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1. Framework and objectives

1.1. Framework
In April 2014 more than300 kilometres of 2Dhigh resolution seismiceflection datawere
acquiredoffshorethe Belgian coasis part othe IWT-SBO project SeArclf i Ar chaeol ogi
heritage in the North Sea: development of an efficient methodology and approach towards a
sustainabl e management pol i cyThepumgposel o thia | fre
project isto assess the archaeological potential ofQbaterrary depositsn the Belgian part
of the North SeaTo this date no efficient survey methodology exists that is particularly
aimed at archaeological assessment studies. Standard geophysical and remote sensing
techniques are mainly used on an ad haisb@ at all), and &en these techniques are not
well adapted for archaeological investigations. Moreover they are ineffective in large parts of
the nearshore zone due to the presence of biogenic gas in the sediments, and generally cannot
be applied approprialy in intertidal areasiVhat does the project aim at with regard to survey
technology?

One of themain goak of the SeArch project is toupply a flexible, generic survey
methodology through the development and improvement of marine geophysical ard rem
sensing techniques for seafloor and-sebfloor imaging, with major focus on acquisition
(sources/receivers), data processing and interpretation efjhaity data.This should allow

a costefficient and accurate assessment of the archaeologiahtabtof the seafloor and
subseafloor environment

The acquired data will also be applied in a gicstk doctoralresearctof the SeArch project

This project aims to develop anar chaeol ogi cal Relgianepart af the ma p €
North Sea BCP) indicating the sensitivity of marine areas to human settlementshaird
remnants.Such a map will contribute to an increase dostefficiency and accurate
assessmermf marine works at sea regarding the archaeological potential of that working area.

1.2. Survey objectives
This seismic campaign, carried out on boardhefRV Belgica (Belgian Navy)has multiple
objectives

1 Testdifferent seismic sources and receiver confidgionas in a geologically complex
area of the BCP, i.e. the Thornon Bank afidas region is composed of a network of
ancient river valleys filled with fluvial (fine sands to gravel) and marine deposits
topped by a vast tidal sandbank (used for sand extraction).

1 Producea preliminary survey methodologghat takes into accountthe depth of
investigationand the expected vertical resolution needed for the layers/dbjsotsl
landscapeto be found.

1 Obtain more precisenformation onthe complexgeological layeringf the Thornton

Valley and the Northern Valley as well as the conioecbetween these two valley

(see figure 1).

Identify archaeological potential of layers

Definelocatiors for further, more detailed, surveyn the area.

= =




2. Study area

The surveyarea is locatetietweenroughly 3650 km offshoreZeebruggeand mainly covers

a section of thé&8CP marked by two prominent valley systems in the-Rgdeogene surface,
known as the Northern Valley and the Thornton Valley. Both valleys cut through the
surrounding togPaleogene surface, respectively Offshore Platfand Scarp which were
formed during emptying of the Lateaalian lake. Both valleys are filled with marine Eemian
depositsand the Thornton Valley is also filled with fluvial deposits (Kreftenheye) which are
positioned below and above these marine Eerdgposits. Thigmplies a Late-Saalian to

Early Eemian age for the formation of these structures. Because of the lack of data no
connection between the two valleys has been established yet (figure 1).

P
windfarm area “a.

Figure 1 Representation of the seismic lines of the survey area in both the Northern Valley and the Thornton Valley
visualized on top of the Top-Palaeogene surface.




3. List of participants

Name Organisation Function 22/04/2014 23/04/2014 24/04/2014 25/04/2014
Tine Missiaen RCMG Chief Scientist X X X X
Koen De Rycker RCMG Engineer X X X X
Maikel De Clercq RCMG Geologist X X X X
Vasileios Chademeno RCMG Geophysicist X X X X
Kainan Mao RCMG Geologist X X X X
Cornelis Stal Dg%%r;rrr;%r;]tyof Geographer X X X X

4. Data acquisition

4.1. Equipment and seismic characteristics

Different seismic sources wefttestedduring the campaign: (1) Centipede sparker, (2) SIG
sparker120Q (3) SIG sparkerl27Q (4) Seistec boomeand (5) Parametric Echosounder
(PES). Eachsource has aparticular frequency range output resulting in higar low-
resolution images with a low or high penetratioto the subsurfacéseetable 1) Where
possiblethe PES was used in combination with the Centipede sparker

Equipment Frequency range Vertical resolution Penetration
Centipede sparker 1.17 1.2kHz >35cm in a sandy sea bottom, up to 50
SIG sparker 1200 800 - 900 Hz > 50 cm In & sandy sea bottom, upto 10
SIG sparker 1270 10007 1400 Hz N.A. N.A.
6Seisteco | LTOK# g_‘;am)eq“e”q’f > 25 cm up to 100 m

Parametric Echosounder 6-12 kHz / 100 kHz 15 cm (in gg)ﬂt:esd?nlnts)

Table 1 Characteristics of the equipment used during the survey.

When applicable, two different types of recesreere usedo register the datgl) a single
channelstreame(SC) and (2) a multichannel streameéf@; 12 channels)In this casewo
single channel streamers of the same type were tested. This assesshe result of the new
oil fill of one of the streamergfter preliminarydata processingn the fieldthere seemed to
be no difference between the two streamers so only one was used from that nBmtient.
streamergdSC and MC)were towed behind theessé and werelaterally spacedby three
metres The single channel streaméoffset 31m) was towedat port side while the
multichannel streamewas alwayspositionedin the middle of the stern(see figure 3
Appendix A) After testing of the multichannel strear it was decided not to use it because
half of the channels were not registering a signal.

At starboard, with an offset ofn8 from MC, the Seistecboomer anddifferent typesof
sparkerqSIG 1200, SIG 1270 and Centipedegre towed. The longitudinal offsef all the
devices was fixed during the survey. For the Seibtumerthe offset was 25m, the SIG
sparkers had an offset of 30m while the Centipede had an offset of.ZB&nparametric
Echosounde(PES)was attachedd a specifically designed mountirag the port hull of the
vesselseefigure 2Appendix A).




4.2. Recorded networks

Test Line (TH1401_af)
The test line consistsf 6 seismic lines that crosdthe entire width of thesandbank and its
subsurface structurggigure 1) The lines all follow the exact same trajectory in order to
allow correct comparison of the different détariable orientation!)The two firsttest lines
(TH1401_a and b) with the Centipede sparker had to be rerun because of technioéiekffic
(seeappendiy. As explainedin table 2 different types okeismic sourcewere combined for
each line This helped to determine what type of equipment mast appropriatén each
particular geological setting.

Line Source
PES
TH_14 Ola :
Centipede sparke
PES
TH_14 O1b .
Centipede sparke
PES
TH_ 14 0Olc :
Centipede sparke
PES
TH_14 01d .
Seistec boomer
PES
TH_14 Ole
SIG Sparked
PES
TH_14 O1f
SIG Sparke@

Table 2 Test Line acquisition configuration.

Preliminary results obtained on board showed thatpleker sources produced the deepest
penetrationwhile maintaining a relatively gooasolution.The Centipede sparker showed a
sharp wavelet, producing a higher resolution image than both SIG spafkersSeistec
boomer sourceshoweda good resolution bua little less detail than the Centipede sparker
The internal receiver of the Seistec boomer showed technical difficulties and could not be
used for future measurements.

PES
9m
————————— SC
5m
: 3m
GPS Antenna .
........................................................................................................ MC

33m 3m

boomer
............................... or

sparker

50 m
Figure 2 Sketch of the RV Belgica illustrating the equipment configuration.

SC = Single channel streamer; MC = Multichannel streamer.




For the PEHifferent types of frequency outputs were used ranging @12 kHz usingl

or 2 pulses. The results of this devicaried greatlypecauseacoustic signalsvere notalways
ableto penetrate the sand layev8henever it was able to penetrate the sand layers it gave a
detailed image of the Paleogene cladfer a first assessment it walecided to operate the
device on a frequency output of 8 kHz with 2 pulgdgs gave a good compromise between
resolution and penetration.

Thornton Valley (TH)
The seismic networkver the Thornton Vallegonsiss of 6 seismiclineseast and west of ¢h
test line andé perpendicular linegparallel to the Thornton sandban®nly the Centipede
sparker, Seistec boomeand thePESsources were usdtkerein combination with the single
channektreamer.

Line Source
TH_14_02 Selstgclzzgoomer
TH_14 03 Centfpscézsparker
TH_14_04 Centlpsgessparker
TH_14 05 Centfpscée;sparker
TH_14_06 Centfpsgzsparker

TH_ 142426 Centlpscézsparker
TH_14_20 Centlpsgzsparker
TH 14 22 Centfpscéessparke
TH 1424 Centfpsgessparker
TH 1426 Centfps(éessparke
TH_14 27 Centlpsgessparker

Table 3 Thornton Valley acquisition configuration.

Northern Valley (NV)
The seismic networkn the Northern Valleyonsiss of 4 equally spaced parallel linés a
SE-NW orientationand 14 perpendicular lingscovering theprofile view of the unknown
connection between the Thornton and the Northern VallHys Centipedaparkerwas used
onall linessometimes in combination with the PES.

Line Source

THNV_14 01| Centipede sparke

THNV_14 02| Centipede sparke

THNV_14 03| Centipede sparke

THNV_14 04| Centipede sparker

THNV_14 05| Centipede sparker




THNV_14_06

Centipede sparker

THNV_14 07

Centipede sparker

THNV_14 08

Centipede sparker

THNV_14_09

Centipedesparker

THNV_14_10

Centipede sparke

THNV_14 11

Centipede sparke

THNV_14 12

Centipede sparke

THNV_14 13

Centipede sparke

THNV_14 14

Centipede sparker

THNV_14 17

Centipede sparker

THNV_14 18

Centipede sparker

THNV_14 19

Centipede sparker

THNV_14_20

Centipede sparker

Table 4 Northern Valley acquisition configuration.



5. Line Summary

Start End Point A Point B . Frequency Sampling
[Ug’C +2 [UTC+ [UTM] [UTM] Equipment Energy (J) (sweep) rate (ms) EENES
rs] 2hrs] SC
TH_14 01_a | 22/04/2014| 17:15 19:00 igositgzzfs 52178079594%]%110 CentipZ(IJ:—I:sparker NSOAQ) o ’jf:HZ (')\11'02‘5 problemswith sparker trigger
TH_14 01_b | 22/04/2014| 19:04 20:26 54f7807%9426]éo72 5479055353130193? Centipz::?:sparker N3(')Aé) S! ;.ZAKHZ (;\|1A2\5 navigation fails sometimes
PES NA. 51 12 kHz NA. ine wi :
TH 14 01 ¢ | 22/04/2014| 1450 | 16:58 %055447747233 5;1780795%32?94 e ——— R = N good tes“'srl‘oi;’l‘fé? Centiped:
THNV 14 17 | 22/04/2014| 22:15 | 23:45 5:17807%2851171 5;1771821265%45 Centipede sparkerl 300 N.A 0,125 ;
THNV_ 1418 | 22/04/2014| 00:02 | 01:48 i771£;7611164§’f 547818011658%018 Centipede sparkerl 300 N.A 0,125 -
THNV 1419 | 23/04/2014 | 02:04 | 03:50 54@3%%22970; %ﬁ%ﬁ“;’ Centipede sparker| 300 N.A 0,125
THNV_14 20 | 23/04/2014 | 04:00 | 06:35 547719%30873539 %11016615;618 Centipede sparkerl 300 N.A 0,125
THNV _14 01 | 23/04/2014 06:40 07:45 547910%1728§10 547912425575?1982 Centipede sparker| 300 N.A 0,125
THNV 1402 | 23/04/2014 | 07:50 | 08:35 5421145%%%241 5‘121&;%%77729; Centipede sparker| 300 N.A 0,125
PES NA. 57 12 kHz NA.
TH_14 01_d 23/04/2014 09:50 10:50 5478()7969473?3f1 5479055421!3\;3785 Seistec boomer 300 N.A. 0,0625
PES NA. 51 12 kHz NA.
TH 1402 | 2304/2014 | 1100 | 12:25 547906518127,272? 547818()1224;5"15982 Seistec boomer 300 NA. 0,0625
PES NA. 51 12 kHz NA.
TH 14 03 | 23004/2014 | 13:01 | 14:02 5478%%72‘541826 54790562255'?38 e ——— R = s :




TH_14 03-04 23/04/2014 | 14:06 | 14:47 5479056293%5;42 5;1202%74227551 Centipz:iessparker I\;:(; S ;.ZAKHZ (l)\l 1'25 transition line 3 to 4
PES NA. 51 12 kH NA.
TH_14 04 23/04/2014 | 14:48 | 15:30 %02%71‘?36:' 5478%%*37152() Contnede sparkerl 300 ! WA z S ]
PES NA. 51 12 kHz NA.
TH_14 05 23/04/2014 | 15:44 | 16:12 54781916%33352 %%%Z%O Contnede spaa T 300 = e ;
PES NA. 51 12 kH NA.
TH_14 24 23/04/2014 | 16:15 | 18:03 %%%6362%212 5;178012&%%737 Sentneds spaarl 300 ! = z 0125 ;
TH_14 2426 | 23/04/2014 | 18:05 | 18:29 %%%%%73028 5477%%7255%372 Ceming:gparker '\;'OAO' L ;_ZAKHZ c')\fiA2.5 transition line 24 to 26
PES NA. 57 12 kHz NA.
TH_14 26 23/04/2014 | 1830 | 21:15 5477%13%2462 i79]33§§§2285 Sentneds sparal 300 = 0125 ;
THNV 1403 | 23/04/2014 | 21:39 | 22:35 54210%%47,42573 %%%%%‘fg Centipede sparker| 300 N.A 0,125 ;
THNV 1404 | 23/04/2014 | 22:44 | 2336 54217%17862561 54%%33%%221 Centipede sparker| 300 N.A 0,125 ;
THNV 1405 | 23/04/2014 | 23:53 | 00:59 %18%%%6; 5478%9117232545 Centipede sparker| 300 N.A 0,125 ;
THNV 1406 | 24/04/2014 | 01:18 | 02:47 542%%33393528 i7551779275£3821: Centipede sparker| 300 N.A 0,125 ;
THNV_14 07 24/04/2014 | 02:%5 | 0407 54781770254%)29 5478%%9523?23 Centipede sparker 300 N.A 0,125 -
THNV 1409 | 24/04/2014 | 0842 | 0949 547812183524%511 547815%13723528 Centipede sparker| 300 N.A 0125 | 9 fg‘ig'igoﬁobsg\’;’vz‘f”
THNV_14 08 24/04/2014 | 09:58 | 11:16 547816825197,(sz 54;1305(3167985 6 Centipede sparker 300 N.A 0,125 -
THNV_14 15 24/04/2014 | 11:16 | 11:3%4 54781305%37%059 54780581;36618?85 Centipede sparker 300 N.A 0,125 -
PES NA. 57 12 kHz NA. i
TH 1427 24/04/2014 | 11:36 | 11:31 547805%356233%34:5 547807%76(‘)5%076 Centipede sparker 300 N.A 0,125 e l'll'nl-?lazgnel °
PES NA. 51 12 kHz NA.
TH_14.06 240042014 | 11:31 | 13:14 547807926177%)57 547904592723‘{53:3 Centipede sparker 300 N.A 0,125 )
TH 14 01 e | 24/04/2014 | 13:33 | 1453 5479%?533%95 5217807%9137,2600 = spl;IrEkSe — :2 57 I\TZA I.<Hz (I)\’I.lAZ.S




PES NA. 51 12 kHz NA.
TH 14 01 f | 24/04/2014 | 15:06 | 16:31 %17210167?92 5;179?554451516315 Sio parke 270 x o 0125
PES NA. 57 12 kHz NA.
TH_14 20 24/04/2014 | 1654 | 18:30 54221%76%%852 %(1%%%991 oot s T30 = 0125
PES NA. 51 12 kHz NA.
TH_14 22 24/04/2014 | 1913 | 20:54 %03115:1%%5; %%%%?g e R = 0125
THNV_14 10 24/04/2014 | 22:8 | 23:24 54781105920127117 5478149587%(;333 Centipede sparker 500 N.A 0,125
THNV 1411 | 24/04/2014| 23:46 | 00:% %@%ﬁg‘f 5;178101761%2935 Centipede sparker 500 N.A 0,125
THNV _14 12 25/04/2014 | 0108 | 02:40 54771928%289728) 54782310577895236 Centipede sparker 500 N.A 0,125
THNV 1413 | 25/04/2014 | 02:55 | 0412 %ﬁ%%‘? 547718%%?; Centipede sparker 500 N.A 0,125
THNV 1414 | 25/04/2014 | 0423 | 06:02 54771820%%72692 54782124%%678 Centipede sparker 500 N.A 0,125
THNV 14 1421 | 25/04/2014 | 06:6 | 06:20 542212281%966; 5‘177%%%‘;%850 Centipede sparker 500 N.A 0,125
THNV 1421 | 25004/2014 | 06:22 | 08:28 54%%182%898 5421117%%82213 Centipedesparker 500 N.A 0,125
s | e ner | s | it | Goas | _pes - wa | ser |
eI i | e T
TH_14 07 25/04/2014 | 07:55 | 11:30 2 2 Centingessparker NS'(Q)' el ;_ZA"HZ gf '1/;'5

Table 6 Representation of the characteristics of the performed seismic lines during the survey.




Appendix A

Survey photos

Figure 1: Seistec boomer on board RV Belgica

Figure 2: PES configuration, mounted on the side of the RV Belgica.



Figure 3: Data acquisition using two different streamers (SC = Single channel; MC = Multichannel, respectively left and
middle) and a source (sparker or boomer; right side) towed behind the ship.

Figure 4: Seistec boomer from RCMG.



Appendix B

Survey logand weather conditions

Tuesday22/04/2014(2-3 bft)
8:30: Arrivalat Zeebrugge
9:00-10:30: Mobilisation of seismic equipment on board
0:30-15:00: Installation
15:00: Transit to Thornton area
16:30: Arrival southern focus ar€aH)
17:00: Equipment in the water (PES), Centipede spazk&C MC)
17:30: Start of measuremenid{_14 01), 3 bft:

Testline @ CS; problems with sparker trigger

Testline bi CS; navigation fails sometimes

Testline ¢ CS; complete line recorded
Strong swellcauses the PES sometimestwoface above waterlinthiscauseino r ecor di n
gapso i.n the dat a
Problems with MQ' only the last 6 channels give a signal
17:3022:00: end of testline measurements, set cours&/to
22:15: start measurements NV (CS + 2xSCS + MCS), line 17

Wednesday23/04/2014 (2-3 bft)

00:0008:45: Measurements NV

Lines 18- 19- 20-01- 02

08:45: End of measurements in N&{ course to TV

09:15: Arrival at TV, CS out of water, Seistec + PES in water

09:3010:50: testline d; PES on multifrequency mode

11:0012:30: line 2 with Seistec + PES

Continuing problems with MCExtensive testing of geode and all connections. No problems
to be found; good Seistec data.

Comparison of CS and Seistec data stabthiat CS hd a better resolution and penetration.
12:30: Seistec and MCS out of water, CS iteva

13:00: start measurements in TV (CS + PES + 2xSCS)

Lines 3-4-5-24-26

Profile 26 continued to theorth (line 27)

Comparison o5C datasshowed thathe two streamers have the same quality (new oil in one
streamer). Itvasdecided that only oneill be used foffurthermeasurements.

20:50: stop measurements in Tagurse seto NV

PES pole and 1 SC out of water,

21:40: start measurements NV, lines43

Thursday 24/04/2014(2bft daytime, at night-time 3-4 to 5 bft)
00:00-04:20: continuing measurementy/

Lines5-6-7

After line 7 failure of sparker power supply

04:30:08:15: repairment of power supply

08:30: continuation of measurements NV (CS + PES + 1xSCS), lin@s 8
08:35: short blaclout (5min) on the ship, measurements continue

! Time in GMT+2hr




11:40: stop measurememy; transit to TV via line 15

12:00: start measurements TV (CS + PES + 1xSCS), line 6

13:20: CS out of water; Sz00sparker in water

Testline e (SIG200 + PES + S at end of line SIGR00 changed for SIG1270
Testline f (SIG1270 + PES + $C

16:00: end of measurements testline, B1{@out of water, CS in water

16:10: continuation TV, lines 2022 (CS + PES 80

21:30: stop measurements TV, diesel engine on, equipment out of watastmansit NV
22:00: equipment in water, start measuremBifsline 10 (CS + ST

Wind increasd to 45 bft

Sparker at 500J because of bad penetration at 300J

Friday 25/04/2014 (4 bf}

00:0008:00: continuation of NV (CS + SC

Lines 101 117 127 137 1471 21

08:30: start rmasurements in TV (CS + PES +)SC
Line 2571 short cut to line 7 line 7

11:30: end of measurements; equipment out of water
11:40: transit to Zeebrugge

13:30: arrival at Zeebrugge




