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Preparing for a local seismic network at the proposed
nuclear waste repository in Forsmark, Sweden

The nuclear waste repository will be located next to the three nuclear power
plants in Forsmark.

Noise

The repository area is significantly affected by

10°

N » e Mechanical noise induced by the power
plants
* Electromagnetic noise from the power
distribution, and the power cable to Finland.

(Lund et al., 2012,2016,2017)

Noise spectrum, 14 Hz vertical
near-surface geophone.



Tests of instrumentation for the seismic network

The Swedish National Seismic Network (SNSN), Silixa,  Lengthsfrom Toc

Hydroresearch and the Swedish Nuclear Fuel and Waste o> m

Management Co. (SKB) performed instrument tests in

Forsmark:

e 200 m deep borehole Geophone " m{

* 1.2 km walk-away VSP .

 Silixa cables and interrogators: }
* Linear single-mode and iDASv2

Linear heat-pulse cable ——

* Helical single-mode and iDASv2

Helically wound cable «— Grouting pipe

* Helical Constellation and Carina iDASv3

Institute of Mine Seismology (IMS) 5-element 240 V/M/S pownhole termination
geophones at 6.5 m, 74.5 m and 188.5 m depth.
Bullnose downhole

IMS and Guralp Affinity digitizers. protection ‘ 193.3 m



VSP Survey

Borehole

* Approximately 10 m spacing
e 120 shot points
* 10 weight drops/shot point

V Shot point

Y L3]S f' W 5..%._1' .. f, 3
Bobcat with weight drop of 400 kg




Comparison at 188 m depth, 470 m distance,
stack of 10 shots, helical cables and vertical geophone

Start time: 2018-08-16 11:36:24 Filter: 15.0 - 450.0 Hz
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Amplitudes
normalized
to one.

Velocity
amplitudes.

Fiber amp
scaled with
velocity as
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travel time
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Comparison at 75 m depth, 470 m distance,
stack of 10 shots, helical cables and vertical geophone
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Comparison at 75 m depth, 470 m distance,

stack of 10 shots, helical cables and horizontal geophones
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Single trace receiver sections 75 m depth

oY e

Jhﬁb [ VY PRI

i, hb.;ﬂ.ﬁih? ‘u:nﬁ
5;399% )

" e

Offset [km]

Al

c—. A R e T T T
[ N T Y PP S
P T g B A0 R Y S esiing 481
o
S
t T T T T
o - Il m o n
] <] =] =] -] <]
[s] awiL
- —
1 .
—

ICa

hel

INa

Car

constellation cable.
10 m average.
Poor signal-to
beyond 600 m

3.%
AR A ﬁ. Y
NN

VL

\a

>\ } ;,(.v”,w;. w

L:l’
.__:r\ib D A a a a h
vn,..s.soérbrr,ﬁ.e:rr‘ A pp— A ha

AR AR e W TV

JAEN «L;L X Af

diai m A & A a a e

L,.l(\P |V el sl bl |
T T T T
o - ~ m L )
o S o o <] ]
[s]auwiL

horizontal component

Geophone

0.0

Offset [km]



f

PR A ST A T

Moy o4 omoa

PR TN

B RL L  ETU Py N

: Lans 7 NP OV SPUV
Y TN e
R AA A

B IR TR S

B A Bl b sk pirpene e ko

Offset [km]

0.4

0.2

0.0

Single trace receiver sections 188 m depth

1

N
5]

0.

[s] awiL

ICa

INa

hel
constellation cable
10 m average.

Car

0.3 1
0.4 1
0.5

Poor signal-to-noise
beyond 600 m

sl 4

;l,
|
S

oOffset [km]

Y VY N N N TN
A Y. SN
R B et P

0.2

AAL ah o hm B e e

} st A A A n oa
ittt e

0.0

0.3 1
0.5

H

horizontal component

Geophone



Stacked receiver sections 75 m depth
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DAS response

Theoretical iDAS P-wave frequency
response.

* Frequency response correction.

» Effects of cable coupling, casing
string and cement type unknown.
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* Helical cable introduces an
additional mechanical response.
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Helical vs linear fiber
Sensitivity to incidence
angle.

Transfer function
required to compute
accurate seismic event
magnitudes.
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Signal-to-noise difference for P-wave,
geophone minus fiber

Geophone rotated to ray.

Difference SNR Difference SNR Difference SNR
DAS freq uency response 20 Ge:ophoqe-(:anl'ina HellicaI-Dl 20 Gleophope-in\S HellicaI-Dl 20 Gleopholne-iDIAS Linlear-Dl
correction. [, Jmamo) * R - oy
Bandpass filter. o ezt o e e
PES em e L, LR S O e ol
; -.i...;.o: 3.2.'..' ; =, | ol . ....'.:..::;..‘..: -.?..;’ o . ‘. . .: ;‘ »® .:.;
Geophone SNR generally | . L5350 T s daen R R
. % ; L i .. @ = ... %‘“ - ‘.: o ge 13
higher at 75 m depth. s . I % S A NP5
Deeper, the geophone ? : N 5 1. o
SNR is better than the LR B &0 :
helical cable SNR, but not © S - !
as good as the linear cable 1 aof T
SNR.
Fiber better at near-offsets ™| ™ BnEnssnannsn !
Results due to incidence ol JUEEEEE SR an Rt W
angles 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

Offset distance (m) Offset distance (m) Offset distance (m)



Summary

* Geophones and fiber good performance

* Both record signal with good SNR

* Performance dependent on incidence angle, shot distance & frequency.
* P-wave visible along full length of helical fiber.
* S-wave more poorly recorded by the fiber.

* For earthquake magnitude and moment tensor calculations the DAS/cable
response needs to be known.

* Future potential
* Full correction for DAS response.

* Few geophones for calibration with extensive fiber array.
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