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Abstract

Initially, Burial Recording Mines (BRMs) were usead understand the sea mine burial. It was a tectaniq
predominantly related to military purpose. Thetfegperiment was made 1974. Now a day, it is used waalid
tool for marine science. This methodology gives ridre opportunity to observe and analyze the psaseacting
on the seafloor directly, making the estimatiorseloto the reality.

During MARIDIV, we present the results of 3 mon#geriment using burial recording mines. The experit
was performed between September 2008 and Janu@®; Zbe Wandelaar region on the Belgian Continental
Shelf was chosen as suitable test area. 10,000unezasnts of the sediment height around the cyliatiobject
were recorded, each one of those every 15 mintites dataset collected, together with sediment citeriaation
and hydrological and meteorological informatioowaked the understanding of the bedform migration.

During the experiment, 2 storms passed the test, ameOctober and November 2008. Using Burial Reicaqy
Mines gave the rare opportunity to observe andyaeahe storm impact directly on the sea-floor.

Processes during and after the second storm wikealed.

1. INTRODUCTION 2. STUDY AREA

Burial recording mines are instruments collecting ) L

data directly on the sea-floor. They perform a2-1- Area of investigation

recording of the sand mobility in four dimensions.The Wandelaar region is located at 12 km distance
Due to their massive but smooth body they are ndtom the port of Zeebrugge (fig.1) in the vicini§
affected by heavy storms. Those objects werghe main navigation channels on the Belgian part
initially used for military purpose (Wever et al, of the North Sea. In these channels, every year
2004) for the understanding of the sea mine buriahbout 1.4 10T dry matters (TDM) of sand and
The knowledge coming out from this methodologymud are dredged to maintain the accessibility of
results valuable to figure local small scale scenar the port (Lanckneus et al., 2001). Given the
during bedforms migration (Wever et al., 2008).strategic position of the area, permanent stations
Moreover, it reveals mechanisms regarding thgor hydro-meteorological measurements are
storm influences on man-made structures. Stormgcalized nearby. The tidal regime amplitude is
are uncontrollable and can be destructive. It is ndbetween 3.5m and 5m producing strong rectilinear
always possible to get on-scene data measuremenigrrent ellipses prevail with the main axis oriehte
due to large involved forces. This technology givesn a SW-NE direction (Lanckneus et al, 2001).
possibilities in the understandings the storm impac

on sediments surrounding objects laying on the

sea-floor with a confidence level of centimeters in

space and minutes in time.
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(BRM)

Four burial registration mines (BRMs) of FWG
(Forschungsanstalt der Bundeswehr far
Wasserschall und Geophysik, now
Forschungsbereich  fir  Wasserschall  und
Geophysik of WTD 71) were deployed to study
sediment dynamics in the Wandelaar area.

The BRM (fig.2) has a cylindrical shape, is 1.70 m
long and has a diameter of 0.47 m. The weight in
air is 500 kg. BRMs were built to determine the
sediment height surrounding the object as function
of time. For this purpose BRMs are equipped with
Figure 1. Extract from a grain size map of the Balg three rings of 24 led bridges (“sensors”) equally
continental shelf (Verfailie et al., 2006). UTM spaced around the object at 15°. All electronics
coordinates. Sandy ;ediments are represented ém;gre gnd energy supply is installed within the BRM. Up
the Wandelaar area is contoured in Blue. to 10,000 measurements of all 72 sensors can be
recorded. The sensors emit light at pre-set
The Wandelaar consists of a sandy bottom and igtervals. The light bridges (light emitter and
characterized by the presence of small to largeceiver) are in small housings at a distance of 4

dunes (sensu Ashley, 1990), of up to 2 meters ifM. The light sensors detect the presence of
height. sediment by recording the value “1” if sediment

occludes the space between emitter and receiver

Sgbstrate cha_racteristics and morphology, tqgeth?{he led bridges are blocked) otherwise they record
with hydrological and meteorological COI’]dItIOI’]SuO,, The led bridges of each ring are numbered

contribute to the dynamics and the evolution of th(?rom 1 to 24. The rings are located on both ends
Wandelaar zone. Studies on the morphology of thSnd the cent;e of the BRM at a distance of 60 cm
Iﬁrge dunes re(;/eal_ed trllat ir_1 the dn_ear coaﬁtal z0 g.2). The rings are named “Stern”, “Centre” and

the crests are dominantly oriented in a northeastek ” . Y

direction (Lanckneus et al., 2001). This is in Bow”. The bow ring s at the truncated side.
agreement with the rectilinear current ellipses
described above.

All bedforms are affected by hydro-meteorological P “UFWG - Kiel S
factors (currents, waves), including occasiona > - (ermany A
. ~ata ~a-a

strong events and storms (Lanckneus et al., 200 - aa
The superficial sand dune layers directly respon . '
to these stresses (Van Lancker, 1999), but t
residual effect on these bedforms can be evaluaté€ '
only over a time scale of years (Wever, 2003)Figure 2. BRM, length: 1.70m, diameter: 47cm, weigh
Different is the situation for smaller bedformsisuc 5.0 kg. Bow ring at the right side (Wever et al02p

as megaripples: they can be seriously affected by,

current, waves and current-wave interaction, on fhcide monitor the movement of the object and
time scale of hours. They can even be destroyegy ., 1o calculate the Pitch and the Roll of the

(Langhorne, 1.976.) to form again under no_rmalobject and its variation in time. Figure 3 shows th
conditions. Episodic strong storm e_ffects domlnat%sed convention defining the positive and the
over processes related to current-induced bedforWegative side for both Pitch and Roll. The

movement.

addition to the burial status, accelerometers

magnetic steel casing does not permit to monitor of
the BRMs heading with a compass.

3. METHODS
3.1. Description of burial registration mine
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bkl Initially, a quality control for the elimination of
Bug e obviously wrong recordings was performed;
subsequently, data were analyzed and interpreted.
= = EHL Only very few records had the necessity to be
—s5 |/ corrected showing that the measurements were
Figure 1:  Side view of a BRM with positive pitch angle. The bow (Bug) is the tapered end of the achieved in Optimal conditions.

mine, the stem {Heck) is symmetrical. The three rings are named RB, RM, and RF.

Figure 2 gives a cross section through the BRM and explains how the numbering is
defined
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Figure 2 Cross section of a BRM and indication of positive and negative roll when looking from

the stern (RF) of the mine to the bow. ("Rollwinkel”: angle of roll}.

Figure 3. Used convention defining the positive and
negative position for pitch and roll measurement.

The Pitch has positive values when the Bow side is )
up with respect to the horizontal position.Figure 4. Hull-mounted sonar image of two BRMs
Watching from Stern towards Bow the roll hasdirectly after deployment. The three rings with the

positive values when the object rotates to thetrighf€sors —are perfect sonar reflectors and - allow
side. Identifying the systems.

It is important to underline that the geometrytud t .

object produces, at a small scale, differen8-3- Hydrometeorological datasets

modalities of sedimentation of the sand. Both en(ﬂ-|ydr0|0gica| and meteorological data were
rings are around 25 cm from the ends. The Bowecorded at different monitoring stations in the
and Stern rings are exposed to stronger wateficinity of the Wandelaar. They included wind
acceleration and consequently stronger erosiomeasurements, velocity and direction, recorded by
than the Centre ring. On the contrary, the sedimenhe Wandelaar waverider (Fig.5), ca. 3 km

deposits behind the Centre ring are in a “curren§outhwest of the Seesterns’s position.

shadow”. Wave height and period were recorded by Alze

buoy (Fig.5), ca. 6 km southeast of Seestern. The
3.2. Experiment direction of high and low frequency waves was
i observed at th&ol van Heistwaverider (Fig.5),
Four BRMs were deployed on ‘25September ca. 11 km to the southeast. All of these data

2008 in the Wandelaar region (fig.1). originated from the Flemish Hydrography, Flemish
Always two instruments are deployed togetherAuthorities.

one having 15 minutes and one having 60 minute& . .
- : ; . urrent data are recorded at the measuring pile
recording intervals. Figure 4 gives a sonar imag

of one pair of BRMs after deployment. The BRM‘IJVIOWO (Fig.5) located ca. 2 km north of the BRM.

called “Seestern” was recovered from the seafloo-}-.he data give information about speed and

on 18" January 2009. It recorded the sedimen irection of the current at different water depths.
height every 1y5 minL.Jtes With this setting the tarting at the surface there is a measure of murre

Seestern had a maximum recording time of 102(elocity and direction every 2 meters of depth.

days until 8 January 2009. The other instruments
were buried and could not be recovered yet.
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Watching the burial curve (b) we can identify 3
significant stages in the recording.

The first one, with values less than 20% buriad; th
second one with a medium burial oscillating
between values of 60-70% and the third one with a
medium value oscillating around the value 80-
90%.

Two crucial moments delimiting the three stages
are visible in the recordings, they correspond to
storm events. Storm events represent the only
circumstances where the object reaches minimum
value of burial and has the possibility to roll. We

Figure 5. Hydrological and meteorological monitgrin will ‘go deeper into this matter in the next

stations in the vicinity of the Wandelaar area. paragraph. _
During the 3 months experiments, 7 cycles of

neap-spring tide are counted. This alternation is
3.4. Time references reflected in the measured data. Under strongelr tida

i ) neap and spring currents the megaripples show an
The time references (local time and UTC) were &nnhanced mobility (back-and-forth movement)

parameter that asked some recalculation. Thgnich is easily recognized in the recordings by 6-
current and the hydro-meteorological data were - peaks in response to a changing current
recorded in UTC time, the tide data were recordedi oction. This has been shown for wider areas by
in Iocgl time: U_TC time+1h d_uring winter and \yever et al. (2008). During neap tide, the
UTC time+2 during summer period; the “Seestern’sp ironment is less subject to turbulences: as a
recording were in Central European Time (CET):;qnsequence the sediment mobilization around the

UTC time+2. To facilita_lte the irjterpretation_ _aII object is minimal not exceeding 5% of burial
data were reconverted in UTC time. In add't'on’variation.

data were recorded at different time intervals, fororl the contrary, during spring tide the sediments
instance, current data every 10 minutes, minge affected by increased local turbulence
burial and wave height every 15 minute, wave, oqcing short moments of complete burial

direction every 30 minutes. Only simultaneousyeaks). Both periods are recognizable in the buria
measurements were correlated and compared. |, 51ume curve (b).

4. RESULTS 4.2. Storms

i i i Storms along the Belgian coast are caused by a
4.1. Interaction sediments-object. ~ low pressure system over Scandinavia associated
The recordings made by the BRM are visualizeqyjith reinforced Azores high pressure systems. The
on figure 9 at the end of the present documentmgspheric pattern leads to a strong Southwest-
They show the sediment displacement around Rortheast pressure gradient associated with
cylindrical  object in a shallow dynamic gnshore winds blowing from the western sector in

environment. Remembering that the instrumenihe southern part of the North Sea (Ullmann et al.,

was programmed measuring every 15 minutes, th§009).

picture we got is close by to an on-scene scenarioqyo storms passed the experiment site off the
Figure 9 is a composite figure where 3 differentgg|gian coast in October and in November 2008.

diagrams are displayed. The effects of both storm passages are well

The first one indicates the variation during the 3j5cumented in recordings. The second storm is
months experiment for pitch and roll values. Theyiscussed in the following.

second one shows the BRM burial volume in
percentage and the third one is the combination of 5 1 storm 2% -24" November 2008

both. On Thursday 20 November 2008 a high pressure
system developed on the Atlantic Ocean together
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with a low pressure above the Baltic Sea. As a

consequence a cold front passed along th€he tidal cycle was during 2-and 22° November
Northern coasts around the midday of thé" 20in neap tide regime with a maximum water depth
November 2008; from Friday the 21winds blew variation of 3.47 meters.

from northerly direction and affected the BelgianBefore the storm, the BRM lay almost horizontally
coast and inland. The combination of cold arcticon the sea floor with the Bow side (pitch value -2)
airs with relatively warm water from the seaoriented slightly downwards. At that time it was
started an instable situation with the beginning of partially buried for 60% of its volume. A flattemjn
storm. (Storm archive, Royal Meteorological of megaripples already during the rise of the storm
Institute, 2008). is clearly visible as reported by Langhorne (1976).
Meteorological measurements show a windBetween the 20November at 10:45h and the'®23
blowing from WNW-NWN during the 20 21  November at 09:15h the significant wave height
and 22° November with 10 to 22 m/s (5 to 8 Bft), recorded at sea (red on fig.8a) was much higher
with gusts of 28 m/s (10Bft) at 22:10 h on thé'21 than the calculated critical wave heights for
November and 33 m/s (12 Bft) at 04:50h ori“22 sediment mobilization (gray on fig.8a). The storm

November (fig.6). caused forces at the seafloor that were able to
move easily the sediments in the main phase of the
g VU, storm. On 21 November at 11:00h the storm has a
£ zmg [N | .N""""‘» e peak water height of 6.17 m of producing energy
- Jiro IR | | of 48,000 J/m2 in an estimated water depth of 9.5
0 2 2z 22 24 2 2 W B m. The wind blew with 18.5 m/s from NNW
4 (337.4°) whereas the tidal current at a depth of 10
g2 Aditl m had a direction of 275°. The combined action at
RER T, Mk A Jul o the seafloor is scouring around the mine leaving
5. W{"’ R i only 4.8 % of the total mines volume buried
0

e (fig.8b). During this phase the sediment cone
Povember a0 21 22 23 24 25 26 27 26 underneath the BRM collapsed and the mine rolled
Figure 6. Wind direction (a) and wind speed (b)97_o towards NW and 26° baf:k In the following 30
between the 20 and the 28 November 2008. The Minutes (Table 1). The burial increased to more
graph illustrates only measurements recorded es@ry than 80% in the following hours.

minute. Therefore, the maximum values discussed on

the results section are not visible.

- Relative
o _ _ _ . Ti Significant buried
The significant wave height increases during this| pate Lljrpr?: wave ulne Roll
period reaching almost 3.50 m. Peaks of maximum ( ) height(cm) VOO ume
wave height i I} (%)
ght of 6 m were measured during the 21
and the 22 (fig.7). 20/11/08 ] 11:01 |330,570007] 4 +39
marimal wave height
775 Significant wave height 21/11/08 1116 339,890015 15 -58
= M W}]ﬁl‘ 21/11/08| 11:31 | 335,670013| 31 -47
2 #WMM JF“ A Jvf-mﬁ'w\
= 2 i’ MR WAL AT Ao W 21/11/08 | 11:46 |325,26001 |45 -32
0 T T T T T T 1T T T |
0 100 200 30 D 400 500 600 700 Table 1: comparison between significant wave height

L e e e e S AL A m relative mine buried volume and roll on*24ovember
B 2l 2 2 % 2% » 2008

Figure 7. Maximum (blue curve) and significant (red

curve) wave heights measured betweef! 26d 26'

November 2008.

Neovember
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el gt The sediment deposition phase started in the
. o SRR TR RATLED evening of the 22 November. It is characterized

by a fast drop in wave energy (fig.8d). The
sediment settling around the object covered it to
about 90% of its total volume during the next day.
On 23° November at 17:45h the minimum value
of wave energy (2,024 J/m?) is recorded.

burial volume (%)  wave height (m)
o
L

e 5. CONCLUSIONS
3 5 ‘| Through the use of the burial recording mines
5 W L - (BRM) seabed processes could be studied; also

during storms. Especially the flattening of
megaripples under high-energetic conditions could
calculated on significan wave height
caIcuIatedZn mimmalwave heig?'rt be proven

50000
340000
530000
£20000
210000

In shallow water, both current and waves affect the

g o ‘ sea-floor and are able to mobilize fine to medium
‘ ‘ ‘ . . . . .

wo_ ‘D"”"“" e e sands. The tidal variation during neap and spring

M e m o om ou m ® o period produces different scenarios, respectively

Fig. 8. Storm in November 2008. (a): comparisonSte""dy or turbulent. Dl_,lring storms, a rapid erosiqn
between measured curve of real wave height (red?f Sand around the object is observed. It startis wi
dashed) and calculated curves of critical wave liteig SCouring at both BRM ends. The scour holes
(different tone of grey); (b): curve of burial vahe; (c): eventually merge leaving the BRM almost
curve of roll measurements; (d): curve of wave gner  uncovered. At this stage it rolls to a deeper level

within the merged scour pits. The subsequent

sedimentation phase favours reaching a higher
On 229 at 04:00h a second minimum burial of percentage of burial volume. More in detail, the
9.5% was recorded (Table 2). The estimated wat@RM data showed during the experimental period,
depth was 8.7 m. During this minimum of watera burial of 60% after the first storm (October 208
depth a wave height peak of 5.8 m is measuregnd 80% after the second storm (November 2008).
producing wave energy of 43.200 J/m2. The tidalt remained in this condition until the end of tBe
current had a direction of around 250°. Themonths experiment.

ggg:ﬁ:ggd a?gﬂﬁg ct)r]: eWE?rYi?l eén.clj.higur;igtvvgjuz;q'he burial rec_ordings disp!ay a rapid (within two
additional roll of 20° towards W. days) generation of m_eganppleg after_the decay of

the storm thus proving a quick adjustment to
normal hydrodynamic conditions.

P Relative Burial recording mines are reliable tools to
. Significant . h . - 3 .
Time buried Il investigate local phenomena in 4 dimensions. They
Date (UTC) wave volume Ro i )
height(cm) (%) can be a supporting method for analyzing small
2 scale scenarios and they are perfect for in situ
22/11/08| 3:31| 297,32998} 26 -31 measurements during storm events.

22/11/08| 3:46 302,73999 9 -30

22/11/08] 4:01 313,01001) 10 -32
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Figure 9. Pitch and roll measurements during thexgeriment, (a). Mine burial volume during theeadperiment. 2
storm events are recognizable: lowest values ainard000 and 5500 recording number, (b). combinagitch-roll
and burial volume. Roll events are encounteredndustorm events
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