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Zone Number of layers Average thickness of the layers 

ROCLT 2 27 m 

ROSLU 15 8 m 

ROCLA 1 3 m 

ROSLL 5 11 m 

Carboniferous 2 31 m 

 

 



𝜑 =  
𝜌𝑚𝑎𝑡𝑟𝑖𝑥 −  𝜌𝑏𝑢𝑙𝑘 

𝜌𝑚𝑎𝑡𝑟𝑖𝑥 − 𝜌𝑓𝑙𝑢𝑖𝑑

𝜌 𝑏𝑢𝑙𝑘 𝜌 𝑚𝑎𝑡𝑟𝑖𝑥 𝜌 𝑓𝑙𝑢𝑖𝑑 

 

https://www.thermogis.nl/porositeit-en-permeabiliteit
https://www.nlog.nl/sites/default/files/thematische_data/nlog_poroperm.xlsx


 

 



https://www.nlog.nl/sites/default/files/thematische_data/nlog_poroperm.xlsx






 



 

 

 

 

 

 



 mean Standard 

deviation 

range Variogram 

Range (major/minor/vertical) 

ROCLT From upscaled logs 15000/15000/15 

ROSLU From upscaled logs 15000/15000/30 

ROCLA From upscaled logs 15000/15000/10 

ROSLL From upscaled logs 15000/15000/15 

DC 0.08 0.04 0.02-0.2 15000/15000/30 
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 mean Standard 

deviation 

Range Variogram 

Range (major/minor/vertical) 

ROCLT From upscaled logs 15000/15000/15 

ROSLU From upscaled logs 0.74 – 3000 15000/15000/30 

ROCLA From upscaled logs 0.63 – 500 15000/15000/10 

ROSLL From upscaled logs 0.03 – 1000 15000/15000/15 

DC 0.3 0.2 0.02 – 50 15000/15000/30 
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https://nam-feitenencijfers.data-app.nl/embed/component/?id=gasdruk#tab-overig
https://nam-feitenencijfers.data-app.nl/embed/component/?id=gasdruk#tab-overig
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Static GIIP Pore volume 

multiplier 

dynamic GIIIP 

(incl GBFWL) 

NAM GIIP  

Vries-Noord 3.1 1.4 4.6 4.8 

Roden-Noord 7.3 1.0 7.7 8.5** 

Roden-Zuid 3.2 1.17 3.9 1.6 

Boerakker 2.6 1.81* 3.9 4.8 

Pasop 6.4 0.61 4.1 3.9 

Faan 3.7 0.3 0.9 1.4 

Noordlaren 0.3 0.83 0.2 0.2 



 

 

 

 

 

 

 

 



𝑃𝑉𝑀𝑈𝐿𝑇 𝑥 =
𝐺𝐼𝐼𝑃𝑜𝑏𝑠,   𝑚𝑒𝑎𝑛+(

(𝐺𝐼𝐼𝑃𝑥−𝐺𝐼𝐼𝑃𝑒𝑛𝑠,  𝑚𝑒𝑎𝑛)

𝐺𝐼𝐼𝑃𝑒𝑛𝑠,  𝑟𝑎𝑛𝑔𝑒
𝐺𝐼𝐼𝑃𝑜𝑏𝑠,𝑟𝑎𝑛𝑔𝑒)

𝐺𝐼𝐼𝑃𝑥

𝑃𝑉𝑀𝑈𝐿𝑇 



𝑥

𝑦

 
Static GIIP of the ensemble Range (‘obs’) used to calculate 

the pore volume multiplier 

 min mean max min mean max 

Vries-Noord 2.8 3.1 3.6 4.1 4.3 4.7 

Roden-Noord 6.7 7.5 8.3 7.1 7.4 7.9 

Roden-Zuid 2.9 3.2 3.4 3.2 3.7 4.2 

Boerakker 2.6 2.9 3.3 4.4 4.8 5.1 

Pasop 5.6 6.4 7.0 3.4 3.9 4.4 

Faan 3.6 3.9 4.3 1.0 1.1 1.3 

Noordlaren 0.2 0.3 0.3 0.1 0.2 0.3 

 Base model min max 

Anisotropy (kh/kv)  10 5 15 

Multiplier on kv ROCLA  0.01 0.002 0.032 

Multiplier on kv layer 23  0.001 0.0002 0.0032 

Baffles set 1 0.01 0.005 0.02 

Baffles set 2 0.001 0.0005 0.002 

Baffles set 3 0.0002 0.0001 0.0003 



𝐹𝑎𝑢𝑙𝑡_𝑚𝑢𝑙𝑡𝑥 = 𝑓𝑎𝑢𝑙𝑡_𝑚𝑢𝑙𝑡_𝑏𝑎𝑠𝑒 ∗ 10𝑟𝑎𝑛𝑑𝑜𝑚 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝 

 

GIIP (BCM sm3) Dynamic GIIP ensemble 

 min mean max 

Vries-Noord 4.2 4.5 4.9 

Roden-Noord 7.5 7.9 8.3 

Roden-Zuid 3.5 4.0 4.5 

Boerakker 3.6 4.0 4.4 

Pasop 3.6 4.1 4.7 

Faan 0.8 1.0 1.1 

Noordlaren 0.1 0.2 0.3 

https://opm-project.org/




 

 

𝜎0 + 𝛼 ∙ 𝑑ℎ 𝜎0 𝛼



𝜎0 = 1 𝑐𝑚2 𝛼 = 1 𝑐𝑚

 



𝑐𝑚0[10−5𝑏𝑎𝑟−1] = 267.3 ∙ 𝜙3 − 68.72 ∙ 𝜙2 + 9.85 ∙ 𝜙 + 0.21

 

Δ𝑉𝑙𝑖𝑛𝑒𝑎𝑟

𝑉
= 𝑓𝑐𝑚 ∙ 𝑐𝑚0 ∙ 𝑑𝑃

𝑓𝑐𝑚

𝑓𝑐𝑚







 

𝑓𝑐𝑚1 𝑓𝑐𝑚2

𝑃𝑡𝑟𝑎𝑛𝑠

Δ𝑉𝑏𝑖𝑙𝑖𝑛𝑒𝑎𝑟

𝑉
= {

𝑓𝑐𝑚1 ∙ 𝑐𝑚0 ∙ (𝑃0 − 𝑃) (𝑃 ≥ 𝑃𝑡𝑟𝑎𝑛𝑠)

𝑓𝑐𝑚1 ∙ 𝑐𝑚0 ∙ (𝑃0 − 𝑃𝑡𝑟𝑎𝑛𝑠) + 𝑓𝑐𝑚2 ∙ 𝑐𝑚0 ∙ (𝑃𝑡𝑟𝑎𝑛𝑠 − 𝑃) (𝑃 < 𝑃𝑡𝑟𝑎𝑛𝑠)

𝑐𝑚0

𝑓𝑐𝑚1 𝑓𝑐𝑚2

𝑓𝑐𝑚1

𝑉

𝑑𝑃 𝑡0

Δ𝑉𝑡𝑑𝑒𝑐𝑎𝑦

𝑉
= 𝑓𝑐𝑚 ∙ 𝑐𝑚0 ∙ 𝑑𝑃 ∙

1

𝜏
exp [−

𝑡 − 𝑡0

𝜏
]

𝑐𝑚 𝜏

𝑓𝑐𝑚 𝜏

(𝑓𝑐𝑚, 𝜏)

𝑓𝑐𝑚

𝜏



𝑐𝑚,𝑟𝑒𝑓 , 𝑐𝑚,𝑑, 𝑏 �̇�𝑟𝑒𝑓
′

𝑐𝑚,𝑟𝑒𝑓 𝑐𝑚,𝑑

log �̇�𝑟𝑒𝑓
′

𝑐𝑚,𝑟𝑒𝑓
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𝜆

𝑡 𝑥

𝑚

𝜆(𝑡, 𝑥, 𝑚)

𝑔 𝑦

𝑆𝐺 .

𝜁

𝑟

𝑆𝐺(𝑔|𝜁, 𝑟, 𝑚)



𝑅𝐺(𝑔|𝑦, 𝑡)

𝑅𝐺(𝑔|𝑦, 𝑡) = ∬ 𝑆𝐺(𝑔|𝜁(𝑦), 𝑟, 𝑚)𝑓𝑅(𝑟|𝑥, 𝑦, 𝑚)𝜆(𝑡, 𝑥, 𝑚)𝑑𝑟𝑑𝑚𝑑𝑥.

𝑓𝑅

𝑃𝐺(𝑔|𝑦)

𝑃𝐺(𝑔|𝑦)

𝑃𝐺(𝑔|𝑦) = 1 − exp (− ∫ 𝑅𝐺(𝑔|𝑦, 𝑡) 𝑑𝑡),

𝜆(𝑡, 𝑥, 𝑚)

𝑆𝐺(𝑔|𝜁, 𝑟, 𝑚)

 
𝜆

𝑡 𝑥

𝑚

- 

- 
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𝑚 𝑟 𝜁



 

 

 

 

 

 









 



 

Date Latitude Longitude Magnitude Description 

1996-09-02 53.147 6.422 2.1 Roden (Roden gas field) 

1996-12-28 53.107 6.505 1.9 Bunne (Vries gas field) 

1996-12-28 53.111 6.502 1.8 Bunne (Vries gas field) 

2006-09-06 53.189 6.522 1.8 Aquifer 

2009-01-01 53.095 6.718 1.5 Aquifer 

2011-06-05 53.176 6.612 1.5 Aquifer 

2012-08-09 53.183 6.613 1.5 Aquifer 

2013-07-08 53.305 6.542 1.6 Aquifer 

2017-03-06 53.327 6.571 1.6 Aquifer 

2020-09-27 53.122 6.496 1.8 Winde (Vries gas field) 

2023-08-22 53.117 6.495 1.6 Winde (Vries gas field) 

2023-08-23 53.117 6.496 1.7 Winde (Vries gas field) 



Gas year Total event rate (M1.5+) SW aquifer event rate (M1.5+) 

2024/2025 4.25 0.12 

2025/2026 3.70 0.11 

2027/2028 3.24 0.11 

2028/2029 2.87 0.10 

2029/2030 2.54 0.10 

2030/2031 2.26 0.09 

2031/2032 2.03 0.09 

2032/2033 1.82 0.08 

2033/2034 1.65 0.08 

2034/2035 1.52 0.08 

2035/2036 1.40 0.07 

2036/2037 1.31 0.07 

2037/2038 1.22 0.07 

2038/2039 1.14 0.07 

2039/2040 1.07 0.07 

2040/2041 1.01 0.07 

2041/2042 0.95 0.07 

2042/2043 0.90 0.07 

2043/2044 0.82 0.06 

2044/2045 0.82 0.06 

2045/2046 0.78 0.06 

2046/2047 0.74 0.06 

2047/2048 0.71 0.06 

2048/2049 0.68 0.06 

2049/2050 0.65 0.06 

2050/2051 0.63 0.06 

2051/2052 0.59 0.06 

2052/2053 0.57 0.06 

2053/2054 0.55 0.05 







 



 



 

 

 

 

 

 

 

 

 

 



 

- 

- 

- 

- 



 

https://doi.org/10.1144/SP469.22
https://www.nam.nl/feiten-en-cijfers.html


https://www.nlog.nl/en/dgm-deep-v5-and-offshore
https://rdsa.knmi.nl/abcws/event/query?eventtype=induced&format=csv


https://www.geodeatlas.nl/pages/play-7-rotliegend
https://doi.org/10.1017/njg.2019.11
https://doi.org/10.1111/jpg.12842


https://doi.org/10.1017/njg.2017.33


 

http://www.nam.nl/
http://www.nam.nl/
https://www.nam.nl/feiten-en-cijfers.html






























 Roden, Pasop, Boerakker 

and Faan 

Vries Noord Groningen and Bedum 

Methane (C1) 0.8119 0.8735 0.86 

Ethane (C2) 0.0411 0.0409 - 

Propane (C3) 0.0155 0.011 - 

Iso-butane (iC4) - 0.0036 - 

Normal-butane (nC4) 0.0068 - - 

Iso-pentane (iC5) - 0.0015 - 

Normal-pentane (nC5) 0.0025 - - 

Hexanes (C6) 0.0013 0.0005 - 

Heptanes plus (C7+) 0.0009 - - 

Carbon dioxide (CO2) 0.01 0.007 - 

Nitrogen (N2) 0.11 0.062 0.14 

Gravity (sg air) 0.667 0.625 0.644 

 Free water level (m TVDSS) Pressure at FWL (bar) 

Areas without gas 2500 286.28 

Roden 3021 346.42 

Vries-Noord block 4 3108 356.47 

Vries-Noord block 5 (with well VRS-08) 3075 352.66 

Pasop 3123 358.20 

Boerakker 2949 338.11 

Faan 3346 383.94 

Bedum 3002 344.23 

Eemskanaal 2996 343.54 

Harkstede and Kolham area 3016 345.85 

Hoogezand 3030 347.46 

Midlaren 3173 363.97 



Name Petrel Name Eclipse Group Multiplier 

INT_29 'INT_29' 0 0.1 

fault interpretation 5 'FAULTINT' 0 0.1 

Fault 2 'FAULT2' 0 0.1 

mFS18_Fault_52 'MFS18_FA' 5 1 

mFS18_Fault_20 'MFS18__1' 0 0.1 

mFS18_Fault_6 'MFS18__2' 0 0.1 

mFS18_Fault_5 'MFS18__3' 0 0.1 

Fault 3 'FAULT3' 0 0.001 

mFS18_Fault_21 'MFS18__4' 0 0.1 

B31 'B31' 0 0.00001 

B35 'B35' 3 0.06 

B36 'B36' 0 0.00001 

B37 'B37' 5 0.03 

B39 'B39' 3 0.03 

B52a 'B52A' 0 0.00001 

B53 'B53' 0 0.1 

B55 'B55' 0 0.00001 

B56 'B56' 0 0.00001 

B58 'B58' 0 0.00001 

B59a 'B59A' 0 0.00001 

B60 'B60' 2 0.01 

B64 'B64' 0 0.00001 

INT 31 'INT31' 0 0.001 

INT 32 'INT32' 0 0.00001 

INT_24 'INT_24' 3 0.1 

INT_25 'INT_25' 3 0.1 

INT_26 'INT_26' 10 0.00001 

INT_27 'INT_27' 11 0.00001 

M10 'M10' 12 0.1 

M11 'M11' 5 0.003 

M12 'M12' 3 0.1 

M16 'M16' 0 0.1 

M19 'M19' 0 0.1 

M22 'M22' 7 0.00001 



Name Petrel Name Eclipse Group Multiplier 

M23 'M23' 0 0.001 

M24 'M24' 0 0.00001 

M27 'M27' 4 0.003 

M28 'M28' 0 0.1 

M29 'M29' 11 0.00001 

M33 'M33' 0 0.00001 

M35 'M35' 0 0.1 

M74 'M74' 10 0.00001 

M9 'M9' 5 0.001 

M9b 'M9B' 10 0.00001 

B57 'B57' 4 0.1 

mFS9_Fault_9 'MFS9_FAU' 0 0.1 

M30 'M30' 6 0.1 

M68_E 'M68_E' 0 0.02 

M31_E 'M31_E' 0 0.00001 

M31_W 'M31_W' 11 0.0001 

mFS17_Fault_5 'MFS17_FA' 3 0.1 

mFS17_Fault_14 'MFS17__5' 12 0.1 

mFS17_Fault_1 'MFS17__6' 3 0.1 

mFS18_fault 21a 'MFS18__7' 6 0.1 

mFS18_Fault_1 'MFS18__8' 0 0.1 

mFS18_Fault_11 'MFS18__9' 0 0.1 

mFS18_Fault_18 'MFS18_10' 12 0.1 

mFS18_Fault_3 'MFS18_11' 0 0.1 

mFS18_Fault_31 'MFS18_12' 6 0.06 

mFS18_Fault_34 'MFS18_13' 12 0.1 

mFS18_Fault_35 'MFS18_14' 0 0.1 

mFS18_Fault_36 'MFS18_15' 0 0.1 

mFS18_Fault_45 'MFS18_16' 0 0.1 

mFS18_Fault_7 'MFS18_17' 0 0.1 

mFS18_Fault_9 'MFS18_18' 0 0.1 

mFS18_Fault_22_(See comments) 'MFS18_19' 0 0.1 

mFS16_Fault_2 'MFS16_FA' 1 0.03 

mFS16_Fault_20 'MFS16_20' 3 0.1 

mFS16_Fault_24 'MFS16_21' 3 0.1 

mFS16_Fault_25 'MFS16_22' 3 0.1 

mFS16_Fault_26 'MFS16_23' 3 0.1 

mFS16_Fault_32 'MFS16_24' 0 0.1 



Name Petrel Name Eclipse Group Multiplier 

mFS16_Fault_41 'MFS16_25' 0 0.1 

mFS16_Fault_43 'MFS16_26' 3 0.1 

mFS16_Fault_45 'MFS16_27' 9 0.00001 

mFS16_Fault_50 'MFS16_28' 0 0.1 

mFS15_Fault 56 'MFS15_FA' 0 0.1 

mFS15_Fault_10 'MFS15_29' 0 1 

mFS15_Fault_107 'MFS15_30' 0 0.1 

mFS15_Fault_11 'MFS15_31' 3 0.1 

mFS15_Fault_112 'MFS15_32' 4 0.01 

mFS15_Fault_12 'MFS15_33' 0 0.1 

mFS15_Fault_16 'MFS15_34' 0 1 

mFS15_Fault_17 'MFS15_35' 0 0.1 

mFS15_Fault_18 'MFS15_36' 0 0.1 

mFS15_Fault_19 'MFS15_37' 0 0.1 

mFS15_Fault_21 'MFS15_38' 0 0.1 

mFS15_Fault_22 'MFS15_39' 0 1 

mFS15_Fault_26 'MFS15_40' 0 0.1 

mFS15_Fault_27 'MFS15_41' 0 0.1 

mFS15_Fault_3 'MFS15_42' 3 0.1 

mFS15_Fault_31 'MFS15_43' 0 0.1 

mFS15_Fault_33 'MFS15_44' 0 0.1 

mFS15_Fault_35 'MFS15_45' 0 0.1 

mFS15_Fault_36 'MFS15_46' 0 0.1 

mFS15_Fault_4 'MFS15_47' 3 0.1 

mFS15_Fault_43 'MFS15_48' 0 1 

mFS15_Fault_44 'MFS15_49' 4 0.1 

mFS15_Fault_44a 'MFS15_50' 0 0.1 

mFS15_Fault_49 'MFS15_51' 0 0.1 

mFS15_Fault_5 'MFS15_52' 3 0.1 

mFS15_Fault_50 'MFS15_53' 0 1 

mFS15_Fault_9 'MFS15_55' 0 0.1 

mFS15_Fault_Extra 3 'MFS15_56' 0 0.1 

mFS15_Fault_Extra2 'MFS15_57' 0 0.1 

mS15_Fault_63 'MS15_FAU' 0 0.1 

mFS15_Fault_48 (See comments) 'MFS15_58' 0 1 

mFS15_Fault_15 'MFS15_59' 0 1 

mFS15_Fault 34 'MFS15_60' 0 0.1 

mFS10_fault_46 'MFS10_FA' 0 0.1 



Name Petrel Name Eclipse Group Multiplier 

mFS10_Fault_47 'MFS10_61' 0 0.04 

mFS10_Fault_48 'MFS10_62' 0 0.1 

mFS10_Fault_49 'MFS10_63' 0 0.1 

mFS9_Fault_20 'MFS9__64' 0 0.1 

mFS9_Fault_22 'MFS9__65' 0 0.1 

mFS9_Fault_27 'MFS9__66' 0 0.00001 

mFS9_Fault_28 'MFS9__67' 0 0.00001 

mFS9_Fault_29 'MFS9__68' 0 0.1 

mFS9_Fault_31 'MFS9__69' 0 0.1 

mFS9_Fault_37 'MFS9__70' 0 0.1 

mFS9_Fault_44 'MFS9__71' 0 0.1 

Bedum Aquifer fault 1 'BEDUMAQU' 7 0.00001 

M68_W (delete) 'M68_W(DE' 7 0.00001 

Fault interpretation 2 'FAULT_72' 9 0.00001 

Fault interpretation 3 'FAULT_73' 9 0.00001 

Fault interpretation 4 'FAULT_74' 9 0.00001 

Fault interpretation 5 'FAULT_75' 0 0.1 

Fault interpretation 7 'FAULT_76' 8 0.1 

Fault interpretation 8 'FAULT_77' 8 0.1 

Fault interpretation 10 'FAULT_78' 8 0.1 

Fault interpretation 11 'FAULT_79' 12 0.001 

Fault interpretation 12 'FAULT_80' 11 0.00001 

Fault interpretation 13 'FAULT_81' 0 0.01 

Fault interpretation 24 'FAULT_82' 0 0.1 

Fault interpretation 29 'FAULT_83' 10 0.00001 

Fault interpretation 30 'FAULT_84' 10 0.00001 

Fault interpretation 32 'FAULT_85' 9 0.00001 

Fault interpretation 29 (Depth 1) 'FAULT_87' 9 0.00001 

Fault interpretation 35 (Depth 1) 'FAULT_89' 0 0.00001 

Fault interpretation 39 (Depth 1) 'FAULT_91' 0 0.0003 

Fault interpretation 40 (Depth 1) 'FAULT_92' 0 0.1 

Fault 8 'FAULT8' 9 0.00001 

Fault 9 'FAULT9' 0 0.1 

Fault 15 'FAULT15' 0 0.1 

Fault interpretation 1 'FAULT_94' 0 0.01 

Fault interpretation 2 'FAULT_95' 0 0.01 

Fault interpretation 6 'FAULT_96' 0 0.01 

Fault interpretation 4 'FAULT_97' 0 0.00001 



Name Petrel Name Eclipse Group Multiplier 

Fault 1_VRS-08 'FAULT1_V' 11 0.00001 

Fault 4_VRS-08 'FAULT4_V' 11 0.00001 

PSP EBF 'PSPEBF' 13 0.00001 

Fault 1 'FAULT1' 0 0.00001 

Riedel 1 'RIEDEL1' 0 0.01 

Riedel 2 'RIEDEL2' 0 0.01 

Riedel 3 'RIEDEL3' 0 0.01 

Faan fault 'FAANFAUL' 0 0.00001 

Fault 4 'FAULT4' 0 0.01 

Fault 5 'FAULT5' 0 0.01 

Fault 6 'FAULT6' 0 0.00001 

Fault 7 'FAULT7' 1 0.01 
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