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Terms
Logging – the process of taking geophysical andLogging – the process of taking geophysical and
other wellbore measurements using electrical, 
magnetic, acoustic, nuclear and mechanical 
means and can be performed during or aftermeans and can be performed during or after
drilling operations or both.
Open Hole – freshly drilled well held open by the 

i ht f th d illi fl idweight of the drilling fluid
Cased Hole – casing pipe that is cemented into 
place after drilling to hold the well open
Tubing – removable smaller pipe that is used for 
the actual production of the oil and/or gas
Production formation – usually SandstoneProduction formation – usually Sandstone,
Limestone, Dolomite and certain Shales
Porosity (includes fractures and other voids) –
th b t th lid f ti t i lthe space between the solid formation materials
that can hold oil, gas, water and/or clay



The Petroleum Industry Contribution
to the Nations Energy Needs:to the Nations Energy Needs:

Past, Present and Future 



World Energy – Anticipated Demand though 2030

N ti l P t l C il R tNational Petroleum Council Report
Facing Hard Truths - 2007 



World Energy Supply – Historical and Predicted 
through 2030

1988 2004 2030
288 Quadrillion 

BTU/Yr.
455 Quadrillion 

BTU/Yr.
678 Quadrillion 

BTU/Yr.

National Petroleum Council ReportNational Petroleum Council Report
Facing Hard Truths - 2007 



The Logging Business is a vital part of every well!

Every Well requires formation 
evaluation, logging is a key part 
of this evaluation.
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the well is a producer or dry hole

This evaluation  supports and 
drives:

Forecast - Drilling 2008 2009 % WW
114.81$     120.00$     Spot WTI ($bbl)drives:

Production estimations, 
Well economics, 
Reserve calculations,

9.26$        9.50$        
Rig Count

US 1,870         1,980         51%
Canada 361            406            
 International 1,077         1,141         
Russia 352            370            

Spot Gas Price 

,
Corporate and Gov. 

energy assets,
Overall market 

China n/a n/a
Total 3,660         3,897         100%

Wells Drilled
US 59,789       62,724       51%
 International 18,049       20,223       
Russia 13,666       14,332       

Source: Spears and Ass. – DPO June 08 

fundamentals China 18,592       19,324       
Total 115,250     122,003     100%



The Logging Business is a vital part of every well!

Supports ability to commit to 
long term projects with  less than 
certain payback.

US Land Rig Count
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Provides support for filing 
Company’s statement of reserves.

0
200
400
600
800

1000

Helps  value royalty payments 
back to state and federal 
government and drives

Forecast - Drilling 2008 2009 % WW
114.81$     120.00$     Spot WTI ($bbl)government and drives

legislation.

The US is most affected:

9.26$        9.50$        
Rig Count

US 1,870         1,980         51%
Canada 361            406            
 International 1,077         1,141         
Russia 352            370            

Spot Gas Price 

½ of worlds activity
¼ of world consumption
< 5% of world reserves

China n/a n/a
Total 3,660         3,897         100%

Wells Drilled
US 59,789       62,724       51%
 International 18,049       20,223       
Russia 13,666       14,332       

Source: Spears and Ass. – DPO June 08 

greatest need for 
immediate continuity of 
supply

China 18,592       19,324       
Total 115,250     122,003     100%



How Big is the Logging Business?

Source: Spears and Ass. – OMR 2007 



How Big is the Logging Business?

Source: Spears and Ass. – OMR 2007 



Radioisotopes Usage in Formation 
Evaluation Measurements

Well Logging 101Well Logging 101



Well Logging 101
Reserve Estimates and Archie – the math
Well Logging – Vertical and Horizontal
D it L th G ld St d d f itDensity Logs – the Gold Standard for porosity
Neutron Logs – more than just porosity
Spectral Gamma Ray – clay is deadly to a wellSpectral Gamma Ray – clay is deadly to a well
Frac-Tagging Operations – optimizing the 
completion
Tracer and Production Logging – checking the 
health of the well
Oth N L i R di i t A li tiOther Non-Logging Radioisotope Applications



Reserves Estimates and Archie – the math

Producible Oil In Place
Porosity

Producible Gas In PlaceProducible Gas In Place Saturation



Reserves Estimates and Archie – the math

Producible Oil In Place

Producible Gas In Place
Porosity

Producible Gas In Place

Saturation



Reserves Estimates and Archie – the math
Archie’s Equation determines the water saturation 

for each zone being measured

Where Rt is the formation resistivity from electrical and 
magnetic logs
Rw comes from electrical and magnetic and near-by 
production

is the formation porosity from nuclear and acoustic logs
a, m and n are empirically determined parameters

P it

Saturation

Porosity



Well Logging - Vertical

1.  Data Recording 
Truck or Unit

2. Conveyance 
System

- Armored
Electrical Cable

- Drill Pipe

3.  Survey Instrumentsy



Well Logging - Horizontal

30 Foot Average Pay 
ZoneZone

3000 F t ( M ) P Z3000 Foot (or More) Pay Zone



Standard Log Presentation



Density Logs – the Gold Standard for porosity

Gamma-gamma density measurements depend 
on interactions between gamma rays andon interactions between gamma rays and
electrons or atomic nuclei within the formation
Three types of interactions are important

Pair Production can occur at high gamma ray energies
Compton scattering dominates at moderate energies
Photoelectric effect has an influence at low energiesPhotoelectric effect has an influence at low energies

Compton scattering is the most important of 
these three in gamma-gamma density 

tmeasurements

















Neutron Logging – more than just porosity

Neutrons from the source enter the formation and 
lose energy, mostly by elastic (billiard ball)gy, y y ( )
scattering
Hydrogen, located in the pore space, normally 
pla s the most important role in this processplays the most important role in this process
Porosity is determined from neutron counting 
rates
Neutron and other measurements are used 
together for more detailed analysis



Elastic Neutron Scattering – “Slowing Down”

Neutrons are slowed 
through collisions with g
atomic nuclei until they 
reach thermal 
equilibrium
Hydrogen usually 
plays the most 
important role in this 
process



Thermal Neutron Dispersion

Thermal
neutrons diffuse 
from volumes of 
higherhigher
concentration
towards
volumes ofvolumes of
lower
concentration



Thermal Neutron Capture

Thermal
neutrons are 
captured by 
atomic nucleiatomic nuclei
which then emit 
gamma rays
Chlorine usuallyChlorine usually
plays the most 
important role in 
this processthis process.







Density

Gas Effect

Density



Spectral Gamma Ray – clay is deadly to a well

The energies of the gamma rays are used to 
measure amounts of potassium, uranium and 
h i i h f ithorium in the formation

Concentrations of these, plotted along with total 
gamma ray counts are used in the identificationgamma ray counts are used in the identification
of clay type and for other reasons

Adjustment for total pore space available due 
to clogging by the clays (subtracts available 
porosity)
Affect of clay types on the design ofAffect of clay types on the design of
stimulation and treatment practices for the well 
(Clay swelling)



Radioactive Tracer & Production Logging –
checking the health of the well.

Short half-life radioactive tracers are injected into 
the well fluids under dynamic or static conditions 
to monitor flow of the fluids
Dual detectors can calculate the direction and 
flow rates inside and outside of the casing orflow rates inside and outside of the casing or
tubing
Density-type production logs can detect changesy yp p g g
of produced fluid density within the well-bore to 
determine contribution of fluids and gasses vs 
depth to optimize the productiondepth to optimize the production
Pulsed-neutron logs are used for monitoring 
changing fluid levels behind pipe in the formation 
and giving indications of by-passed production



Other - Non- Logging Radioisotope Applications

Essential in the life of oil and gas wells
New Well Completionsp

Frac Tagging, Pips, ROP
Old Well Re-completions 

Frac Tagging ROPFrac Tagging, ROP
Improvement in efficiencies and safety

Stimulation
Production
Deliverability (Pipeline)

Industrial RadiographyIndustrial Radiography
Refining (Process Piping) 

Industrial Radiography



New Field Developments for Frac-Tag

POWDER RIVER

MARCELUS SHALE

BARNETT SHALE

MINDEN SHALE



Frac-Tagging Operations

Radioisotopes introduced into the fluids that are 
used to force the rock formations to fracture byy
pump pressure and to remain open by proppant.
Isotopes commonly used

I idi 192 d 194 (40 100 Ci)Iridium-192 and 194 (40-100 mCi)
Scandium-46 (40-100 mCi)
Antimony -124 and 122 (40-100 mCi)

Identifies fracture height, depth and efficiency
Spectral GR detector measures 

Emergence of pumped in isotopes back to theEmergence of pumped-in isotopes back to the
wellbore vs time for frac flow efficiencies
Shape of fracture envelope
T t l ti l h i ht f f tTotal vertical height of fracture



Frac-Tagging Log

Fracture
Depthp

Fracture
Height



Other - Non- Logging Radioisotope Applications

Industrial Radiographyg p y
Radiological Positioning - pips
Radiological OrientationRadiological Orientation –
perforating (ROP)
St C Fl id L lStorage Cavern Fluid Levels
Density Gauges









QUESTIONS?QUESTIONS?


