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Key Notes and Outline 

 

Some Major Features of Marmul GNR Field 

 More than 30 years of production from hundreds of horizontal wells and tens of vertical wells from two main reservoirs 

 20
o
 API oil, with viscosity of 100-1000cP; water-cut greater than 96% 

 

Key Uncertainties 

 Production allocation uncertainties 

 Subsurface uncertainties 

  Permeability, facies distribution, initial oil saturation, viscosity 

  

Fast Track vs. Traditional Workflow 

 Opportunity 

 Operator’s dilemma 

 

Marmul Full Cycle LTRO and Forecast  

 Poseidon (production engineering software) deck definition 

 Production allocation  

 ROCM (Remaining Oil-Compliant Mapping)  

 Handling Poseidon ROCM uncertainty 

 Poseidon remaining oil 

http://www.searchanddiscovery.com/documents/2018/42190malakhov/ndx_malakhov.pdf
mailto:denis.malakhov@targetofs.com


 Infill opportunity framing 

 Predictive analytics history machine learning 

 Machine learning full field forecast 

 Development scenarios forecast 
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MARMULGNR PRODUCTION AND DEVELOPMENT HISTORY 

• 30+ years of production 
• 100's horizontal 

+ 10's vertical wells 

Vertical wells 
development 

Intensive Hz 
drilling 

Development at slow-pace Hz infiU rate 

\.-...r-,.,.--------.. .. 
" e .. G 
o. ::; 
~. \( ", 
" .. 

HETEROGENEOUS RESERVOIRS / VERTICAL AND HORIZONTAL WELLS Penneability [mDI 
3200,0000 
1000,0000 
320.0000 
100.0000 
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10.0000 ,.-

• Two main producing reservoirs 
• Recent WI implementation 

• Heavy Oil with API = 20 
• Viscosity = 100-1000 cP 

• Water cut> 96% 

I{EY UNCERTAINTIES 
PRODUCTION ALLOCATION 

UNCERTAINTIES 

• -30% of the total production is comingled 

• Both vertical and horizontal wells are 
commingled 

• Limited PL T dataset and pressure data 

• Other uncertainties on reservoir pressure, 
oil API/viscosity distribution and 
permeability estimation in wellbore 

PERMEABILITY 

lOW I MID I HIGH 

Limited and/or 
unreliable core data 

hence poro-perm 
uncertainty 

SCAL dataset incomplete 

SUBSURFACE UNCERTAINTIES 

FACIES DISTRIBUTION 

LOW I MID I HIGH 

Limited constraining of 
facies and reservoir quality 
distribution seismic due to 

old vintage ft low 
resolution 

INIITIAL OIL SATURATION 

lOW I MID I HIGH 

Complex facies assemblage 
resulting in difficulty in estimating 
initial oil saturation (wells drilled 

post-production, and Hz) 
Poor coverage from early vertical 

wells (log vintage) 

VISCOSITY 

lOW I MID I HIGH 

Evidence from sampling 
that API ft viscosity varies, 

both areal and depth
trends present; significant 

fluid PVT uncertainty 
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0.0032 
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0.0001 

LIMITED TIME 
AND RESOURCES 

AVAILABLE 

SIGNIFICANT 
CHALLENGES TO 

ADDRESS 

FAST TRACI{ VS TRADITIONAL WORI{FLOW . ~~udy 
1nltlatlon 

Study 
Completion 

THE OPPORTUNITY: A mature field with low 
recovery factor and potentially significant 
undrained volumes; can more be economically 
recovered? 

OPERATOR'S DILEMMA: The long road of 
reservoir simulation with uncertain results vs. 
traditional analytical methods with limited 
quantitative capability 

OPERATOR'S 
DILEMMA 

SOLUTIONS 

Straight into full fieLd static & dynamic modelling 
,-+ long process (8-12 months), large resource loading; 

History-matching unlikely to be fully well-compliant... 
problematic for infiLl decisions 

Revert to 'simple' traditionaL analytical workfLows (OFM 
maps, MBAL) 

L...-+ Simpler and fa ster, but historically proven not to be 
sufficiently quantitative: how to estimate confidently and 
consistently incremental reserves from infill wells? 

Alternative The LTRO workflow: 3 months end-to-end 
comprehensive assessment 

Physically I _ ...... >1 Delivered high-graded infiLllocations, risk assessment, 
geologically consistent 
Fit-for-purpose EURI well and production forecast for each well location 
Cost effective with uncertainty assessment (P90/PSO/P10). Predictions 

validated by full physics simulation sector model 

PRODUCTION ALLOCATION 
Data QA/QC, commingling 
analysis, Alternative 
reservoir allocation 
scenarios 

REMAINING OIL 
SENSITIVITY CASES 
Testing impact of 
subsurface uncertainties 
on by-passed oil 

SECTOR MODEL 
BENCHMARK 
Validation of ROCM maps 
to sector models 

REMAINING OIL 
MAPPING ANALYSIS 
By passed oil analysis 
and identification of 
Water shutoff and Infill 
Opportunities 

REMAINING OIL RISKING 
Incorporation of 
subsurface 
uncertainties into a set 
of combined scenarios 
and delivery of 
Pl0150/90 remaining 
oil maps with risk map 
associated 

DEVELOPMENT 
SCENARIOS 
FORECAST 
Screen 100's of well 
locations and 
generate forecasts 
for infill drilling 
locations at 
different spacing 

SECTOR MODEL 
BENCHMARK 
Benchmarked 
machine learning 
outcomes to sector 
models 

MARMUL FULL CYCLE L TRO & FORECAST 2 PRODUCTION ALLOCATION 3 REMAINING OIL COMPLIANT MAPPING 

(ROCM) 

PRODUCTION 1 POSEIDON DECI( DEFINITION 

WCUT&GOR 
MATCHING 

AT WELLS & 
OBS. POINTS 

ROCM 
ENGINE 

FRACTIONAL FLOW 
INVERSION 

-~,-------.. ....... 

MATERIAL 
BALANCE 

We ll fractio nal flows taking 
into account of vert ical 
heterogeneity at wells. 

• Static properties definition usi ng 
direct export from Petrel as maps • Commingling analysis per well/ 

production volume 

• SENSITIVITY cases runs (varying one uncertainty 
parameter) - to classify key parameters for 
further runs 

• General properties import - PVT, ReI. 

Iteratively potential-guided Sw m'"p;;:t'-__ ~ Perms, Reservoir Pressure, etc. • Generating alternative allocation 
cases (LOW / MID / HIGH) to capture 
allocation uncertainty 

• COMBINED cases runs (varying few selected 
uncertainty parameters) - basis for opportunities 
screening and risking criteria 

Matching the remaining oit in place Estimati ng flow potential taki ng 
(MBAL) into account of geology, injections, 
Honoring the observed well wcut or other aquifers, and withdrawals. 

• Low / Mid / High realisations to capture 
subsurface uncertainties 

observation points (logs) 

HANDLING POSEIDON ROCM UNCERTAINTY 

SUBSURFACE UNCERTAINTIES 

PERMEABILITY 
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ALLOCATION UNCERTAINTIES 

SENSITIVITY 
& 

COMBINED 
SCENARIOS 

REMAINING OIL MAPS 

IZ:)I PI0 

~ PSO 

k?4 P90 

Each gridceU on the map is a 
probabilistic remaining oil 

volume out of aIL processed 
subsurface scenarios 

REMAINING Oil 
CONFIDENCE MAP 

1/1 I" . • • • 
lOWI MID I HIGH 

Standard deviations map based on 
aU processed subsurface scenarios 

4 INFILL OPPORTUNITY FRAMING •••. . ..•..••• :;.. •• ~ ~~~·;rl~~ .. CA'.'" 
Selected key targets with remaining oil ;;pW "- ~ 
accumulation quantified per target: 

• Remaining Oil Volume within the target ' .: ' 
polygon (Averaged volume from all ~,:);.iI r~ 
subsurface realisations) it·,' fJ,lJ 

• Base case difference to AVG case 
• Potential risk - variability of target . . . 

volume from case to case • . ~ : .'>i.:'~~"~ LAYER 1 

• Upside potential- estimation of the best ~'> )~~ . . 
possible target remaining oil from the . , . A 
most optimistic subsurface realization 

• Downside potential- estimation ofthe '" r ~ • 
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realization 

6 MACHINE LEARNING FULL FIELD FORECAST 

INDIVIDUAL TARGETFORECAST 
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MACHINE LEARNING METHOD VALIDATION 
VERSUS SECTOR DYNAMIC MODEL 

y 
FORECAST SCENARIO INCREMENTAL 

EUR AND EUR/WELL -----------------.. . . - . : ' . , 

$ -- ~ N: U: L NETWORK 

It I PREOICTED RANGE 

SIMULATION RESULT -=== 
,,' SELECTED HISTORY· 

MATCHED SECTOR 

Predicted well 
performance has 
been validated 
using dynamic 
sector modelling 

POSEIDON REMAINING OIL 

REMAINING OIL VOLUME 

REMAINING OIL CONFIDENCE MAP 

High confidence => tow 
uncertainty of remaining 
oit in the area. potential ---=~ 
tower risk drilling target 

D.O(NONE) 

low confidence z > high 
uncertainty of remaining 
oit in the area, higher 
risk associated 

CONFIDENCE LEVEL 

5 PREDICTIVE ANAL YTICS 

HISTORY MACHINE LEARNING 

With Static input: 
• porosity 
• kh 
• viscosity 
within k-neighbours and 
dynamic input: 
• maturity 

STATIC INpUTS@WELL 

1.0 (HIGH) 

• saturation evolution in time • Porosity within k-neighbors 
• oil in place vs time 
fit wells historical 
performance with watercut 
and cumulative oil type curves 
for a further POSEIDON 
APACHE neural network 
"learning". 

• KH within k-neighbors 
• Viscosity within k-neighbors 
• WeLL location 

PYNAMIC INpUTS@WELl 
• h$w(t) within k-neighbors 
• Sw(t) within k-nelghbors 
• OIP(t) Within k-neighbors 
• Wellspad,.. (.q ___ .. 

AVAILABLE VIA ROCM POSEIDON 

DEVELOPMENT SCENARIOS FORECAST 
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TRAINING SET WELLS 
WCUT vs CUMlIQ CUMOJL vs CUMLlQ 
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A<:hie,01I ,e lso""ble WeT TYPE·CURVE 
motch "" rt.. training,.., 

CUMOll CURVES . r. wilhin Ihe Probabi(i'y Band 

CONFIRMED OVERALL GOOD PREDICTABILITY OF 
POSEIDON APACHE MODEL ON BLIND TEST WELLS 

BLIND TEST WELLS 
WCUT vs CUMLlQ 
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Slind leSl_U, (old I nd 'K.nl OM,I WCT 
TYPE·CU~YES "'e wilhin the band 

CUMOIL vs CUMLlQ 

~ : 

(U MOll CU~VES . re wi'hin ,he Probability Band 

NUMBER OF INFlll WEllS 

DEVELOPMENT CASES GENERATED 
• Alternative infill spacing 
• Sequencing alternatives 
• Uncertainty analysis P90-PSO-P10 profiles 
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• Two main producing reservoirs 
• Recent WI implementation 

• Heavy Oil with API = 20 
• Viscosity = 100-1000 cP 

• Water cut> 96% 

I{EY UNCERTAINTIES 
PRODUCTION ALLOCATION 

UNCERTAINTIES 

• -30% of the total production is comingled 

• Both vertical and horizontal wells are 
commingled 

• Limited PL T dataset and pressure data 

• Other uncertainties on reservoir pressure, 
oil API/viscosity distribution and 
permeability estimation in wellbore 

PERMEABILITY 

lOW I MID I HIGH 

Limited and/or 
unreliable core data 

hence poro-perm 
uncertainty 

SCAL dataset incomplete 

SUBSURFACE UNCERTAINTIES 

FACIES DISTRIBUTION 

LOW I MID I HIGH 

Limited constraining of 
facies and reservoir quality 
distribution seismic due to 

old vintage ft low 
resolution 

INIITIAL OIL SATURATION 

lOW I MID I HIGH 

Complex facies assemblage 
resulting in difficulty in estimating 
initial oil saturation (wells drilled 

post-production, and Hz) 
Poor coverage from early vertical 

wells (log vintage) 

VISCOSITY 

lOW I MID I HIGH 

Evidence from sampling 
that API ft viscosity varies, 

both areal and depth
trends present; significant 

fluid PVT uncertainty 
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recovery factor and potentially significant 
undrained volumes; can more be economically 
recovered? 

OPERATOR'S DILEMMA: The long road of 
reservoir simulation with uncertain results vs. 
traditional analytical methods with limited 
quantitative capability 

OPERATOR'S 
DILEMMA 

SOLUTIONS 

Straight into full fieLd static & dynamic modelling 
,-+ long process (8-12 months), large resource loading; 

History-matching unlikely to be fully well-compliant... 
problematic for infiLl decisions 

Revert to 'simple' traditionaL analytical workfLows (OFM 
maps, MBAL) 

L...-+ Simpler and fa ster, but historically proven not to be 
sufficiently quantitative: how to estimate confidently and 
consistently incremental reserves from infill wells? 

Alternative The LTRO workflow: 3 months end-to-end 
comprehensive assessment 

Physically I _ ...... >1 Delivered high-graded infiLllocations, risk assessment, 
geologically consistent 
Fit-for-purpose EURI well and production forecast for each well location 
Cost effective with uncertainty assessment (P90/PSO/P10). Predictions 

validated by full physics simulation sector model 

PRODUCTION ALLOCATION 
Data QA/QC, commingling 
analysis, Alternative 
reservoir allocation 
scenarios 

REMAINING OIL 
SENSITIVITY CASES 
Testing impact of 
subsurface uncertainties 
on by-passed oil 

SECTOR MODEL 
BENCHMARK 
Validation of ROCM maps 
to sector models 

REMAINING OIL 
MAPPING ANALYSIS 
By passed oil analysis 
and identification of 
Water shutoff and Infill 
Opportunities 

REMAINING OIL RISKING 
Incorporation of 
subsurface 
uncertainties into a set 
of combined scenarios 
and delivery of 
Pl0150/90 remaining 
oil maps with risk map 
associated 

DEVELOPMENT 
SCENARIOS 
FORECAST 
Screen 100's of well 
locations and 
generate forecasts 
for infill drilling 
locations at 
different spacing 

SECTOR MODEL 
BENCHMARK 
Benchmarked 
machine learning 
outcomes to sector 
models 
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MATERIAL 
BALANCE 

We ll fractio nal flows taking 
into account of vert ical 
heterogeneity at wells. 

• Static properties definition usi ng 
direct export from Petrel as maps • Commingling analysis per well/ 

production volume 

• SENSITIVITY cases runs (varying one uncertainty 
parameter) - to classify key parameters for 
further runs 

• General properties import - PVT, ReI. 

Iteratively potential-guided Sw m'"p;;:t'-__ ~ Perms, Reservoir Pressure, etc. • Generating alternative allocation 
cases (LOW / MID / HIGH) to capture 
allocation uncertainty 

• COMBINED cases runs (varying few selected 
uncertainty parameters) - basis for opportunities 
screening and risking criteria 

Matching the remaining oit in place Estimati ng flow potential taki ng 
(MBAL) into account of geology, injections, 
Honoring the observed well wcut or other aquifers, and withdrawals. 

• Low / Mid / High realisations to capture 
subsurface uncertainties 

observation points (logs) 
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Standard deviations map based on 
aU processed subsurface scenarios 
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performance has 
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using dynamic 
sector modelling 
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HISTORY MACHINE LEARNING 

With Static input: 
• porosity 
• kh 
• viscosity 
within k-neighbours and 
dynamic input: 
• maturity 

STATIC INpUTS@WELL 

1.0 (HIGH) 

• saturation evolution in time • Porosity within k-neighbors 
• oil in place vs time 
fit wells historical 
performance with watercut 
and cumulative oil type curves 
for a further POSEIDON 
APACHE neural network 
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