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How many Stringer hits?

without

ZEZ3AIC

* From 6011 NL boreholes, 2013 are conclusive and 1284 observed ZEZ3A/C
* Many recordings of Stringer drilling incidents; but how many?

Source nlog.nl 3



Example #1

8000 8400 8800 9200 2600 10000 10400

well: drilled 18 m of ZEZ3A
anhydrite, thereafter 2m of
carbonate.

Sudden influx of 500 | brine.
Mud weightened up to 2.06 g/cc
to stabilize flow.
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Zechstein stratigraphy: -post deformation-

High Pressure Raft mechanism

1) Salt uplift

1
2) break-up in rafts

3) salt encased
blocks

4) pressure increase to
lithostatic gradient

5) gravity induced
sinking

6) “raft dump”

Basal Zechsfein

Rotliegend objective

Ref: “Are salt kicks predictable? G. Hoetz et al. PESGB geophysical seminar, London 20(?8



Drilling Hazards:
Important cause of Non Productive Time

Diﬂereial Sticking Geopressure Unconsolidated Zone Fractured or Faulted Zone ~ Mobile Formation

Stringer kick Squeezing salt



ebn

Why compiling Geo Drilling Events?

Improving well safety and well cost related to Geological Drilling
hazards: reducing NPT

Providing a better understanding of geological drilling hazards in NL

Learning from past geological incidents encountered by other operators
by sharing information

Using offset well data efficiently to optimize well design




GDE DB* Project background

w3

Phase 1: Feasibility

Phase 2: Development Phase 3: Deployment

TNO JIP: pilot to - EBN review pilot data « EBN tested operational

investigate feasibility
geo-hazards database

11 operators participated
Feasibility proven: EBN

Analyses by experienced
Well Engineers

Defined GDE DB structure GDE DB Tool

* Roll out to Partners in
August 2017

decided to take lead for - Presented to NOGEPA
follow-up and received full support

Nogepa/EBN Zechstein
workshop May 2014

*: Geo Drilling Events DataBase



What Drilling Events are captured?

Drilling Event Triangle

Organisational

Drilling Events can
have one -or more-
causes!

Geo-Drilling
Events

GEOLOGY ENGINEERING

Geo-Drilling Events have a significant geology component in the cause
' ., require geoscientists for understanding
' ,,» can often be avoided by doing geological homework



Geo-Drilling Events Database
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Resulls To Date*

- Number of boreholes analyzed
- Boreholes with Geo-Events

- Number of Geo-Events

- Wells with Insufficient data

*statistics as per jan 2018

796
SV
841
79

Wells

without
Wells Geo-
with incident
Geo- 40%
incident

60%
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Geo-Drilling Events

Deformed Tubular Washout Steering _ Other

1  [Stuck Tubular/Tool 344 ke '12/5 U\ -

2 |Clay Balling 43 Lthology e —

3 |ROP 45 o

4 Gain 123

5 Losses 199 Loses

6 |Lithology 12 24%

7 HC 2

8 H2S 10

9 |Deformed Tubular 6

10 |[Washout 26

11 |Steering 23

12 |Other 8 Clay Balling
Total: 841 -

Status Jan 2018 12



Geo-Drilling Events: severity*

Severity of incident:
Semi-quantitative classification
based on NPT and (potential) impact.

Medium
26%

*statistics as per nov 2017
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Other

Geo- Drilling Hazards* oy ot

Clays
6%

Rocks 462 H2S Faults /

F Faults / Fractures 55 Fractures
C Swelling Clays 153 \ 8%
S Squeezing Salts 75 ‘
W Weak Formations 102 Squeezing
B Boulders 4 Salts
R Rock Properties 73 LU
Fluids 110 Derf \
D Depleted Reservoir 18 Reservoir...
E Shallow Gas 4
G Unexpected Geopressures 84
H H2S 5
Rock
Other 91 Shallow Gas PTOpETTias Boulders
M  Mapping Uncertainty 15 0% 14% 1%
Z Other Geological Hazard 76

*statistics as per nov 2017



Color by:

GDE DB provides .
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GDE DB mapview:

 Licences
* Events

Events
colorcoded by
stratigraphy




GDE DB mapview: <=2
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GDE DB mapview:

« Licences
« ZE Events only
 labelling

167 events:
mainly:

« Gain (kick),
 Losses,

« Stuck tool
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GDE DB
offset well view:

 All GDE info
for selected wells

Geo-Drilling Events in the Netherlands

Detailed Geo-Drilling Event (GDE) and Underlying Hazard (HAZ) information

R Color by:
Layers v 5 £ GDE type Well name . GDE narrative
/ ® RoP GGT-103 Lower than expected drilling rates in the Holland marl (KNGL) resulted in two extra bit trips to try different bits.
! @ Novent GGT-103  The PDC bit balled up and had to be pulled out after driling only 6m into the Viieland Clay stone [KNNCM] from 1095m —
X @ Clay Baling 101m.
o \ ® Gain GGT-103 The 8 Y2 "hole was drilled through the Basal Zechstein and the Top Ten Boer in order to seal of any over pressurised zones.
\ . @ Stuck TubularTool After driling through the ZEZ2A 1m into the ZEZ2C at 2778 mMD a drilling break was observed by the driller who did a flow ..
B GRK-21 Bit balled several times, in particular the Asse and leper Members. Several brine pills were pumped to clear bit.
0 =L GRK-21 Between 2462m and 2474m MD string got stuck in the 12 1/4” hole section. Jarred free. Got stuck again at 3118m, pulled free
Nt Ny with 185T.
2 y GRK-43 Drilled 12.1/4" hole to 2628m. Shut in well and circulated out kick. Weighed up mud to 1.85sg and continued driling to 2749m.
LWZ-03-51 Driled 6" hole to 3839m and observed well flowing. Displaced well to 1.70sg mud, well flowing 250 Vhr. Displaced well to 1.80sg
. mud, minor losses observed. Pulled out and changed BHA, no gains/losses. Continued driling 6" hole section TD at 4092.
x g MKZ-06 Whilst drilling the 6" section, driling 6* at 3869m shut-in well due to brine kick in the ZEZ3H. Performed well kill operations but
> A unable to achieve static well with 2.24sg kill weight KMag due to losses and gains. Slugged drill string with heavy weight mud. .. |
‘/ b . MKZ-07 No Geological Driling Event mentioned
. f b
GRK-21 @ hosa |
. )
J GRK-21 || GRK-43
{
S o e a [CE e ZUIDHORN
* ® :
GGT-103 | | GGT-103 -
L .
1Skm ! 7 2
Well Offset Review Table: GDE Summary
Stratigraphic
group GGT-103 GRK-21 GRK-43 LWZ-03-81 MKZ-06 MKZ-07
NL - Bit balling in the Lower - e s "
North Sea group.
KN Low drilling rates in the - - - -
Holland marl (KNGL)
ZE Well kicks at the ZEZ2C ~ Got stuck twice inthe ~ Well flowing inthe ~ Brine kick in the 6" hole  Brine kick in the ZEZ3H. -
carbonate formation. Zechstein salt. Zechstein formation ~ section. Killed and abandoned well.
NoEvent - - - - No Geological Drilling
Event mentioned
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summary

1)

2)

3)

4)

5)

6)

Geo Drilling Events Database uses classification system for drilling
observations and geological interpretations causing the GDE'’s.

Around 800 NL boreholes analyzed (and increasing).
Convenient user-interface based on webhosted Spotfire project.
GDE DB accessible for EBN partners.

GDE DB allows de-risking new well designs now.

GDE DB starting point for further research.
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