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Benefits of Overlapping Surveys

- Mutual quality check and validation Survey 1
- Gross error detection k
Survey 2
N
) overlap —

When surveys have passed validation QC:
- Weighted average gives:
- Optimal position estimates
- Improved position accuracy (two surveys: up to 30% reduction of EOU size)

- However, existing calculation procedures are complicated and impractical
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Weighted Averaging Procedure, for Uncertainties

Rigorous (spe-s5111-pa; 2003):  Analyze surveys separately, average results
wl

Survey 1 —DI Processing |—> Results 1 \v
Averaging |—> Results

Survey 2 —>| Processing |—> Results 2 NB: not
w2 standard SW

“Averaged IPM file” (spe-178s26-pa; 2016):  Modify input files => results equal to rigorous

Averaged input _DI Processing : » Results

- Method is feasible
- But: Limited validity of averaged IPM file, because weights are constant
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Improvement to the Averaging Procedure
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Weight for Azi terms of magMWD, when averaging magMWD/gyro surveys

SPE-195621-MS « Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang



SPE Norway One Day Seminar

Society of Petroleum Engineers

Vettcal [m]
|

North[m] 4000

4500 o 200 00 00 800 1000

1000 800 600 400
East [m]

— Results 1

14 May 2019
Quality Hotel Edvard Grieg, Bergen, Norway

Survey 1 (mag. MWD)
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Ratio of lateral axes: Averaged IPM / Rigorous
EWellA mWellB mWellC

North Sea Norw. Sea Barents Sea Middle East North Am.
(Troll) (Heidrun) (J.Castberg) (Qatar) (Oklahoma)

Results change because location (latitude, mag. field) change.
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Chart1



Ratio of lateral axes: Averaged IPM / Rigorous



Well A	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.0188367715300499	1.0233798247893209	1.0903571178154752	1.0612721277114321	1.0203246494586662	Well B	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.000677442342915	1.0015871192389831	1.0624067838279865	1.0979800845027052	1.0347644667229892	Well C	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.0010820922208621	1.0049897720014636	1.0501128302745988	1.0798836114050725	1.01852800952416	









OilFields

																		(not used)

				Region		Field		Well		Max MD		TVD at end		MD unit		Latitude		Longitude		RefGtotal		g		Mtot		Decl		Dip		GridCorr		Source//Reference		Comment

																N (deg)		E (deg)		mG		m/s^2		nT		deg		deg		deg



				North Sea		Troll						1577.3				60.0		3.0				9.82		50700.0		-2.0		72.5		0.0				Estimates / rounded by JB

				Norwegian Sea		Heidrun										65.0		7.3				9.82		52100.0		1.0		74.5		0.0				Estimates / rounded by JB

				Barents Sea		Johan Castberg										72.0		21.0				9.82		53900.0		10.8		79.5		0.0				Estimates / rounded by JB

				Middle East		Qatar										26.5		52.0				9.82		44650.0		2.4		41.0		0.0				Estimates / rounded by JB

				North America		Oklahoma										34.7		-96.3				9.82		49500.0		3.4		62.6		0.0				Estimates / rounded by JB





				North Sea		Troll										60.9314		3.6643				9.82		51000.0		-0.85		73.3		-0.6

				Norw. Sea		Heidrun										65.3258		7.325				9.82		52120.0 *		1.0 *		75.0 *		-1.52 *

				North Sea		Ekofisk										56.5333		3.3						50100.0 *		0.8 *		70.0 *



				NorthAmerica				Rolland_D_Unit_2H		25863				ft		39.666343		-90.0 *		999.7		9.82 *		51740.0		66.54		-7.35		0.96		AdrianL, Jan. 2019

				Qatar				BD_18		20492				ft		26.6359		51.9486				9.82 *		44359.59		41.78		2.64		0.43		AdrianL, Jan. 2019



																		* = numbers estimated by JonB





All results

								Matlab view																																Lateral half-axes, in [m]

		Wellbores:		A:   SyntheticFishHookWell_SW_NE				12, 28																																Confidence level: 2.448

				B:   Troll_Design_16_North.txt				167, 20

				C:   Troll_Design_16_East.txt				106, 34

		IPM files:		MWD-IFR-nonmag-fromEquinor-Nov2018.ipm																																		North Sea		Well A		Well B		Well C						Contrast MWD/gyro

				GYD-GCAAT-dropgyro-fromEquinor-Nov2018-ipm																																		L from IPM		36.46		40.04		43.67				Well A		2.53

				IPMaverTroll-MWD-GYD-fromEquinor-Nov2018.ipm																																		L from True		35.78		40.01		43.62				Well B		1.62

																																						Lipm/Ltrue		1.019		1.001		1.001				Well C		2.82



		IPM file averaged at: Troll						Confidence level: 2.448																														Barents		Well A		Well B		Well C

																																						L from IPM		41.26		46.27		47.29				Well A		4.02

								NEV covariance elements												HLA covariance elements														Lateral				L from True		37.84		43.56		45.03				Well B		2.45

		Application site:						NN [m^2]		EE [m^2]		VV [m^2]		NE [m^2]		NV [m^2]		EV [m^2]		HH [m^2]		LL [m^2]		AA [m^2]		HL [m^2]		HA [m^2]		LA [m^2]				L [m]				Lipm/Ltrue		1.090		1.062		1.050				Well C		4.22

		North Sea		Well A (design)		MWD (green)		15223.97		1252.26		902.16		1880.85		-18.42		17.81		902.16		10118.97		6357.27		-0.43		-25.61		6985.85				100.59

		Troll				Gyro (blue)		1998.39		944.95		881.11		103.81		75.76		19.32		881.11		1575.48		1367.87		67.23		39.91		526.72				39.69				Middle East		Well A		Well B		Well C

						IPM aver. (red)		1731.51		638.37		445.73		144.11		31.54		9.47		445.73		1329.05		1040.82		29.00		15.61		546.57				36.46				L from IPM		34.17		36.75		41.41				Well A		1.46

						True aver. (black)		1755.55		502.12		445.61		151.53		32.54		11.62		445.61		1280.36		977.31		31.22		14.79		626.72				35.78				L from True		32.20		33.47		38.34				Well B		1.01

				Well B (hor. north)		MWD (green)		144.39		5788.09		417.55		-0.80		-27.86		2.39		417.55		5788.09		144.39		-2.39		27.86		-0.80				76.08				Lipm/Ltrue		1.061		1.098		1.080				Well C		1.48

						Gyro (blue)		143.13		2213.31		408.96		0.00		-23.21		0.00		408.96		2213.31		143.13		0.00		23.21		0.00				47.05

						IPM aver. (red)		71.88		1603.24		206.60		-0.11		-12.74		0.32		206.60		1603.24		71.88		-0.32		12.74		-0.11				40.04				North America		Well A		Well B		Well C

						True aver. (black)		71.87		1601.07		206.59		-0.11		-12.75		0.33		206.59		1601.07		71.87		-0.33		12.75		-0.11				40.01				L from IPM		34.95		37.80		42.11				Well A		1.89

				Well C (hor. east)		MWD (green)		17070.81		144.39		417.55		22.81		-68.35		-27.86		417.55		17070.81		144.39		-68.35		27.86		-22.81				130.66				L from True		34.26		36.53		41.34				Well B		1.23

						Gyro (blue)		2141.47		143.13		408.96		0.00		0.00		-23.21		408.96		2141.47		143.13		0.00		23.21		0.00				46.28				Lipm/Ltrue		1.020		1.035		1.019				Well C		1.99

						IPM aver. (red)		1906.81		71.88		206.60		1.50		-4.47		12.74		206.60		1906.81		71.88		-4.47		12.74		-1.50				43.67

						True aver. (black)		1902.69		71.87		206.53		1.25		-3.76		12.73		206.53		1902.69		71.87		-3.76		12.73		1.25				43.62				Norwegian Sea		Well A		Well B		Well C

																																						L from IPM		37.16		40.87		44.22				Well A		2.79

																																						L from True		36.31		40.81		44.00				Well B		1.74

								NEV covariance elements												HLA covariance elements														Lateral				Lipm/Ltrue		1.023		1.002		1.005				Well C		3.07

		Application site:						NN [m^2]		EE [m^2]		VV [m^2]		NE [m^2]		NV [m^2]		EV [m^2]		HH [m^2]		LL [m^2]		AA [m^2]		HL [m^2]		HA [m^2]		LA [m^2]				L [m]

		Barents Sea		Well A (design)		MWD (green)		34322.38		2978.76		902.16		6826.52		-86.86		-577.00		902.16		25477.09		11824.06		-65.50		-57.34		15671.81				159.62

		J. Castberg				Gyro (blue)		1998.39		944.95		881.11		103.81		75.76		19.32		881.11		1575.48		1367.87		67.23		39.91		526.72				39.69				Summary of results:

						IPM aver. (red)		2149.86		698.37		445.73		277.96		26.22		7.46		445.73		1702.07		1146.16		23.82		13.27		725.75				41.26				Lipm/Ltrue

						True aver. (black)		1855.42		615.53		445.57		196.18		33.55		10.56		445.57		1431.66		1039.29		31.19		16.25		619.95				37.84						Well A		Well B		Well C

				Well B (hor. north)		MWD (green)		144.39		13282.66		417.55		7.28		-27.86		-21.80		417.55		13282.66		144.39		21.80		27.86		7.28				115.25				North Sea (Troll)		1.019		1.001		1.001

						Gyro (blue)		143.13		2213.31		408.96		0.00		-23.21		0.00		408.96		2213.31		143.13		0.00		23.21		0.00				47.05				Norw. Sea (Heidrun)		1.023		1.002		1.005

						IPM aver. (red)		71.88		2141.34		206.60		0.97		-12.74		-2.91		206.60		2141.34		71.88		2.91		12.74		0.97				46.27				Barents Sea (J.Castberg)		1.090		1.062		1.050

						True aver. (black)		71.87		1897.16		206.58		0.51		-12.75		-1.53		206.58		1897.16		71.87		1.53		12.75		0.51				43.56				Middle East (Qatar)		1.061		1.098		1.080

				Well C (hor. east)		MWD (green)		38223.08		144.39		417.55		38.15		-114.29		-27.86		417.55		38223.08		144.39		-114.29		27.86		-38.15				195.51				North Am. (Oklahoma)		1.020		1.035		1.019

						Gyro (blue)		2141.47		143.13		408.96		0.00		0.00		-23.21		408.96		2141.47		143.13		0.00		23.21		0.00				46.28

						IPM aver. (red)		2236.13		71.88		206.60		2.51		-7.47		-12.74		206.60		2236.13		71.88		-7.47		12.74		-2.51				47.29

						True aver. (black)		2027.80		71.87		206.51		0.99		-2.99		-12.73		206.51		2027.80		71.87		-2.99		12.73		-0.99				45.03

								NEV covariance elements												HLA covariance elements														Lateral

		Application site:						NN [m^2]		EE [m^2]		VV [m^2]		NE [m^2]		NV [m^2]		EV [m^2]		HH [m^2]		LL [m^2]		AA [m^2]		HL [m^2]		HA [m^2]		LA [m^2]				L [m]

		Middle East		Well A (design)		MWD (green)		4448.77		632.93		902.16		803.38		54.55		16.56		902.16		3344.23		1737.48		50.28		26.86		1907.92				57.83

		Qatar				Gyro (blue)		1998.39		944.95		881.11		103.81		75.76		19.32		881.11		1575.48		1367.87		67.23		39.91		526.72				39.69

						IPM aver. (red)		1498.78		614.20		445.73		111.20		37.25		9.28		445.73		1167.69		945.29		32.90		19.78		442.29				34.17

						True aver. (black)		1356.47		346.43		445.74		185.30		34.80		9.60		445.74		1036.75		666.15		31.40		17.83		505.02				32.20

				Well B (hor. north)		MWD (green)		144.39		2269.21		417.55		0.26		-27.86		-0.78		417.55		2269.21		144.39		0.78		27.86		0.26				47.64

						Gyro (blue)		143.13		2213.31		408.96		0.00		-23.21		0.00		408.96		2213.31		143.13		0.00		23.21		0.00				47.05

						IPM aver. (red)		71.88		1350.77		206.60		0.03		-12.74		-0.10		206.60		1350.77		71.88		0.10		12.74		0.03				36.75

						True aver. (black)		71.87		1120.45		206.59		0.06		-12.75		-0.19		206.59		1120.45		71.87		0.19		12.75		0.06				33.47

				Well C (hor. east)		MWD (green)		4691.20		144.39		417.55		6.25		-18.73		-27.86		417.55		4691.20		144.39		-18.73		27.86		-6.25				68.49

						Gyro (blue)		2141.47		143.13		408.96		0.00		0.00		-23.21		408.96		2141.47		143.13		0.00		23.21		0.00				46.28

						IPM aver. (red)		1714.53		71.88		206.60		0.41		-1.22		-12.74		206.60		1714.53		71.88		-1.22		12.74		-0.41				41.41

						True aver. (black)		1470.25		71.87		206.58		0.96		-2.89		-12.75		206.58		1470.25		71.87		-2.89		12.75		-0.96				38.34

								NEV covariance elements												HLA covariance elements														Lateral

		Application site:						NN [m^2]		EE [m^2]		VV [m^2]		NE [m^2]		NV [m^2]		EV [m^2]		HH [m^2]		LL [m^2]		AA [m^2]		HL [m^2]		HA [m^2]		LA [m^2]				L [m]

		North America		Well A (design)		MWD (green)		7771.56		856.83		902.16		1295.49		20.92		14.27		902.16		5609.68		3018.71		24.88		4.70		3457.37				74.90

		Oklahoma				Gyro (blue)		1998.39		944.95		881.11		103.81		75.76		19.32		881.11		1575.48		1367.87		67.23		39.91		526.72				39.69

						IPM aver. (red)		1570.50		622.69		445.73		125.18		34.62		9.11		445.73		1221.77		971.42		30.93		18.04		473.90				34.95

						True aver. (black)		1566.95		403.62		445.67		188.30		32.46		10.22		445.67		1173.58		796.99		30.18		15.73		581.66				34.26

				Well B (hor. north)		MWD (green)		144.39		3360.19		417.55		0.82		-27.86		-2.47		417.55		3360.19		144.39		2.47		27.86		0.82				57.97

						Gyro (blue)		143.13		2213.31		408.96		0.00		-23.21		0.00		408.96		2213.31		143.13		0.00		23.21		0.00				47.05

						IPM aver. (red)		71.88		1428.76		206.60		0.11		-12.74		-0.33		206.60		1428.76		71.88		0.33		12.74		0.11				37.80

						True aver. (black)		71.87		1334.37		206.59		0.16		-12.75		-0.48		206.59		1334.37		71.87		0.48		12.75		0.16				36.53

				Well C (hor. east)		MWD (green)		8474.50		144.39		417.55		13.86		-41.53		-27.86		417.55		8474.50		144.39		-41.53		27.86		-13.86				92.06

						Gyro (blue)		2141.47		143.13		408.96		0.00		0.00		-23.21		408.96		2141.47		143.13		0.00		23.21		0.00				46.28

						IPM aver. (red)		1773.32		71.88		206.60		0.91		-2.71		-12.74		206.60		1773.32		71.88		-2.71		12.74		-0.91				42.11

						True aver. (black)		1709.39		71.87		206.55		1.37		-4.13		-12.74		206.55		1709.39		71.87		-4.13		12.74		-1.37				41.34

								NEV covariance elements												HLA covariance elements														Lateral

		Application site:						NN [m^2]		EE [m^2]		VV [m^2]		NE [m^2]		NV [m^2]		EV [m^2]		HH [m^2]		LL [m^2]		AA [m^2]		HL [m^2]		HA [m^2]		LA [m^2]				L [m]

		Norwegian Sea		Well A (design)		MWD (green)		18030.33		1463.49		902.16		2515.59		-32.37		14.08		902.16		12262.50		7231.32		-12.93		-32.85		8283.42				110.74

		Heidrun				Gyro (blue)		1998.39		944.95		881.11		103.81		75.76		19.32		881.11		1575.48		1367.87		67.23		39.91		526.72				39.69

						IPM aver. (red)		1792.92		645.98		445.73		161.35		30.46		9.15		445.73		1380.80		1058.10		28.01		15.06		573.47				37.16

						True aver. (black)		1783.95		524.49		445.60		164.21		32.58		11.43		445.60		1318.43		990.01		31.12		14.96		629.73				36.31

				Well B (hor. north)		MWD (green)		144.39		6724.64		417.55		0.45		-27.86		-1.36		417.55		6724.64		144.39		1.36		27.86		0.45				82.00

						Gyro (blue)		143.13		2213.31		408.96		0.00		-23.21		0.00		408.96		2213.31		143.13		0.00		23.21		0.00				47.05

						IPM aver. (red)		71.88		1670.51		206.60		0.06		-12.74		-0.18		206.60		1670.51		71.88		0.18		12.74		0.06				40.87

						True aver. (black)		71.87		1665.22		206.59		0.05		-12.75		-0.17		206.59		1665.22		71.87		0.17		12.75		0.05				40.81

				Well C (hor. east)		MWD (green)		20201.63		144.39		417.55		25.95		-77.74		-27.86		417.55		20201.63		144.39		-77.74		27.86		-25.95				142.13

						Gyro (blue)		2141.47		143.13		408.96		0.00		0.00		-23.21		408.96		2141.47		143.13		0.00		23.21		0.00				46.28

						IPM aver. (red)		1955.51		71.88		206.60		1.71		-5.08		-12.74		206.60		1955.51		71.88		-5.08		12.74		-1.71				44.22

						True aver. (black)		1936.14		71.87		206.52		1.22		-3.67		-12.73		206.52		1936.14		71.87		-3.67		12.73		-1.22				44.00



Ratio of lateral axes: Averaged IPM / Rigorous



Well A	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.0188367715300499	1.0233798247893209	1.0903571178154752	1.0612721277114321	1.0203246494586662	Well B	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.000677442342915	1.0015871192389831	1.0624067838279865	1.0979800845027052	1.0347644667229892	Well C	North Sea (Troll)	Norw. Sea (Heidrun)	Barents Sea (J.Castberg)	Middle East (Qatar)	North Am. (Oklahoma)	1.0010820922208621	1.0049897720014636	1.0501128302745988	1.0798836114050725	1.01852800952416	
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Conclusions

- Benefits of averaging overlapping surveys:
- Systematic procedure to make use of all information
- Optimal position estimates
- Improved position accuracy
- Two surveys: up to 30% reduction from single EOU size (demonstrated: 20%)
- More surveys: even more reduction

- Averaging of overlapping surveys is practically achievable:
- One averaged IPM file valid for all well profiles, and over at least an entire oil field
- Simplification of data management and analysis procedures

SPE-195621-MS -« Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang
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Applications

- Optimize survey programs
- Small geological targets

- Long extended reach wells
- Highly congested fields

- e.g. collision avoidance analysis: requires high position accuracies,
and practical/efficient calculation procedures

- Development of new surveying tools:
- IPM for upcoming tools with fixed multiple-sensor combinations

SPE-195621-MS -« Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang
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RESERVE SLIDES

IN CASE OF QUESTIONS

SPE-195621-MS « Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang
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The averaged IPM file

- Valid for exactly those surveys tools for which it was developed
- Most often two tools; but more tools are possible

- Correlated error terms:
- External to the tool sensors: mag. field; some depths terms
- Do not improve accuracy
- Can be handled separately; no need to average

- Uncorrelated error terms:

- Typical for sensors: accelerometers / magnetometers / gyroscopes
- Averaging means accuracy improvement

SPE-195621-MS -« Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang
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Earth parameters

- Magnetic instruments:  Mag. field strength, declination, dip
- Gyroscopic instruments: Latitude

- The parameters change with geographic location
- Hence, uncertainty results change
- Also for averaged IPM file
- This limits the geographic validity of each averaged IPM file

- Empirical studies needed:

- Mag.+mag. / gyro+gyro / mag. + gyro
- How much deviation from rigorous results is acceptable?

SPE-195621-MS -« Practical Method to Benefit from the Improved Accuracy of Combining Overlapping Wellbore Surveys « J. Bang
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