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Geology of Devonian Shale

Key

Limit of shale occurrence
1000 ft drilling depth
Area of thick and deep shale

Major fault trends

Structure elevation (ft)

. High : 955.077

Low : 4144.95
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Early Performance Data

 Well log and completion report
— Initial Open Flow
— Rock Pressure

 Monthly production (805 KAR 1:180, KRS
353.205)

— Maximum monthly production (Mcf)
— First year cumulative production
— 5 year cumulative production



Data Sets

« KGS online well completion data
— Location, completions, IOF, RP

e Division of Oil and Gas
— Public production data by month (1997)

« Gas Technology Institute (GRI)
— Historic, long-term production data

- avallable to members and
contractors




Production Data Selection

e Completed since 1-Jan-97

 Devonian shale only (not commingled)

* 60 or more months of noiggzero data
310 wells (T




Open Flow Data

* Exhibits only
weak trends

e No uniform
method of
acquiring

GTl Open Flow
Mcf
High : 870.054077




Reported “Rock Pressure”

Mcf

— 5[]

Rock Pressure

psia
High : 2053 451416

Low: ¥.035700

 High and low
open flows
OCcur In areas
of both high
and low rock
pressure
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Five-year Cumulative Production

 Again, weak
trends

e Areas with
nigher and
ower
oroduction are
often adjacent

S-year cumulative production
Class
B High - 4



5-year Cumulative (MMcf)

Initial Open Flow

Correlation is statistically significant, but weak
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GTI Cumulative Production

Industry rule of thumb is 300 MMcf per well
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Cumulative Gas Production
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Cumulative Production Over
Time
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Public Production Data

Classes
100% [
/5%
’ 98 MMcf
Type 3: Yellow
50% 2
S/ ls &/ 59 MMcf
Type 2: Green & gfb 4
£/ N
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Type 1. Blue
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General Decline Model (Arps)

Hyperbolic:

q — qi Best fit parameters:
t

1 g; — initial production
= D: — nominal decline
1 _I_ bDIt b b — decline exponent
Special cases:

i g;
Exponential, b=0: qt — 1 Harmonic, b=1: qt — (

g™ 1+ Dit)

K&



Solving

Exponential:
Least squares In(qt): In(qi )-I— Dit

Hyperbolic:
Optimization
Linear Programming

Both can easily be done with the
built-in functions supplied with
spreadsheets, but...



Recno: 115246, qi=0.964, b=1.642, di=-0.3887 (HYP)

eeee Data
—— Best fit, t=0
- Optimum

| e Best Case:
| Textbook Data

Natural fracturing is key to production

Desorbs from

fracture faces Desorption and
diffusion through
shale matrix
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HYP: qt = 1.00%(1.0 - 2.278*(-0.831)y*t)**(-1.0 f 2.278)

r2=0.9882 . . . | | |

10 20 30 40 50 60 70 80
Time (months)







Challenges

)l?\ecno 114420, ql—l 063, b=2.344, di=-0.9304 (HYP) Recno: 114742, qI—O 702, di=-0.0046 (EXP)
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r2 = 0.0311, gi=610.11 (Mcf)

No bettegfit found at alternate start times
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Recno: 115618, qi=0.487, di=0.0057 (EXP) Recno: 120703, qi=0.613, di=0.0037 (EXP)
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r2 29,0896, qi=1891.10 (Mcf)
At t=5
EXP: gt = 0.51*np.exp( 0.005*t)
r2=0.1319
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Recno: 120560, qi=1.000, b=2.646, di=-1.5235 (HYP)

eeee Data
—— Best fit, t=0

Raw Data
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No better fit found at alternate start times
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Recno: 120560, qi=1.000, b=2.646, di=-1.5235 (HYP)

eeee Data
—— Best fit, t=0

Normalized

qt — qobs

qi=8565.11 (Mcf) q MaXx

at alternate start times
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Recno 120560: Rate-Cumulative Curve
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All declines, r>0.25 and di>0.5%
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Semi-log plot
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Histogram of Calculated Hyperbolic Decline Exponent, b

Rule of thumb:
b~3to4




Histogram of Calculated Decline Rate, Di

Rule of thumb:
D. ~-0.95 to -0.99

Many data sets have a “decline” (i.e., slope) that is not
statistically different from O (no correlation).




Histogram of Calculated Initial Production, Qi

For exponential Max production is
L decline, Qi is the initial period
often less than
max production

For hyperbolic
decline, Qi is

often greater than
max production




Maximum production and Calculated Qi

Qi and maximum
production are not
correlated
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Cumulative Production

Basis of classification
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First Six Months of Production
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Type Declines
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Conclusions

Shale production data is messy

Decline curve analysis and reserves
projection is an art

Maximum average daily production during
the first 6 months is an adequate indicator of
future well performance

Best wells can be expected to make:
— 20 MMcf in first year
— 100 MMcf after 5 years
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