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Executive Summary

The energy company intends to perform an analysis of the UK Oil Production during past
decades to identify possible oil exploration fields off the UK shore. The analysis requires to
review offshore oil production data available between the period of 1980 and 2010.

The company has following objectives using the spatial data acquired:

e Explore spatial data to perform visualisation, identify coordinate system, types of
data available, review attribute tables, and identify useful data.

e Link non-spatial database with a spatial vector dataset.

e Selecting and cleaning data for analysis.

e Produce continuous map using Kriging interpolation.

e Analyse spatial patterns.

e Identify spatial relations, visually and with tools.

e Analyse temporal change of spatially distributed properties.

At high level, the company has performed following spatial analysis:

e Explore and prepare the data for analysis.

e Find data for oil production between 1980-1995 and 1995-2010.

e Link data with spatial information on wells with the oil production data.

e Analyse the wells on map by geological basin, cartographic quadrant, and
water depth.

e Map the oil production between 1980 — 1995 and 1995 — 2010.

o |dentify visual patterns of oil production.

e Perform quantitative analysis of the oil production.

e Analyse patterns of change in oil production.

e C(Calculate difference in oil production between the periods and produce maps.

e Compare maps for production change.

e Apply interpolation technique to identify other possible oil fields for further
exploration.



Introduction

Purpose

The energy company plans to perform analysis with estimate oil production based on
historical data gathered for two periods, from 1980 to 1995 and 1995 to 2010. The
company carries out tasks as enlisted and detailed in this report to analyse the data
gathered, merge different datasets, apply filters, gather statistics, compare maps, and
identify differences between the period and project the future estimates.

Tasks
Below is the list of tasks performed for the study.

1. Explore the available spatial layers.

Link spreadsheet data with the spatial database.

Analyse the distribution of wells by geological basin, by cartographic quadrant, and
by water depth.

Derive maps for both the periods.

Examine the visual patterns of oil production.

Compare quantitatively the global production at the two periods of analysis.
Examine and describe patterns of change.

Calculate the change in production of each well and derive a new map.
Compare maps of production change.

10 Estimate new areas of future exploration using interpolation methods.
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Tasks & Results

I: Exploration of Data Layers
Below is the initial analysis of the data layers made available for processing:

e There are 20 different shape files available for oil production study.

e The geographic coordinate sytem is GCP European 1950

e Thefiles are vector files available are of the type point, line and polygon.

e The attribute tables with useful data are present for 20 shape files.

e Thereare 11,362 oil wells, 2,729 blocks.

e Further, 164 sub area with 118 discoveries, and additional 12 sub area with 22
discoveries performed by several licensed operators without WELLREGNO.

e There are 14 major and 72 sub geological basins are present around the UK offshore.

e 62 quadrant from 30 blocks are being licensed since 1964.

e 11 different sea areas have been marked around the UK.

2: Joining XLS and Attribute table.

The Wells_ed50_Feb _2014.shp shape file has attribute table which lists out ‘Quadrant

Number’, ‘Block Number’, ‘Well Co-ordinates’, and other information for each well. Also,

the Well_production.xls has additional data such as ‘Elevation’, ‘Water Depth’, and oil as

well as water production between 1980 to 1995 and between 1995 to 2010. The

spreadsheet and the shapefile attribute tables were joined using an approach detailed in
. Refer fig. 1 for the result produced for this task.



Tasks & Results
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Fig. 1. Attribute table of ‘Wells_ed50_Feb_2014.shp’ joined with ‘Data’ tab from
‘Wells_production.xls’.

Above table in fig. 1 shows the additional columns TOPHOLEYDD, TOPHOLEXDD,
QUADRANTNO, BLOCKNO, DATUMELEV, WATERDEPTH, Oilp_80_95, Watp_80_95,
Oilp_95_10, Watp_95 10 and Zone ID joined from the Wells_production.xls with the
attribute table of Wells_ed50_Feb_2014.shp.

3. Distribution of wells by geological basin, cartographic quadrant, and
water depth

There are 512 quadrants identified around the UK region, however not all of them have
been identified with a quadrant number. There are 82 quadrants where wells have been
found, and most of which are found to be off the UK’s eastern shore. Further, it is found
that 1,354 wells are clustered in a single quadrant number 211 present off the north-
eastern shore of the UK as shown in fig. 2. Also, off the north-east shore, there are more
than 7,000 wells found to be present out of 11,362 wells. On the other hand, quadrants
found off the south-eastern shore of the UK only has less than 350 wells.

Considering water depth, the deepest well found was 6,189 meters deep, while the wells
were also found to be less than 100 meters in depth as well. Further, 127 wells were found
to have water depth of 466 meters as shown in fig. 3, whereas average depth of the wells
was 345 meters approximately. Although, some of the wells had depth of 1 meter or below,
however this must be considered as data error and should be ignored from consideration.

Further, majority of wells are found to be clustered in Northern, Central and Southern
North Sea Basin, whereas some of the wells are also found in West of Shetland Basin and
Irish Sea Basin. Furthermore, very few wells were found to be scattered across Rockall



Basin, Cardigan Basin, South West Approaches Basin, and Anglo-Paris basin. Refer fig. 4 for
number of wells spread across different geological basins.

Please refer Appendix B for more details about the process.

Number of wells found across quadrants
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Fig. 2. 1,354 wells were located in a single quadrant number 211.
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PLATFORM| SLOTNO | DRILLSEQNO | WELLSUFFIX | NAME | ORIGINTENT | DATUMELEV | DATUMTYPE | GROUNDELEV | WATERDEPTH | SPUDDATE | DATETDREAC | COMPLEDATE | ORIGUNITS OPERATOR  ~
4 E |79 KB 0 289 22-JAN-93  |09-FEB-93 14-FEB-93 F
1 E 106 RT 0 59 26-MAR-83 |12-APR-93 12-APR-93 F 'CNR INTERNATIONAL (U K ) LIMITED
P 5 A |E’I KB 0 597 31-AUG-92 | 28-0CT-92 18-DEC-92 F SHELL U.K. EXPLORATION & PRODUCD.
10 A 90 KB 0 231 23-DEC-52 16-JAN-93 13-FEB-93 F
48 E h KB 0 466 30-DEC-82 |15-FEB-83 21-FEB-83 F
A 05 & D 126.648 KB 0 137.8 15-DEC-92  |15-FEB-93 27-JUN-93 F CONOCOPHILLIPS (U.K.) LIMMED
A A-15 39 D 117 KB 0 468 01-NOV-92 |08-FEB-93 11-APR-83 F 'SHELL UK. EXPLORATION & PRODUCTH
D 0-46 a7 D 17 KB 0 466 30-NOV-82 |05-JUN-83 05-JUN-83 F 'SHELL U.K. EXPLORATION & PRODUCT!
M F3 2 Z D 20 KB 0 447 12-FEB-93  |15-MAR-93 02-APR-93 F
A 13 3 4 D 196 KB 0 453 01-NOV-92  |21-NOV-§2 21-NOV-82 F CHEWRON NORTH SEA LIMTED
M 18 20 D 185 KB 0 512 26-JUL-82  |20-AUG-82 28-AUG-82 F 'CONOCOPHILLIPS (U K.) LIMMED
M 18 21 D 185 KB 0 512 28-AUG-82 | 29-JUN-83 08-JUL-83 F CONOCOPHILLIPS (U.K.) LIMMED
M 12 1 D 185 KB 0 512 22-JUN-B0 12-JUL-80 25-JUL-80 F 'CONOCOPHILLIPS (U.K.) LIMITED
M 03 2 D 185 KB 0 512 27-JUL-80 | 26-0CT-80 27-0CT-80 F
M i 5 D 185 KB 0 512 11-JAN-81 15-MAR-81 27-MAR-81 F
M 2 7 D 185 KB 0 512 24-JUL-B0 07-MAY-81 12-MAY-81 F
M 21 3 D 185 KB 0 512 05-JUN-81 21-JUN-81 03-JUL-81 F
M 25 10 D 185 KB 0 512 03-JuL-81 28-JUL-81 04-AUG-81 F
M 23 12 D 185 KB 0 512 30-MAY-80 |25-SEP-81 03-0CT-81 F
21 A a2 KB 0 563 07-APR-80  |31-MAY-30 30-JUN-80 F
23 A 22 KB 535 01-NOV-81  |01-JAN-82 22-JAN-82 F THE OIL AND PIPELINES AGENCY [OPA]
25 E 85 KB 0 558 02-MAR-82 |13-APR-92 21-APR-82 F
2 E 77 KB 512 12-JUL-7T5 13-AUG-TS 29-JUL-78 F PHILLIPS 66 LIMITED
8 E 20 KB 515 11-NOV-76 | 28-DEC-T8& 13-JAN-TT F PHILLIPS &6 LIMITED
A A-53 54 D 147 KB 0 532 19-DEC-88  |27-JAN-S0 06-FEB-30 F
N 1 1 A IE3 KB 577 05-S5EP-76  |26-DEC-76 17-0CT-89 F BP EXPLORATION OPERATING COMPAN ¥
< >
T 1 v n [E]S ] 027 out of 1362 Selected)

Fig. 3. 127 wells are found to have water depth of 466 meters as per the filter applied to the
attribute table.
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Fig. 4. Number of wells spread across Geological Basins.
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4: Oil Production between 1980 - 1995 and 1995 - 2010

The Wells_Production.xls has two columns, Oilp_80_95 and Oilp_95_10. These columns
represent amount of oil produced for a given well during the period 1980 - 1995 and 1995 -
2010 respectively. After joining the excel spreadsheet with the attribute table of
Wells_ed50_Feb_2014.shp, the amount of oil found in the oil wells can be visualised on maps
for both the periods as shown in fig. 5 and fig. 6. Further, the oil production for each well has
been categorised with different colours for different range of oil production as well.

Please refer for more details about the process.

1000w oo

Oil Production from Wells between 1980 - 1995
QOil Wells
Qilp_80_95
0 - 3,000,000
e 3,000,000 - 10,000,0000
@® 10,000,000 - 25,000,000
@ 25,000,000 - 60,870,220

0 75 150 300 450 600

- — e Kilometers

Sourex Ssi, Mevay, Batser Gsaymghlss, and {hs @18 Ussr Communiy

10°00°W 000

Fig. 5. Qil Production from wells between 1980 — 1995.
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Oil Production from Wells between 1995 - 2010
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Fig. 6. Oil Production from Wells between 1995 — 2010.
5: Visual patterns of Oil Production.

As it can be seen from fig. 5 and fig. 6 that most of the oil produced during 1980 — 1995 and
1995 — 2010 were off the eastern, north-eastern, and south-eastern shores of the UK. Also,
majority of oil wells during both the periods were producing less than 3 million metric tons of
oil. Further, large number of oil wells located off the eastern, north-eastern and south-eastern
shore were found to be far away from the UK shores, whereas most of the oil wells located
off the western and southern shores of the UK were comparatively closer to the UK shores.

6: Quantitative analysis of Oil Production.
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Tasks & Results

By reviewing the attribute table as shown in fig. 7, it is noticeable that there are only 1,513
wells out of 11,362 had produced more than 3 million metric tons of oil between 1980 and
1995. Whereas, only 1,549 out of 11,362 wells had produced more than 3 million metric tons
of oil between 1995 and 2010 as shown in fig. 8. This means little over 13% of all the wells

had produced more than 3,000,000 metric tons of oil in both the period.

Further, it was noticed from the attribute table that only 2,410 oil wells had produced more
oil between 1980 and 1995 compared to the oil produced between 1995 and 2010. On the
other hand, 2,604 oil wells had produced more oil between 1995 and 2010 compared to the
previous period.

Please refer to the

for more details about the process.

Table ox
ERE =L R

Qil Wells x
FID | Shape® | WELLREGNO | DENNO | TOPHOLEYDD | TOPHOLEXDD | TOPHOLEYDS | TOPHOLEXDS | TOPHOLEYGE | TOPHOLEXGE | TOPHOLEYNG | TOPHOLEXNG | COUNTRYCOD | QUADRANTNO | BLOCKNO | BLOCKSUFFI | ~

3 0| Point 3/08-361Z 6450 60.805789 1.445814 21890084 5219.68 060 43 20.840N  |001 26 53.690F 3 8 E

1 |Point 211/29-C28 [2535 61.096167 1721778 219945.2 6198.4 061 05 46.200N 001 43 18.400E 211 29 C

2|[Point 211/23-C29  [2889 61.095111 1.721667 219945 6198[061 05 45.000N _ [001 43 18.000€ 211 29 C

3 |Point 211/28-C32 3196 61.088111 1.721667 219946 6198 | 061 05 46.000N 001 43 18.000E 211 29 ¢

4|Point 211/23-C34 3409 61.096111 1721667 219846 6198|061 0546.000N  |001 43 18.000E 211 29 3

5| Point 211/29-C36 3633 61.095918 1721947 219945307 6199.009[081 05 45.307N__[001 43 19.008€ 211 29 C

6 [Point 211/23-C38 4837 61.055889 1713082 219801.2 6167.1[061 02 21.200N 001 42 47.100E 211 29 C

7 |Point 211/29-C27 2457 61098111 1.721887 219948 6198 | 061 05 46.000N 001 43 18.000E 211 29 ¢

& |Point 211/28-C14 1935 61.086167 1721778 219846.2 6198.4| 061 05 46.200N 001 43 18.400E 211 29 4

9|Point 211/28.C16  [2012 61.085111 1721667 219945 6198|061 05 46.000N |001 43 18.000E 211 29 C

10 [Point 211/23-C18 [2109 61.095111 1721667 219946 6198[061 0545.000N _ [001 43 18.000E 211 29 C

11 [Point 211/29-C20 2212 61.008111 1.721887 219348 6198 | 061 05 46.000N 001 43 18.000E 211 29 a

12 [Point 211/28-C22 2283 61.086167 1721778 219846.2 6198.4| 061 05 46.200N 001 43 18.400E 211 29 4

13 |Point 211/28C26 2401 61.096167 1721778 2198462 6198.4|061 05 46.200N 001 43 18.400E 211 29 1

14 Point 211/23-C13 1848 61.095111 1721667 219946 6198|061 0545.000N |001 43 18.000E 211 29 C

15 [Point 211/28-C1 1435 61.096167 1721778 219945.2 6198.4[061 0546.200N 001 43 18.400E 211 29 C

16 [Point 211/28-C2 1450 61.096111 1.721667 219946 6198 | 061 05 46.000N 001 43 18.000E 211 29 1

17 |Point 211/28-C4 1451 61.095111 1721667 219946 6198|061 0546.000N  |001 43 18.000E 211 29 1

18| Point 211/29-C6 1537 61.085111 1721667 219946 6198|061 05 46.000N _|001 43 18.000E 211 29 C

19 [Point 211/23-C8 1647 61.095932 1721888  219945.354 6198.798[061 05 45.354N__ [001 43 18.798€ 211 29 C

20 | Point 211/29-C9 1677 61.096167 1721778 219945.2 6198.4| 061 05 46.200N 001 43 18.400E 211 29 1

21| Point 211/28-B31 2228 61.055797 1.713553 219800.868 6168.791 | 061 03 20.668N 001 42 48.791E 211 29 E

22 |Point 211/28-832  |2286 61.05599 1712834|  219801.565 6166.201 061 03 21.565N__ [001 42 46.201E 211 29 E

23 [Paint 211/23-B34. 3035 61.056016 1712834]  219801.655 6166.201[081 03 21.656N _ [001 42 46.201E 211 29 E

24 |Point 211/29-B38 3228 61.055722 1712833 219800.8 6166.2 | 081 03 20.800N 001 42 48.200E 21 29 E
25 |Point 211/28-B38 3522 61.056016 1712834 219801.656 6166.201 [061 03 21.656N 001 42 46.201E 211 29 EY

< >

oA 1 r M E (1513 out of 11362 Selected)

Qil Wells

Fig. 7. The attribute table of Wells_ed50_Feb_2014.shp showing only 1,513 oil wells had

produced more than 3,000,000 metric tons of oil between 1980 and 1995.
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-l M O x
il Wells x
FID Shape * WELLREGNO | DENNO | TOPHOLEYDD | TOPHOLEXDD | TOPHOLEYDS | TOPHOLEXDS TOPHOLEYGE TOPHOLEXGE TOPHOLEYNG | TOPHOLEXNG | COUNTRYCOD | QUADRANTNO | BLOCKNO | BLOCKSUFFI ~
» 0 | Point 3/08-36172 5480 60.805789 1448814 218800.84 5219.69 | 080 48 20.840N 001 26 59 690E 3 8 9
1 [Paint 211/23-C28 2535 61.096167 1721778 219948 2 6198 4 | 081 05 48 200N 001 43 18 400 211 29 C
2 |Point 211/29-C29 2889 61.098111 1.721887 219948 6198 |061 05 4€.000N 001 43 18.000E 211 29 C
3|Point 211/28-C32 3196 61.086111 1.721667 219946 6198 |061 05 46.000N 001 43 18.000E 211 29 C
4 [Point 211/23-C34 3408 61.086111 1721667 218846 6198 |061 05 46.000N 001 43 18.000E 211 29 C
5 [Point 211/23-C38 3633 61.095919 1.721947 219945307 6199.008 | 0681 05 45.307N 001 43 19.009€ 211 29 C
& [Point 211/29-C38 4837 §1.055889 1.713083 219801.2 §167.1|081 03 21.200N 001 42 47.100E 211 29 C
7 |Point 211/29-C27 2457 61.096111 1.721667 219945 6198 |061 05 46.000N 001 43 18.000E 211 29 C
8 |Point 211/23-C14 1935 61.096167 1721778 219946 2 65198 4 | 061 05 46 200N 001 43 18 400 211 29 i
9 [Point 211/28-C186 2012 61.086111 1.721687 218846 6198 | 081 05 45.000N 001 43 18.000E 211 29 C
10 [Point 211/29-C18 2109 61.098111 1.721887 219948 6198 | 081 05 48.000N 001 43 18.000E 211 29 i
11 |Point 211/29-C20 2212 61.098111 1.721887 219948 6198 |081 05 4€.000N 001 43 18.000E 211 29 (
12 |Point 211/28-C22 2293 61.086167 1721778 219946.2 6198.4 061 05 46.200N 001 43 18.400E 211 28 C
13 [Point 211/23-C26 2401 61.096167 1721778 219946 2 65198 4 | 061 05 456 200N 001 43 18 400 211 29 C
14 Point 211/23-C13 1848 61.098111 1.721687 219948 6198 | 081 05 48.000N 001 43 18.000E 211 29 C
15 [Point 211/29-C1 1435 61.096167 1.721778 219948.2 6198.4 | 081 05 48.200N 001 43 18.400E 211 29 i
16 | Point 211/28-C2 1450 61.086111 1.721667 219946 6198 |061 05 46.000N 001 43 18.000E 211 29 C
17 [Point 211/28-C4 1461 61.086111 1721667 218846 6198 |061 05 46.000N 001 43 18.000E 211 29 C
18 [Point 211/29-C8 1537 61.098111 1.721887 219848 6198 |081 05 48.000N 001 43 18.000E 211 29 C
19 [Point 211/29-C8 1847 61.095932 1.721888 219945.354 6198.798 | 0681 05 45.354N 001 43 18.798E 211 29 i
20 [Point 211/29-C9 1677 61.096167 1721778 219945.2 6198.4 061 05 46.200N 001 43 18.400E 211 29 (
21 [Point 211/28-B31 2238 61.055797 1.713553 219800.868 6166.791 | 061 03 20.868N 001 42 43.791E 211 29 E
22 |Point 211/28-B32 2286 61.05599 1712834 219801 565 6166201 | 061 03 21.585N 001 42 46 201E 211 29 E
23 | Point 211/23-B34 3035 61.058018 1712834 219801 656 6166.201 | 0681 03 21.6856N 001 42 46 201E 211 29 E
24 |Point 211/29-B38 3228 61.055722 1.712833 219800.6 6166.2 081 03 20.600N 001 42 45.200E 211 29 E
25 |Point 211/28-B38 3522 61.056016 1712834 219801.656 6166.201 1061 03 21.656N 001 42 46.201E 211 29 1
< >
"o 1 om \E| (1549 out of 11362 Selected)
| il wells |

Fig. 8. The attribute table of Wells_ed50_Feb_2014.shp showing only 1,549 oil wells had
produced more than 3,000,000 metric tons of oil between 1995 and 2010.

1. Patterns of change in Oil Production.

From the histogram generated for both the periods as shown in fig. 9, it can be noticed that
11,000 oil wells had produced 12,174,044 metric tons of oil between 1980 and 1995. Whereas
the same number of oil wells had produced comparatively lower amount of oil with
11,565,341.8 metric tons between 1995 and 2010 period as shown in fig. 10 below.

Please refer to the Appendix D for more details about the process.

Qil production during 1980-1995

Count

[0;12,174,044) (12,174,044 ; 24,345,088 ) [24,348,088 ; 36,522,132) 36,522,132 ; 48,696,176.) (48,696,176 ; 60,570,220 ]

Oilp_80_95

Fig. 9. The histogram of oil wells between the period of 1980 and 1995.
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Qil produced in well during period 1995-2010
11,000

10,500

10,000

Count

[11,565,341.8; 23,130,683 6) [23,130,683.6, 34,696,025 4) (34,696,025 4; 46,261,367 2) 46,261,367 2, 57,826,703
0ilp_95_10

[0; 11,565,341 8)

Fig. 10. The histogram of oil wells between the period of 1995 and 2010.
8. Calculating difference of change in oil production with derived map.

To observe patterns, the difference of oil was calculated between the two data columns
representing oil production between 1995 to 2010 named as Qilp_95_10 and oil production
between 1980 to 1995 named as Oilp_80_95.

The below attribute table in fig. 11 shows the difference calculated between the above-
mentioned fields for each well and the result captured in highlighted column as shown. The
negative values in the column represent that the oil production had decreased between 1995
to 2010 compared to the oil production between 1980 to 1995. Whereas the positive value
in the column shows that the oil production had increased between 1995 to 2010 compared
to the previous period.

Please refer to the Appendix E for more details about the process.

el
ERE AL

TOPHOLEYDD | TOPHOLEXDD | QUADRANTNO | BLOCKNO | DATUMELEV | WATERDEPTH. Qilp_80_95 Watp_80_95 Oilp_95_10 Watp_95_10 Zone_ID Wells_ed50_Feb_2014.Differen_1
u 60.805789 1.449914 |3 8 176 456 1358170 1089605 12812115 103512475 [A 5
51008187 1721 i S 70 470 4038052 1315584 |  3837100.35 2535858 | A 301952.65
51085111 1721667 211 B 170 =70 438440 253549 07018 27792165 | A 214z
51085111 1721687 211 B 170 570 S777343 T£31503| 269847585  1454927.85 A 138867.15
51085111 1721687 211 B 170 70 1388170 SEEi48 1251211.5 4323887 | A 7stas
osseie 1547 25 B 2686917 1068605 | 275207115 1038124.75 A 14484505
ossese 083 25 54 470 2031538 1191966|  1928956.25 11323677 | A 10157675
096111 1667 25 470 Zz10120 1340258 Z085514 1273245.1 | A -110508
086167 1778 28 470 7266534 2567678 68032073 22452841 A —Se3326.7
055111 I 35 470 45609 ERE a7izsEe 352535 A “24s0.45
51085111 1721667 211 B 170 =70 6768711 4715402 10231226.45 34756318 A —3samE.Es
51085111 1721687 211 B 170 570 5255107 5044180  B798161.68 761671 A& —sez05E.35
51055187 1721778211 B 170 70 3117850 706863 3862080.5 &71519.85 | A —fssases
0s616T 177s 25 2088777 1541619| 196520615  1464726.05 A 10445585
056111 66T 25 8534464 2618148 5107740.8] 267618155 A —sz6725.2
086167 1778 25 7662025 2086753 T278926.6] 198241535 A ~353101.4
086111 1667 28 5102007 1791070]  5796906.65 1701516.5 | A 30510035
055111 eeT 35 72447 74447 7072868 70724685 A S722.38
51085111 1721667 211 B 170 =70 747 747 16289.65 1628965 | A& —ge7.35
1088032 1721 T B 170 =70 STE04a7 66646 | 302146265 TEE3142.7 | A 1£9024.35
Si.056187 1721 1 B 170 570 3805t 3039062 £127103.45 1537583.8 | A Z69847.55
61.055797 3553 29 154 459 2912078 1366287 2766474.1 1287972.65 [A -145603.9
1.05588 2834 25 183 470 3668056 1758358 3675603.2 16986801 | A 1534528
51.056016 2834 25 183 470 2731168 1152841|  2594629.55|  1095156.95 A 136558.45
51055722 2833 28 163 470 2665425 GeaTze| 253215375 52954255 | A 133271.25
51.056016 2534 2 183 470 Tase798 Sieeas|  1421958.05 57110155 1A —ec38.85
<
o » » [E|= | ©outof 11362 Selected)
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Fig. 11. The new column added to the attribute table to show the difference in oil
production between two periods.

Fig. 12 shows the difference field calculated and mapped for each well per the geological
basin.

20°00°W 10°00°W 000"

Difference in oil produ_ct‘onﬁtvgeen-—1995 - 2010 and 1980 - 1995 in Major Geographical Basins
Oil Wells ; 2
Wells_ed50_Feb_2014.Differen_1 —— &

-6,673,666 to -1,000,000

® -999999to0

@® O0to 1,000,000

@ 1,000,000 to 5,000,000

@ 5,000,000 to 12976573.050000

0 105 210 420 630
- — e Kilometers

Soures: Esd, Whrear, Easthstier Gaggrphies, and the GIS Usar Communly

2000w 10°00'W 00"

Fig. 12. Difference in oil production for wells present in major geological basins.
9. Comparison of two maps of production change.

The map shown in fig. 13 highlights the oil wells which produced less oil between 1995 to
2010 compared to the period between 1980 to 1995.
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1000w o0

Decreased oil production in 1995 - 2010 compared to 1980 - 1995
il Wells
Wells_ed50_Feb_2014.Differen_1

6,673,666 to -1,000,000

999,999 to 0

0to 1,000,000

1,000,000 to 5,000,000

5,000,000 to 12976573.050000

* ¢¥8 o

0 75 150 300 450

- — e Kilometers

woew oo

Fig. 13. Wells with decreased oil production between 1995 to 2010.

The map shown in fig. 14 highlights the oil wells which produced more oil between 1995 to
2010 compared to the period between 1980 to 1995.
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Increased oil production in 1995 - 2010 compared to 1980 - 1995
Oil Wells
Wells_ed50_Feb_2014.Differen_1
-6,673,666 0 -1,000,000

® 999,999 to 0

® 011,000,000

@ 1,000,000 to 5,000,000 o

@ 5,000,000 to 12976573.050000

——— Kilometers

Fig. 14. Wells with increased oil production between 1995 to 2010.

Specifically, when the difference in oil production is viewed with respect to the major
geological basins as shown in fig. 12 then it was noticed that West of Shetlands Basin, Moray
Forth Basin, Central North Sea Basin, Forth Approaches Basin, Irish Sea Basin, Cardigan Basin,
South West Approaches Basin, and Anglo-Paris Basin had experienced increased oil
production between 1995 to 2010 compared to 1980 to 1995.

Particularly, the map in fig. 13 shows that the oil wells highlighted have experienced reduction
in oil production between 1995 to 2010 compared to the oil production between 1980 to
1995. On the other hand, the map in fig. 14 shows that some of the oil wells highlighted have
observed increased oil production in 1995 to 2010 compared to 1980 to 1995 period.

Please refer to the for more details about the process.
10. Additional analysis and results.

As the number of oil wells around the UK waters is already known along with their oil outputs,
an interpolation technique can be applied to further estimate other possible areas to explore
and find oil. One of the interpolation methods is ‘Kriging’ which uses variogram model to
compute weights based on the distribution of known points. In this case, wells located off the

16
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UK shore becomes points to be used for kriging interpolation. details the process
involved in applying kriging method.

The map in fig. 15 shows the kriging method being applied to the oil production between 1995
and 2010. The legends on the map shows the range of values in different colours. The regions
marked in green shows that there is less than 1.5 million metric tons of oil is estimated in that
region, whereas regions marked in brown or white shows that more than 8.5 million metric
tons of oil is estimated in the given region. Similarly, fig. 16 shows the map with kriging
interpolation applied for the oil production between 1980 and 1995.

Kriging interpolation applied to the oil wells for the period 1995-2010

0-1,422,887.889
I 1.422,887.89 - 2,845,775.778
I 2:345.775.779 - 4,268,663.667
I :268,663.668 - 5,691,551.556

I 5.591.551.557 - 7,11

0 105 210 420 630 840

- —— —— Kilometers

I 11.383,103.12 - 12,805,991 .
sar, Zacisar Saoyragilos, v Somenudly

200w

Fig. 15. Kriging interpolation based on oil produced during 1995-2010.
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worw worw oo

Kriging interpolation applied to the oil wells for the period 1980-1995

0-1,094,529.222
- 1,094,529.223 - 2,189,058 444
058.445 - 3,283,587.667
7.668 - 4,378,116.889
116.89 - 5,472,646.111

0 105 210 420 630

840
- — —— Kilometers

sy, Zahshr Sasar o, a0 hs GIE Usar Somsmunly

woTw ovow oo

Fig. 16. Kriging interpolation based on oil produced during 1980-1995.

Both the maps shown in fig. 15 and fig. 16 do not look much different visually, but both the
kriging raster outputs can be further compared by running differences using Map Algebra to
show how much difference in oil production has been realised between both the periods as
shown in fig. 17. Refer for further details about the application of Map Algebra.
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2000°W 10°00°W

60'01

Comparison of the kriging interpolations between 1995-2010 & 1980-1995

Compare_kriging.tif
Value
High : 3.79201e+06
Low : -1.63715e+06

0 105 210 420 630 840
- o — s Kilometers o oy
8ol Zsi, Neveay, Zadister Saogegdilss; 2a0d ths 1S Usar Communly

2000w 10°00'W oo

Fig. 17. The comparison between two kriging interpolations between 1995-2010 & 1980-
1995.



Conclusion

Reviewing all the tasks performed for the UK oil production study, it is apparent that the oil
wells have overall produced less oil during the period of 1995 to 2010 in comparison with oil
produced between 1980 and 1995. This was evident from maps and histograms produced
earlier in task 7 and 8. However, it is further evident that the area available for oil exploration
around the UK is quite large as per the analysis of Geological Basins data available. Thus, it is
necessary to identify other possible wells to explore using interpolation techniques.

To identify best location to find new oil fields, oil production data for both the periods were
interpolated with kriging interpolation method. The map output of this method was analysed
and identified to conclude that offshore locations off the north-east coast of Scotland and
Irish sea should be explored further for oil exploration first. The reason to consider these
areas first is because the oil wells found in these areas (shown in brown and white colour)
have produced more than 8 million metric tons of oil between 1995 — 2010 which was
comparatively higher than the oil extracted between 1980 — 1995 period (Refer fig. 15 and
16). Similar findings can be concluded from the comparison map produced by running a
difference on two kriging methods.
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Appendices

Appendix A
Methodology followed for the task of joining XLS and Attribute table.

First, ‘Data’ tab of Wells_production.xls was added in the ArcMap project using ‘Add Data’
feature as shown in fig. 18.

Add Data >
Look in: Well_production.xls v L-&‘ BE '| ﬁ' B ®
[E] Datal

[FE] Metadata$

Name: | | Add

Show of type: | patasets, Layers and Results N7 Cancel

Fig. 18. Adding ‘Data’ tab from Wells_production.xls to the ArcMap.

Next, ‘Join’ feature was used from the ‘Attribute Table’ to join the ‘Data’ tab with the attribute
table (Essentials of joining tables, 2018). Subsequently, selected the column ‘WELLREGNQ’ to
join between the attribute table and the ‘Data’ tab of the spreadsheet as shown in fig. 19.

Join Data X

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
Join attributes from a table v

1. Choose the field in this layer that the join will be based on:
[WELLREGNO ~
2. Choose the table to join to this layer, or load the table from disk:

IE Data$ j B‘

Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

[weLreano v

Join Options
(® Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

(O Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

About joining data oK Cancel

Fig. 19. ‘Join Data’ wizard of the ‘Join’ feature to join columns between the attribute table
and the spreadsheet.



Appendices

Appendix B

Methodology followed for the task of identifying distribution of wells by geological
basin, cartographic quadrant, and water depth.

First, all the quadrants were identified in Quadrants_All.shp layer as shown in fig. 20.

Table O x
ERAE LT
Cuadrants_All X
FID | Shape* | QUADRANT | QUAD_ON_LA "

3 0 | Polygon 223

1|Polygon 224

2| Polygon

3|Polygon

4 |Polygon

5|Polygon

5 | Polygon

7 |Polygon

8| Polygon 218

9|Polygon 219
10 | Polygen 220
11| Polygon
12| Polygon
13| Polygon
14| Polygon
15| Polygon
16| Polygon
17 [ Polygon 214 7

T 1 m E (0 out of 512 Selected)

Quadrants_All

Fig. 20. 512 quadrants present in the attributes table of Quadrants_All.shp layer.

Next, the attribute table of Wells_ed50 Feb 2014.shp file was opened to confirm if there
were matching quadrant numbers. Further, statistics were run on ‘QUADRANTNO’ column to
identify which quadrant has maximum number of wells assigned to. Subsequently, query filter
to select the wells for that quadrant was applied using WHERE clause “QUADRANTNO” = 211’
in ‘Select by Attributes’ wizard as shown in fig. 21.

Further, mean water depth was identified using statistics option on the WATERDEPTH column
in the attribute table of the Wells_ed50 Feb 2014.shp layer. Then, one of the raw was
selected and ‘identify’ tool was used to locate a well to view further details as shown in fig.
22.

Next, ‘Geological_Basins_Major’ layer was selected along with ‘Wells_ed50 Feb 2014’ layer
to show the wells distribution by the geological basins.



Select by Attributes X

Enter a WHERE clause to select records in the table window

WMethod ‘ Create a new selection ~
"TOPHOLEXNG" ~
"COUNTRYCOD"

"QUADRANTNO™
"BLOCKNO™
"BLOCKSUFFI" W

SELECT * FROM Wells_ed50_Feb_2014 WHERE:

"QUADRANTNO" = 211] ~
W
Cear || Vefy || Hep || Load.. || Save.. |

Fig. 21. Query filter applied on QUARDANTNO field using ‘Select by Attribute’ feature of
attribute table.

Identify from: | <Top-most layer> LI

=-Wells ~
..... v

BT

Location: | -1.395699 58.086547 Decmal Degrees |®

Field Value i

TOPHOLEYNG

TOPHOLEXNG

COUNTRYCOD

QUADRANTNG 13

BLOCKNO 29

BLOCKSUFFI  a

PLATFORM A

SLOTNO AD

DRILLSEQNO 2

WELLSUFFIX ~ Z

NAME

ORIGINTENT D

DATUMELEY 85

DATUMTYPE  KE

GROUNDELEY

WATERDEPTH

SPUDDATE  05-AUG-97

DATETDREAC  04-5EP-97 v

Identified @ features

Fig. 22. Wells with 345 meters water depth as shown using ‘Identify’ dialog box.
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Appendices

Appendix C

Methodology followed for the task to identify oil production between 1980 -
1995 and 1995 -2010

First, all the required fields such as WELLREGNO, Qilp_80_95 and Qilp_95_10 were
identified to map the oil production as shown in fig. 23.

Table O x
ERE AL ]
il Wells %
— — — — — —_—
OPERATOR WELLREGNO | TOPHOLEYDD | TOPHOLEXDD | QUADRANTNO | BLOCKNO | DATUMELEV | WATERDEPTH | _Oilp_80_95 | Watp_80_95 [ Oilp 65 10 | Watp_95_10 | Zone_ID |  Wells_ed50_Feb_2014.if ~
RANGER OIL (U K.} LIMTE |3/08-S81Z 80 805789 1449514 |3 8 178 456 1359170 1089805 12912115 1035124 75 |A
211/29-C28 61.096167 1.721778 | 211 29 170 470 4039053 1319584 3837100.35 1253585.8 |A
211/25-C29 E1.098111 1.721867 |21 28 70 470 428440 202543 207018] 27792155 |A
211/25-C32 E1.098111 1.721867 |21 FE) 70 470 2777343 1531503 2636475.85| 145492735 A
211725034 61.085111 1.721667 |21 25 170 470 1359170 455145 12812115 4323887 |A
211/23-C36 61.095819 1721847 | 211 29 170 463 2896917 1089605 2752071.15 1035124 75 |A
SHELL U K. EXPLORATION |211/29-C38 81055889 1.713083 | 211 29 164 470 2031535 1191966 1928958 25 11323677 |A
211/23-C27 81.098111 1.721687 | 211 29 170 470 2210120 1340258 2099614 12732451 |A
211/29-C14 61.096167 1.721778 | 211 29 170 470 7265534 2367878 §903207.3 22492941 |A
211/25-C16 E1.098111 1.721867 |21 28 70 470 49608 3718 4712858 32925 A
211/25-C18 61.096111 1.721667 |21 25 70 470 10769711 471540Z| 1023122545 44796313 |A
211/28-C20 61.085111 1.721667 |21 25 170 470 5259107 5044130 879615165 4791971 |A
211/28-C22 61096167 1721778 | 211 29 170 470 3117990 706863 29620905 67151885 |A
211/29-C28 81.098167 1721778 | 211 29 170 470 2089777 1541819 1985288.15 1484728 05 |A
211/29-C13 £1.098111 1.721687 | 211 29 170 470 8534484 2819149 81077408 267819155 |A
| |SHELL UK. EXPLORATION [211/28-C1 £1.008167 1721778 211 28 70 470 7862028 2036753 72789288 108241535 |A
21172802 E1.098111 1.721867 |21 28 70 470 102007 1791070 579690665 [IEEED
21172804 61.085111 1.721667 |21 25 170 470 TAAT 74447 7072465 7072465|A
211/28-C6 61.096111 1721667 | 211 29 170 470 17147 AT147 1628965 16289 65 | A
211/28-C8 61.095832 1.721888 | 211 29 170 470 3180487 1666466 302146265 15831427 |A
211/29-C9 81.098167 1721778 | 211 29 170 470 5396951 2039962 5127103.45 19379639 |A
SHELL U.K. EXPLORATION [211/29-B31 81.055797 1.713553 | 211 29 154 459 2912078 13686287 27684741 129797285 |A
211/25-832 51.05539 1712834 211 28 83 470 3269058 1783358 375603.2 1699800.1 | A
211/25-834 §1.056016 1.712534 211 25 163 470 2731189 1152841| 259462955 108515885 |A
211/25-836 61.055722 1.712833 |21 25 163 470 2665425 883728 253215375  B3854255|A
211/23-B38 61.056016 1712834 | 211 29 163 470 1496799 916949 1421859.05 87110155 |A ©
< >

T 0+ v BB ©outof 11362 Selected)

Fig. 23. WELLREGNO, Olip_80_95 and Olip_95_10 highlighted in the attribute table of
Wells_ed50_Feb_2014.shp.

Next, symbology from the layer properties of the Wells_ed50_Feb_2014.shp was used to
classify the Olip_80_95 and Olip_95_10 into four different classes under section ‘Graduated
Symbols’ as shown in fig. 24 and fig. 25.
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Layer Properties X

General Source Selection Display Symbology  Fields  Definition Query Labels  Joins & Relates Time  HTML Popup

Draw quantities using symbol size to show relative values. Import...
Fields Classffication
Value: |Oi|p_95_1|] v | Manual

Nomalization: |none v| Classes: 4
Symbol Size from: EI to:

Template
Symbol  Range Label
«  (.000000 - 3000000.00000C O - 3,000,000
3000000.000001 - 1000000 3,000,000 - 10,000,000
10000000.000001 - 250000 10,000,000 - 25,000,000
25000000.000001 - 578267 25,000,000 - 57,826,709
[ Show class ranges using feature values Advanced ~
[ ok ] Cancel || cemb

Fig. 24. Symbology tab under layer properties of the Wells_ed50_Feb_2014.shp file.

Classification boY
Classification Classification Statistics
Filimie |Ma1.|d > Count: 113 A
Classes: 4 w Miriraurn: 0, 000
- Maximum: 57326709, 00000
el Sum: 16951933133.06
e
Median: 0.0000 ¥
£ >

Columns: [] show std. Dev. [[]show Mean

g B g g Break Values
o
10000 s E = 2 3000000.00...
= = = g 10000000.0...
2 g 2 = 25000000.0
8000+ & g8 B g 0.
57826709.0...
6000
4000
2000+
a [ T T
0.000000 14456677.2500028013354 5000(43370031.7500(57826709.0001

[oc 1]
[ snap breaks te data values

Fig. 25. Classification window showing four break values identified for range of symbols.




Appendix D

Methodology followed for quantitative analysis of oil production.

First, the attribute table was analysed to understand the distribution of the oil production
values on Olip_80_95. This resulted in finding the fact that 9,849 had wells actually
produced less than 3 million metric tons of oil as detailed in 6. Also, Similar analysis was

performed on Olip_95 10 as well.

Methodology followed for analysing patterns of change in oil production.

Next, histogram was plotted on the column Qilp_80_95 which more precisely showed that
around 11,000 wells had produced just above 12 million metric tons of oil as shown in fig.
26. Similarly, histogram on Olip_95 10 showed that around 11,000 wells had produced just

above 11.5 million metric tons of oil as shown in fig. 27.

£l Create Graph Wizard

Graph type:

“t[[IIL Histogram v| Graph of Oil Wells
11,000
Lavyer/Table: 10,500
[ Oil Wells R 10,000
9,500
value field: |Di||:| a0 95 v| 9,000
—= 8,500
¥ label field: <None> e 8,000
7500
Vertical axis: [Lefe ] 7.000
5,500
Horizontal axis: |Botton'| ~ | < 5000
2 sam
[ add to legend [ show labels (marks) & i
Color: Custom w~ IEI 4,500
4,000
Mumber of bins: 3,500
= 3,000
Transparency {%%): 0 'ZI 2,500
] 5how border 2,000
1,500
[ show lines 100
s00

u] T
[0 12,174,044 (24,345,085 ; 36 522,132.)
1 Qilp_80_95
Histogram I
Add Load Template v|
About graphs | < Badk || Mext = I | Cancel

Fig. 26. Histogram applied to Olip_80 95 column on Wells_ed50 _Feb 2014 layer.
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A Create Graph Wizard

Graph type:
|h[[|]]_ Histogram V|
Lavyer,Table:
[ oil wells |
Value field: [oip_25_10 |
# label figld: <Mone = v
Vertical axis: |Leﬂ hd |
Horizontal axis: |Bctborn hd |
[]add to legend [ show labels {marks)
Color: Custom o -lv
Number of bins: q lﬁl
Transparency (%) i} EI
[] show border
[~ show lines

] Histogram I

Add v| Load Template w

Graph of Oil Wells
11,000

10,500

10,000

9,500

9,000

8,500
8,000

7,800

7,000

6,200

6,000

3,500

Count

5,000

4,500

4,000
3,500

3,000

2,500

2,000

1,300

1,000

S00

]

[0; 11,565,341 ) [23,130,683.5, 34,696,025.4)
Qilp_95_10

About graphs

Fig. 27. Histogram applied to Olip_95_10 column on Wells_ed50_Feb_2014 layer.

| <Back [ mext> |

| cancel
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Appendix E

Methodology followed to identify patterns of change in oil production with
derived map.

First, new field for difference value was added using ‘Add Field’ option in the attribute table
of Wells_ed50_Feb_2014.shp file.

Table (=3
- B- BN
ells =
T TOPHOLEYDD | TOPHOLEXDD | QUADRANTNO | BLOCKNO | DATUMELEV | WATERDEPTH Qilp_80_95 Watp_80_95 Oi|D,§710 WIID,9-5,10 Zone_ID Wells_eds50_Feb_2014.Difference ~
50805789 14399143 B 17e 1359170 1089605, 12912115| 103512475 (A o [Error
61.098187 1721778211 29 170 470 4039053 1319584 3837100.35 12535858 |A 0|Error
61.096111 1.721867 | 211 29 170 470 428440 292549 407018 277921.58 |A 0|Error
61.096111 1.721867 | 211 29 170 470 2777343 1531503 2638475.85 1454592735 |A 0|Error
61.096111 1.721667 | 211 29 170 470 1359170 455146 1291211.5 432388.7 |A 0|Error
61.095818 1.721847 | 211 29 170 453 2896917 1089605 2752071.15 103512475 |A 0|Error
61.055889 1.713083 | 211 29 164 470 2031535 1191866 18289858.25 1132367 .7 |A 0|Error
61.096111 1721667211 25 170 a70 3210120 1320258 2098614 12732451 |A o|Error
61.098187 1721778211 29 170 470 7266534 2367678 B903207.3 22482941 |A 0|Error
61.096111 1.721867 | 211 29 170 470 49609 3715 47128.55 3529.25 |A 0|Error
61.096111 1.721867 | 211 29 170 470 10769711 4715402 10231225.45 44796319 A 0|Error
61.096111 1.721667 | 211 29 170 470 9259107 5044180 B796151.65 4791971 |A 0|Error
61.096167 1.721778 211 29 170 470 3117930 706863 2962090.5 671519.85 A 0|Error
61.096167 1.721778|211 29 170 470 2088777 1541819 1985288.15 1464728.05 |A 0|Error
61.096111 1721667 211 25 170 a70 8534464 2819148 8107740.8] 267819155 A o|Error
61.098187 1721778211 29 170 470 7862028 2086753 7278926.6 1982415.35 |A 0|Error
51.006111 1721867 211 E 170 470 §102007 1791070| 579690665 7015165 A o[Error
61.098111 1.721867 | 211 29 170 470 Ta447 Ta447 7072485 7072485 |A 0|Error
61.096111 1.721667 | 211 29 170 470 17147 17147 16289.65 16289.65 |A 0|Error
61.095932 1.721888 211 29 170 470 3180487 1666466 302146265 15831427 |A 0|Error
61.096167 1.721778|211 29 170 470 5396851 2039962 5127103.45 1937963 9 |A 0|Error
61.055797 1713553211 25 154 ase 3912078 1366287 27664741 1297972.65 | A o|Error
61.05538 1.712834 211 29 163 470 3869056 1789358 3675603.2 1698850 1 |A 0|Error
51.056018 1712834211 E 183 470 2731188 1152841|  2504620.55|  1005198.95 A o[Error
61.055722 1.712833 211 29 163 470 2665425 883729 2532153.75 83554255 A 0|Error
61.056016 1.712834 1211 29 163 470 1496799 916949 1421959.05 E71101.88 A 0lError he
< >
oo &5 | (0 out of 11362 Selected)

Fig. 28. A field named ‘Difference’ added to the attribute table of
Wells_ed50_Feb_2014.shp layer.

Next, the difference between Olip_95 10 and Olip_80_95 using the field calculator and
result was applied to the difference field as shown in fig. 29.

Field Calculator x
Parser
(@) VB Script O Python
Ficlds: Type: Functions:
Data$.BLOCKNO A7 @ Number Abs ()
Data$.DATUMELEY ég;(( ))
Datat. WATERDEPTH O string Exp ()
Data4.0ip_80_35 Opate Fix ()
Datas.Watp_80_95 {rn‘t (( ))
Datat.Olp_95_10 sn()
Datas.Watp_35_10 sar ()
Datas.Zone_ID © Tan ()
< >
[ show Codeblock =[] lall[+][-][=

Wells_eds0_Feb_2014.Differen_1 =
[Datas.Cilp_85_10]- [Datas.Oip_80_55]|

About calculating fields Clear Tl Save...

cancel

Fig. 29. Using ‘Field Calculator’ to apply difference between Olip_95 10 and Olip_80_95.



Appendix F
Comparison of two maps of production change.

First, maps in fig. 12 and fig. 13 were produced to highlight negative and positive differences
using a filter in attribute table to show lower and higher oil productions between the two
periods as shown in fig. 30 and fig. 31.

Select by Attributes X

Enter 3 WHERE clause to select reconds in the table window.
Method | Croate a new selection 'f;
“Data$ Zone_ID” al®
“Wels_ed50_Feb_2014 Défecence”
“Wels_ed50_Fed_2014 Déference”

“Viels_ed50_Feb_2014 Défersn_1" ]
“Wiels_ed50_Feb_2014 Déference™ v

i
B[ h (M G e Vo | GoTo
SELECT * FROM Wels_ed50_Feb_2014_Data$ WHERE:
“Wels_odS0_Feb_2014 Dfferen_1" <01

G [ ety || Wb || lowd. | [ Sev.

Fig. 30. Select by attributes filter applied to show negative difference between periods.

Select by Attributes x

Enter a WHERE clause to select records in the table window

Method : |C|edeanmldedim ~

"Data$ Zone_|D" ~
“Wells_ed50_Feb_2014 Diference”
“Wells_ed50_Feb_2014.Dfference”
“Wells_ed50_Feb_2014 Dfferen_1"
“Wells_edl50)_Feb_2014 Diference” v

[=] [<2] [we]
[ [==] [e]
L] [o] [va]
(1o | [n | [t ] [t Ui vabos [ G0 To

SELECT * FROM Wells_ed50_Feb_2014_Data$ WHERE:

"Wells_ed50_Feb_2014 Differen_1" > 1] A
A4
Cear || Vefy || Hep || Load. || Save.. |

Fig. 31. Select by attributes filter applied to show positive difference between periods.
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Appendix G
Methodology applied for additional analysis and results.

First, kriging tool under Spatial Analyst was opened. It was then supplied with input feature
as Wells_ed50_Feb_2014.shp, and Z value field as Olip_80_95 and Olip_95_10 for generating
two separate raster outputs as shown in fig. 32. Further, environment variables were set to
apply processing extent and mask for raster analysis as shown in fig. 33 below (How Kriging
Works, 2016). Further, a raster calculator was applied on two raster outputs to calculate the
difference and plot it on a map as shown in fig. 34.

A, Kriging — o X

Input point features
[Wells_ed50_Feb_2014.shp =1 &

\OutputiKriging_1980-85_1.6F =]

Kriging method: @ Ordinary Q Uriversal

Semivariogrammodel: [ spherical v
Advanced Parameters...

Qutput cell size (optional)

Output variance of prediction raster (sptionai)

[ =]

Fig. 32. Kriging method applied to Wells_ed50_Feb_2014.shp on Olip_80_95 field.

4 Environment Settings x
9

¥ Workspace ~

¥ Output Coordinates

 as layer Major Geological Basins M=

=
e

I B

ell Sze
Meximum of Inputs < B

ellSize Projection Method

[ conveRT_unITs ~
Mask
[Major Geological Basins =l &

¥ Raster Storage

¥ Geostatistical Analysis v

| [[ounb >

Fig. 33. Environmental settings applied to set ‘Processing Extent’ and ‘Raster Analysis’.



‘@ Raster Calculator

Map Algebra expression

Layers and variables
<>Compare_imgmg.hf
<> Kriging_1995-2010. f
<>Kriging_1980-05. tf

= EEIER
[EEE EEEE

Conditional — A

] =001 o

Sethull

E=0E EERIE 2,

"Kriging_1995-2010. tif" - "Kriging_1980-35.tf"

Fig. 34. Application of Raster Calculator to find difference between two kriging output.

Output raster
|D:\GIS\GGS&GS\AssEss'nenﬂWmapDuwut\ComparE_h)gmgl.hf | g
v
[ [ conml | || shonrep>> |
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