E

Target Exploration Report Tar 8
1 | 22 P a g e

Summary
As anomalous geothermal gradients are commonly associated with hydrocarbon traps (Meyer and McGee, AAPG Bull, 1985);
this report is a systematic statistical geothermal gradients plotting and contouring of 500 wells in the UK’s EEZ of the
Southern North Sea Basin. The report is for the benefit of whoever planning to bid in the UK-NSTA 33rd Offshore Oil and Gas
Licensing Round (and future rounds) without having to review circa 900 offshore blocks and part-blocks.
The control points of the geothermal gradient maps are 238 wells with statistically acceptable-significant BHTs records were
selected from the 500 studied wells for North Sea BHTs correction, geothermal gradients calculation, plotting, cross-plotting;
and contouring the Compensated Geothermal Gradients (CGGs) and Extrapolated Surface Temperature Intercepts (ESTIs) of
the study area (Ibrahim and Kubaisi, 2018).
The workflow and CGG-ESTI© Software used in calculating, plotting, cross-plotting and mapping the geothermal gradients
in this study is a time-saving first pass to selecting the blocks according to their relative exploration or development
potentials, as well as for their geothermal exploration potential if there is a plan to give new geothermal life for P&A old
dry-holes, oil or gas wells.
The study identified and delineated a number of geothermal gradient anomalies of hydrocarbon entrapments with various
levels of statistical significance. Such anomalies provides justification to focus due diligence reviews on blocks with proven
and/or potential geothermal gradients anomalies of hydrocarbon entrapment, which my lead to a new discovery by re-entry
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of an old dry-hole that exhibits anomalous geothermal gradients to test missed or bypassed pay(s) or deepen the potential
“un-discovery well” to test potential reservoir(s) below TD.
Figure 1 illustrates the 16 studied Quadrants in this report, and the black rectangle is where “the NSTA has identified four
priority cluster areas in the Southern North Sea, which have known hydrocarbons, are close to infrastructure and have the
potential to be developed quickly - and will seek to license these ahead of others. Applicants will be encouraged to bid for
these areas so they can go into production as soon as possible.”

The Concept
Oil explorers realised since the early days of oil industry that wells penetrating hydrocarbon traps exhibits anomalous
geothermal gradients. High geothermal anomalies characterise portions of thermally impeding sedimentary basins, in which
hydrodynamic, stratigraphic and structural environments are actively focusing deep HTP fluids into shallower and thermally
convective closed reservoirs. Such subsurface fluid migration process is responsible for lighter components (hydrocarbons)
entrapment in the LTP shallow reservoirs if hydrocarbons are migrating along with the relatively higher density water.
Unlike other logging tools, the early bottom hole temperature (BHT) recording device remained unchanged though the bulk
of the HC exploration history.
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Today, there must be thousands of BHT measurements in records of early suspended, P&A, wet, tight or dry boreholes in
every producing basin. Some of these “dry” wells may be commercially producible under present logistics, technological,
economical or geo-political environments.
In view of such long-time recognition of geothermal anomalies association with hydrocarbon traps; why not use identical
geothermal anomalies to justify reviewing thermally anomalous dry holes/closures for bypassed or unreached hydrocarbon
traps?

The Software©
Target Exploration developed and used exclusive software (CGG-ESTI©) to A. Input and creates Bottom Hole Temperature
(BHT) databases, verifies and tests the reliability of the raw BHTs, and corrects them, B. Cross-plot and analyse the
corrected BHT records of groups of wells to model the cluster limits of the thermally anomalous discovery, suspended or
produced wells in the studied area/basin and, C. Use the modelled geothermal signature of anomalous discovery,
suspended and producing wells to identify old dry or “UN-DISCOVERY WELLS” that are displaying similar anomalies. This is
quick way to identify “un-discovery wells” that potentially, probably or possibly have missed, bypassed or stopped short of
HYDROCARBON TRAPS.

The Analyses
The purpose of this study is to use BHT data of exploration and development wells to: (a) produce contour maps of the
geothermal gradients of wells in quadrants 35 to 54 of the UKCS of the North Sea, (b) identify geothermal gradient anomalies
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associated with proven hydrocarbon traps, then (c) use the model identified to delineate potential, probable and possible
anomalies indicative of undiscovered hydrocarbon traps or migration paths in the same quadrants.
Out of 500 off-shore well logs (Releases 1 to 32) examined at the Well Records Library of the Department of Energy, 238 wells
were found to have enough BHT readings to justify detailed analysis.
An exclusive software (CGG-ESTI©) was then used to correct, test for reliability the BHT records and identify boreholes with
statistically significant BHT data. This, subsequently determine the reliability of the calculated compensated geothermal
gradients and extrapolated surface temperature intercepts. Statistically significant control points as well as undifferentiated
control points were then used to generate compensated geothermal gradient contours (CGG), extrapolated surface
temperature intercept contours (ESTI) and a map of the geothermal anomalies. Discriminative computer contouring
technique was used to produce non-interactive, un-biased contours very similar to the manual after-the-fact contours.

The Report
The report reviews theoretical aspects, previous geothermal gradient maps and explains the analytical method used in this
study, and lists over 150 publications on heat flow and geothermal gradient in relation to hydrocarbon exploration. The
report and geothermal gradient map are essential for identifying the HC preservation, KEY WELLS with reliable geothermal
gradients for BASIN ANALYSIS. In addition to 238 plots of geothermal gradient of control wells, compensated geothermal
gradient contour map, extrapolated surface temperature contour map, the report delineates: 50 PROVEN, 10 POTENTIAL, 11
PROBABLE and 25 POSSIBLE GEOTHERMAL GRADIENT ANOMALIES OF HC ENTRAPMENT.
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The report gives the reasons for delineating and ranking the above geothermal gradient anomalies and includes:
1. Raw and corrected BHT data of plots of 300 wells.
2. Five A2 size maps are included as enclosures showing: locations of 500 wells, locations of key wells, surface
temperature and geothermal gradient contours, geothermal gradient anomalies and attributes of proven and potential
hydrocarbon traps (SCALE 1:250,000).
3. One CD containing ASCII files documenting hundreds of BHT data used in this study is available.
4. This report is a cost effective basin rejuvenation tool.

Success Rate
Target report (Tar-6) on the geothermal gradient of Hagfa Trough, Libya (Ibrahim and Reeh, 2018) we found that out of the
31 dry holes and 19 producing or suspended wells used, the study identified 14 closed geothermal gradient contour(s)
anomalies. These anomalies partly overlap with eighteen thermally anomalous wells identified via cross-plot analysis as
hydrocarbon producing wells or at the flanks of hydrocarbon traps. Success rate of the CGG-ESTI© method in the Hagfa
(Marada) area in identifying proven producing and suspended wells is 70% to 90% depending on the exclusion or inclusion of
off-flank wells.
In conjunction with other hydrocarbon exploration methods, the discovery/dry-hole ratio can be significantly improved by
incorporating geothermal gradient maps. Indeed, “hydrocarbon explorers should update their subsurface geothermal maps
the same way they update their subsurface structural and stratigraphic maps” (Meyer and McGee, AAPG Bull, 1985).
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Applications
A. The Report: is a regional geothermal gradient report with raw BHT data and geothermal gradient maps for the
routine usage by exploration geologist. The report also identifies and delineates 10 potential, 11 probable and 25
possible geothermal gradient anomalies of HC entrapment, with several thermally anomalous dry holes of potential
“discovery by re-entry” candidates to ponder. Moreover, the report provides analogues for:
1. Anomalous geothermal gradient model “signature” of proven discovery wells to identify nearby longstanding dry
holes that may have missed, bypassed or/and stopped short of hydrocarbon traps.
2. Selecting new exploration acreages incorporating several “un-discovery wells” with anomalous geothermal gradients
within the North Sea UKCS.
3. Identifying key wells with reliable geothermal gradients for basin analysis.
B. The Software: The CGG-ESTI© software is a quick look software for screening large databases of wells in hydrocarbon
producing basins for "un-discovery” dry holes with promising geothermal anomalies, as well as for justifying mid drilling
decisions:
1. Quick look screening old wells and plotting their corrected geothermal gradient and geothermal gradient maps may
delineate hydrocarbon kitchens, migration paths and entrapment fairways of the studied basin, province or country.
2. If the shallow drilling target proved dry, and the well’s interim geothermal gradient is anomalous then drilling the
deeper targets is justified. Otherwise, drilling can be terminated if the interim geothermal gradient is passive.
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C. The Technique: A dry hole with anomalous geothermal gradient may provide justification for:
1. Re-examining the well file with due diligence as it may have been suspended or declared "dry" under past logistics,
exploration economics or geopolitical circumstances.
2. Re-analysing the wire-line logs using up to date parameters and software.
3. Reviewing drilled dry prospects for alternative interpretation as the dry hole may have missed bypassed or stopped
short of a significant hydrocarbon reservoir.
4. The technique can be an additional tool in exploring stratigraphic traps that display no seismic expression of sealed
porous and permeable reservoirs by Dıagenesıs or facies changes.
D. Geothermal Energy: Isotherm contours maps of geothermal reservoirs can be generated for high geothermal gradient
anomalies delineated by this report to be evaluated for their geothermal exploration and production potential, or if
there is a plan to give new geothermal life to old P&A dry-holes, oil or gas wells.

Figures
1. Location map and main tectonic elements.
2. Generalized stratigraphic column of the Southern North Sea Basin.
3. Generalized stratigraphic column of the Southern North Sea showing bulk saturated thermal conductivity of a typical
stratigraphic column (bars) and corresponding thermal resistance profile (graph).
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4. Diagrammatic illustration of a basin-type bottom-hole temperature profile, showing the effect of annual surface
temperature variations on the geothermal profile. Annual surface temperature variations are insignificant at the near surface
equilibrium temperature (NSET). Mean geothermal gradient adopted in this study is a normal linear regression best fit of
bottom-hole temperature readings against depths below ground surface. Least square linear regression project an
extrapolated surface temperature intercept (ESTI) at zero depth which is intended to be an approximation of the NSET and
may not be equivalent to the mean ground surface, air or sea bed temperature.
5. A forced (fixed) or graphically calculated linear least square regression of bottom - hole temperatures against depth with a
fixed Average Surface Temperature for all control wells my differ from that derived through normal linear least square
regression. The latter method projects an extrapolated surface temperature intercept (ESTI) for every control well.
6. A significant difference may occur in estimated depths of an isotherm by using fixed AST geothermal gradient as compared
with one derived from an ESTI geothermal gradient, e.g. 400 meters difference of isotherm 130 C.
7. A diagrammatic illustration of the importance of ESTI in calculating geothermal gradients of control wells; as identical mean
geothermal gradients with different ESTI may lead to a significant difference in estimating depth to an isotherm, e.g. 1700
meters difference of isotherm 100 C between well Y and well X.
8. A graphical plot of the geothermal gradient of a statistically significance well. Larger well type symbol depicts higher
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statistical significance.
9. A CGG-ESTI cross-plot of quadrant 44 of the UKCS; illustrating feasibility of clustering HC producing wells (anomalies) out of
dry wells (background).
10. Key to maps and figures used in the report.
11. Well location map illustrating significant (larger well symbols) and less significant control wells used in study.
12. (Enclosure 2) Well location map illustrating the relative degree if significance of control wells used in this study.
13. (Enclosure 3) Compensated geothermal gradient contour map of studied areas. Contour interval is 0.05 Degree
Fahrenheit/100 Feet.
14. (Enclosure 4) Extrapolated surface temperature intercept contours of the studied area, contour interval 5 Degrees
Fahrenheit.
15. (Enclosure 5) CGG-ESTI map showing proven, potential, probable and possible geothermal gradient anomalies associated
with hydrocarbon entrapment. Green = Low CGG- high ESTI anomalies, Yellow = High CGG-Low ESTI anomalies.
16. Types of geothermal profiles; models; A, B (oil-prone), C (gas-prone) and D representing straight, convex and concave
10 | 22 P a g e

profiles in response to well passing through one or two or four zones of thermal transmissibility, (models A, B and C after
Dzhangiryants (1977) and Roberts III, (1981)
17. A diagram illustrating types of CGG-ESTI anomalies in response to fluid migration thermal transmissibility and seal
impedance in the Southern Gas Basin. Notice that shallow traps under thin Zechstein and/or Triassic seal has high CGG-low
ESTI anomalies while deep Rotliegend sand and Bunter traps below thick Zechstein and/or Triassic salt have low CGG-high
ESTI anomalies.

Appendices
Detailed discussion of geothermal gradients and geothermal gradient anomalies of HC entrapments are discussed along with
cross plot analysis per individual CSNS quadrants.
Appendix 36:
36/1. CGG-ESTI cross-plot of all studied wells in UKCS quadrant 36.
Appendix 37:
37/1. CGG-ESTI cross-plot of all studied wells in quadrant 37.
APPENDIX 38-39:
38-39/1. CGG-ESTI cross-plot of all studied wells in quadrants 38 and 39.
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Appendix 41:
41/1. CGG-ESTI cross-plot of all studied wells in quadrant 41.
41/2. CGG-ESTI cross-plot of suspended gas wells in quadrant 41.
41/3. CGG-ESTI cross-plot of dry holes (unspecified) drilled in quadrant 41.
Appendix 42:
42/1. CGG-ESTI cross-plot of all studied wells in quadrant 42.
42/1. CGG-ESTI cross-plot of gas wells in quadrant 42.
42/3. CGG-ESTI cross-plot of dry holes in quadrant 42.
Appendix 43:
43/1. CGG-ESTI cross-plot of all studied wells in quadrant 43.
43/2. CGG-ESTI cross-plot of gas wells in quadrant 43.
43/3. CGG-ESTI cross-plot of dry holes (unspecified) in quadrant 43.
Appendix 44:
44/1. CGG-ESTI cross-plot of all studied wells in quadrant 44.
44/2. CGG-ESTI cross-plot of gas wells in quadrant 44.
44/3. CGG-ESTI cross-plot of dry holes in quadrant 44.
Appendix 47:
47/1. CGG-ESTI cross-plot of all studied wells in quadrant 47.
47/2. CGG-ESTI cross-plot of gas wells in quadrant 47.
47/3. CGG-ESTI cross-plot of dry holes (unspecified) in quadrant 47.
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47/4. CGG-ESTI cross-plot of deep producing and suspended Rotligend gas wells in quadrant 47.
Appendix 48:
48/1. CGG-ESTI cross-plot of all studied wells in quadrant 48.
48/2. CGG-ESTI cross-plot of producing and suspended gas wells in quadrant 48.
48/3. CGG-ESTI cross-plot of significant dry holes (with no gas shows) in quadrant 48.
48/4. CGG-ESTI cross-plot of dry holes with gas shows in quadrant 48.
48/5. CGG-ESTI cross-plot of shallow Bunter gas wells in quadrant 48.
Appendix 49-50:
49-50/1. CGG-ESTI cross-plot of all studied wells in quadrants 49 and 50.
49-50/2. CGG-ESTI cross-plot of suspended and producing gas wells in quadrants 49 and 50.
49-50/3. CGG-ESTI cross-plot of significant dry holes with no gas shows in quadrants 49 and 50.
49-50/4. CGG-ESTI cross-plot of dry holes with gas shows in quadrants 49 and 50.
Appendix 52:
52/1. CGG-ESTI cross-plot of all studied wells in quadrant 52.
Appendix 53-54:
53-54/1. CGG-ESTI cross-plot of all studied wells in quadrants 53 and 54.
53-54/2. CGG-ESTI cross-plot of gas wells in quadrants 53 and 54.
53-54/3. CGG-ESTI cross-plot of dry holes (unspecified) in quadrants 53 and 54.
Appendix HI: Geothermal Gradient Plots of Wells in Quadrant 36
Well 36/13-01
Well 36/15-01
Well 36/23-01

Well 36/26-01
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Appendix JK: Geothermal Gradient Plots of Wells in Quadrant 37
Well 37/10-01
Well 37/23-01
Appendix L: Geothermal Gradient Plots of Wells in Quadrants 38-39
Well 38/01-01
Well 38/16-01
Well 38/18-01
Well 38/25-01
Well 38/29-01
Well 39/01-01
Well 39/07-01

Well 38/24-01
Well 39/02-01

Appendix M: Geothermal Gradient Plots of Wells in Quadrant 41
Well 41/08-01
Well 41/20-01
Well 41/20-02
Well 41/24A-02
Well 41/25A-01

Well 41/24A-01

Appendix N: Geothermal Gradient Plots of Wells in Quadrant 42
Well 42/10A-01
Well 42/13-01
Well 42/14-01
Well 42/26-01
Well 42/28-01
Well 42/28-02
Well 42/29-02
Well 42/30-01
Well 42/30-02
Appendix O: Geothermal Gradient Plots of Wells in Quadrant 43
Well 43/03-01
Well 43/07-01
Well 43/08-01
Well 43/17-01
Well 43/20-01
Well 43/30-01

Well 42/23-01
Well 42/29-01
Well 42/30-03Z

Well 43/11-01

Appendix PQ: Geothermal Gradient Plots of Wells in Quadrant 44
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Well 44/02-01
Well 44/19-02
Well 44/23-03

Well 44/07-01
Well 44/21-01
Well 44/24-01

Well 44/11-01
Well 44/23-01
Well 44/26-01

Appendix R: Geothermal Gradient Plots of Wells in Quadrant 47
Well 47/03-01
Well 47/03-02
Well 47/-03-C02
Well 47/05-01
Well 47/08-01
Well 47/08-A01
Well 47/09B-04
Well 47/09B-05A
Well 47/13-02
Well 47/14A-02
Well 47/14A-03
Well 47/14A-04
Well 47/15-01
Well 47/15-02
Well 47/18-01
Well 47/20-01
Well 47/25-02
Well 47/29A-01
Appendix S: Geothermal Gradient Plots of Wells in Quadrant 48
Well 48/03-01
Well 48/06-01
Well 48/06-02
Well 48/06-05
Well 48/06-07
Well 48/06-27
Well 48/07-01
Well 48/10-01
Well 48/11-01
Well 48/11B-03
Well 48/12-01
Well 48/12-02
Well 48/13-02A
Well 48/13A-04
Well 48/13B-03
Well 48/15A-01
Well 48/17-01
Well 48/18B-01
Well 48/19-01
Well 48/19A-03
Well 48/20-01
Well 48/22-01
Well 48/22-03
Well 48/23-01
Well 48/28-01
Well 48/29-01
Well 48/29-02
Well 48/29-05
Well 48/29-06
Well 48/29-A01
Well 48/30-01
Well 48/30-02
Well 48/30-03

Well 44/14-01
Well 44/23-02

Well 47/04-01
Well 47/09-01
Well 47/14-01
Well 47/14A-05
Well 47/20-01

Well 48/06-04
Well 48/06-28
Well 48/11-02
Well 48/13-01
Well 48/14-01
Well 48/18B-02
Well 48/21-02
Well 48/25-01
Well 48/29-04
Well 48/29-C01
Well 48/30-04
15 | 22 P a g e

Well 48/30-05
Well 48/30-09

Well 48/30-06

Well 48/30-07

Appendix T: Geothermal Gradient Plots of Wells in Quadrants 49-50
Well 49/01-01
Well 49/05-01
Well 49/06-01
Well 49/06-03
Well 49/08-01
Well 49/09-01
Well 49/11A-01
Well 49/12-01
Well 49/12A-04
Well 49/13-01
Well 49/14-01
Well 49/16-01
Well 49/16-05
Well 49/16-06
Well 49/16-07Z
Well 49/16-09A
Well 49/17-01
Well 49/17-02
Well 49/17-04
well 49/17-05
Well 49/17-06
Well 49/17-09
Well 49/17-H01
Well 49/18-01
Well 49/18-03
Well 49/18-04
Well 49/19-01
Well 49/20-01
Well 49/20-02
Well 49/21-01
Well 49/21-04
Well 49/21-05
Well 49/21-06
Well 49/22-03
Well 49/23-01
Well 49/23-02
Well 49/23-04
Well 49/23-C01
Well 49/24-01
Well 49/24-04
Well 49/24-12
Well 49/24-16
Well 49/25-01
Well 49/25-02
Well 49/25-03
Well 49/25A-05
Well 49/26-01
Well 49/26-02
Well 49/26-04
Well 49/26-05
Well 49/26-14
Well 49/26-25
Well 49/26-C00
Well 49/26-C00
Well 49/27-01
Well 49/27-02
Well 49/27-03
Well 49/27-B01
Well 49/27-D01
Well 49/27-E01
Well 49/27-J01
Well 49/28-01
Well 49/28-02

Well 48/30-08

Well 49/06-02
Well 49/10-01
Well 49/12A-06
Well 49/16-02
Well 49/16-08
Well 49/17-03
Well 49/17-08
Well 49/18-02
Well 49/19-02A
Well 49/21-03
Well 49/22-01
Well 49/23-03
Well 49/24-03
Well 49/24-J00
Well 49/25-04
Well 49/26-03
Well 49/26-17
Well 49/26-E01
Well 49/27-04
Well 49/27-F01
Well 49/28-03
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Well 49/28-04
Well 49/29-01
Well 49/30-03

Well 49/28-06
Well 49/29-02
Well 50/21-01

Well 49/28-07
Well 49/30-01
Well 50/26-01

Well 49/28-08Z
Well 49/30-02

Appendix UV: Geothermal Gradient Plots of Wells in Quadrant 52
Well 52/05-01
Well 52/05-02
Well 52/05-03
Appendix W: Geothermal Gradient Plots of Wells in Quadrants 53-54
Well 53/01-01
Well 53/01-02
Well 53/01-04
Well 53/02-02
Well 53/02-03
Well 53/02-04
Well 53/04-04
Well 53/05-01
Well 53/07-01
Well 53/12-01
Well 53/12-02
Well 53/12-03
Well 53/19A-01
Well 54/01-01
Well 54/11-01

Well 53/02-01
Well 53/04-03
Well 53/08-01
Well 53/16-01

Enclosures
Enclosure 1: Well location map of studied areas; large well symbols indicate significant control point and small well symbol
indicate less significant control point.
Enclosure 2: Well locations map of studied areas; five sizes of well symbols indicate relative statistical significance of control
wells.

Enclosure 3: Compensated geothermal gradient contour map of studied areas; C.I. = 0.05 Degree F. /100 Feet.
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Enclosure 4: Contour map of extrapolated surface temperature intercepts; C.I. = 5 Degrees F.
Enclosure 5: GG-ESTI contours map showing proven, potential, probable and possible geothermal gradient anomalies
associated with hydrocarbon entrapment. Green or vertical lines = Low CGG-High ESTI anomalies, yellow or horizontal lines =
High CGG-Low ESTI anomalies.
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(PPTX)

______________________________________________________________________________________________________
The main objective of this innovative study of the geothermal gradients of the Southern North Sea Basin
is to identify and delineate geothermal anomalies of proven hydrocarbon traps to justify due diligence reviews of "dryholes" that display geothermal gradients of hydrocarbon traps. Such recognition can lead to cheap discoveries by re-entry
to test potential, probable or possible missed or bypassed pay(s) or deepen the hole(s) to test unreached deeper trap(s)
within the drilled prospect. For the farsighted geothermal and dual (hydrocarbon and geothermal) explorers working on
the UK-NSTA licensing rounds, this report provides identification of the wells and/or areas that are geo-thermally
anomalous and can be prospective for present-day or future geothermal energy development within the studied area.
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This report is in 350 pages including 17 figures, 238 geothermal gradient plots of selected wells out of the 500 studied
wells, 36 cross-plot analyses of the 16 quadrants and 5 enclosures. It is a valuable new tool for hydrocarbon explorers
interested in discovering missed, bypassed or unreached deep traps by early exploratory drillings with an option to
convert the geo-thermally anomalous wells into geothermal energy wells in 898 Blocks and Part-Blocks on offer by the UKNSTA 33RD Oil and Gas Licensing Rounds.

This report is only available from Target Exploration

Click here to order your copy
For further information, contact:
Target Exploration Consultants Ltd., 65 Kenton Court, London W14 8NW, UK.
Telephone: (+44) (0) 207 371 2240, Mobile: (+44) (0) 7719456882, Email: target@targetexploration.com
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