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Figure 1: Projected CRSs used by current operators
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Coordinate transformations

Prior to 2015 there was no official established relationship between regional datums and
WGS 84, the CRS to which GPS positions are referenced. This resulted in the development
of multiple solutions by different operators for the transformation between the local CRSs
and WGS 84. The majority of these transformations are documented in the EPSG Registry
maintained by IOGP.

Following analysis of the control coordinates derived from the 2015 field campaign and
those used historically to support offshore oil and gas operations, it was recognized that
this work resulted in significant revisions of the Camacupa coordinates. As previously
mentioned, this resulted in the renaming of the new and existing Camapuca datums, and
the relevant transformations were updated accordingly in the EPSG Registry.

3.1

Coordinate transformations to and from WGS 84

Details of the coordinate transformations between the national CRSs and the GPS CRS
WGS 84 that are in current use in different exploration blocks are shown in Table 3 and
Figure 2.

Table 3: Coordinate transformations between regional CRSs and WGS 84 used by oil and
gas operators in Angola

EPSG name EPSG code Blocks
Camacupa 1948 to WGS 84 (6) 1323 1,2,3,4,5,23,28
All operated onshore blocks
Camacupa 1948 to WGS 84 (7) 1324 15
Camacupa 1948 to WGS 84 (9) 1326 16
Camacupa 1948 to WGS 84 (10) 1327 17,18, 31, 32
Malongo 1987 to WGS 84 (2) 1557 0, 14
RSAO013 to WGS 84 (1) 8819 20, 21, 29, 48
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Figure 2: Coordinate transformations to WGS 84 used by current operators
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3.1.1 Transformations between Camacupa 1948, Malongo 1987,
and WGS 84

When offshore oil and gas exploration operations first commenced, individual companies
derived their own transformations between Camacupa 1948 and WGS 84, and Malongo 1987
and WGS 84, by using the best available geodetic information and methods. For technical
reasons that are not covered within the scope of this guidance note, this resulted in
multiple sets of transformation parameters for the 'same’ transformation in offshore areas
spanning the entire coast of Angola.

For Camacupa 1948, ten of these transformations are recorded in the IOGP EPSG dataset,
as transformation codes 1318 to 1327 inclusive, but only four of these are currently used in
operations (see Table 3).

Figure 3 illustrates the horizontal position shifts, that would result from the use of different
realizations of the Camacupa 1948 to WGS 84 coordinate transformation, relative to the
most commonly used variant (recorded as code 1323 in the EPSG registry). The circles
show the published accuracy for each coordinate transformation.
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Figure 3: Effective differences between the Camacupa 1948 to WGS 84 coordinate transformation

Note that the positional uncertainty associated with these transformations is estimated at
between 3 and 10 m. This level of absolute accuracy is acceptable for oil and gas operations
as it does not impact relative positioning within each block. For exploration and production
activities, consistency in coordinates is as important as absolute accuracy.
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3.2

Coordinate transformations to and from RSAO13

3.2.1 Transformations between RSAO13 and WGS 84

RSAO13 is fixed to the African tectonic plate and was aligned with respect to ITRF2008 at
epoch 2010.90. Since then, and because of the movement of the tectonic plate, RSAO13 has
been very slowly diverging from ITRF2008.

WGS 84 (G1762), the sixth update to the realization of the WGS84 Reference Frame, was
aligned with the ITRF2008 to within a few centimetres. As both RSAO013 and WGS 84 were
aligned to ITRF2008, the relationship between WGS 84 and RSAO13 was within a few
centimetres at the RSAO13 reference epoch of 2010.90 - increasing through the movement
of the African tectonic plate by approximately 2.5 cm per year.

The relationship between RSAO13 and the WGS 84 datum ensemble has been defined

by IOGP as a 'null transformation’. While this level of accuracy would not be appropriate

for geodetic work, it is acceptable in the context of offshore oil and gas operations. This
transformation is an approximation, with an uncertainty of 1 metre, as it assumes equality
between the plate-fixed static regional RSAO13 CRS and the earth-fixed dynamic WGS 84
CRS. It needs to be recognized that due to it being dynamic, locations defined by WGS 84
coordinates change with time, and to be unambiguous the coordinate epoch expressed as a
decimal year value, e.g., 2010.90, is required (refer to IOGP Guidance Note 373-25).

3.2.2 Transformations between Camacupa 1948, Malongo 1987,
and RSAO13

The transformations between Camacupa 1948 and WGS 84, and Malongo 1987 and WGS
84 (as described in section 3.1) have been concatenated with the transformation from WGS
84 to RSA013 (as described in section 3.2.1), to derive direct transformations between
Camacupa 1948 or Malongo 1987 and RSAO13. These are shown in Table 4. An example
transformation is included in Appendix B.

Table 4: Coordinate derivation of transformations between regional CRSs and RSAO13

EPSG name EPSG code  Derivation (EPSG codes) Blocks

Camacupa 1948 to RSA013 (1) 8883 EPSG 1324 and EPSG 8819 15

Camacupa 1948 to RSA013 (2) 8884 EPSG 1327 and EPSG 8819 17,18, 31,32

Camacupa 1948 to RSA013 (3) 9904 EPSG 1323 and EPSG 8819 1,2,3,4,5, 23,28
All onshore blocks

Camacupa 1948 to RSA013 (4) 9905 EPSG 1326 and EPSG 8819 16

Malongo 1987 to RSA013 (1) 9906 EPSG 1557 and EPSG 8819 0,14




Coordinate Reference Systems and transformations for offshore Angola

From EPSG dataset version v10.066, the EPSG Registry records five direct transformations
to cover those between the local datum (Camacupa 1948 and Malongo 1987) and RSAO13,
as shown in Table 5.

Table 5: Direct coordinate transformations between regional CRSs and RSAO13

EPSG name EPSG code  Accuracy (m) Blocks

Camacupa 1948 to RSA013 (1) 8883 3 15

Camacupa 1948 to RSA013 (2) 8884 5 17,18, 31, 32

Camacupa 1948 to RSA013 (3) 9904 8 1,2,3,4,5, 23,28
All onshore blocks

Camacupa 1948 to RSA013 (4) 9905 10 16

Malongo 1987 to RSA013 (1) 9906 5 0, 14




Coordinate Reference Systems and transformations for offshore Angola

16°0'0"S 14°0'0"S 12°0'0"S 10°0'0"S 8°0'0"S 6°0'0"S 4°0'0"S

18°0'0"S

8°0'0"E 10°0'0"E 12°0'0"E 14°0'0"E 16°0'0"E 18°0'0"E
Nynngn Lékoumou
;{’E f<ouilou 2 e pocl BrmmeKinshasa
Bas-Congo
777) Bandundu
L7
%% aAAA / }/4
/ a / /
/f
Legend
% /% Polygon Extent CT
/) EPSG::8819, RSAO13 to WGS 84 (1) +
/) / ¢ [ =PsG::8883, Camacupa 1948 to RSAO13 (1)
/V [ | EPsG::8884, Camacupa 1948 to RSAO13 (2)
% [[7] EPSG::9904, Camacupa 1948 to RSAO13 (3)
B =PsG::9905, Camacupa 1948 to RSAO13 (4) /]
ﬁﬁ;ﬁ@ijﬁ‘i&ﬂﬁi‘éﬂ:&“"’“‘“‘" KRR [ ] EPsG::9906, Malongo 1987 to RSAO13 (1)
False Easting: 0.0000 Kunene
False Northing: 0.0000 100 50 0 100 =
S o e e e §
Auxiliary Sphere Type: 0.0000
Units: Meter
8°0'0"E 10°0'0"E 12°0'0"E 14°0'0"E 16°0'0"E 18°0'0"E

Figure 4: Transformation to RSAO13 by block
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4. Definition and date of award of
offshore exploration licences

Tables A-1to A-3 in Appendix A provide details of the source of the exploration licence
boundary definitions for those licences awarded before 2016, between 2016 and 2021, and
those yet to be awarded (see also Figure A-1).

To date, the vertices of offshore licence boundaries published in the Diario da Republica
have been expressed as geographical coordinates, sometimes referenced to Camacupa
1948, and sometimes to WGS 84. In the official definitions, the relationship between
Camacupa 1948 and WGS 84 is defined by the coordinate transformation Camacupa 1948 to
WGS 84 (6] [EPSG code 1323).
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5. Recommendations

2)

3)

4)

5)

6]

7)

8)

9)

10)

All licence agreements for future blocks should contain the boundary, CRS, and
coordinate transformation definitions as recommended in IOGP Guidance Note
373-03: Contract area description (available from the IOGP bookstore).

The following protocols should be applied to define the geographic CRS in which the
vertices of new licence boundaries are defined:

- For areas that have not been previously licensed, the licence boundary definition
and data acquired in the licence area should be referenced to RSAO13.

- For new licences in areas that been previously licensed, the licence boundary
definition and data acquired in the licence area should be referenced to the CRS
used previously. This will most often be Camacupa 1948.

‘Blocks' are the exploration blocks defined in the ANPG concession map (see
Figure A-1in Appendix A), as opposed to derivative blocks from relinquishments, or
development areas.

‘New' blocks are exploration or development licences awarded after 2021, for areas
that do not intersect blocks that have previously been licensed for exploration or
development.

All geospatial data submitted to ANPG should be in the operating CRS for the licence
and should include the CRS to which coordinates are referenced and, if applicable,
any coordinate transformations used, including their EPSG code.

Where licences with definitions referenced to Camacupa 1948 and to RSAO13 are
adjacent, care is needed to ensure that the definitions have no overlap or leave
unlicensed areas.

Coordinate transformations between WGS 84 and Camacupa 1948 or Malongo
1987 should be selected from the transformations described in section 3.1.1 of this
guidance note.

Coordinate transformations between RSAO13 and Camacupa 1948 or Malongo
1987 should be selected from the transformations described in section 3.2.2 of this
guidance note.

Coordinates referenced to RSA013 can be assumed to have a ‘null transformation’
with WGS 84, i.e., EPSG code: 8819 - RSAQ13 to WGS 84 (1).

It is preferable for coordinates to be referenced to RSAO13 rather than WGS 84 as
they will not change with time.
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Appendix A - Definition and date of
award of offshore exploration licences

Table A-1: Source of official boundary definition for offshore exploration licences awarded
before 2016 (from Didrio da Republica, with publication edition number and date)

Block Edition [Série No.) Publication date (d/m/y) Year of licence award
0 37 07/05/2004 2004
1 23 10/06/1994 1979
2 38 16/09/1992 1992
3 116 28/09/2005 1980
4 115 26/09/2005 1984
5 9 25/02/1999 1986
6 132 01/11/2006 1980
7 44 25/10/1991 1991
8 132 01/11/2006 1989
9 26 12/06/1998 1981
10 56 16/12/1994 1994
12 19 06/02/2015 1994
13 19 06/02/2015 1994
14 51 18/11/1994 1994
15 27 08/07/1994 1994
16 62 06/08/2002 1992
17 38 16/09/1992 1992
18 33 09/08/1996 1996
19 241 15/12/2011 1998
20 34 16/08/1996 1996
21 107 11/06/2009 1998
22 53 16/12/1998 1998
23 132 01/11/2006 2006
24 241 15/12/2011 1998
25 241 15/12/2011 1999
26 132 01/11/2006 2006
31 10 10/03/1998 1999
32 10 10/03/1998 1999
33 10 10/03/1998 1999
34 10 10/03/1998 2001
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Edition [Série No.) Publication date (d/m/y) Year of licence award
35 241 15/12/2011 2011
36 241 15/12/2011 2011
38 241 15/12/2011 2011
39 241 15/12/2011 2011

Table A-2: Source of official boundary definition for offshore exploration licences awarded
between 2016 and 2021 (from Didrio da Republica, with publication edition number and date)

Block Edition (Série No.) Publication date (d/m/y) Year of licence award
27 19 06/02/2015 2021
28 19 06/02/2015 2021
29 19 06/02/2015 2021
30 19 06/02/2015 2019
44 19 06/02/2015 2019
45 19 06/02/2015 2019
46 3 07/01/2008 2019
47 3 07/01/2008 2019
48 3 07/01/2008 2016

Table A-3: Offshore exploration licences that have yet to be awarded (from Diario da
Republica, with publication edition number and date, except for ultra-deep waters)

Block Edition (Série No.) Publication date (d/m/y)
Ultra-deep Waters Not available

1 19 06/02/2015

37 241 15/12/2011

40 241 15/12/2011

41 19 06/02/2015

42 19 06/02/2015

43 19 06/02/2015

49 3 07/01/2008

50 3 07/01/2008
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Appendix B - Example coordinate
transformation between Camacupa

1948 and RSAO13

e Camacupa 1948 to RSAO013 (1) - EPSG code 8883
Transformation method: Geocentric translations (geog2D domain
Transformation direction: Forward

Transformation parameters:

Parameter Value Unit Reversible
X-axis translation -48 metre Yes

Y-axis translation -345 metre Yes

Z-axis translation -231 metre Yes

CRS Latitude Longitude
Camacupa 1948 - EPSG code 4220 06° 15" 00.0000" South 11°30° 00.0000" East
RSAQ13 - EPSG code 8699 06° 15" 05.4305" South 11°29 49.3133" East

The accuracy of the transformation is 3 m.

e Camacupa 1948 to RSA013 (2) - EPSG code 8884
Transformation method: Geocentric translations (geog2D domain)
Transformation direction: Forward

Transformation parameters:

Parameter Value Unit Reversible

X-axis translation -50.9 metre Yes

Y-axis translation -347.6 metre Yes

Z-axis translation -231.0 metre Yes

CRS Latitude Longitude

Camacupa 1948 - EPSG code 4220 07° 30 00.0000" South 11°30° 00.0000" East
RSAQ13 - EPSG code 8689 07° 30" 05.0258" South 011° 29 49.2211" East

The accuracy of the transformation is 5 m.
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e Camacupa 1948 to RSA013 (3) - EPSG code 9904
Transformation Method: Geocentric translations (geog2D domain)
Transformation direction: Forward

Transformation parameters:

Parameter Value Unit Reversible
X-axis translation -43 metre Yes
Y-axis translation -337 metre Yes
/-axis translation -233 metre Yes

Example Transformation

CRS Latitude Longitude
Camacupa 1948 - EPSG code 4220 09° 45 00.0000" South 13°01°00.0000" East
RSA013 - EPSG code 8689 09° 45" 04.3373" South 13° 00" 49.5449" East

The accuracy of the transformation is 8 m.

e Camacupa 1948 to RSA013 (4) - EPSG code 9905
Transformation method: Positive vector (geog2D domain)
Transformation direction: Forward

Transformation parameters:

Parameter Value Unit Reversible
X-axis translation -41.057 metre Yes
Y-axis translation -374.564 metre Yes
/-axis translation -226.287 metre Yes
X-axis rotation 0.000 arc-second Yes
Y-axis rotation 0.000 arc-second Yes
Z-axis rotation 0.554 arc-second Yes
Scale difference 0.219 parts per million Yes

Example Transformation

CRS Latitude Longitude
Camacupa 1948 - EPSG code 4220 07° 00" 00.0000" South 11° 30" 00.0000" East
RSAQ13 - EPSG code 8689 07° 00" 05.0230" South 11° 29 48.8622" East

The accuracy of the transformation is 10 m.
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Appendix C - Example coordinate

transformation between Malongo 1987
and RSAO13

e Malongo 1987 to RSAQ013 (1) - EPSG code 9906
Transformation method: Geocentric translations (geog2D domain
Transformation direction: Forward

Transformation parameters:

Parameter Value Unit Reversible
X-axis translation -254.1 metre Yes
Y-axis translation -5.36 metre Yes
Z-axis translation -100.29 metre Yes

Example Transformation

CRS Latitude Longitude
Malongo 1987 - EPSG code 4259 05° 457 00.0000" South 11°30° 00.0000" East
RSAQ13 - EPSG code 8689 05° 45" 03.4730" South 11°30° 01.4758" East

The accuracy of the transformation is 5 m.
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Article 6 (Reference Coordinates):

2. Para os novos Blocos ¢ adoptada a referéncia RSA013 e mantém-se a nomenclatura
«Camacupa 1948» para os Blocos adjudicados antes de 2015, por forma a preservar a
integridade dos activos existentes.

2. For new Blocks, the reference RSAO13 is adopted and Camacupa 1948 will be maintained for
the Blocks adjudicated before 2015, in order to maintain the integrity of the existing assets.

Article 8 (Doubts and Omissions):

The doubts and omissions resulting from the interpretation and application of this instruction
are to be resolved by ANPG.
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International
Association
of Oil& Gas
Producers

The Angolan government has
mandated the adoption of a
geodetic datum for all topographic
cartography in the country. This
document provides a brief overview
of Coordinate Reference Systems
(CRS) historically used in Angola,
the CRS currently used by oil and
gas operating companies, details
of CRS transformation systems,
and a list of recommendations for
oil and gas industry geospatial
professionals working in Angola.
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