamTuner
are of an apparent (instead of true) nature.

In general, as true dip magnitude gets smaller, the concept of dip direction azimuth becomes less
significant/absolute, and in fact dip direction azimuth is undefined/meaningless at true dip equal zero. The
larger true dip magnitude is, the more influential dip direction azimuth becomes on RSD calculations.

For example, if nature is truly dipping at 0.68 degrees at dip azimuth of 325 degrees, and if 3DSB dip
azimuth is set to 68/248 degrees and therefore 325-248=77—which is approaching 90 degrees—this
condition may lead to the situation of calibrated 3DSB dip magnitude being larger than expected, for the
reasons explained above. Again, dip and dip direction azimuth are coupled parameters, which model
reality. In this example it may be better to change 3DSB dip azimuth to 325, or to vertical section azimuth
or wellbore azimuth at current TD and realize 3DSB dip is of an apparent nature.



16.13 Truths & Tips

Geosteering professionals embrace the following realities:

» Wellbore/stratigraphic certainties are limited and sporadically located along a wellbore path.

» Wellbore/stratigraphic certainties near current TD and beyond are unknowable.

» Making steering decisions that turn-out to be incorrect by some measure are inevitable for all.

» Geosteering purpose attempts to maximize wellbore/payzone exposure and avoid troublesome
drilling/completion/production conditions.

» Geosteering purpose attempts to add economic value, geologic knowledge, and reservoir
knowledge.

» Geosteering analysis combines creative geologic knowledge and imagination ("art") with
systematic and intellectual reasoning ("science").

» Geosteering expertise is a craft that takes time, experience, and thought to acquire.

» It's best to carefully consider the full drilling/completion/production risks and tradeoffs before
making planned well path changes while drilling.

» A strong working knowledge of the area's geology/drilling/production leads to better
geosteering/steering decisions and increased odds of favorable results.

» The drilled/analyzed wellbore and beds are 3D objects. Think 3D.

» Fault certainties aren't known until perhaps 100s of feet past the fault. Drill ahead and speculate
and get more data, but also remember it's easier to sidetrack on hole low side.

» It's easier with hindsight (also known here as...more data)! The best estimates of wellbore/rock-
layer certainties over the entire lateral are obtained after TD is reached and full datasets are
analyzed by trained personnel; and later re-analyzed after significant numbers of new datasets
and area experience have been acquired.

Final tips:

» When geologically lost, carry multiple working hypotheses until new data resolves ambiguity.

» When geologically lost, get others' opinions/input. Geologic truth does exist!

» Respect the full-field structure model and type logs but don't blindly anchor to them, as realities

along portions of your wellbore may be quite different than thought prior.

If it were easy, many more folks would do it—as well. © GOOD LUCK!

THANKS for using SES!



IMPORTANT

SES evolves and changes and the program behavior reported in this user manual may be different in the
version of SES you are running today. See SES Release Notes documentation for detailed updates to the
changes and new-feature additions!

If your computer does not respond to keyboard typing, make all graphs NOT have the focus (magenta
outline) by "clicking-elsewhere". This is a Microsoft bust (http://support.microsoft.com/kb/210608/en-us).

There are several screen tips. Just place your mouse over a control and if available the tip will appear.
Clicking into a text box usually provides more information in the status bar.

The status bar at the far bottom of the application window is used extensively to inform you of various
information. If SES is working OR if the mouse cursor shows "busy", please let processing complete
before clicking or typing.

Several example wells accompany SES. Seeing examples is a great way to start learning new software!

Need a feature added to SES? Send FEEDBACK to us now using menu Help, Online/Download, and
click 'Email Technical Support.’

THANKS for using SES!

USA Rotary Rig Count by Well Type (4 Sep 2015)
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