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2024 was 7" Symposium

2000 2009 2015 2024
2004 2011 2018

Society has targeted a Software Symposium every 2 years
Previous events held in 2000, 2004, 2009, 2011, 2015, 2018 and 2020
(cancelled) focused on comparing Economic Cashflow Calculations

2024 Symposium focused on Automated Forecasting
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Datasets are getting bigger and computers are getting faster
Industry has a need for speed, efficiency and accuracy
Software companies are creative and competitive
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The Bake-Off

Forecast 1000 Wells in 12 Hours

e All onshore U.S. horizontal wells Basin ® APPALACHIAN ® DELAWARE D) ® EAGLE FORD ® FORT WORTH ®HAYNESVILLE ® MIDLAND ® SYNTHETIC ®WILLISTON
] 1 "_ - .* g
drllled in the laSt 20 years - — \ | MCKENZIE, ND, USA = High contrast (Light)
i ell Count DUNN, ND, USA = |
APPALACHIAN 100 M P
* 922 real wells with truncated MARCELLUS 100 : 3
] ) DELAWARE 200 e ——————
data across eight basins AVALON Bl | ———— |
« DJ Basin case study on human Bubehes s o= | | | i T
hand-forecasting versus machine || cope. 6 | | e S,
FORT HAYS 1 [ .
NIOBRARA 85 | o {‘*7 \ ‘
. . EAGLEFORD | 100 | ¢ BUTLER PA USA
100 synth.etlc wells for fu.ll | S o }
forecast life error determination || Forr worTh ‘*\
BARNETT . :
HAYNESVILLE
. . . HAYNESVILLE
* Locations slightly anonymized || .~
with lat-longs slightly shifted I
* Well header data provided WOLFCAMP A g
WILLISTON 00% i U3
BAKKEN
 Time limit of 12 hours e — —

DEWITT, TX. USA
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Preparing the Data

Data Source @ actuals - key
10,000

1.000

100

5. 2020

2025

Shift production forward past June 2024

2030 2035 2040 2045

Data Source @ actuais - test

14,000

1,000

oae 2020

2025

Truncate production after June 2024

2030 2035 2040

2045
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Maximum History of 4 Years

* “Test” data has
between 7 and 48
months of history
provided

* “Answer key” has 20 to
213 months available
for analysis and longer
for synthetic wells

* Peaks:
* 140,000 bopd oil
* 3.1 BCFD gas
* 210,000 bwpd water
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Goal of Guiding Developers

Methods
* Get prescriptive on error definitions and calculations

* No emphasis on speed or accuracy for our analysis — participant’s choice
* Qualitative survey to record how participants worked
 Committee formed hypotheses before getting any data back

Goals
* Providing guidance to practitioners and vendors on what’s working and

where improvements are needed
e Committee will not declare winners/losers
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4 Major Challenges

* Automated forecasting is steadily getting better, but engineering judgement is still necessary

Secondary
Phases

Primary phase
forecasts with larger
errors tends to
underpredict actual
production.
Secondary forecasts
tend to be too low
on oil wells and too
high on gas wells
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Short
Histories

Longer periods of
historical
production reduces
error

EUR
Variability
from
Operational
Upsets

But recent
operational upsets
drive large variance

Variabii
ariabpili
from B 4
Factor
Consistency

Some basins and
reservoirs are more
homogeneous in
forecast shape and
leads to better
agreementin
software forecasting
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Error Conclusions

* Median error for all vendor forecasts across all wells is nearly zero...
* But this not true in all subsets, e.g. by [Vendor] or by [Basin]

* Variance of error varies across all subsets
* Vendors did not perform equally on all wells despite, on average, having
nearly zero error

* Some vendors had symmetrical variance of log errors
* Vendors were just as likely to be 10% too high as 10% too low

* When vendors had large errors, they tended to under-forecast as opposed to
over-forecast
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Basin Rankings

* Vendors performed:
* Best on gas wells
* Worst on gas condensate wells
* Oil wells in between

Overall Scoring (2/3 Absolute Value of Median Log Error + 1/3 StdDev of Log Error):

1. Appalachian - Marcellus 6. DJ

2. Fort Worth — Barnett /7. Midland - Lower Spraberry
3. Synthetic Midland — Wolfcamp A 8. Ark-La-Tex — Haynesville

4. Delaware — Wolfcamp A 9. Delaware — Avalon

5. Western Gulf - Eagle Ford 10. Williston
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Avg Log Error

Median: -0.7%
StDev: 56%
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Reference points:
Median

--------------- Standard Deviation
— 10th Percentile
——90th Percentile
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Avg Log Error
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GAS
5184
-0.020078
504
0.410508

Median: -2%
StDev: 51%

Major Phase

OIL
9838
0.00276286
665
0.462434

Median: 0.3%
StDev: 59%

Color by:
Major Phase

@cAs
QoL

Reference points:
Median

--------------- Standard Deviation
——10th Percentile
——90th Percentile
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Avg Log Error

Count
Median
Outliers
StdDev
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First 3 months GOR
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. Q
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! 5
O
o
®
o
x < 1000.00 1000.00 < x = 3000.00 3000.00 < x = 5000.00 5000.00 < x = 15000.00 15000.00 < x
1739 6563 2010 510 4200
0.0366214 -0.0198049 0.0137888 -0.0256215 -0.00898475
131 455 111 14 449
0.515915 0.45309 0.481785 0.48352 0.369726

3mo GOR Bin

Color by:

3mo GOR Bin

@ x < 1000.00

@ 1000.00 < x < 3000.00
(0 3000.00 < x < 5000.00
' 5000.00 < x = 15000.00
@ 15000.00 < x
Reference points:

— Median

--------------- Standard Deviation
— 10th Percentile
——90th Percentile
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Months of History

Avg Log Error
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Count
Median
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StdDev
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0.0272366
29
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Basin/Reservoir

g Color by:
Basin - Reservoir
@ APPALACHIAN - MARCELLUS
2 . @ DELAWARE - AVALON
5 o : . (© DELAWARE - WOLFCAMP A
1 g E DJ
§ @ EAGLE FORD - EAGLE FORD
E \ @ FORT WORTH - BARNETT
0 E @ HAYNESVILLE - HAYNESVILLE
@ MIDLAND - LOWER SPRABERRY
-1 E @© SYNTHETIC - WOLFCAMP A
S . H © WILLISTON
ué, 2 - g ) é Reference points:
‘g,' S . g Median
< . 3 i Standard Deviation
2 . . : - . . : ——10th Percentile
. : ——90th Percentile
-4 .
-5 °
-6 d
APPALACHIAN - MARCELLUS DELAWARE - AVAL... DELAWARE - WOLF... DJ EAGLE FORD - EAG...| FORT WORTH - BA... HAYNESVILLE - HA... MIDLAND - LOWER ... SYNTHETIC - WOL... WILLISTON
Count 1400 1494 1500 1829 1500 1400 1400 1500 1500 1499
Median -0.0386071 -0.0944442 0.0229386 0.0365628 0.0269843 -0.0316238 0.0831571 0.0824128 -0.00422708 -0.101674
Outliers 157 116 118 138 78 167 77 91 90 141
StdDev 0.351399 0.5261 0.430745 0.43691 0.470285 0.349178 0.389799 0.408794 0.522335 0.453586

Basin - Reservoir
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Vendor

Data limiting:
3 © API
@ Vendor
2 Data table:
£ Error By ...
o L]
by . * Color by:
: ° ° ° g
1 " H s : Vendor
g 8 I ° l 8 g
= ! 0 i [ i : @ Alpha
h k """""" E """""" t = @ Bravo
0 @ cCharlie
F F 7 @ Delta
] - I l ' ¥ § @ Echo
- ! s 8 8 Foxtrot
8
° o
§ N . . g H { 8 $ @ Gulf
= ° . ] * ! ° © Hotel
o 2 i ’ s : . @ ndia
3 3 : ° t ! ° © Juliet
> s . ! . @ Kilo
e L ]
<C 3 : ° ' s @ Lima
- ° .
: ° . . z @ Mike
3 . © November
4 © Oscar
o Reference points:
. Median
-5 e o Standard ...
— 10th Perce...
—— 90th Perce...
.
-6
Alpha Bravo Charlie Delta Echo Foxtrot Gulf Hotel India Juliet Kilo Lima Mike November Oscar
Count 1022 1021 1022 1020 1020 1022 1022 1022 1022 1022 1021 1022 1022 721 1021
Median -0.107745 0.410732 -0.0702604 0.00388335 0.0887235 0.00385549 -0.0178015 -0.0608778 -0.0537391 -0.0481886 -0.133189 0.0139318 -0.0111251 0.1039 0.0445701
Outliers 50 20 49 53 61 47 72 77 71 60 93 59 53 37 55
StdDev 0.568532 0.442548 0.303163 0.28057 0.570087 0.313625 0.274425 0.394134 0.426497 0.280189 0.605238 0.507909 0.300936 0.453683 0.334601
Vendor
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Secondary Phases _-




Algorithms Showed Difficulty

* Primary phases (oil for oil wells, gas for gas wells) are typically the
economic and volumetric focus, but secondary phases are also important

—Gas in oil wells
—QOilin gas wells
—\Water
* Lots of implied ratio forecasts violate our expectations about the
shapes of curves
—Algorithms consistently under-forecast GOR’s on oil wells
—Algorithms consistently over-forecast CGR’s on gas wells
—A more Bayesian approach could be helpful
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Qil Volume Variance
- Filtered to time periods with truncated data
- Values are remaining volumes from start of forecast (7/1/2024)
- Filtered to black/volatile oil wells with 1st three month GOR <3,200 cf/bo

Observations:

« Participants generally too optimistic about DJ, Eagle Ford, and Midland
- Too pessimistic about Delaware, Synthetic, and Williston

« Bravo, Echo, November, and Oscar >15% optimistic

- Hotel, Charlie, Alpha, and Kilo >15% pessimistic

Basin DELAWARE D) EAGLE FORD MIDLAND SYNTHETIC WILLISTON Total
Vendor Name OQil Vol, Oil Oil Vol, Ol Oil Vol, Oil Oil Vol, Ol Oil Vol, Oil Oil Vol, Ol Oil Vol, Qil
MMBO  Variance, MMBO Variance, MMBO Variance, MMBO Variance, MMBO Variance, MMBO Variance, MMBO Variance,
% % % % % % °vA
Bravo 21.5 49.9% 135 59.7% 41 102.3% 19.6 65.2% 471 37.2% 17.3 50.0% 123.2 48.8%
Echo 19.4 36.5% 9.5 25.3% 39 99.8% 15.6 31.8% 41.8 42.7% 15.8 41.5% 106.0 39.6%
November 16.7 18.2% 9.8 19.3% 2.8 39.8% 15.1 27.0% 39.6 22.6% 12.5 9.8% 96.5 20.8%
Oscar 14.6 2.1% 95 16.3% 2.5 24.2% 14.0 17.6% 446 30.5% 124 7.4% 97.7 19.2%
Foxtrot 14.0 -2.1% 10.6 25.0% Az 12.1% 13.9 16.5% 34.8 3.6% 11.0 -4.8% 86.5 5.6%
Delta 137 -3.7% 9.8 15.7% 2.0 22.2% 13:5 13.3% 31.9 -2.2% 10.7 -7.5% 82.0 1.4%
actuals - key
ndia § -1.5% 8.0 -1.1% . 8.1% ; A% 0. -1.9% 9.8 -11.4% D. -3.1%
Gulf 137 -4.4% 9.0 6.4% 2 11.4% 12.9 8.3% 29.3 -8.7% 104 -9.5% 77.6 -3.7%
Mike 1257 -11.6% 9.1 7.7% 24 18.0% 11.8 -0.4% 30.5 -8.1% 9.6 -17.1% 76.0 -6.6%
Juliet )2 5% -7.8% 8.8 4.8% 1.6 -19.2% 12.5 4.8% 207 -14.7% 104 -9.5% 74.3 -8.3%
Lima 12.1 -15.9% 83 -1.7% 2.2 8.4% 129 8.7% 25.0 -23.2% 9.6 -16.8% 70.1 -13.7%
Hotel 12:5 -12.6% 7.0 -17.0% s 14.8% 118 -0.4% 2557 -21.2% 9.1 -21.3% 68.6 -15.6%
Charlie 135 -5.7% 7.0 -5.0% 19 -9.0% 11.8 -1.1% 20.1 -29.6% 9.6 -17.0% 64.5 -16.9%
Alpha 11.0 -23.5% 5.0 -41.0% 1.9 -8.7% 12.0 1.1% PAE -22.5% 8.1 -29.7% 63.2 -21.8%
Kilo 10.8 -24.7% 8.0 -5.9% 2.3 10.4% 9.5 -19.7% 23.0 -28.8% 8.0 -31.0% 61.5 -23.9%




Oil Well Volume Cross-plot
- Filtered to time periods with truncated data
« Values are remaining volumes from start of forecast (7/1/2024)

« Filtered to black/volatile oil wells with 1st three month GOR <3,200 Qf/?v?

Basin

All

Gas Variance (%)
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20%
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-40%

-60%

GOR biased too high

7
7
/
/7
7
7/
/
/
./
Mikeac/tuels - key ®
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£Lharlie G.IF'OX -
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/
/
GOR biased too low
-40% -20% 0% 20%
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40%
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Vendor Name
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Bravo
® Charlie
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Hotel
® India
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®Kilo
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Gas Well Volume Cross-plot
+ Filtered to time periods with truncated data

+ Values are remaining volumes from start of forecast (7/1/2024)

+ Filtered to gas condensate / wet gas / dry gas wells with 1st three month GOR >3,200 cf/bo

- Filtered out gas basins due to lack of oil

Basin

All

Qil Variance, %
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e
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o Lima ”
- __JKilo @ o,
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’
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L 7’/ CGR biased too low
-60% -40% -20% 0% 20% 40%

Gas Variance (%)

60%
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Entrance Rates drive the bus — why Bravo is optimistic

Vendor Name b
@ Bravo @ test_oil volume @fc_oil volume @ test_gas volume @fc_gas volume

Charlie A0M

Delta

Echo

Foxtrot aM

Guif 30M

Hotel

India

Juliet -

Kilo -

Lima M

Mike

November 10M

Oscar
Date v
1/1/2020 1/1/2030 oM oM

2022 2024 2026 2028 2030 2022 2024 2026 2028 2030

O-O Date test_oil fc_oil volume test_gas fc_gas volume  test_water fc_water

- @test_water volume @fc_water volume volume volume volume volume
o) - 04/01/24 2,445,882 27,764,506 3,646,254
P Search 05/01/24 2,351,937 26,827,123 3,592,018
B Select all i 06/01/24 2,225,945 25,867,862 3,399,544
B APPALACHIAN 07/01/24 3,119,863 33,084,524 5,494,465
I DELAWARE 08/01/24 3,024,070 32,334,161 5,355,486
o) 09/01/24 2,934,581 31,622,011 5,224,782
B EAGLE FORD Total 7,023,764 9,078,514 80,459,491 97,040,696 10,637,816 16,074,733
B FORT WORTH =
B HAYNESVILLE
Bl MIDLAND
B SYNTHETIC
B WILLISTON 2M
McCain fluid types v
All v

oM 24

]
(=1
[
n

2024

ro

026 2028 2030




Gas Wells Example: Kilo Eagle Ford with rising CGR’s and WGR’s

25

Vendor Name v WellName 100,000
Alpha @EAGLE FORD WELL 001 — .
Large number of rising CGR’s
Bravo @EAGLE FORD WELL 003
Charlie eI —even over 1,000 for wells
10,000 .
Delta 30000 with entrance CGR’s <300
EAGLE FORD WELL 005 '
Echo P
Foxtrot g @ EAGLE FORD WELL 006 E
Gulf S @EAGLE FORD WELL 007 é
O (6]
Hot_el I a @ EAGLE FORD WELL 008 & 100
India % EAGLE FORD WELL009 |
i 1,000 @)
thl'et Hl ' @EAGLEFORD WELLOTT | O
@ Kilo 8]
. @EAGLE FORD WELLO12 |+
Lima 100
Mike EAGLE FORD WELL 013
November @ EAGLE FORD WELL 014
Oscar @ EAGLE FORD WELL 015
- EAGLE FORD WELL 016
Basin v 100 . 10
2026 2028 2030 - 2026 2028 2030
£ Search - J
Select all I Y B2 - 10,000.0
APPALACHIAN Large number of rising WGR’s
DELAWARE
DJ \ 1,000.0
B EAGLE FORD .
FORT WORTH o
HAYNESVILLE @ =
g E 100.0
9 1,000 5
— e
o
I &) 10.0
= <
UI
McCain fluid types v -
Select all 10
Black Qil
Volatile Oil
B Gas Condensate
100 0.1
2026 2028 2030 2026 2028 2030




Oil Wells Example: Oscar DJ Well

Vendor Name ™
November @ key_oil volume @test_oil volume @ fc_oil volume ® key_gas volume @test_gas volume @ fc_gas volume
Oscar
© 10,000 Vreoprprepepeprenp
SPEE_O01 ey Yy renpesnprenprmpeonp
SPEE_02
SPEE_03 1o
SPEE_04
SPEE_05 1,000
SPEE_06
actuals - key
actuals - test Y B3 -
1,000
WellName * .
O diwell 052 100 Gas rates with a pretty non-
jwell 05 .
) : _ physical trend
@ DJWell 052 Oil had very little data to forecast,
but did a good job
10 100 a
0 100 200 300 400 0 100 200 300 400
API14 Data Source Monthly Calendar Monthly  Monthly ~ Monthly '
Production Months oil Gas Water
@ key_water volume @test_water volume @fc_water volume Date Online
f 05123990520000 Oscar 7/1/2024 13 4143 24,3456 67
05123990520000 Oscar 8/1/2024 14 3,864 24,325 60
| 05123990520000 Oscar 9/1/2024 15 3,503 23,521 52
05123990520000 Oscar 10/1/2024 16 3,402 24,285 49
05123990520000 Oscar 11/1/2024 17 3,102 23,483 44
05123990520000 Oscar 12/1/2024 18 3,029 24,246 42
100 05123990520000 Oscar 1/1/2025 19 2,865 24,225 39
Water data noisy, hard to 05123990520000 Oscar 2/1/2025 20 2,460 21,864 33
forecast but declining WOR 05123990520000 Oscar 3/1/2025 21 2594 24187 34
trend makes sense 05123990520000 Oscar 4/1/2025 22 2,391 23,388 3
05123990520000 Oscar 5/1/2025 23 2,358 24,148 31
05123990520000 Oscar 6/1/2025 24 2,180 23,350 28
05123990520000 Oscar 7/1/2025 25 2,156 24,108 28
05123990520000 Oscar 8/1/2025 26 2,065 24,088 26
05123990520000 Oscar 9/1/2025 27 1918 23,293 24
05123990520000 Oscar 10/1/2025 28 1,905 24,049 24 2 6
10
0 100 200 300 400 05123990520000 Oscar 11/1/2025 29 1,773 23,255 23
1 NR122GANS20NNN Nerar 12712008 N 1 7AA 24010 22



OWG Variance

Alpha Bravo Charlie Delta Echo Foxtrot Gulf Hotel  India Juliet  Kilo Lima Mike November Oscar

7.3% 15.8% 12.6% %
-19.4% -26.4% 3.4%

290% -7.6%

15.4% 239% 58% -160% -5.1%

-12.1% -17.1%

oil variance, % 45% -7.0%
gas variance, %

water variance, %

-1.1%

-9.0% 14.7%

-17.7% -18.6% 231.0%

100%
80% |
60% —
40% |
20%
0%
-20% 1 - — .
-40% i | 3 [ : = ,.
-60% - ' e —
Example -80%
-100%

Oll. Prlmary Phase Bravo Foxtrot  November Echo Delta Oscar Mike Gulf Juliet Lima India Kilo Charlie Hotel Alpha

much closer
forecast than
secondary phases
by most vendors 0%

100%

50%

i

=

Bravo Oscar Foxtrot Juliet Gulf Mike November Alpha Lima Kilo India Charlie Delta Hotel Echo

-50%

-100%

100%
80%
60%
40%
20% ® 1
0% —'——*
-20% : L ] °

-40% —_— - . °

o - _ _
-80% e
-100% - -
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Short vs Long History _=




Conclusions are Mixed

* On one hand, results became more reliable with a longer production
history

—Mean variability trending towards 0% when auto-forecasting with three to
four years of production history

—Distribution of results becomes much “cleaner” with more production
history, and most results are +/- 10% of the key

* On the other hand, there is still a lot of variability in the results
—Wide variance from play to play and from vendor to vendor
—Qutlier events widen with a longer production history
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Oil - Variance Tightens

Vendor Name 30 . 1 Vendor Name 1
::Ipha 0-12 Months of Production y ::::: N S - p . H| \
. ravo 25 | i "r:
o Pl h @ Charlie ) F ' 1 @cCharlie I
ots show variance | o I
° ° ° @®ccho 20 @®Echoe 100 fl I
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Oil Well Volume Box and Whisker Basin

- Filtered to time periods with truncated data Multiple selections v

« Values are remaining volumes from start of forecast (7/1/2024)
» Filtered to Black Qil and Volatile Oil wells with 1st three month GO <3.200 ¢f/bo

« Filtered out Synthetic due to all vendors being pessimistic, gas basins due to lack of oi
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Gas - Variance Tightens
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Gas Well Volume Box and Whisker Plot
- Filtered to time periods with truncated data
- Values are remaining volumes from start of forecast (7/1/2024)
- Filtered to gas condensate / wet gas / dry gas wells with st three month GO >3.200 cf/bo
- Filtered out Synthetic due to all vendors being pessimistic, gas basins due to lack of oil
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“Noisiness” of the production data will have the most
impact on forecast variation
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Monthly Production Date (Month)
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EUR Variability

Certain basins have
more uniform
distribution of
forecast volumes
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Consistent Error by Vendor

Avg Perc Err per Basin and Vendor

(Column Names)
Avg Perc Err

Grand total

TOTAL OIL, BOPD
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Basin Alpha Delta Echo Foxtrot Gulf Hotel |India JJuliet | Kilo |Lima Mike November Oscar Grand total Data table:
DELAWARE  -18% % I 4% 5% -10%| 2% | -3% |26% | 7% 2% 38%  18% 7%
DJ  -47% 13% | 45%  26% 1% 22%| -9% | 12% |-19% | 4% 15% 28%  32% 9% Colors:
EAGLEFORD  -22% 20% 5% 12% 7% | 1% | 29% |-10% | 27% 29% 29%  43% 16% ® Max
MIDLAND -10% 8% | 87% 15% -3% 21%| 6% | -2% |88%| 5% -2% 39%  34% 9% P
@
SYNTHETIC ~ -18% 19% 36%  23% 3% -17%| 0% | 0% |-25% | 26% 15% 37% | 62% 12%
WILLISTON  -18% 1% 12% 1% -19%| 0% | 5% |-24% | -12% -11% 30%  37% 1%
-23% 8% 66%  14% 1% -16%| -1% | -2% |-24% |-10% 8% 34%  36% 10%
wuiu uy.
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Error Reduced with Review

Percent Error from Median By Automation Amount Percent Error from Median By Forecast Review Amount
Autofcst Amount Review Amount Colors:
Basin All auto Mostly auto  Half auto = Mostly manual Basin None Some Half Most All . !
DELAWARE 17% 1% -4% -3% DELAWARE 34% 14% -4% -9% -6% A
DJ 13% 9% -4% 12% DJ 23% 20% 4% -19% 1% i
EAGLE FORD 28% 9% 11% 29% EAGLEFORD  [6a% 31% 1% 24% -18%
& MIDLAND 15% 10% -12% 2% g MIDLAND 17% 21% -12% -14% 2%
& SYNTHETIC 14% 17% 1% 0% SYNTHETIC 20% 30% -1% -22% -5%
WILLISTON 22% 7% -15% 5% WILLISTON 21% -15% -16% -3%
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Human vs Machine
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DJ Basin Example

Human Machine
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* DJ Basin wells were hand forecasted and compared to machine forecasted
* Best machines were comparable to the best humans
* Worst machines were much worse than the worst humans
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ANALYSIS CONCLUSIONS

Automated forecasting is getting better steadily. Engineering judgement s still required,
but software comfort factor is increasing.

Some basins and reservoirs are more homogeneous in forecast shape. Less variability
leads to better agreement in software forecasting.

Longer periods of historical production reduce the error in forecasting. However recent
operational upsets drive large forecast variations by vendor.

Primary phase forecasts with larger errors tends to underpredict actual production.
Secondary forecasts tend to be too low on oil wells and too high on gas wells.

& SPEE
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INDUSTRY CONCLUSIONS

* Sweet spot between speed and accuracy. Current need is heavier focus on accuracy.
* (General areas for improvement:

* Short histories

* Operational upsets

* B factor consistency

* Secondary products

* The software vendors participating in the 2024 Software Symposium have helped create a
tremendous dataset worth additional time and resources to study.

* The evaluation continues and look for presentations at future SPEE Chapter road show
luncheons and the 2025 SPEE Annual Meeting in Hilton Head, SC.
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* The software vendors participating in the 2024 Software Symposium have

helped create a tremendous dataset that warrants additional time and
resources to study

* Plan to present a workshop at the 2025 SPEE Conference in Hilton Head,
SC June 7-10

e More to come!
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Questions -

E

If you want to help in 2026, email symposium@spee.org
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Problem Statement

Set up like the first pass of a data room evaluation
* Forecast 1000 wells

* Production and well header data provided

* Time limitof 12 hours

 Well specifics are unknown ahead of time

Certain parameters defined for consistent analysis

« Sample files of header and production format
provided

« Sample file of output format provided

* Common cutoff of 60 bopm or 30 years

* Ifused, selectcommon minimum decline of 6%

& SPEE
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Avg Log Error

StdDev Log Error

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

$ . e
* 8 e
. a

MW

L3

1

‘ng‘f i

)

ﬁﬂ

%ﬁ

L

&

i APPALACHIAN MARCELLUS

370050

| APPALACHIAN - MARCELLUS |
370050...

[“; H;

‘l F'T‘ ‘L‘

L.

l i

“
‘l: .’“

'r

|
.
-
]
-
.|
-

.
P .

fF

 DELAWARE - AVALON  DELAWARE - WOLFCA...

‘L

UL

')

/. L

| ” \|| .u‘l

DELAWAREAVA'-UNDELAWAREWO'-FCA

.y
cl|h| '..'. .

% ‘
L EVOR S TOE, & 14
se . 8P @,
.
bile
'J°
i

|‘!t'|| 'L

.;:D
\

Basin - Reservoir »

A |

|EAGLE FORD - EAGLE F... FORT WORTH - BARNE... HAYNESVILLE - HAYNE... MIDLAND - LOWER SPR... SYNTHETIC - WOLFCA.. |

Basin - Reservoir »

i i:;'--

API14

5
. L
- o
L] o )
. - a B
L [ o i W bl ®
* s .8 Tadl [® % 0% o
e e T SR fred | L 2 O <o o
MNP 1L N ol S e A A
T Y It v | T £ I CmE L 1| RER A 1
. 5° o £ s[ ‘ e 1M 3l d 1 2 14 1t | o ! [
| et R Ll ko N IR Ol
0L R R G R il ey il
P- L [ 417 o!% i i
U ] o ! e o
i [ H % L b L0
= L o || B il a %
o s "4 , oo, 1L . i
3 i . 2.1t o @
s
. -
. %
- Ld a

.
JBine
‘ -.Io

a® T g
e
a o 3 P
L ® o d
a | s .
& -
] |l i} o L I 8..%
J mldE El tP
I 1 (B ebll's (7 & 4 & .
B[ H ‘cale
4
e LL11e ['dlll Lo Seele] i
|k o1 T P> of b
I:l 'v" 4
| ff r

API14

-.‘ ]
3 F
4 t ‘|

1.5‘ J\ 'ﬂ|

[EAGLE FORD - EAGLE F... FORT WORTH - BARNE... | HAYNESVILLE - HAYNE... MIDLAND - LOWER SPR... SYNTHETIC- WOLFCA... |

o',
8

-
-
s
=
= .
=

M :., 1o
) b Mj% Q'Mh

|,‘T_-;&,

- f

_WILLISTON
M __,‘jfj‘ 331usu

v .'1|I

WILLISTON

Jo173 Bo bay

10113 6o AsaplS

[MMMMss10s0..



StdDev Log Error
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Gas Volume Variance for Oil Wells
- Filtered to time periods with truncated data
« Values are remaining volumes from start of forecast (7/1/2024)
« Filtered to black/volatile wells with 1st three month GOR <3.200 cf/bo

Observations:
« Participants generally too pessimistic about all basins
« Bravo > 15% optimistic
- Twelve vendors >15% too pessimistic

Basin DELAWARE DJ EAGLE FORD
Vendor Name Gas Vol, Gas Gas Vol, Gas Gas Vol, Gas
BCF Variance, BCF Variance, BCF

%

Variance,

%

Total

Gas Vol,
BCF

Gas

Variance,
%

v

actuals - key

25.3%

10.8%

99.3%

Echo 114.1 0.3% 40.4 -38.9% 10.9
Oscar 107.8 -6.3% 100.7 7.8% 8.7
Foxtrot 104.6 -71.4% 85.1 -11.2% 8.0
November 105.5 -7.8% 70.9 -20.5% 10.2
Mike 103.2 -9.3% T -18.9% 8.7
Juliet 109.9 -4.4% 83.6 -12.6% 6.0
Gulf 103.7 -9.9% 80.6 -15.9% 8.4
Lima 102.0 -11.3% 70.6 -26.4% 8.4
India 94.5 -17.8% 67.6 -24.2% 8.0
Charlie 99.0 =13:9% 63.1 -28.9% 6.6
Alpha 101.0 -12.2% 70.7 -26.2% 7.0
Hotel 97.6 -15.2% 54.6 -43.1% 7.8
Delta 81.1 -27.5% 59.5 -38.0% 8.2
Kilo 78.8 -31.5% 68.5 -28.6% 6.7

40.8%
7.1%
-2.0%
26.5%
7.5%
-25.6%
2.9%
3.5%
-1.0%
-18.3%
-13.8%
-3.4%
0.4%
-17.6%

MIDLAND SYNTHETIC WILLISTON
Gas Vol, Gas Gas Vol, Gas Gas Vol, Gas
BCF Variance, BCF Variance, BCF Variance,
% % %
16.4% 56.8%
36.4 1.4% 123.9 7.4% 39.6 3.7%
31.6 -13.5% 134.0 -9.1% 36.7 -8.8%
34.6 -5.3% 111.8 -22.1% 29.8 -26.1%
26.8 -26.8% 103.4 -18.8% 304 -22.5%
36.1 -1.2% 105.1 -25.7% 25.7 -36.2%
32.1 -12.4% 90.3 -32.7% 31.9 -20.9%
28.5 -22.0% 85.2 -33.6% 28.1 -30.1%
28.6 -22.0% 1024 -27.7% 26.2 -35.0%
274 -24.8% 82.3 -32.0% 24.1 -36.1%
31.6 -13.7% 69.1 -36.4% 26.1 -35.2%
27.2 -25.6% 82.1 -39.3% 25.6 -36.4%
26.6 -27.3% 83.6 -38.4% 23.2 -42.5%
26.0 -29.0% 79.6 -37.1% 24.2 -40.0%
23.3 -36.3% 50.0 -57.6% 152 -62.3%

365.3
419.5
3739
347.3
356.6
353.7
334.5
338.1
303.9
295.5
313.7
2934
278.5
242.5

-4.0%

-5.0%
-15.0%
-16.6%
-18.7%
-19.0%
-22.4%
-23.1%
-26.2%
-27.2%
-28.3%
-32.6%
-33.9%
-43.4%




Gas Volume Variance Observations:
« Filtered to time periods with truncated data - Participants generally too optimistic about Haynesville
« Values are remaining volumes from start of forecast (7/1/2024) « Too pessimistic about Appalachia, Delaware, DJ (only 9 wells), Eagle Ford, and
« Filtered to gas condensate / wet gas / dry gas wells with 1st three month GOR Fort Worth
>3.200 ¢f/bo « Bravo and Oscar >15% optimistic
« Excluded November (didn't forecast gas basins) - Kilo >15% pessimistic
Basin APPALACHIAN DELAWARE DJ EAGLE FORD FORT WORTH HAYNESVILLE Total
Vendor Name Gas Gas Gas Vol, Gas Gas Vol, Gas Gas Vol, Gas Gas Gas Gas Gas Gas Vol, Gas
Vol, Variance, BCF Variance, BCF Variance, BCF Variance, Vo, Variance, Vo, Variance, BCF Variance,
BCF % % % % BCF % BCF % °vA: :
Bravo 3312 50.0% 89.6 46.9% 4.2 -15.0% 41.6 62.1%  146.5 65.4%  388.2 66.3% 1001.3 57.8% |
Oscar 219.5 -0.6% 52.5 -14.1% 3.5 -26.8% 27.8 8.4% 79.7 -10.0%  364.0 55.9% 747.0 17.7%
Echo 240.8 9.0% 59.5 -0.5% 2.6 -47.8% 259 6.0% 1195 35.0% 2434 4.2% 691.6 9.4%
Delta 212.0 -4.0% 411 -32.6% 2.8 -42.8% 24.6 -4.1% 76.1 -14.1%  322.6 38.2% 679.2 7.0% E
Gulf 1976  -10.5% 50.1 -18.0% 3.0 -39.4% 23.9 -6.8% 74.5 -15.9% 3134 34.2% 662.4 4.4%
Foxtrot

actuals - key

Juliet
Charlie
Alpha
Kilo




Qil Volume Variance for Gas Wells

- Filtered to time periods with truncated data

- Values are remaining volumes from start of forecast (7/1/2024)

« Filtered to gas condensate / wet gas / dry gas wells with 1st three month GOR

>3.200 cf/bo

- Filtered out Appalachia, Fort Worth, and Haynesville due to lack of oil volumes

Observations:

« Echo and Bravo >15% optimistic
- Lima, Kilo, and Alpha >15% pessimistic

Basin DELAWARE EAGLE FORD Total
Vendor Name Oil Vo, Qil Vol, Ol Oil Vol, Ol Qil Vol, Qil

MMBO  Variance, MMBO Variance, MMBO Variance, MMBO Variance,

% % %
. 4

Bravo 8.4 56.7% 0.8 77.6% 6.1 73.2% 15.2 63.9%
Echo 8.2 55.5% 0.8 78.8% 5.1 51.5% 14.1 55.1%
November 6.1 13.4% 05 15.9% a0 7.8% 10.2 11.4%
Oscar 5.1 -4.6% 0.4 71.8% 4.2 19.6% 9.7 5.1%
Delta 5.2 -2.3% 0.4 -5.4% 4.0 13.9% 9.6 3.7%
actuals - ke 5.4 0.0% 0.4 0.0% 3.5 0.0% 9.3 0.0%
Mike 4.9 -8.4% 0.4 2.3% 3.9 12.4% 9.3 -0.1%
Foxtrot 5.4 1.8% 0.4 1.7% 3.3 -4.3% 9.2 -0.5%
Gulf 5.3 -1.5% 0.4 -6.2% 3.5 0.6% 9.2 -0.9%
Charlie 5:7 5.6% 0.4 -9.2% 2.8 -18.1% 8.9 -4.0%
India 4.9 -8.3% 0.4 -7.0% 35 -5.9% 8.4 -7.3%
Hotel 5.0 -5.8% 0.4 3.8% 3.0 -12.9% 8.5 -8.1%
Juliet 5.4 1.1% 0.4 2.4% 25 -26.3% 8.4 -9.2%
Lima 4.7 -12.4% 0.5 11.1% 2.6 -26.9% 7 -16.8%
Kilo 4.2 -22.1% 0.3 -28.9% 29 -15.8% 7.4 -20.0%
Alpha 4.2 -22.3% 0.4 1.4% 2.4 -32.9% 6.9 -25.2%




3 Best Humans and 4 Best Machines
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3 Worst Humans and 4 Worst Machines
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