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A Critical Point: 

Geophysics, Economics, 

and Resource Plays 
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In tough times, build a bridge 
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teamwork & 

reason 

Geophysics & Economics 
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Cost vs benefit 

Benefits must out way the costs 

Usually the seismic is cheap 

This becomes a question of information 

 

Relevancy 

Reliability 

Rubiconbridge.uk.co 
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Outline 
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Two Kinds of Fundamentals 

What is Interpretation? 

What are Attributes? 

Critical thinking 

Decision Analysis 

What Geophysicists do 

Well 

Poorly 

Not enough of 

How to help your Geophysicist 

The First Kind of 
 

Fundamentals 

Fundamentals Outline 
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 The seismic experiment 

Physics & properties of the seismic experiment 

 Interpretation 

   Non-uniqueness relevance 

   Noise      reliability 

First use: up / down 

from Hunt et al 2009 

Single fold: find the apex 
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Up/down still matters in horizontals 

Steering horizontal wells can be crucial: 
 

Avoid geohazards 

Avoid excessive / unnecessary doglegs 

Drilling operational impact 

Completion equipment impact 

Avoid sidetracks 

Target the reservoir (Hunt et al, 2012b) 

Target specific reservoir elements (Hunt et al 

2014) 

Up/down still matters in horizontals 

GR   DT   RT      GR     DN           RT      GR     DN          RT 

 SW          NE 

Mississippian 

Bakken 

Dolomite reservoir 

4m thick primary target >10m fault 

96% in 

zone 

Staying in the Zone 

           No seismic               With seismic 

Hunt et al 2012b, details in case histories 
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Staying in the Zone 

Hunt et al 2012b, details in case histories 

Decision point: to 
invest in seismic? 

NPV 78% zone 

NPV 91% zone 

The Seismic experiment 

q1 q2 q3 

Surface 

Reflector r1   VP1  VS1  

r2   VP2  VS2  

Offset Receiver Source 

Common mid-point 

Angles 

With 3D surveys, offsets (angles) and azimuths 

From Russell, CCGVeritas 

Amplitude, time (angle, azimuth) 

Aki and Richards (1979), Thomsen (1986) 

P PP 

PP 

PS 

PS 

Vp1, Vs1, r1 

 

 

Vp2, Vs2, r2 

l1, m1, r1 
 

l2, m2, r2 

e1, d1, g1 

e2, d1, g2 

q 

Vp, Vs, r (or l, m, r), layering 

Vp
2 = (l +2m)/r 

Vs
2 = m/r 
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Angle sort or stack 

Offsets and 

azimuths, 

processed and 

gathered 

(summed) 

From Russell, CCG 

Estimating the fundamental information  

Zoeppritz equations are simplified to 2 or 3 terms 

In various combinations: 
 

 

 

   

 

 

From here, proceed to inversion for: 

Ip, Is, lr, mr, Er, s, etc 
 

The stack trace is a mixing of this information 

19 

From Doug Schmitt, CSEG Recorder, 2004 

 

Fluid and rock properties 

l affected by gas 

 

 

m unaffected by 

gas 

 

 
 

•   
 

Bani: Anisotropic gradient        crack density 

 

VVAz: Velocity difference    crack density  

Azimuthal AVO an extension 

AVAz, VVAz (fractures) (Ruger and Tsvankin (1997) 

Heavier data requirements & earth assumptions 

AVO Inversion 
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Multi-component data  

Can record the converted shear wave 

Can even record the direct shear wave 

 

Use this in conjunction with the P-wave data 

 

Anothher way of getting: 

 

Rp, Rs, Ip, Is, lr, mr, Er, s, VVAz 

 

Extrinsic effects: monitoring 

22 
From Doug Schmitt, CSEG Recorder, 2004 

 

The Second Kind of 

Fundamentals What is fundamental today? 

24 
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Horizontal not vertical wells 

25 

1990’s, ~ 9% of U.S wells horizontal 

2010,    > 50% 

High costs 
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No dry holes, econ failures 

27 

Mitigate Risk 

28 
Sasha DiGiulian 

Noblefoto.photos 
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Diligence Joslyn Creek AB SAGD 2006 (ERCB photo) 
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Production 

30 

Fracture Stimulation: chief enabler 

Has geological variation: 
 

 

sh = l / (l+2m) [ Peff + 2m(tectonic strain)] + BHPp 

 
  

l / (l+2m):  bound Poisson’s Ratio 

m:     rigidity 

Peff:    effective pressure 

Pp:    pore pressure 

 

sh = s / (1-s) [ Peff + E/(1+s)(tectonic strain)] + BHPp 
 

Goodway et al (2006, 2010) 

Pad economics 

32 

We no longer only think of wells in terms of their UWI 

We think more of the surface pad 

We think of pad economics, cost efficiencies and risk 
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Efficient surface & sub-surface MGMT 

33 

The Resource Play Model 

An simplification / oversimplification: 

Poor Reservoir 

Big area 

Performance varies minimally 

and / or 

Performance variations are unpredictable 
 

Under appreciates heterogeneity 

Stats 

When does Geoscience really help 

in a Resource Play? 

An simplification / oversimplification: 

Poor Reservoir 

Big area 

Performance varies minimally 

and / or 

Performance variations are unpredictable 
 

Under appreciates heterogeneity 

When there really is variation 

When the “average” or statistical economics (P50) is 

not good enough 

Cost control in Operations 

Any other risk or opportunity that you are not content 

to play in an “average” way 

When Geoscientific methods are relevant to outcome 

What Makes a Good 

Interpretation? 
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What makes a good interpretation? 

A good interpretation is  

as certain as possible 

As unique as possible 

Considers as many of the possibilities as is 

feasible 

 

A good interpretation involves as little actual 

interpretation and as much objective science as 

possible 

 

A good interpreter manages the situation to see 

that he / she interprets as little as possible 

Interpretation is an act of observation 

Having the seismic tie the wells: 

Good outcomes 

Bad outcomes 

These outcomes could be 

Reservoir 

Fluid 

Pressure 

Production, etc, etc 
 

Templating a properly sampled set of outcomes is 

a key to interpretation  

Interpretation is an act of inversion 

Forward and inverse modeling 

 

Forward Model 

 

Earth model  Algorithm  Synthetic seismic 

 

Inverse Model 

 

Seismic    Algorithm  Earth model 

 

These form a loop where we learn how to interpret 

Is both basic identification & creative use of scientific method 

{like a thought experiment} 

Reliability and resolution 

Narrow versus  

broad band wavelets 

 
In processing we are typically in a 

battle to create a high resolution, 

broad bandwidth wavelet. 

 

And we fight noise, particularly at 

low and high frequencies, all the 

way. 

 

The fight for resolution is a fight 

for reliable frequency content. 
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Synthetic AVO Model: Resolution & 

Noise 

Noise: solve R(q) = A +Bsin
2
(q)      

PSTM          Interpolation + PSTM 

Limitations of Interpretation:  

non-uniqueness 

More than one solution to the observation 

 

Non-uniqeness: Nisku reef vs basin 

Hunt et al 2008 CSEG Luncheon 
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Non-uniqueness: stack amplitude 

does not discriminate basin 

Basin 

Non-uniqueness: Nisku reef vs basin 

Non-uniqueness: dolomite vs shale 

Shale has lower rigidity 

Basinal material may 

 have many properties 

Non-unqueness: cross-plot on seismic 

Mu Rho 

Lambda Rho 
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Non-uniqueness: stack versus AVO 

Basin 

 Stack         AVO cross-plot 

What Are Attributes? 

A vision of attributes 

51 

We would produce 100’s of attributes 

 

A machine would combine them 

 

We would have a multi-attribute answer 

 

…. There is something to this, HOWEVER 

 

The 100’s of attributes approach has also led to great 

confusion and a wasting of time. 

 

The machine method may violate induction by 

confirmation 

 

See Barnes 2001, Chambers and Yarus 2002. 

Attributes Questions 

52 

How do we manage the multitude of attributes in directing 

ourselves to value? 

 

Is our system for attributes congruent to physics, to real 

informative value, or to the problem at hand? 
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The best physical property is usually known 

Don’t think of the problem as hundreds of 

attributes 

 

…. But a few key seismic properties 

 

 

Reduction from many to few 

Rp, Rs, Ip, Is, lr, mr, Er, s, Bani, VVAz 

 

The best physical property is usually known 

Don’t think of the problem as hundreds of 

attributes 

 

…. But a few key seismic properties 

 

And many ways of measuring them (attributes) 

Reduction from many to few 

Rp, Rs, Ip, Is, lr, mr, Er, s, Bani, VVAz 

 

Properties 

& 

attributes 

55 

Type 1: properties 

56 

These are fundamental information 
 

Rp, Rs, Ip, Is, lr, mr, Er, s, Bani, VVAz 
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Type 1: Density, Vp, Vs 

57 From 

Fundamental from the perspective of a 

starting point 

Vp
2 = (l +2m)/r 

Vs
2 = m/r 

How do we estimate properties? 

58 

Solving AVO equation [or the like] on gathers. 

This is challenging to do reliably. 

AVO Inversion 

AVAz, VVAz (fractures) (Ruger and Tsvankin (1997) 

Type 1: azimuthal methods 

59 

The problems with these methods: 

Lowest reliability due to least sampling in PP 3D 

Major physical assumptions and non-uniqueness 

AVAz, VVAz (fractures) (Ruger and Tsvankin (1997) 

This is the general road that can lead to estimating: 

compliances,  

shmax, geomechanical parameters, and frac behavior 

 

Type 1: incompressibility (PP AVO) 

60 From Goodway 1997, Goodway et al 2006, 2010 

K = l +2/3m 

l 

 

Some preference for l as being the “undiluted” 

indicator of the fluid affect 
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Type 1: stiffness and rigidity (PP AVO) 

61 

m 

E= 2m(1+u)    or 

2m = E/(1+u) 

 

These are not exactly the same things, but their 

relative behavior is closely similar 

 

Geophysicists should use the property 

definition that best fits the purpose (value 

orientation) 

Type 1: Ratios (PP AVO) 

62 

Vp
2/Vs

2 = (l/m +2)  l/m 

Rp/Rs 

Poisson’s ratio = u = l / (2(l+m)) 

Closure stress: u/(1-u) = l/(l+2m) 

{Also called bound Poisson’s ratio, and a rock quality indicator} 

 

Again, relative behaviors are similar 

Use the one that is most value centered 

l / (l+2m) as fracability indicator 

l / (l+2m)  = s / (1-s)  
 

Can be estimated from seismic 
 

l / (l+2m) is useful in other ways: 
 

Porosity indicator 

Permeability indicator 
 

Therefore it may be a productivity indicator 

 

2m(tectonic strain): this effect can add to frac 

complexity where tectonic stress is high 

Type 2: between properties 

64 

Structure and textural observations 
 

Add Diffraction Imaging to the list, possibly as a property 
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Type 2: between properties 

65 

Curvature and coherence are the most well known 

Most often made on volumetric data 

Can be done on most workstations 

Can also be done by specialists 

Require careful pre-processing & 

paramterization 

 
 

Type 2: Coherence 

66 From Chopra, CSEG Recorder, 34, 8, 5-14  

Coherence: 

A similarity measure on 

the volume of data 

Can indicate or infer: 

stratigraphic breaks  

structural breaks 

Hazards 

Type 2: Curvature 

(Murray, 1968; Roberts, 2001; Chopra & Marfurt, 2007) 

 + Curvature      + strain (e) 

 + strain (e)        + fractures  

e = (L1-Lo ) / Lo,    

e = (h/2) / R = (h/2) * K   

Curvature: 

Can also indicate or 

infer: 

stratigraphic 

breaks  

structural breaks 

Hazards 

Type 2: Curvature (deformation) 

68 From Hunt et al, 2011: TLE, 30, 936-948 

Time structure,  K1 Curvature,       seismic line 
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Attribute paramaterization 

Some windows should have a 3-D shape: 

Bani to production 

Seismic, log, and engineering data 

Curvature 
 Gamma    Effective           l          Image      AVAz Bani       Gas     Treatment 

     Ray       Porosity      (l + 2m)       Log            RMS           Rate      Pressure          

Seismic to control data 

Usually, you will have to average seismic attributes 

along an entire hrz well {orient to value} 

EUR 

IP 

 

Appropriate validating data must come into play: 

find a way enable the scientific method 

Inferences, physics, & conclusiveness 

72 

Most properties form inferences, leading to 

inductive not deductive conclusions 
 

Velocity anisotropy         fractures 

AVAz Bani          fractures 

Curvature          fractures 

Young’s modulus       brittleness 

l / (l+2m)           brittleness 
 

We often call properties and attributes 

“indicators” 
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Critical Thinking 

Critical thinking (logic) 

74 

Four key things from logic 

1. Own Inductive 

2. Relevant and reliable 

3. Organize our arguments: Mills’ Methods 

4. Create a strong complex argument 

AVAz   VVAz   Curvature  Young’s   Diffraction 

Bani   Vani        Modulus  Imaging 

 

 

 

 

 

 

Fractures     Raphael’s Philosophers 

Inferences, physics, & conclusiveness 

75 

Most properties lead to inductive not deductive 
conclusions.  

 

Velocity anisotropy         fractures 

AVAz Bani          fractures 

Curvature          fractures 

Young’s modulus       brittleness 

l / (l+2m)           brittleness 
 

Most single property arguments are weak 
 

V-argument for fractures 

76 

Fracture density can only be inferred 

From several potential causes 

Or several measures that infer the possibility  

AVAz   VVAz   Curvature  Young’s   Diffraction 

Bani   Vani        Modulus  Imaging 

 

 

 

 

 

 

Fractures     
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Fractures and production 

Multi-attribute 

Quantitative 
 

 

 

 

 

 

 

 

 

 

 

Hunt  et al 2010a, 2011a, 2012b, CDL Tour 

Nordegg multivariate example 

A 

B 

Hrz, vertical well, & Microseismic  

62 bins hrz + 400,000 meters
2
 of variation 

~ 196 seismic bin 

area 

AVAz vs MI Fracture Density Map  Curvature vs MI Fracture Density Map  
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Map Using AVAz and Curvature  AVAz and Curvature: Cross Plot 

AVAZ RMS 

Curvature 

AVAz and Curvature: co-render 

Curvature 

With production data 

Curvature 
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Layers of complex arguments 

85 

Brittleness     Tectonic      Frac stim.  

                         Stress      parameters 

Decision Analysis 

Value of geophysics: Decision analysis 

87 

The science of formal decision making 

 

 

 

As a kind of imperfect information, seismic data is often 

treated in a way that recognizes that imperfection 

 

Decision analysis illustration 

88 

Use Bayes theorem to treat imperfect seismic 

 

The probability of any event Ei given the interpretation, B, 
is: 
 
P(Ei|B) = P(B|Ei) P(Ei) / ∑i

N
=1 [P(B|Ei)P(Ei)],   i=1,2,..N   
   

Original or absolute probabilities:  P(Ei)   
 
P(B|Ei) is probability based on the seismic 
 
P(Ei|B) is the revised probability accounting for seismic 
and the absolute probabilities 
 

From Newendorp, 1975 
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Decision analysis shale gas example 

89 

Cost for DCC and tie in is $6,000,000 

Three outcomes: 

E1 = poor producing well.    NPV  = -$3,400,000 

E2 = modal producing well.   NPV  = +$1,300,000 

E3 = superior producing well.  NPV  = +$7,900,000 

 

Original probabilities: 

P(E1), poor well   0.30 P90 

P(E2), modal well  0.40 P50 

P(E3), superior well  0.30  P10 

 

Seismic is 90% reliable, costs $50,000 per location 

“average” or “mean” is taken as “mode” in this case 

Decision analysis: decision tree 

90 

Use seismic or gamble? 

Decision analysis: revised probabilties 

91 

Interaction of probabilities 

 

Seismic says 

poor results 

 

 

Seismic says 

average 

results 

 

Seismic says 

superior 

results 

Decision analysis: decision tree 

92 

Seismic is worth more 
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Decision analysis & Geoscience Now 

93 

Prices are very low 

Failures are economic: costs too much or produce 

too little 
 

Therefore 
 

We have to choose the best plays in our portfolios 

We have to choose the best pads (well groups) in the 

best plays 

In the Decision Analysis example, we might consider 

only pads that give P10 results 

 

Redo the example with only P10 choices  

Decision analysis: what is general? 

94 

What matters here? 
 

Reliability of seismic 

Difference in NPV of the outcomes 

This initial (ultimate) probability distribution 

The frequency of an average result 
 

Preferences (value beyond cost) 

Environmental harm 

Diligence 

Loss of confidence / panic upon failure* 

 

* often, you cannot not know 

Sensitivity to distribution width 

95 

Note the changing standard deviations of the log of x 

If x represents EUR or NPV, what effect does a bigger 

deviation or skewness have on the value of seismic? 

Sensitivity to reliability of seismic 

96 

Higher reliability increases seismic value 

Cross-over reliability: ~ 60% 
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How is the reliability of seismic increased? 

97 

First: it should be quantified 

 

Can be improved: 

 

Better acquisition 

Different acquisition (converted wave) 

Reprocessing 

Producing relevant properties and attributes 

Using many kinds of evidence  

Complex Arguments 

 

Noise: solve R(q) = A +Bsin
2
(q)      

PSTM          Interpolation + PSTM 

Scatterplots, attributes, value 

Hunt et al 2012b, details in case histories 

Economic model 

32% higher Phi-h on average 

~ 1 million dollars NPV per well 
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Economic model 

Decision point: to 
invest in seismic? 

NPV $1575 

NPV $3800 

NPV $5000 

Reliability, cost- benefit, time and 

properties 

102 

These numbers are illustrative and vary significantly 

depending on the nature of the 3D and target 

Gantt chart 

103 

These timelines are illustrative and vary significantly 

depending on the nature of the 3D and target 

What do Geophysicists do 

Well? 
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What do geophysicists do well? 

105 

Geophysics 

It is very specialized, with sub specializations 

Processing of the data 

Steering (time-depth) 

Hazard identification 

Make maps of geophysical properties 

Rubiconbridge.uk.co 

What do Geophysicists do 

Poorly? 

What do geophysicists do poorly 

107 

Creating business arguments for their efforts 

Decision Analysis 

Uncertainty analysis 

Relating their work to Operations and Production 

 Those geophysical maps need to make a step towards reservoir and 

production 

Rubiconbridge.uk.co 

What Should 

Geophysicists do More? 
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What should geophysicists do more? 

109 

Quantify everything. 

Use inductive confirmation (scientific method) 

Seeking validating data 

Predict what is valued or feared 

Predictions into Reservoir Eng inputs 

Create complex arguments from multiple independent 

(not alternative) kinds of evidence 

Choose their investments based on a strategy 

involving complex arguments 

Includes bidding out processing and shooting 

Rubiconbridge.uk.co 

How Can You Help Your 

Geophysicist? 

How to Help your Geophysicist 

111 

Brainstorm with the team on what is important or 

relevant in the project 

Hazards? 

Steering? 

Reservoir? 

Geomechanics? 

Support efforts to process for (or shoot for) many 

relevant geophysical properties 

Demand geophysical (geoscientific) inputs to reservoir 

models 

Share validating data so the transformation from 

geophysical properties to reservoir, production, 

completions data can happen 

Rubiconbridge.uk.co 

Thurs, May 5th 2016 
Registration is Open! 
Discounts for Students and Unemployed 

Symposium features: 
• A cost effective yet significant day of 

education 
• Case studies focused on economic value  
• Speakers so far include: 

Heloise Lynn 
Bill Goodway 
Kathleen Dorey 

Robin Owens Lee Hunt 
Roberto Aguilera 
Bahaa Beshry 
 

http://cseg.ca/symposium 


