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Introduction 

• Flow Regime Analysis 

1. Pressure Transient Analysis or PTA 

2. Mini-frac analysis 

3. Production Analysis 
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Flow Regimes 

• What are they 

– Early (transient) and Late (bounded) 

– They have a mathematical signature 

• Vertical and horizontal wells 

– What are the important flow regimes ? 
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Vertical Fractured Well 

 

Flow regime over in minutes Flow regime over in 

30 days max 

Flow regime over in 

30 days max 
Should be apparent after 

30 days at latest 
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Reservoir Linear Flow 

Flow regime can last for years 
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The Law of Stuff (1) 

L.P. Brown and R.V. Hawkes 

June 2003 

 • “We often present an unpublished “law” in 

training and mentoring young engineers in well 

test. It seems obvious and trivial and maybe even 

frivolous to say “Stuff that’s near the wellbore 

shows up first and stuff that’s further away shows 

up later”, but failure to recognized this 

relationship can and has resulted in serious errors 

in interpretation” 
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Corollary to the Law of Stuff (1) 

• If I want to figure out some property it has to be in the 

flow regime where the event is happening 

– Skin = Very early data 

– Permeability = need radial flow 

– Fracture length = need linear flow and radial flow afterwards 

– Conductivity = need bilinear flow and radial flow afterwards 

 

• Some flow regimes are over very quickly 

– Limits  what we can figure out  
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Corollary to the Law of Stuff (2) 

• If a flow regime is over I can only get a composite 

of a whole bunch of effects (one value) and likely 

cannot split the various individual parts out 

• Therefore cannot figure out the details of fracture 

properties after linear/bilinear flow is over 

– Can still see the composite skin effect  
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Horizontal (unfractured) Well 
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Fractured Horizontal Well 

 

Idea from Brown et al (2011), picture from Clarkson (2013) 
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Well is black line 

 

Fractures are solid 

gray lines 

 

No flow 

boundaries are 

dashed gray lines 

 

Flow can only 

occur into the well 

through the 

fractures 

Early time linear 

flow into the 

central fracture 

1. Length = Sum of all fracture lengths                       

which normally can be estimated 
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Well is black line 

 

Fractures are solid 

gray lines 

 

No flow 

boundaries are 

dashed gray lines 

 

Flow can only 

occur into the well 

through the 

fractures 

Late time linear flow (compound linear flow) 

with flow convergence into the  central fracture 

2. Length = Distance between toe and heel 

fracture treatment 

Consequences 

1. Flow convergence will cause a skin effect 

2. Closer the fracture spacing the less the 

skin effect 

3. Using production analysis, does the skin 

effect decrease with more stages ? 
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Normal Linear Flow  

From SPE 143229 

Illustration of Vertical Flow Convergence 

Inside Fracture Plane 

Well goes into Page (plot on right only) 

Flow Convergence at Well 

Causing a Vertical Skin Effect 

Important in thick reservoirs (Montney) 

Not important in thin reservoirs (Cardium) 

13 



Section 1 

Pressure Transient Analysis (PTA) 

• A test where you control the rate and measure the 
pressure 

– Attempt is made to keep the rate constant but is not critical to 
do so 

– Mathematics only slightly more complicated for varying rate 
tests 

• Goal is to determine 

– Initial pressure 

– Permeability 

– Skin (damage to the well) 
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Why we like to see 

Radial Flow in PTA 

• The only flow regime where we can directly 
determine permeability (or permeability 
thickness) 

• Other flow regimes couple various important 
reservoir properties 

– No unique value for permeability directly obtained 
from short term build-up tests 

• Does not affect short term production forecasts 

• Does affect long term production forecasts 
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What Role does permeability 

play in the well? 

• Higher permeability = higher production 

• The velocity of the pressure wave is a function of 

permeability 

– Higher the permeability the faster the pressure front 

propagates 

• The pressure front propagation rate is NOT a 

function of the producing rate 

– This confuses people 
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Vertical Wells 

 

• Infinite acting radial flow case 
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Radial Flow 

Drawdown Equation 

• In practice not useful 

– Too hard to keep rate constant  

– Illustrates concept 

• Plot Pwf versus log time 

• Slope related to permeability 

‘Advanced Reservoir Engineering’ 

Ahmed and McKinney 
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Derivative Analysis 

(Drawdown) 
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Why Build-ups ? 

• Most well test equations assume a constant flow 

rate 

• In the field a constant rate is hard to maintain with 

the exception of ‘zero’ rate 

• Therefore most tests are flow and build-up tests 

20 



Build-up 

‘Modern Fracturing – Enhancing Natural Gas Production’ 

Economides and Martin 21 



Radial Flow 

Build-up Equations 

• Horner Equation + Horner Time 

– now generalize and called ‘Superposition Time’ where 

multiple rate variations can be accounted for 
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Radial Build-up Equations 

• Log-Log Derivative Equation 

– removes unknown pi from equation 
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ter is the Agarwal equivalent time function for radial flow 

As t approaches infinity ter approaches tp 
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Bourdet Log-Log Derivative Plot for 

Radial Flow 
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 ,

Time axis is always t and not ter  

perm decreasing 
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Skin Concept 

• Positive skin 

– Near well region of reduced permeability 

– Zone of increased drawdown 
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What happens if we use the t Derivative 

plot on a build-up ? 

• Examine case of pure radial flow for all times 
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Bourdet log-log 

derivative plot 
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Radial Flow Only Case 

27 



Early Time Slope = 0 

Late Time Slope = -1.0 

t log-log 

derivative plot 
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 -1/1 

 0 

Radial Flow Only Case 

How do you perform flow 

regime identification when 

the slope changes within 

one flow regime 
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Complicated Radial Flow Example 

• Old Workflow 

– Use specialized plots for radial flow 

– Calculate Properties 

• Modern workflow (past 25+ years) 

– Derivative plot to identify flow regimes 

– Specialized plots (if necessary) over the time ranges 

they are appropriate 
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Time Increasing 

? 
The well has to be in 

radial flow for the 

Horner plot to be 

valid but how do we 

know when that is 

 

Industry norm is to 

extrapolate the last 

few points 

 

PLEASE PLEASE 

Do not do this 

without justification 
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Derivative Plot 

What about if we don’t have radial flow ? 

• PTA best practice has been to use the radial flow basis 
function in all analyses 

– In practice we can still identify all other flow regimes 

– This is why the derivative plot is the most important 
breakthrough in reservoir engineering over the last 50 years for 
identifying flow regimes 

• We forget that we are even using a basis function 

– Specialized plots (flow regime assumed) cannot actually 
identify the flow regime 

• Only calculate reservoir properties assuming that flow regime is there 

• How can we be sure it is there 
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Vertical Fractured Well 

Linear Flow 

Can determine LFP = k0.5xf 

Where LFP is the Linear Formation Parameter 

xf is the fracture half length (one wing length) 
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Linear Flow Example 

• Use exact solution for linear flow 

• Do flow and build-up (analytically) 

• What does the derivative plot look like using the 

radial basis function? 
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tp= 1 day 

Early Time Slope = 0.5 

Late Time Slope = 0.5 

Middle Time = Variable 

Some wiggles in plot but linear 

flow signature evident 

 

Even though one uses a radial 

basis function for equivalent time 

one can still identify other flow 

regimes. 

 

This is why the Bourdet log-log 

derivative plot is so powerful Linear Flow 
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Linear Flow Examples 

1. Linear then radial flow 

2. Linear flow until end of test 

3. Damaged linear flow 
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High Permeability 

Hydraulic Fractured Well 
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Low Permeability 

Hydraulic Fractured Well 

39 



Damaged Horizontal Injection Well 

Characteristic hump and 

delay in achieving linear flow 40 



Duration of Flow Regimes 
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Build-up Analysis Traps 

1. Using the t derivative instead of the Bourdet 

derivative on build-ups or fall-offs 

2. Not using the full production history of the well 

– Use only the last bit 

3. False radial flow 

• Normally clean-up related 
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Using the t derivative instead of the 

Bourdet derivative on build-ups or 

fall-offs 
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tp= 1 day 

Discussion: 

Poor plot as character 

changes from early time to 

late time with the same 

flow regime. Therefore no 

confidence in identifying 

linear flow 

Early Time Slope = 0.5 

Late Time Slope = -0.5 

Middle Time = Variable 

Linear Flow 

td
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t






)(

All mini-frac analysis software 

uses the t derivative to 

identify flow regimes 

 

How can you be sure of your 

ability to identify flow regimes 

when the math adds additional 

complexity? 

 

You have been warned 
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Not using the full production history of 

the well 
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Not using the full production history 

SPE 102079 addresses this issue 

(The best PTA SPE paper ever) 
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Practical example horizontal water 

injection well with truncated schedule 
Well started injecting early 2012 

SCADA data generates 100’s of 

flow periods 

First pass ignore early data 

Second Pass account for earlier 

flow in a simplistic way 

teff = Cum/qbefore test 
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3/2 Slope = Green 

1/1 Slope = Gray 

½ Slope = Blue 

¼ Slope = Orange 

0 Slope = Red 

Truncated schedule in black 

Full rate schedule in red 

(correct analysis) 
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False Radial Flow 

Horizontal Multi-Stage Fractured 

Montney Well 
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This well is showing false radial flow 

This is the classic signature of changing 

skin with clean-up 

Build-up for horizontal multi-stage fractured well 

Build-up prior to full clean-up 

SPE 149331 

perm estimate too high 

From horizontal line 

perm decreasing 
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k=0.002 md 

SPE 149331 

Model 

Inject water into dynamic fractures during treatment 

Increase perm near fracture (as a function of pressure) to allow leak-off 

Replace dynamic fractures with static producing fractures and model clean-up 

Permeability returns to base value after pressure returns to Pi 

Amounts to SRV during pumping only 
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k=0.002 md 

SPE 149331 

Model 

Inject water into dynamic fractures during treatment 

Increase perm near fracture (as a function of pressure) to allow leak-off 

Replace dynamic fractures with static producing fractures and model clean-up 

Permeability returns to base value after pressure returns to Pi 

Amounts to SRV during pumping only 
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Mini-Frac Analysis 

• PTA rarely done in horizontal multi-stage fractured wells 

– Tests take too long 

– Wells are normally in linear flow at end 

• Mini-fracs (DFIT’s) are a multi-purpose test frequently used on the 
toe stage of a horizontal well before the stimulations are pumped 

– Since the volumes pumped are small have a better chance at determining 
permeability 

• Used extensively in the caprock of the Athabsca oilsands to 
determine stresses 

– Directly impacts maximum operating pressure of thermal projects 

– In my experience the biggest interpretation challenge the industry faces 
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Mini-Frac Goals 

• Closure stress determination 

• Initial pressure determination 

• Permeability of formation 

– Stimulated Rock Volume (SRV) permeability? 
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Mini-Frac Theory 
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Dynamic Fracture Flow Regime – Nolte Flow (Basis for G Function) 

Fracture grows linearly with time 
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Bourdet Derivative 

Early Time Slope = 1 

Late Time Slope = 1.5 

First Flow Regime aware 

of where early and late 

time Bourdet Derivative 

has Different Slopes 

Nolte Flow Only Case 
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Early Time Slope = 1 

Late Time Slope = 1 

By changing the basis function 

from radial to Carter 

make slope the same at early 

and late time 

 1/1 

Nolte Flow Only Case 
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Mini-Frac Theory 

• A dynamic fracture is just another flow regime 

– All PTA based methods apply 

– Need to handle unique cases to mini-fracturing 

• Height Recession Transverse Storage (HRTS) 

• Pressure Dependent Leak-off 

• Tip Extension 
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Mini-Frac Example 

• Heavy oil reservoir 

– Viscosity = 75 cp 

– Water visosity = 0.5 cp 

• Producing watercut expected to be 80% 
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Single Phase Flow 

Multi-phase Flow 
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3/2 Slope = Green 

1/1 Slope = Gray 

½ Slope = Blue 

¼ Slope = Orange 

0  Slope = Green 

End HRTS and closure at 0.06 days 

(Transition to slope steeper than -1/2) 

Frac Gradient = 16.2 kPa/m 

Final DT = 2.09 days (still in Linear Flow) 

For xfk
0.5 = 100.67 m-md0.5 

Perm + Time End of Linear Flow 

xf        ko         Time (End LF) 

m        md               days 

75.0    1.80             1.56 

80.0    1.58             2.03 (max perm) 

85.0    1.40             2.33 
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Pi = 9750 kPa 

Gives same Pi as traditional after closure analysis (ACA) plots. 

The PTA based plot is more general than ACA plots as there are 

no assumptions about being late enough in time for the plot to 

be appropriate (as in ACA). This plot works at all times.   

Time Increasing 
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Section 3 

Production Analysis 

• Restrict ourselves to wells on primary production 

• Usually well at a fixed BHP and the well 

produces at capacity at an ever declining rate 

– Transpose of a PTA test 
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What are the Flow Regimes 

• Fetkovich plot 

• Modified Fetkovich Plot 

– or Blasingame Type Curve 

• Harmonic Plot 
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Caution: 

Suffers from Time Zero 

problems 

If well shut-in and re-started 

can give strange behavior 

 

Fetkovich Plot 
 

Composite of transient 

solutions with Arps decline 

curves  
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Fetkovich Plot 

Linear Flow at early time 
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If you only had 25 days worth of production 

data how would you generate a forecast with a 

traditional semi-log plot 

 

Answer: you are using the wrong plot 

 

Linear Flow results in ‘hockey stick’ declines 
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Overcomes problem of 

shut-ins 

 

Caution: 

Big rate changes will give 

false unit slopes 

Can be handled by 

appropriate filtering 

 

Modified Fetkovich Plot or 

Blasingame Type Curve 
 

If pwf changes with time replace with 

q/(pi-pwf) = q/p 
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b > 1 

Through historical data 

Think of b as curvature on the 

harmonic plot 

Harmonic Plot 
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Beginning of b < 1 

Cum Gas = 85,000 x 103 m3 

Time = 5.1 years 

Harmonic Plot 

Forecast starts 
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Forecasting with Arps Curves 

Need Composite Curves 

• b can be > 1 
– Sign of well not seeing all its boundaries 

– Transient flow 
• Radial, bilinear or linear flow 

• 0 < = b < 1 
– Well has seen all its boundaries 

– Time to see boundaries is proportional to permeability 

– Old days bounded flow was seen very quickly 
• Arps declines have historically worked 

– Today reservoirs may take years to get into bounded flow 
• More effort required to develop a forecast 
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Case 1 - SPE 162813 

Viking  - Oil 

• Widespread across Alberta and Saskatchewan 

– 5 fields focused on  

• Cretaceous age 

• Deposited in transitional to marine environment 

– Direction of shoreline was NW/SE 

• thinly-laminated, bioturbated, clastic 

(sand/silt/shale) 
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Figure 1. Viking Formation Western Canada  74 



Production History 

• Production began: 
– Redwater + Greater Dodsland in 1950’s 

– Provost in early 1960’s 

– Plato in late 1960’s 

– Halkirk in early 1980’s 

• Wells predominantly vertical 
– Hydraulically fractured (sometimes repeatedly) 

– Starting in 2006 horizontal multi-stage fracturing started 
• 1100 such wells 

• Some attempts at waterflooding 
– Mostly unsuccessful 
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Reservoir Properties 

• Pi ≈ 6.2 MPa 

• Reservoir Temperature   28 – 30 oC 

• Depth ≈ 700 m 

• Low GOR 

– Gas production not significant 

• Soft friable rocks 

• Swelling clays 

• Paraffin based waxy light crude (37 to 39 API) 

– Cloud point ≈ 23 oC 
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Viking Net Pay Determination (UV Digital Processing) 77 



Swelling Clays/Fines Migration 

Core put into fresh water 

 

Currently using high 

concentrations of KCL as clay 

stabilizer 
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Figure 6.  Wax Deposition 

Fear of wax deposition in 

perforations has lead to hot 

water treatments in the area 
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Figure 8.  Viking Area Horizontal Well Stimulations – Fracturing Spacing Statistics 

Fracture Treatment Stage Spacing versus Date 
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Production Analysis/Forecasting 

• Start with Vertical Wells 

– Flow Regime Identification 

– Time to end of transient flow (start bounded flow) 

• What type of transient flow 

• Do we get more reserves when we infill drill ? 

• Type curve for reserves determination 

– Methodology 

• Horizontal Wells 

81 



Figure 10.  Oil Production for Vertical North Plato Wells within one Section (Wells start in 1986 and 1987) 

All Wells Hydraulically 

Fractured 

 

Traditional semi-log plot seen 

everywhere 

No ability to identify reservoir 

behavior (early or late time flow 

regimes 
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Harmonic Plot 

showing transient (upward curvature) 

then bounded flow (downward curvature 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

No radial flow 

Long term linear flow 

then bounded flow 

 

Figure 11.  Modified Fetkovich Plot - Vertical North Plato Wells 

First Order Material Balance Time = Cum(t)/q(t) 
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Hypothetical Geological 

explanation of production response 
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Infill Drilling 

• Did infill drilling vertical wells add reserves ? 

• Find areas with highest well counts 

– Two half sections with the equivalent of 32 wells per 

section 
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88 

More Reserves ? 

Impossible to tell from 

Group semi-log rate-time plot 

15 Wells per ½ Section 



Harmonic Plot for South Half of Section 06-027-19 W3M, North Plato Pool 89 

More Reserves ? 

Very clearly ‘yes’ from 

Group semi-log rate-cum plot 

(The Harmonic Plot) 

15 Wells per ½ Section 
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More Reserves ? 

Impossible to tell from 

Group semi-log rate-time plot 

16 Wells per ½ Section 



Figure 12.  Harmonic Plot for North Half of Section 36-026-20 W3M, North Plato Pool 92 

More Reserves ? 

Very clearly ‘yes’ from 

Group semi-log rate-cum plot 

(The Harmonic Plot) 

16 Wells per ½ Section 



Assessing Reserves Increase 

from Infill Drilling 

• Group harmonic plot is a very powerful tool for 

determining whether infill drilling of old vertical 

wells has resulted in more reserves 
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Implications for Prospecting for 

Oil and Gas 

• Review regions of old vertical wells 
– If wells are in transient flow (expanding drainage area with time) this is a 

strong indicator that infill wells are justified 

– If wells are in early time radial flow then go into bounded flow 
• Wells likely to all be in communication with one another 

• Infill drilling may not add reserves 

– If wells are in early time linear flow then go into bounded flow 
• Flow is from long channel like features (high aspect ratio flow units) 

• This is an inefficient drainage system 

• If you have an idea of the permeability of the system from PTA/core one can 
determine the ‘channel’ width range 

• Good possibility that infill drilling may result in contacting undrained areas 

• Get a geological perspective on why linear flow is occurring and an orientation 
of the feature 
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Vertical Well Reserves 

• Does a higher initial production rate indicate more 

reserves? 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

No radial flow 

Long term linear flow 

then bounded flow 

 

Figure 11.  Modified Fetkovich Plot - Vertical North Plato Wells 

First Order Material Balance 

Time = Cum(t)/q(t) 

 

Higher the initial rate the 

higher the reserves 

 

Why ? 

At any given rate the 

cumulative is higher for higher 

initial rate wells 
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Type Curve 

• Old ideas 
– Never allow b>1 

– Arbitrarily curve fit data 

• New Ideas (physics based type curves) 
– b >1 is indication of transient behavior 

– b=2 is linear flow 
• time to end of transient flow = end of b=2 

– Composite decline curves 
• Available in most software 

– Bounded flow 
• b for solution gas drive (single layer) 

– b = 0.3 Fetkovich 

– 0.4 < b <0.5 Ahmed and McKinney 

• b for solution gas drive (multiple layer) 
– 0.5 < b <1.0 Fetkovich 

• It is my recommendation not to regress on b but to assign b after careful consideration 

– Terminal decline (exponential decline) 
• How do you pick it? 
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Figure 14.  Fetkovich Plot – Type Curve Match 1 where late time b=0.3 98 

First pass match 

using Fetkovich recommended 

b2=0.3 

This plot allows one to get an 

accurate transition to bounded 

flow but does a poor job at late 

time matching 

 



Figure 15.  Semi-Log Rate/Time – Type Curve Match 1 where late time b=0.3 99 

First pass match 

using Fetkovich recommended 

b2=0.3 

This plot emphasizes late time 

data and shows more curvature 

(higher b2 value) is needed 



Figure 16.  Fetkovich Plot – Type Curve Match 2 where late time b=0.6 100 

Second pass match 

using b2=0.6 

b2 > 0.5 is an indication of cross-

flow from tight layers to main 

producing layers 

 



Figure 17.  Semi-Log Rate/Time – Type Curve Match 2 where late time b=0.6 101 

Second pass match 

using b2=0.6 

b2 > 0.5 is an indication of cross-

flow from tight layers to main 

producing layers 

 



Horizontal Wells 
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Early Dodsland Horizontal Multi-Stage Fractured Wells 

4th month rate is good 

indicator of when well 

goes on linear flow  
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Figure 19.  Reserve Evaluator Type Curve 104 

Evaluator Type Curve 

does not match physics 

of flow 

 



Proposed Horizontal Well Type Curve 

• Production data is flat for the first 4 months of production. 

• The end of the fourth month is the point at which transient rate 
decline begins. 
– This is the key production metric for to develop type curves and compare 

various well groups 

• Production profiles are generated from 4 month rates over a range 
from 2 to 20 m3/d, in 2 m3/d increments. 

• Decline parameters are b1=2 for an additional 730 days (for a total 
time to bound flow of 850 days) 

• Once bounded flow begins, drainage occurs in a layered no-cross 
flow environment. This is a result of the horizontal wells 
independently draining the high aspect ratio flow units. 
– b2 has been set to 0.7 when the well is in bounded flow. 
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Figure 20.  Proposed Horizontal Well Type Curve at Various Rates, b1=2.0, b2=0.7 106 



Figure 22.  Proposed Horizontal Well Type Curve at Various Rates, b1=2.0, b2=0.7 
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Quantifying Rate Increase for 

Horizontal  vs Verticals Wells 
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50.00% 99.87% 97.72% 84.13% 15.87% 2.75% 0.13% 

P = 50% 

Qo (vert) = 2.43 

Qo (hor)  = 6.81 

Ratio       = 2.80 

P = 15.87% 

Qo (vert) = 0.85 

Qo (hor)  = 2.44 

Ratio       = 2.87 

P = 84.13% 

Qo (vert) = 2.44 

Qo (hor)  = 6.81 

Ratio       = 2.79 

Figure 23.  Purvis Plot Comparing Initial Redwater Vertical and Horizontal Well Performance 109 



Initial Reference Rate 

for Horizontal Wells 

• Compare by region 

– If you are doing what everyone else is doing the P50 

value is what your company can expect 

– Know an initial rate and using the type curve a 

forecast can be made 
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50.00% 99.87% 97.72% 84.13% 15.87% 2.75% 0.13% 

             Oil Rate Per Region (m3/d) 

Region                       Median     Mean 

 

Greater Dodlsand       4.38         4.95 

Halkirk                        5.36         7.41 

Plato                             1.41         2.61 

Provost                         3.91         5.26 

Redwater                     6.79         8.05 

Purvis Pot Comparing Horizontal Wells in the 5 Viking Areas 111 



How do you get High Rate Wells ? 

• Look for better quality reservoir 

– need good geoelogy 

• Identify companies who exceed the P50 for 

production 

– Study their completion strategy 

– Review geology of their area 



High Rate Wells 

1. Better quality reservoir 

2. Better completion technology 

 

•  How do you tell ? 

– 5 plots are recommended for a preliminary diagnosis 
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Provost 
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Rate going up with time 

Better areas or better technology ? 

Production Statistic is 4th month Oil Rate 
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Production Statistic is 4th month Oil Rate 

Cutpick is the best operator by far 
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Production Statistic is 4th month Oil Rate 

Note the C001 pool is the 3rd best pool with 72 wells 
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Production Statistic is 4th month Oil Rate 

Cutpick is exclusively in the 3rd best pool 

Total Samples = 72, Med=3.93 m3/d 

Infer that Cutpick has better completion technology 118 



Cutpick figured out how to complete wells right away 

Found out that principals had prior experience in Viking with other companies 

Production Statistic is 4th month Oil Rate 
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Recommended Dashboard Plot 

One statistically significant pool 

C001 – Cutpick Med=8.52, All Med=3.93 

 

120 



Case 2 – Rock Creek Gas 

• Creating a type curve for gas production 

– Data not as ‘clean’ as Viking example 

– Quantify time in transient flow 

– Determine bounded flow b factor 

– Strategy for unbiased type curve 

– Making initial rate dependent on completion strategy 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

Time end linear = 1000 days 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

Time end linear = 900 + days (?) 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

Time end linear = 200 days 
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1/1 Slope = Grey 

½ Slope = Blue 

¼ Slope = Orange 

Time end linear =750 days 

126 



Production Metrics 

• Month when linear flow established 

– Pick 5th month 

• End of Linear Flow 

– Pick 730 days (2 years) 
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Median Value =   577 mscf/d 

Mean Value    = 1128 mscf/d 

 

50.00% 99.87% 97.72% 84.13% 15.87% 2.75% 0.13% 
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Type Curve Strategy 

• Pick a time to bounded flow on average for wells 

– 730 days 

• Use 5th month actual month rate as starting point for decline 

– Take cumulative as given up to 5th month 

– For forecast assume constant rate for 5 months 

• Pick decline rate that best matches some of the higher rate wells 

• Run type curve on all wells 

• Compare historical to calculated data 

• Make minor adjustments to match 
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Gas Type Curve ‘Match’ 

Cumulative Gas (mscf) 

Unbiased forecast 

as we are matching the overall cumulative of the group of wells 
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How do we pick an Initial Rate 

for a new well ? 

• Use treatment parameters 

– Can get as complicated as you want for selecting value 

• Use combination of crossplots to see what contributes to 

increased production 

– Proppant per stage 

– Well length 

– Stage spacing 

• In this case only used well length 
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Plan on drilling all wells 800 + meters 

So remove shorter length wells 

Median Qg(5th month) = 1946 mscf/d 

Median Qg(5th month) without peak value= 1490 mscf/d 
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Case 3 - SPE 149331 

Montney Gas 

• Classic Production Analysis study 

– Analytical RTA 

– Numerical simulation 

• Trying to determine 

– Permeability 

– Fracture half length – xf 

– Fracture Conductivity 
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Well  GBU 

Well  GBL 
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Well GBU 

6 perforation clusters 

17 sets of perforations 

100 meter perforation spacing 

67 tonnes per perforated interval 
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? 
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Gas Cum/Gas Rate 

Modified Fetkovich Plot 

½ Slope = Thin Blue Line 

indicates late time linear flow 

Flow regime identification 

plot 
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Modified Fetkovich Plot 

Gas Cum/Gas Rate 
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Neal/Wattenbarger Plot 

Plot allows the calculation of 

reservoir properties 
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Replace t0.5 with superposition linear time 

Not sure which points are actually sequential in time 

Plot introduced by Wattenbarger’s group in 1990’s 
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Analysis Line = Thin Blue Line 

Suggests Linear Flow may 

extend into FP_2 

However there is a danger of a 

false signal 

y intercept indicates skin 
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RTA Match 

• Use 1 D linear model 

– If I was to do this again I would use the tri-linear 

model 
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LFP  k0.5Lh 

Set h to fracture height 

Two unkowns k, L 

LFP  1/slope 

LFP = Linear Flow Parameter 
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Modified Fetkovich Plot 
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Zoom into late 

time match 
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400 

2101.5 100 100 

Layout – Plan View 

Drainage Area = 208 Acres 

17 fracs, only 12 are assumed stimulated 

based on PLT results in area 
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Early Time Linear Flow 
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Well is black line 

 

Fractures are solid 

gray lines 

 

No flow 

boundaries are 

dashed gray lines 

 

Flow can only 

occur into the well 

through the 

fractures 

Early time linear 

flow into the 

central fracture 

Perception is that permeability is 

in the micro-Darcy range 

 

Time to end of inner ring linear 

flow (assuming all clusters are 

flowing) is <100 days 

 

Therefore think we are in 

compond linear flow 
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Late Time Linear Flow 
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Well is black line 

 

Fractures are solid 

gray lines 

 

No flow 

boundaries are 

dashed gray lines 

 

Flow can only 

occur into the well 

through the 

fractures 

Late time linear flow with 

flow convergence into the  

central fracture 
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Reservoir Simulation Workflow  

• Inject treatment fluid 

– Requires long highly conductive fracture 

– Pressure or stress dependent leak-off 

• PTA test 

– Change out fracture to producing fracture 

• Shorter 

• Lower Conductivity 

• Long Term production 

– Specify BHP match rate 
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Constant Permeability Match 

• k = 0.002 md 
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k=0.002 md 

157 

Cfd=85.4 is close to infinity 

Still significant positive skin on well 

Flow convergent skin, which is unique 

to horizontal wells, is significant 



k=0.002 md 
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Beginning of b < 1 

Cum Gas = 85,000 x 103 m3 

Time = 5.1 years 

Harmonic Plot 

Forecast starts 
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Final Conclusions 

• Flow Regimes are the most important thing to 

know in order to get a forecast 

• If I knew permeability this would be easy 
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