
This is a 10-15 year history of well position studies.  Essentially you can expect that 1 in 4 
wells in your databases and purchased from vendors are significantly either wrongly 
coordinated or mis-mapped in databases, projects and files.  In fact in most companies, 
there at least 10 instances of every well and it is likely that at least 30% of them have an 
incorrect coordinate! 
The issue here is not just the original surveying of the well surface and subsurface 
location, as well as the boundaries, but the management of the processing of these 
survey data by staff who have not been trained to do that processing, the incorrect 
storage of these data into databases and the incorrect manipulation of the data by 
interpreters, and the software they use. As stated above, vendor data are a significant 
contributor to incorrect coordinates. 
Lack of training of these technical staffs and the developers of the software is a critical 
contributor to this extraordinary inability of the industry to ensure proper and enforced 
standards and specifications on suppliers, and to demand an improvement in college 
education of professional and technical personnel for the E&P industry. 
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Lease boundaries are more critical.  Royalties are paid based on area – in this 
case 8% more royalties will be paid than needed!  Also mis-mapping of 
boundaries could lead to trespass.  Several wells a year change hands in the US 
due to either being in the wrong lease or being unable to defend a charge that 
they are in the wrong lease.   
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The diagram shows a 3D survey in pink and a proposed well location.  
The dotted red lines show the anticipated calls from the section lines. 

Unfortunately the mapped section lines are misplaced and are actually 
where the black solid lines are. 

This will lead to a misplacement of the well relative to the seismic data 
equivalent to the offset of the section corner as shown by the green line. 

To avoid this, have the land man provide a latitude and longitude with a 
GPS receiver and then send it in.  Of course you will need to datum 
shift this to the project datum in order to make and apples to apples 
comparison.  If it doesn’t agree when you have done this, then don’t drill 
the well until you have someone check it out 
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In this slide, every yellow, red or blue dot inside each circle is actually the 
same well!  The circles are 600 ft + in diameter! The reason is often related to 
the wrong boundary (red in this case) vs the right (white) boundary.  The digital 
revolution and GIS combined are a leading cause of this sort of problem.  
Everyone believes that the picture on their computer screen is correct, and 
that all data, irrespective of source will be correct! 

Another major issue in this slide is that it is just such a field as this – with 
multiple vertical wells that is a prime candidate for horizontal drilling.  The 
shale is in place and is relatively well understood geologically.  It has just 
never been harvested.  Two problems 

1.  How to miss the existing wells when there is a 300 ft radius of uncertainty 
around each one 

2.  How to miss wells that are not even posted! 
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Poor or lack of boundary mapping can decrease the size of a unit or mineral lease, which may 
mean loss of a complete well! 

Geologists maybe doing this to be on the regulatory safe side because of uncertainty about the 
boundary on a computer screen during planning. 

Reduction in the number of possible wells may also occur because the original well is drilled in 
a non-optimal position, and though the surveyed boundaries are available later on, it can mean 
that a larger than normal gap is between the original well and the boundary and there is not 
enough space remaining to drill the well without a rule 37 encroachment. 

‘Safe Side’ Boundary Reduction 

May, 2013 

jonsce@att.net 

APSG - Shale Play Mapping 

8 



You have seen a similar slide earlier, showing the fundamental issues of establishing a 
local Geodetic Datum.  The slide is shown again here but modified to illustrate the 
vertical reference surfaces and the relationships between them. 
The elevation (or orthometric height) of a point on the earth’s surface measures the 
distance (height) of the point to the geoid in the direction of localized gravitational “ pull “ 
on the instrument’s plumb bob. 
The ellipsoidal height is the height of the surface point above the reference ellipsoid, 
measured in the direction normal to the ellipsoid.  If the point is below the reference 
ellipsoid this value will be negative. 
The angular difference in the directions in which these two “heights” are measured is 
called “Deflection of the Vertical” which was discussed earlier under “establishment of a 
local datum”.   Different locations coupled with different ellipsoids and their datum 
origins produce different deflections.  Some are very nearly zero ( e.g., the flat areas at  
Meades Ranch, Kansas for NAD 27) whereas some are very large (e.g., in the 
Himalayas and Pacific trenches near Tokyo Observatory for Tokyo Datum ). 
Diagrammatic relationships are shown here between elevation (orthometric height), 
ellipsoidal height and geoid height (sometimes called geoidal undulation).  Because of 
deflection of the vertical, these heights are not co-linear. 
In US, the amount of the difference varies from -40 to +10 meters or -130 to +35 feet. 
Enough to mess up the TVD! 
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Notes: 
Offshore, use tide tables for nearest port or use co-tidal tables for rig KB 
If GPS used, recorded heights will be referenced to the ellipsoid surface, 
unless adjusted by measurement process (e.g.kinematic)  
Close Management and supervision of acquisition, reporting, processing and 
loading of well data is essential.  Note in this regard the possible change in 
ground level, GL, due to well pad preparation 
Worldwide, formal Vertical Reference Systems and established vertical datums are 
not all that common.  Malaysia has a well established tide station network started in 
the 1980s.   
Vertical references are critical to oil & gas exploration.  How deep we need to drill 
and what surfaces or ‘tops’ we will encounter and when is critical.  Note this 
analysis will come from seismic data, where the vertical offset is measured in time, 
and the actual depth will be calculated from  the assessed/estimated velocities. 
Ensuring that the vertical reference (local – kb, drill floor, ground level, MSL, 
seabed - or earth referenced – vertical datum, benchmark, level) is understood, is a 
vital piece of information and realizing the relationship between seismically and well 
derived depths is important to avoid surprises. 
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Calculation of distances between points is based on the ellipsoidal radius of curvature at a 
point.  Because the ellipsoid is not a sphere, the radius of curvature is different from point to 
point.  When we are well above or below the ellipsoid, the radius of curvature is either larger or 
smaller than for the standard ellipsoid.  This will make distances longer or shorter respectively. 
This becomes significant at about 5000, depending on the trajectory of the well as it relates to 
the target and the orientation and size of the target with respect to the angle of approach.   
When planning a well, it is important to remember that the planning is usually done using grid 
coordinates, so two corrections are important – scale factor (see cartography) and for deeper 
wells, radius of curvature.  After drilling – where distances and azimuths measured are ‘’real 
world’, then adjustments to grid in both cases are critical to ensure proper mapping of the 
results. See geodesy and cartography sections for more details. 
A key awareness is that when interpreting, the interpretation systems are working in a ‘cubic’ 
world, i.e. not recognizing the convergence of the radii of curvature across the prospect.  Thus 
two corrections have to be made when assessing the ‘real world’ offset in planning.  First the 
distance calculated between grid points must be adjusted for scale factor.  This will give the real 
world distance between the surface and proposed bottom hole at the ellipsoid surface.  This 
must then be adjusted to account for the radius of curvature change at the depth of the well. 
When actually drilling the well, when computing in projection coordinates, the contractors 
software should adjust the measurements of azimuth and inclination for scale, north references 
(magnetic then convergence) AND radius of curvature correction, in order to calculate the 
wellbore location in three dimensions (including TVD and MD) 
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United States (USA) - Texas - counties of Anderson; Angelina; Bastrop; Bell; 
Blanco; Bosque; Brazos; Brown; Burleson; Burnet; Cherokee; Coke; Coleman; 
Comanche; Concho; Coryell; Crane; Crockett; Culberson; Ector; El Paso; 
Falls; Freestone; Gillespie; Glasscock; Grimes; Hamilton; Hardin; Houston; 
Hudspeth; Irion; Jasper; Jeff Davis; Kimble; Lampasas; Lee; Leon; Liberty; 
Limestone; Llano; Loving; Madison; Mason; McCulloch; McLennan; Menard; 
Midland; Milam; Mills; Montgomery; Nacogdoches; Newton; Orange; Pecos; 
Polk; Reagan; Reeves; Robertson; Runnels; Sabine; San Augustine; San 
Jacinto; San Saba; Schleicher; Shelby; Sterling; Sutton; Tom Green; Travis; 
Trinity; Tyler; Upton; Walker; Ward; Washington; Williamson; Winkler.  
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A diagram of all the state plane and UTM projections in Permian AOI.  The 
Permian region straddles almost exactly the two UTM projections and the two 
State Plane projections.  If someone had been planning this before operations 
there began, then a UTM 14.5 zone would have been the smartest option.  
Hindsight is 20:20, but it does indicate that planning ahead with projections is 
a strategic benefit and perhaps competitive advantage. 
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If you confuse NAD27 and NAD83 Latitudes and Longitudes, then you 
will be in error by about 110 ft.  If you confuse the eastings and 
northings in UTM then you will have an error in position of about 600 
feet! 

Note, if you use NADCON but specify WGS84 rather than NAD83, 
some applications will act as if they have made the coordinate 
transformation when they have not. 

May, 2013 

jonsce@att.net 

APSG - Shale Play Mapping 

15 



It is especially important to manage convergence and scale factor 
properly at boundaries between different projection grids.  It is easy to 
apply different corrections to different datasets within a project without 
realizing it. 
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Here is what happens if you use the blue dEasting and dNothing on the red 
projection.   

1.  It rotates the well trajectory in space.   
2.  Remember that the well trajectory doesn’t move, we are changing the north 

reference, when we change the projection.   
3.  As you can see the potential damage to the integrity of the well trajectory 

position could be severe (increase with offset from the well reference 
point. 
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Magnetic Declination is the difference between Magnetic North and True 
North. Put in another way, the North Pole and the Magnetic North pole are 
not in the same place.  Also the Magnetic North Pole moves around with 
time, so there is a time component to the relationship. The date matters.  

Also shown the convergence values.  Interestingly the sign convention is 
different for declination and convergence! 

Website also allows computation of total field strength and the three 
component field values. 
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IFR is a local magnetic survey to assess the actual impact of the crustal 
magnetism, as opposed to using the BGGM or USGS magnetic models. 

Using IFR can halve the accuracy of MWD and make it comparable and even 
slightly more accurate than gyro surveys. Reduction is cost for no loss of 
accuracy. 
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Using the resurveyed MidTex well locations, the Atoka thickness values 
were re-contoured, extending the productive area almost 1 mile to the 
east. 
Shown versus the original contours.  Same gridding and mapping 
parameters used. Significant impact on reserves estimates and future 
field development 
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In shale plays we are now seeing multiple wells drilled from the same pad.  It 
is not uncommon to see two wells planned 30 ft apart at the surface.  This 
creates and immediate collision avoidance issue in the vertical part of the 
wellbore. 

If the surface coordinates are incorrectly surveyed, recorded or stored and/or if 
the vertical elevation is similarly misrepresented, then the normal method of 
tracking the location of say a 2 meters ellipse of uncertainty around each 
wellbore, maybe insufficient to prevent a collision. 

In Montana the international foot is the defined unit (legally).  Surveyors 
sometimes make the conversion to US foot, but they sometimes forget or don’t 
think there is any different.  The coordinates differ by about 6-8 feet in this 
case, enough to play havoc with you EOU and collision avoidance criteria.   

This survey company was very poor at labeling their plats and documents with 
the units or indeed any other metadata. 
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The above diagram shows the result of re-surveying all the 
‘straight’ (un-deviated) wells on a prospect! 

The price of this is huge – if you switch the numbers it represents a 
300% improvement in efficiency of geoscience personnel! As well as 
the ability to correctly map the geological structures and trends such as 
maximum stress orientation etc. 
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Ideally all our horizontal wells will be like the diagram on the left.  
Unfortunately they more often look like the diagram on the right which is a 
cartoon of a case, showing a loss of 8% of production due to not spatial 
homogeneity of the multiple wellbores.  Note on the following slides we show 
that this may also be vertical as well as horizontal where wells do not ‘hug’ the 
sweet spot vertically in the shale layer. This can have significant production 
implications. 
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What are TVD and MD referenced to? Is KB from ground level, and where is 
ground level referenced – the pad or the original topography.  And after that to 
what is it referenced – to Mean Sea Level? Or to a new vertical reference (e.g. 
NAVD88 [North American Vertical Datum of 1988])?  What of tides and tidal 
relationship to level benchmarks?  How do we make sure that a change of rigs 
is managed with respect to a change of KB elevation? 

Then going underground, how to we relate the original survey to seismic data 
in the vertical dimension, and then how do we make sure that the commercial 
hydrocarbon bearing strata are where we end up placing our perforation 
charges, our hydraulic fracturing? Are the roustabouts really making accurate 
measurements of the drill pipe and are they being correctly recorded?  Are the 
correct ‘adjustments’ being made for stretch of the drill pipe and the expansion 
of the steel due to temperature of the well? What about changing of rigs 
between the vertical and the horizontal drilling operations and when starting 
completions? Is the KB elevation change being properly recorded and applied 
both in the field and in the operator’s database?  Is this affecting where the 
completions are finally made? 
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Different disciplines, when separated in time and across multiple staff, can 
lead to lack of coordination of the primary activity – drilling the well into the 
targeted shale layer. 

Often geo-steering is used alone and based solely on gamma ray data.  Given 
that most shale wells are 5-8,000 ft offset, missing 2,000 feet of the pay zone 
is a risk of losing 40% or so of the recovery, potentially reducing the well to 
non-commercial status! 

Failure to tie together the seismic assessment and dip with the desired layer, 
all the other corrections already discussed with respect to horizontal & vertical 
depth references, as well as faults, mineralogy, resistivity, rock properties are 
likely to lead to sub standard performance in both the original drilled location of 
the well with respect to the design, but also to the ultimate placement of 
drainage points (perforations).  Failure to manage these and also location of 
nearby wells and lease boundaries is highly likely to diminish returns at least, 
and perhaps lead to more serious consequences as discussed. 
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The resolution of the geo-steering is not always unique.  Tying the model to 
the seismic dip and obtaining additional logs than just gamma ray can allow a 
much more rigorous and reliable understanding of the placement of the well 
within the shale layers. 

As shown, the results can be used to explain the variation in production from 
what was expected.  
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Kick off a little early, build until the orientation is appropriate for entry to the 
layer, then hold steady (snaking) until the layer is encountered. Build to layer 
inclination.   

Only downside is a small loss of production due to the heel being offset a little 
more. 
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Snaking – a process whereby rotate and slide can be juxtaposed to maintain a 
constant orientation and inclination without increase in DLS and allowing room 
for the casing. 
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The aim point is used along with the direction in relation to dip, to determine 
the dip in the offset direction 
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Calculate the geometry of the landing in relation to the aim point 
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Problem is the aim point in practice is not where it was planned to be, which 
changes the dip and the direction of the well.  Recalculate and adjust the 
drilling plan!  Takes about 15 minutes – worth waiting for?  Someone in the 
field to make sure it gets done right? 
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With the pressure on operations in the Shale context – high 
volume, low margins, it is not surprising this latest major 
development is beginning to look a lot like a historical gold 
rush, including the failure of the industry to quickly assess the 
risks and minimize them.  The surveying and mapping of these 
data is a foundational risk and feeds most other risks. 

There is a need for a much more rigorous application of good 
old fashioned survey principles and record keeping – More 
haste less speed. 
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The mapping ‘production line’ in E&P is a multiple parallel process making it far more complex 
and sensitive to errors, duplication, inconsistency and incompleteness. 

This process is often overlooked in the ‘serial’ approach to project management in E&P. 

This results in much duplication of effort at best, and in wasted resources at worst.  Estimate 
of risk to E&P budgets, personnel, operational and profitable production can be as high as 
40% of budget and potentially unlimited in respect of missed resources. 
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