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INTRODUCTION

External field variations, such as those observed in one-
minute observatory data are sources of error for magnetic
down-hole survey tools used in directional drilling. These
tools, which include magnetic probes, are used In
measurement while drilling (MWD) methods to monitor the
well-bore position and navigate to the planned oil or gas
target™*®. Significant deviations from the well plan can be
avoided by using measurements from magnetic
observatories to correct the surveys. Jim Carrigan Observatory (JCO) was first established
INn 1997 in a joint scientific/industry venture to support directional drilling operations in
Prudhoe Bay, Alaska. The site was chosen to be as near to drilling operations as possible,
providing the necessary data to combine the measured external field variations with global
and crustal field models and thus provide accurate reference values for well-bore surveys.

sww . OBSERVATORY OPERATIONS

" Barrow Observatory JCO @

P m:ﬁ{f;a{;ﬁﬁ&ﬁ;?wrv JCO was upgraded in 2003 with the installation of the BGS

Jim at work in N A
Prudhoe Bay

since. The remote conditions of the Alaskan North Slope
provide many technical problems to be overcome such as
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Overhauser magnetometer providing 5-second values and a fluxgate-theodolite for manual
observations, two sets of which are made every two weeks.

Freezing

working T==

conditions | A
o - E,—:'Fﬂf? ~ ]

'ﬁréﬁﬂ winds
~can bedifficult
- to contend
~with

'..?Ilr'm

DMI Fluxgate

Overhauser PPM

T | b SO | u te
Dol &S0 M 3 B
11

FB dstda Paf Frulkoe Boy Refefehce Pasition [SC00 A
£l ML EFER00 L 13, a0100
o Arllnnal S | RECLIN. o Fﬂllhllqh
= 1 ¥ :q_‘ BRI TR I St I I

]

= T
IR/ 10 Dl J1.508 HEE E7515.8

o

==

o

08 2Z1.¥5%3% BEO0.997 574 -
a7, 45 -89% E57631.1
Z1.@53

1095 211,853 BO.09E 57421
.

FETLEFET) i1t 2y oen go o Dod engay o

23/ E :,- 1 g BRITISH GEOLOGICAL SURVEY
4 =

FETl TR

== d - Jinm Carrigan

23
3/ !
2w : H
234 b T e .""'_-"*'::-""_'«':-""'3"-'-"'- .
o TS E{= 1 ' 1
1 1
. .
1 1
1 1
' ' ‘- I.'Irl
1 -
1 o L B i
4 [ £ Al AR -
H
2afoss10 of i n
Sinn Obs ! et
23fus/10 © ervatory : it
23/0%/10 o Frovm g wem = m o ISP P~ S SR 1 | PR
£054 10 0 Pr T : TR
] 1 L
.
;
Monthly .
b TYRTTI PO I 1}

Bulletin
May 2011
11/05/)C

Jim Carrigan Observatary: Harizontal Intensity (nT)

...+ GDAS system™*” and has operated at full observatory status
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available from the WDC, Edinburgh. The provisional results

are published monthly in bulletins and are available on-line at

www.geomagd.bgs.ac.uk/data_service/data/bulletins/jco.html
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GEOMAGNETIC REFERENCE FIELD VALUES

To accurately estimate reference field values at the drilling location all sources of the
Earth’s magnetic field need to be accounted for. The main (core) field can be represented
by a global geomagnetic field model. Locally, crustal magnetic fields can cause significant
biases In the field vector. Magnetic survey scalar data can be used to determine variations
In the crustal magnetic field vector using Fourier transformation techniques.

ional Geomagnetic Service, BGS, Edinburgh
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At mid to high geomagnetic latitudes it is important to also include the disturbance field
variations, which can be estimated for the drilling location using observatory one-minute
values™°. This becomes essential at locations like Alaska, where B, is greatest due to the

proximity of the auroral electrojet.

DISTURBANCE FIELD IN ALASKA

Using one-minute values from JCO (2003-2010) and Barrow (BRW) observatory (1978-
2008), operated by USGS, B, for the Prudhoe Bay drilling location can be derived. By

ordering the data over a given period, the 99.7, 95.4 and 68.3 percentiles can be found,
which represent the additional error in the reference field estimates when B, is not included.

The results as a function of UT hour, month and year are shown below. When combined
with errors associated with the derivation of B, and B_, these correspond to the 3-, 2- and

1-sigma confidence limits (for a Gaussian dlstrlbutlon) of the estimates.

F-sigmo equivalem (FLTE Dsigmneguivaben! (95 4%) i cguivalenl 168,35 B-sigmn equivabem (94907 2-sigmo eguivalenl (95 4%) i egquivalenl 165,359 sigma cquivalem (99.7%)  2-sigmn equivalknl (9545 )

1 1960 1962 1964 1088 1933199!]1BGE1HA1QEE1HBBJDZIEDDEED{M?E€GEWEED1D

2.6
“ 20
B
E § 1
1 ¥
L]
i
2 3 A ] 5] T a g 10 11 12
Manth
08 ! 08 s ”-3'
=07 : =07 . ﬁﬂ' ]
Eas- : gas- : £ 06
£ 05 ] 505 : 05
g 0. - : B g4 - B 041
3 ﬁ R
S 03 . ELER . Foa
0.2 : 02 ! 0.2
2.1 4 r &1 - 0.1
0 - : an - : .
o 2 o g a 10 12 14 16 18 20 28 1 2 3 4 3 -] £ a g 1a 11 12 L]
Hewr Bdangh

a 2 El G él 1a 12 14 5;5 18 20 22 1 2 a 4 3 lli 7 | L] 1 T9TE 1980 1962 1984 1965 1908 1500 1952 1994 1996 1908 2000 2002 2004 2006 2008 2010
Manih Year

Daclination {dag)
S S = = K W W
o W O = O =& O
R T P TP T LT
(=]
o L
. -
o -
(=]
—D" -
I
Sk L
- -
=
-
=
a -
ra -
o
[ -
ra
Daclination {deg)
[ S
= =T R S T Y
Liaaal
Dmainaizn (Sag)
[= =]
m = im

_

4= OB N

el =]
- i [ D LD LD B o
~EEEREREEREEER

- s B R OLS LD s
cEELEEEEREEEER
Total Field Infesity [T)

T

E

Field Activity Report - 8/4/2010

INDUSTRY EXAMPLE

The plot shows an example of the reference field  f.. | %ﬂw‘\f‘m

applied while drilling over a 30 hour period In T g et
August 2010. The red points indicate the time at
which magnetic directional surveys were acquired T
down hole. By coincidence the directional surveys Sy P
were taken at times of maximum declination e T |
variation. Without reference values the measured
direction of the well would have been in error by - T
several degrees. With each survey the directional ™ ,"MW"\%‘} A ~
driller would have steered the well back to what T L M
appeared to be the planned direction. When

activity subsided the driller would again observe a
well direction error and further steering would be required. These corrections to wellbore
direction can reduce the length of hole drilled in a given time, adding to the costs. In
addition, there Is increased risk of complications in well construction due to the increased
tortuosity introduced by the additional steering. Real time corrections for declination
prevented this from happening here and enabled 466 feet of hole to be drilled over the
period.

SUMMARY

SCIENTIFIC OBJECTIVES

 Better understanding of secular variation
and core dynamics

 Improved models of geomagnetic field
sources

 Observatory data to support satellite
missions (e.g. ESA SWARM mission)

« Better understanding of ionospheric and
magnetospheric processes

 Improved space weather predictions and

real time monitoring

IBJECTIVES

oney on drilling operations
tion of oil and gas
arget within a given error

s with other wells
working conditions for rig

REQUIRED?
ate estimates of the full geomagnetic
ector along the well bore

urate assessment of uncertainties for

WHAT IS REQUIRED?

 Improved global coverage of ground-
based measurements

e QOperation of observatories to highest

' standards
ontinuous 24/7 reliable real time data  Availability of quasi-definitive observatory
he best and most up to date knowledge and data
 Improved high time resolution variometer
networks

Long term continuous data from fixed
location
Continuous 24/7 real time data

skills in geomagnetism and observatory
operations ‘
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