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Observations from systematic depth conversion reviews
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About EBN The Netherlands

Fields & licences

EBN invests in exploration and : 7/
production of natural gas

NS

4 .

and oil on behalf of the Dutch State % N ‘ ':M %
Number of employees: 81 (2016) 7 // N
Participates in nearly all dutch N &) A0 ",
upstream (~40% share) b - =
Production: ~500k boe/d (2014) b <4 :
All profits of EBN are transferred to 7 ) W { 3
Dutch government: € 4.9 bin (2014) S
Access to most data =
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About EBN

EBN invests in exploration and
production of natural gas
and oil on behalf of the Dutch State

Number of employees: 81 (2016)

Participates in nearly all dutch
upstream (~40% share)

Production: ~500k boe/d (2014)

All profits of EBN are transferred to
Dutch government: € 4.9 bin (2014)

Access to most data

140,000 km2 3D seismic
> 5,000 wells

:g d Background




~40 new wells annually
do test seismic technology in NL

Drilling activity in the Netherlands

120
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1940 1945 1960 1955 1960 1965 1970 1875 18&0 1885 1940 1885 000 005 2010 2015
B o I HC {unspecified) B cas
EBM 2014
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Depthing matters...

More accurate description of subsurface allows better project
risking/ ranking and execution (including better & safer wells!)

Depth prognosis is a key parameter

volumes A A Well design Drill saferA

\:" Depthing Matters



Impact depth conversion: situation dependent
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Prognosis

Typical exploration case

Typical development case
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If entire structure deep to prognosis:
closure unaffected & well still successful

A :
\\,}ﬁ Depthing Matters

If structure locally deep to prognosis and
contact fixed: HC column in well reduced




Typical Time-Depth conversion workflow (1)

S0 0420

3D PreSDM data o

9420 9420 9420 9420 9420 9420 9420 9420 9420 9420 0420 9420 9420 9420 9420 9420 9420 94

Front = R1059_04PrDM_Full_T_Rzn_vG

Interpretation on timedata
Layercake approach

Velocity model based on

well data and pro-velocities .

Frequent use of VO,K velocity

parametrisation (per layer)

; ? p Workflow
N\
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Typical Time-Depth conversion workflow (2)

Velocity model

~
T2D T~ o \
~ \
! ~S o 9 -
Well tops raw depth map rror prone
difference
- M _
residuals 7/ addition ~+ calibrated depth map

7
Residuals grid /

v|Uncertainty grid

@» Workflow



Depth prediction review

« 253 recent wells (all operators)

« Comparing prognosed depth vs actual depth:

at target level and overburden levels

* Analyse depth errors

,——/p

N\L» Workflow




Depth errors: example A

depth prognosis vs. actual

100
shallow deep
75
50
E__zs
} .
g 0 ) i : 3 $
& B & SRR 2 &,L . »
-:_25 | % 4& F:p ‘B” 4b po,, <)C.
et _l Cd
Q.
'5_50 |
—Jactual error
.75 } =—Range deep
Range shallow stratigraphic unit
-100

- ;'.,.’;\,
\x\_ﬁ Depth Errors

Conclusion: velocity layer 2 underestimated:

error propagates down, but within range




Depth errors: example B

depth prognosis vs. actual

100
shallow deep
75
50
E2s
o —
= 0 } 3 3 3 } 3 3
-
& fb~—_¢, . 2 2 R » »
£ 25 | Bt W i % = Too | Tog
Q
-5_50 1
actual error e——
.75 4 —Range deep
Range shallow stratigraphic unit
-100

Conclusion: velocity layer 6 (evaporites) underestimated:
outside range!

'g-—-,‘_»
\\,!j Depth Errors



Depth errors (target level)

Sorted bar chart

125 n: 253 wells
STD: 38 m
75 mean: 10 m (deep)
25
il

rj]zet5er5|ﬂ]mm,|l-u”|mHMH|||||rI|l|||1'(')'o'”r“r_" 50 200 | 254

| 64% 36%
deep to prognosis shallow to prognosis
Exploration

-125

Depth error: 1.2% Prediction bias towards being deep (0.4%)

._._J.g,’“
‘\,» Depth Errors



Why biased estimates?
Seismic maps contain noise

real surface

| —/ A

seismically mapped surface

"J\/\/\/\/

» . Actual deep
I to prognosis
B e real minus mapped surface

Actual shallow
to prognosis

@j Depth Bias
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Why biased estimates?
Random sampling: no bias

7 real surface

ya ' seismically mapped surface

dz AN N AN A L Treal minus mapped surface

@» Depth Bias
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Why biased estimates?
Selective sampling*: bias

X >
7 real surface
\

ya seismically mapped surface

Actual deep
1 3 to prognosis .
dzZ AN AN real minus mapped surface

Actual shallow

to prognosis

* Structural height is an important selection criterion

@» Depth Bias
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Depth errors at Base Tertiary (overburden reflector)

100
n: 73 wells

80 | STD: 23 m

co | mean:  -0.34 m deep

40 .

20 Illl
metero snznl _

1 26 31 36 41 46 51 56 61 66 71

20 — ]
“ 51% 49%
-40 - :
I deep to prognosis shallow to prognosis
-60
-80
-100

Depth error: 2.5% Prediction bias small (0.04%)

N\L» Depth Bias



Depth errors for target & key overburden reflectors
expressed in standard deviation & mean

100
n: 73 wells

. |
22 | ) |
meter o H H i
V

-+ STD

«——— mean

-20

: .

-80

B. Tertiary B. Chalk T. Triassic T. Zechstein T. Rotliegend

-100

Depth bias increases from 0.3 m (0.04% at B. Tertiary)
to 15.8 m (0.5% at Rotliegend target)

@é Depth Bias
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Chasing highs: true or phantom?

1
TWT ES26 E539 E552 E5E5 E578 E591 BEC4 EE17 BE30 EE43 EESE EERY EE32 EE95 E708 E?|21 E?|34 E747 B?IEO BTIT3 BTISS B?ISS
" i of S 7 ATy
4-%1&. s Ve
» - iy

o w——

Phantom highs
on depth maps
can be caused
by imperfect
TD-conversion
(amongst others)

’1{7\ Depth Bias
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Selection Bias affecting volumes (1)

Assumptions

1. Hypothetical prospect portfolio: 100 prospects all containing 1 bcm
GIIP.

2. Explorers evaluate imperfect data to asses prospect volumes and
build portfolio.

3. Portfolio drilled in order of attractiveness (volume is key driver!)

4. Only best part of portfolio to be drilled.

.

\\i’» Bias




Selection Bias affecting volumes (2)

Prospect portfolio (ranked on GIIP)

B measured
1.8

1.6

m actual

1.4
12 IIIIIIII
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100
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Post campaign conclusion: actuals do fall short of expectation!

@ Bias
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Observations from systematic depth conversion reviews

conclusions

» Average depth error: 38 m (1std) i.e.1.2%

* Most depth errors due to TD conversion (rather than
picking wrong loop)

« Bias might be explained by Selection Bias

« Bias (10m too deep) causes overestimate in volumes

* Proper depth conversion remains a challenge...

,--/p-\.. )
N\L» Conclusions



Observations from systematic depth conversion reviews:

plased depth estimates and the impact on the drilling portfolio

Questions?
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