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Static Observation Well Buildup in the Producer

Overlaying the Plots:
The Steps and Slopes Replicate!

A Pressure Transient Cone of 
Influence is Segmented by
Capillary Shockwaves.

These Waves Contain Decodable Information about the 
Boundaries Encountered by the Cone.  They are 

Repeatable.
2000 FeetObservation Well Producer 



Primary Capillary Diffusion 
Shockwave 

PRIMARY 
SHOCKWAVE
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A - 1  O b s e r v e s  A - 2  a t  5 0 . 9 1  H o u r s .   O n e  H o u r  R a d i u s  =  4 1 3  F e e t  f o r  a  D i s t a n c e  T r a v e l l e d  o f  2 , 9 5 0  F e e t .

Continuation of Long Term Buildup.  Please Note Pre ssure Scale.

A-1 Static Observation of A-2.

Fit 1:  Y = -4.40153 * log(X) + 7615.85
Number of data points used = 25
Average log(X) = 4.12709
Average Y = 7597.68
Regression sum of squares = 0.0455054
Residual sum of squares = 0.000145142
Coef of determination, R-squared = 0.996821
Residual mean square, sigma-hat-sq'd = 6.3105E-006

First Capillary Shockwave Arrival



Capillary Paths Stabilize as 
Entry Pressure Is Overcome

Continuous Wetting Phase Fluid Film

To Break the Fluid Film in Order 
to Allow a Change in Flow Path,
Requires a Finite 
Initiating Differential Pressure 
Across any Pore Throat. 

Streamline of 
Produced Fluid



Well is Shut-in
Well Completion



Well Completion

Well is Opened



Well Completion

Wellbore Pressure is Reduced 
by DDDDP



W e l l  C o m p l e t i o n

Pore Pressure is Reduced 
by � P



Well Completion

Pore Throat Opens Next Pore 
Throat Pressure is Reduced 

by DDDDP



Well Completion

Next Pore Entry Pressure 
is Reduced by DDDDP



Well Completion

And So On



Well Completion

And So On



Well Completion

And So On



Well Completion

And So On



Well Completion

M o v i n g  W a l l  o f  C a p i l l a r y  E n t r y  P r e s s u r e  

is the Boundary of the Cone of Influence.

Flow Advances by Breaking Capillary 
Pressure at the Pore Throat.



Well Completion Moving Wall of Capillary Entry Pressure 
is the Boundary of the Cone of Influence.

Cross-flow is Prevented by Capillary Entry Pressure .
Flow to Well is Through Capillary Pressure Defined Conduits.

Pore Throats Do Not Open 
Along Streamlines.



Clusters of Growing 
Capillaries
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History Sometimes Loses 
Concepts along the Way.

• Leakage from 18th Century Canals
• Hull Design in the 19th Century
• Darcy Hydrology Studies were Steady State 

Experiments.
• Early Oil Production Models were Borrowed from 

Steady State Water Well Solutions.
• Hurst Adapts Capacitive Model from Heat Transfer in 

1933.  Problem:  There is No Equivalent in Heat 
transfer Theory for Mass.



History of Petroleum 
Reservoir Model

• RC Potential Flow Model Proposed by Hurst in 
1933.

• In the 1940’s Haines Discovered:
– Capillary Entry Pressure and 
– Haines Jumps

• Hubbert Publishes w/o Inertia or Haynes 
Jumps in 1956. 

• By 1960’s Jones Publishes Dichotomy in 
Theoretical Distance to First Limit.

• By 1960’s Rush to Digital Simulation Based 
Upon Hubbert.  No One Re-examined Physics.



Flow Through a Core as 
Observed in the Laboratory

Volume of Fluid Displaced Through Core
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Diffusion Potential Theory



Things Left Out of the 
Traditional Model

• Kinetic Energy Terms
• Inertia 
• J-T Energy Dissipation



Momentum and Elastic Energy

• 100 BCF Reservoir
• Equivalent of Five Supertankers of 

500,000 Tons Displacement Headed to 
the Well.

• 160 Kilotons of High Explosive 
Equivalent of Mechanical Energy in the 
Form of Compressed Gas Ready to Do 
Work or Destruction.



Moving Capillary 
Shockwave Boundary

INACTIVE RESERVOIR SPACE
AT INITIAL PRESSURE

ACTIVE RESERVOIR SPACE
CONE OF INFLUENCE
PRESSURE
DEPLETION BEHIND WAVE

PRIMARY BOUNDING 
CAPILLARY SHOCK WAVE

D A R C Y  F L O W  R E G U L A T E D  

C A P I L L A R Y  P R E S S U R E  

DISCONTINUITY ELEMENT



Growth Process for a Cone 
of Influence



Cone of Influence and Limit

Non Growing 
Radial Capillary 

Channels

LimitLimit

Primary Capillary Shock Wave

             Primary Depletion Region

Secondary
Region

Secondary Shock Wave
(Interior Boundary)



When the Primary Shockwave 
Hits a Limit, It Reproduces.

PRIMARY 
SHOCKWAVE

SECONDARY 
SHOCKWAVE



PRIMARY BOUNDING 
CAPILLARY SHOCK WAVE

SECONDARY SHOCKWAVE 
DUE TO LIMIT 1

Secondary Cone Inside 
Primary Cone of Influence



Capillaries Form Physical
Streamtubes

• Tubes Are Clusters of Capillaries.
• Tube Walls Support Actual Pressure 

Differences. 
• Tubes Can Be Rearranged in Sections or 

Pore by Pore by Imposed Changes.
• Streamtubes Provide Radial Flow 

Stability for the Expanding Cone of 
Influence.



Natural Phased Array Sonar

Diffusion Capillary Shockwave 
Boundary Condition

Darcy Damped Pressure Wave



Principle of Radial Separability

• Cone of Influence Grows as Radial 
Capillaries.

• Open Capillaries are Streamlines.
• Initiating Pressure Provides Streamline 

Memory
• Streamlines Are Indifferent to the 

Angular Arrangement of Capillaries.



A Straight Line Boundary



The Sum of all Capillaries

• Divide Capillary Populations by Behavior.

– Fixed Volume
– Growing

• The Pressure Gauge is Observes the Collective 
Behavior of All Capillaries.

• All Capillaries Respond to System Change.

• Solve the for the Simple and Obvious Case.



Growing and Truncated Radial 
Clusters of Capillaries



Radial Capillary Clusters



Trading Elements



Capillary Path Element

• The Well Responds to the Sum Total of all 
Capillaries.

• Each Capillary May be Treated as a Ray.

• As a Boundary Truncates theGrowing Ray,the 
Loss of Energy Gained from that Capillary 
is Reflected at the Wellbore as a Loss of Fluid 
Production.

• The Cone of Influence Is the Sum of Its Rays.



Could These Black No Flow Regions Represent 
Boundaries? Yes,  ButThese Are Not Probable

Boundaries for a Natural System!



Considerations

• A Fault or Shaleout Will Approximate a 
Straight Line.

• The Order of Truncating Capillaries at 
the Boundary is Not Mathematically 
Unique.

• Collections of Micro Limits that Mimic a 
Straight Limit Are Possible but Highly 
Improbable.



Remember,  Its Compensation 
for a Loss in the Total System 
that Flow Loss is Recouped  in 

the Regenerated Secondary 
Cone.



AppearancesCan Be Deceiving 
or Revealing.

Why Does a Straight Boundary 
Appear to be a Semi Circular 

Reflector That Grows with Time?



The Reflector Shape

LIMIT

PRIMARY 
SHOCK WAVE

SECONDARY 
SHOCK WAVE

"Apparent" RAY PATTERN
Plane Reflector

LIMIT

PRIMARY 
SHOCK WAVE

SECONDARY 
SHOCK WAVE

ACTUAL RAY PATTERN
Plane Reflector



The M Slope is Proportional to

q0/(Ct* d V o lu m e / dt)

Before                                After
T h e  D o u b l i n g  o f  M  S l o p e  M a k e s  t h e  

Expanding Universe of the Well 
Appear to Be Cut in Half.  



Regenerated Cone Power Intensity 
Looks Like a Half Circle

• When the Pr imary Wave Encounters a 
Straight Limit the M Slope Doubles 
Identically.

• Kh, q0, and Viscosity Did Not Change.
• The Leaves 2 Times the Angular 

Contribution of a Full Circle.
• It Appears that the Expanding Universe of 

t h e  W e l l  W a s  C u t  i n  H a l f .



Ray Path Memory

• Energy Reflects Back and Forth Along a 
Straight Line Path.

• The Capillary “Walls” Become Part of the 
Energy Reflector or Boundary.

• Energy Traveling Along the Capillary Is 
Reflected Straight Back to the Source.

• The Physical Boundary for the Reservoir Is the 
Capillary.  

• The Reservoir Is the Sum of All Capillaries.



A New Perception or an Old One?

• Darcy Flow Was Derived from Navier Stokes 
Equations  using the Pouiselle Solution for 
Capillary Bundle.

• Entry Pressure Is Measured in the Laboratory 
as a Physical Attribute of Cores.

• Radius of Investigation Is Important.
• Mirror Image Wells Are Based Upon 

Observation.



The Straight Line Boundary 
as a Shape Reference

• The Straight Line Boundary Can Be Subdivided 
into Right and Left Hand Sides.

• The Apparent Angle of Flow Increase Reflects 
the Limit Deviation from a Straight Line.

•••• The Truncating RadialsSeparate the Growing 
Capillary Radials from the Non-Growing 
Segments or Clusters.



Right Reference Triangle 
Fixed Tangent Radial
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The Geometry of an Angular 
Limit and Its Impact Upon 

Growth

Limit Reference Line 
and Tangent Radial



What Is Observed

• The M SlopeIndicates that the Volume 
Gained Per Unit Time Is Cut in Half.

• If M/M 1 is Not Identically 2, Then It 
Appears that a Segment of a Circle Has 
Been Addedto the Cone of Influence as 
an Energy Contribution.



Rotating Reference Triangles

Limit Reference Line 

Projected Limit

Wedge Contribution 
to Cone of Influence
in Addition to Semicircle



Why This Works

•••• The M Slope: 
• Has No Memory of the Past.
• Does Not Predict the Future.
• Is a Function of the Rate that Volume Is 

PresentlyGained by the Active Cone of 
Influence and by Rate of Withdrawal.
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The Limit Can Be Rotated Around the 
Well and About the Point of Tangency

















Process Steps
• Straight Line Sectionsare Identified on a SemiLog

Pressure Plot.
• Pressure Slope Shiftsand Timesare Input to 

Computer.
• Direct CalculationsAre Made for:

– Distanceto Limit
– Shapeof Limit Deflection Angle from Straight Line

– Volume Integral Material Balance

• Limits Are Map Overlaid or Oriented “Blind”.
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Drawdown 1

Fit 1:  Y = -13.2625 * log(X) + 745.609
Number of data points used = 1460
Coef of determination, R-squared = 0.994238

Fit 2:  Y = -20.7356 * log(X) + 765.73
Number of data points used = 1153
Coef of determination, R-squared = 0.975494

Fit 3:  Y = -32.6151 * log(X) + 807.632
Number of data points used = 2698
Coef of determination, R-squared = 0.992839

Fit 4:  Y = -48.0028 * log(X) + 873.343
Number of data points used = 635
Coef of determination, R-squared = 0.989198

Fit 5:  Y = -54.7314 * log(X) + 938.043
Number of data points used = 2963
Coef of determination, R-squared = 0.985593

Fit 6:  Y = -90.794 * log(X) + 1126.81
Number of data points used = 4449
Coef of determination, R-squared = 0.994801

Enerfin Resources Company
St. Helens 44a-3-65

Drawdown 1 Test MDH Detail Plot
File: ESH44365

WAVEX Analysis
F. L. Goldsberry 6/18/2008

Curve 1

Fit 1:  Log, Y=B*log(X)+A

Fit 2:  Log, Y=B*log(X)+A

Fit 3:  Log, Y=B*log(X)+A

Fit 4:  Log, Y=B*log(X)+A

Fit 5:  Log, Y=B*log(X)+A

Fit 6:  Log, Y=B*log(X)+A

Rate Change Corrected in Energy Balance.
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Energy Map Flips Up into 
Position.

On the Next Slide the Image is Magnified.
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Note Oscillation

Fit 1:  Y = 4.13353 * log(X) + 10474.1
Number of data points used = 51
Average log(X) = 0.0217861
Average Y = 10474.2
Regression sum of squares = 223.161
Residual sum of squares = 3.21294
Coef of determination, R-squared = 0.985807
Residual mean square, sigma-hat-sq'd = 0.0655703

Oscillation Continues Through Buildup
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Fit 1:  Y = 4.13353 * log(X) + 10474.1
Number of data points used = 51
Coef of determination, R-squared = 0.985807

Fit 2:  Y = 7.54605 * log(X) + 10472.6
Number of data points used = 78
Coef of determination, R-squared = 0.979596

Fit 3:  Y = 15.4572 * log(X) + 10459.1
Number of data points used = 121
Coef of determination, R-squared = 0.984882

Fit 4:  Y = 21.1953 * log(X) + 10444.8
Number of data points used = 571
Coef of determination, R-squared = 0.998812

Fit 5:  Y = 26.1438 * log(X) + 10429.2
Number of data points used = 1052
Coef of determination, R-squared = 0.995819

Possible Corner 



Based Upon E-Log Water Level, 
Outline of Gas Cap

Volume Inplace Should Be
Evaluated by Pyramid Rule.
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Best Blind fit Over Geology



Bottom Water Drive
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Fit 4:  Y = 3.9157 * log(X) + 11326.1
Number of data points used = 56
Average log(X) = 0.566371
Average Y = 11328.3
Regression sum of squares = 45.9426
Residual sum of squares = 1.84836
Coef of determination, R-squared = 0.961324
Residual mean square, sigma-hat-sq'd = 0.034229

Buildup:
Pwf = 11,069 PSIA
P f i n a l  =  1 1 , 3 2 9  P S I A

Numerous Cross-flow Events

Buildup Should Only be Used for 
O r d e r  o f  M a g n i t u d e  E s t i m a t e s  f o r  

Permeability and Skin.

Fit 3:  Buildup 2Y = 3.49132 * log(X) + 11326.3
Number of data points used = 28
Average log(X) = 0.038614
Average Y = 11326.5
Regression sum of squares = 13.0827
Residual sum of squares = 0.466916
Coef of determination, R-squared = 0.96554
Residual mean square, sigma-hat-sq'd = 0.0179583

Fit 5:  Y = 6.75608 * log(X) + 11324
Number of data points used = 8
Average log(X) = 0.745892
Average Y = 11329
Regression sum of squares = 0.269632
Residual sum of squares = 0.0179761
Coef of determination, R-squared = 0.937498
Residual mean square, sigma-hat-sq'd = 0.00299602
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Fit 1:  Y = -6.08125 * log(X) + 11172.7
Number of data points used = 401
Coef of determination, R-squared = 0.911361

Fit 2:  Y = -28.1203 * log(X) + 11248.8
Number of data points used = 800
Coef of determination, R-squared = 0.976725

Fit 3:  Y = -44.1904 * log(X) + 11321.1
Number of data points used = 1600
Coef of determination, R-squared = 0.97238

Fit 4:  Y = -66.437 * log(X) + 11430.8
Number of data points used = 1600
Coef of determination, R-squared = 0.982155

Fit 5:  Y = -118.645 * log(X) + 11709.2
Number of data points used = 1788
Average log(X) = 5.77483
Coef of determination, R-squared = 0.966182
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DrawdownFit 1:  Y = -9.60059 * log(X) + 11182.6

Number of data points used = 120
Coef of determination, R-squared = 0.860046

Mid-time Slope is 
Difficult to Detect 
on this Scale.
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GAS & WATER DRIVE

WATER
GAS CAP CLOSURE

Gas Dominated Volume
This Value May Contain Some Water Energy.
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“The Proof of the Pudding 
Is in the Eating”

Believe in the Competitive Marketplace 
of Ideas;  Every New Well Is an 

Experiment. 
The Real Measure of a Model is How 

Well it Runs Against 3-D Seismic 
Imaging and Geology.

Does the Method Make $Money$ for the 
Operator?
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Thanks for Listening.
Are There Any Questions?

Remember No Good Insightful 
Question GoesUnpunished!













WAVEX 
Energy Map
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Mid-Offset Amplitude Extraction
Overlaid on P95 Isopach & Structure

With Overlay of
Energy Map

Difference in 
WaveX vs Map 
Boundaries Attributed
to variations In actual 
rock properties . . . 
Eval’d Perm & Fluid OK!

Stratigraphic?
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Another Fault?  Another 
Needed Development 

Well?
Do We Spend $8,000,000 for a 

Second Well?
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Long Term Drawdown 3

Curve 1

Fit 1:  Log, Y=B*log(X)+A

Fit 2:  Log, Y=B*log(X)+A

Fit 3:  Log, Y=B*log(X)+A

Fit 4:  Log, Y=B*log(X)+A

Fit 5:  Log, Y=B*log(X)+A

Fit 6:  Log, Y=B*log(X)+A

Fit 1:  Y = -1.42206 * log(X) + 5508.4
Number of data points used = 72
Coef of determination, R-squared = 0.440794

Fit 2:  Y = -1.37824 * log(X) + 5508.5
Number of data points used = 84
Coef of determination, R-squared = 0.52778

Fit 3:  Y = -3.64502 * log(X) + 5514.81
Number of data points used = 96
Average log(X) = 3.25668
Coef of determination, R-squared = 0.784661

Fit 4:  Y = -8.50663 * log(X) + 5532.38
Number of data points used = 577
Coef of determination, R-squared = 0.986904

Fit 5:  Y = -16.8402 * log(X) + 5568.65
Number of data points used = 1440
Coef of determination, R-squared = 0.994672

Fit 6:  Y = -27.3601 * log(X) + 5622.12
Number of data points used = 1441
Coef of determination, R-squared = 0.992078
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Is Second Well Required?
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An $8,000,000 Well Was Not 
Drilled.

The Meeting Lasted 15 Minutes.

Sometimes a picture is worth a 
thousand words but more often it 

makes a group decision unanimous.


