ES | OS Energy Security & Innovation Observing System for the Subsurface

* £31M UK Government funded science
research project
* Monitoring and observing the subsurface

* Independent scientific evidence for boosting
drilling efficiency etc.

* e.g. CCS, shale gas, gas storage

* Two deep boreholes (>3km TVD)
planned in Cheshire, UK

* QOpportunity to suggest experiments or
useful ideas now (30 Oct 2015)

* Happy to help coordinate or answer
further questions:
Ciaran Beggan [ciar@bgs.ac.uk]
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Overview

* Motivation

IFR2 uncertainties — how far is the “cut-off”
distance from observatory to drill site?

* Geomagnetic reference

* Data - selection and processing
®* magnetic observatories/permanent variometers
* focus (initially) on higher geomagnetic latitudes
* we want robust statistics — so need a lot of data

* Results - including seasonal and solar cycle
variations
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Motivation

* To improve geomagnetic referencing for MWD (IFR2)

* Provide a more robust answer to the questions:

How far away can an observatory be from the drill
site and still be useful for IFR2?

What is the uncertainty in the estimates of the
external field (IFR2)?

* Provide information to industry on the effectiveness and
convenience of making use of existing long-running
magnetic observatories

* Provide information to observatory operators worldwide
on the worth (and potential source of funding) of their
data
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Geomagnetic Reference for MWD

Core (or main) field + Local crustal field External field
Standard MWD MWD+IFR1 MWD+IFR2

—

Including more sources of the Earth’s magnetic field
* Reduction in uncertainty
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Geomagnetic Reference for MWD

Including more sources of the Earth’s magnetic field
* Reduction in uncertainty

How much of a reduction — how do you know ?
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Schematic to demonstrate the problem

© NERC Al rights reserved
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Schematic to demonstrate the problem

IFR1 (drill site 1)/;/

Increasing Uncertainty

50 150 250 350 450 550 650 750 850 950 1050
Distance - Drill Site to Observatory (km)
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Schematic to demonstrate the problem
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Schematic to demonstrate the problem
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Data Selection

We selected pairs of observatories from the

world data centre (WDC) for Geomagnetism
with:
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5 database of:
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10

Data Processing

1. Separate the sources to find external variations

* trends and offsets (internal) removed at all stations for all components
2. Compute one-minute residuals between all paired stations

3. Compute 99.7, 95.4 and 68.3 percentiles - 30, 20 and 1o equivalent
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Results Example: ABK-KIL comparison (2003)

‘Abisko one-minute detrended ... Kilpisjarvi one-minute detrended
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Results Example: ABK-KIL comparison (2003)
Declination
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Results Example: ABK-KIL comparison (2003)
Dip
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Results Example: ABK-KIL comparison (2003)
B Total
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North-South distance (km)

Results Example: Seasonal Differences
Declination
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Results Example: Solar Cycle Differences
Declination
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900 QDipole Lat 65-66; N-S Dist < 80 km

Results Example: B Tot S |
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Results Example: B Tot

[Linear Fit]

Quasi dipole latitudes 65-66°
and N-S distance < 80km

F comp: 68.3 % Cl value
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F comp: 95.4 % Cl value
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Results Example: Dec

[

Linear Fit]

Quasi dipole latitudes 65-66°
and N-S distance < 80km
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Original Demo and Example Results

B Tot [Linear Fit]
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Original Demo and Example Results
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Conclusions

* Confidence limits for the differences between example stations
are significantly less than those for the external field variations

(true even during geomagnetically active years)

* Non-Gaussian distribution of the variations and the differences
between stations is clearly demonstrated

* The COD for IFR2 high latitude observatories is greater than
previously thought

* Results show (as expected) solar cycle and seasonal variations

* A data set has been established that will be extended (both
spatially and in time)

* More robust results should be possible by including more stations
and with further analysis to detect and remove any clear outliers
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