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Abstract

Results from deployments of burial-recording instemted modules in the Jade area of the German Bigitth
Sea) are reported. The time series show significahtanging patterns of burial activity under megples from
quiescent periods to stages of repeated burialfislb@he bedforms reached heights of 0.5 m andatégl past
the modules on twice daily time scales. As an axjuam scanning sonar installation showed stagepiielscence
and also stages of rapid (hourly) migration, Spiiftand merging activity for megaripple-scale beuafs.

The experiments are designed to help predict frecjge of seabed man-made object burial and unburiedy
raise issues on the connection between data anelsodthis practical application. We review thduma of
datasets dealing with the migration behavior oféar(megaripple, sandwave) bedforms and propodestime
new approaches are needed. They include: (i) amtopfi meta-analysis formalisms, (ii) invention oétmics for a
bedform’s stage of development; (iii) more use afgér experiment scales, manipulative experiments a
instrumented modules; (iv) the gathering of a cerpfidata on bedform migration. With these toolprioved
prediction of object burial by bedforms is feasible

1. INTRODUCTION Subject to the combined action of tidal and
unidirectional currents, bedforms show a
The prediction of the presence and the propertiesharacteristic unidirectional downstream progress
of megaripples and higher sand dunes is ofind “swinging crests” (Wever & others 2008).
importance for many shipping routes, some offidally active bedforms composed of sand and
which require regular removal of the bedform topscapable of burying significantly sized objects are
Similarly, for safety of navigation, objects at theimportant seaward of many river mouths where
seafloor under shipping routes need to be detecteghidirectional current impacts fade and marine
and perhaps removed despite patterns of burial angfluences such as tides become important.
unburial. A high prediction accuracy for presenceOne example of this situation is in the Jade afea o
and evolution of active bedforms is a relevant costhe southern German Bight (North Sea) where our
factor in such situations. experiments were performed. Water depths there
are 10-15 m. The area fgotected against swell
influence by the coast and a barrier system. The
2. BEDFORM ENVIRONMENTS tidal flood and ebb currents have almost exactly
We focus on current-generated bedforms which areépposite directions and peak tidal flows are up to
generated either by oscillating tidal currentsknots (1.5 m/s) at the surface. Occasionally tidal
unidirectional flows, or a combination of those.currents of 1 m/s have been observed 1 m above
These contrastingurrent regimes cause typical bottom at the site. There is no §|gn|f|cant riverin
expressions of bedform features: under tidaPutflow at the site. The megaripples of the area
influence a more regular back and forth movemenyary greatly in individual lengths and heights, reve
(“swinging”) of bedform crests is observed Io_cally. Sediment charact_er is medium-coarse sand
(Langhorne 1982), perhaps with some migratioyVith scattered shell remains.
(Besio & others 2003). Under constant current
influence a unidirectional migration is typical.
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3. VARIABILITY OF BEDFORM an array of six systems with separations of 48-
MOBILITY >3 m.

A central difficulty in bedform research has been
the position accuracy of repeated measurement Jade 11.11.-15.11.2005
This inaccuracy can be overcome by using
permanent burial recording modules on the
seafloor. These modules mimic objects on thg
seafloor and have the approximate shape, size a
weight distribution of the casings of naval mines
In the field experiments of Wever & Stender
(2000) much was learnt from these modules abol
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3.1  Burial recording module records _ _ _ _

A many weeks long time series of bedformFigure 2. Six curves of recorded sand height araixnd
migration verified the high temporal variability of b;;ag;ﬁggrg't”t%é"\‘]’:é'ée;ggs:cg: d?rgsé"’i‘gf;)vglm
?ngnﬁglz pl&;‘soglf(r)nvisnt:(hzgil:rr:gtIgll’istslagq‘s l?e%‘())lrcm he individual maximum sand heights observed by the

) . six burial recording modules were 7, 11, 25, 25,81
migration. 47 cm.

Jade (18.04.-27.04.1989) Such experiments with many systems were helpful
to estimate small-scale variations among migrating
bedforms. The repeated deployments of systems at
close distance regularly showed similar time-series
‘ of burial due to bedforms at the recording
\‘ modules. However, the observations pointed to
thr'm"._ \vey new open questions which could not be answered
solely by the point data at the recording modules.
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3.2  Differential bedform movement
Accordingly, in a third series of experiments a th
Figure 1. Recorded sand height around a burialade site an area-covering rotating scanning-sonar
recording module during nine days at the Jade siteyas deployed. The 380 kHz frequency sonar was
Recording interval: 1 hour. Only moderate sand tieig mounted at 4.8 m height on a tower which was
changes around the burial recording module argsjtioned on the seafloor. Having a range of 50
observed for 4.5 days followed by 4 days of extremq, ‘yha system covers a circular area of 7.850 m
sand height changes which are thought to be treapas (Wever & others 2008). Complete areal scans were
of a megaripple. . : .

obtained by the system each 3 minutes over a
After a period of litle change a set of Strongperiod of 25 hours, and at 10 minutes over periods
(0.4 m; Figure 1: rec. no. 110-200) changes take f 7 and 9 days re§pegt|yely. The recprded _data
place. That set is interpreted as back and fortinowed for example: splittings of megaripples into
movement of a megaripple in response to the tidgcgments; a sudden stopping of movemgnt for S.UCh
current. The period of prominent changes i egments or whole bedforr_ns, mergings - with
followed by another “quiet’ phase. Weather ollowing bedforms. The 3 minute scans showed
conditions cannot explain this difference. that thgse processes happen quickly - on scales of
In a second phase of experiments arrays of buri ﬁ60 minutes. .
recording modules were laid out to study th nother_ Important aspect re\{eale_d by the rotating
small-scale changes of bedform migration. Figuré®na' is the three-dimensionality of bedform

2 displays the result of a typical experiment withShapes and water flow. One short-interval, long-
term scanning of an area with bedforms revealed
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small sand ripples at the lee side foot of a steepeport no sand wave development where silt
sand dune. They indicated the action of crestexceeds 10%; (f) Terwindt (1971), finds no sand
parallel currents. The water appeared to be movingaves where mud content exceeds 15%; (Q)
in these cases at least partly on corkscrew-lik&alsmann & others (1966), report megaripples
paths first across and then parallel to sand dunewith 6% of particles <0.062 mm; (h) Bokuniewicz
Hence, even under purely reversed curren& others (1977), absent sand waves where silt
situations without a tidal ellipse in the Jade are®10%, (i) Dalrymple & Rhodes (1995) put the
the bedforms had 3D characteristics as large-scalinits for dune development at 0.13 mm, and for
side scan sonar mappings ahead of sonar tower oregaripple development at 10-15% silt/mud
burial recording module deployments showed. content.

A further set of limitations can be imposed based

on near-bottom current speeds. Salsman & others

4. SUBTIDAL DUNE MIGRATION (1966) (a) observed megaripple height reduction

important questions for those who are interested iBrouwer (1986) reported that sand wave height
the practical importance of subtidal duneincreases around the times of spring tide, and

migration. There is a need to understand th&ecreases around neap tide. Langhorne & Malcolm
probabilities for burial (disappearance) of objects1979) (c) found highest bedforms during lowest
of ~1m size under megaripples and sandwaves, gurrent velocmes aljd a flattening during higher
different environments. Unburial is also of intéres currents of spring tide. Support comes (d) from
Modeling of large-bedform migration offers one observations o_f Nasner (1975)_|n Elbe river where
avenue for progress. Besio & others (2003j1e found an inverse correlation of ebb current
analysed the relation of sandwave migration t¢P€ed and sand dune height. Idier & others (2002)
tidal” constituents and bottom configurations and®) reported height increases during quiet weather
proposed morphodynamic scalings for sandwavéond't'_ons- The rotating sonar records (f) show a
migration. Now, most likely, further progress on flattening of megaripples when current speed at 1
the issue will be through closer data-modefm above seafloor exceeds 0.6 m/s (Wever & others
combination, especially if the model results2008), heig_ht determinations are not possible.
(above) are to be applied to a wide set of areds afFontroversially, Soulsby (1997) (g) sees bed shear

to the megaripples superimposed on thétress as well as water depth determining the
sandwaves. dimensions (fough guide ... wavelength is 6 times

water depth). Bartholdy & others (2004) (h) argue
4.1  Limiting Environmental conditions against this and refer to reports where flow depth

A traditional approach to data on bedforms is th&lid not control dune dimensions (see, for example
narrative form of analysis in which limiting Fl€mming 1978) (i).

conditions for presence of active bedforms are setXtraneous factors such as irregularly occurring
out. This at least gives a highly useful M&or storms also affect bedform heights: (j)

‘epidemiological’ view of the problem by defining Langhorne (1976) and Houthuys & others (1994)
the areas where burial of objects can pobserved the storm-induced disappearance of
discounted. megaripples, Houthuys & others (1997) (k)
For example, in sedimentology: (a) Fenster greported a flattening of sand dunes by 1.2 m during

others (1990) find no bedforms when theStorms. . .
sediment's gravel content exceeds 12%, though (§y°nflicting reports in the literature of both
gravel bedforms are observed in the Englis restwards sediment fining on large bedforms

Channel. Bokuniewicz & others (1977) (c) do nottHarvey 1966; Anthony & Leth 2002) and a
observe sand waves when >12% of the graingoarsenlng (Terwindt 1970; Stolk 1996; Wells &

exceed 1 mm though (d) Harris (1989) reports sangudwick 1974; Fenster & ot_hers 1990; Chakhotin
waves composed of sediments with g of 1977) may be due to the action of waves (Perillo &

0.8 mm. Ludwick 1984). The same may apply for

For the fine constituents of the sediments there iSONflicting observations on the heights of
some agreement: (¢) Fenster & others (1990ﬂ1egar|pples on large sand dunes. Some authors
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(Terwindt 1971; Stender 1996) report higherThe simplicity of bedforms is also an issue for
megaripples near the crests of sand dunes. Otheing the reliability of existing data in formahiz

(Langhorne, 1977) report the opposite. synthesis. Many large subtidal bedforms have sub-
structure that involves layering from alterations i
4.2  Synthesizing the data the prevailing flow patterns (e.g., Berne & others

It goes without saying that a better understanding993), storm induced layering, and varied patterns
of the entire matrix of environmental controls onfor their smaller surficial (superimposed) bedforms
bedforms is needed. First, narrative forms ofaind sediment textures.
synthesis should be replaced with more formalized
methods. We envision a systematic meta-analysis
of that corpus as is done in medical sciences afld, CONCLUSIONS
ecology (Stewart 2010). This would enlarge theror practical applications such as safe navigation
available pool of data and overcome theand object burial a knowledge of bedform
heterogeneities between individual, small and locahccurrence and movement is of highest relevance.
studies Plus, importantly for practical burial The immense costs of dredging puts pressure on
problems, a large-as-possible corpus of data ofesponsible agencies and bureaux to reduce such
bedform mobilities and dimensions versus keypperations to a safe minimum. To attain that goal
environmental controls is needed. reliable prediction models are desirable which can
In terms of modeling, successful models should bgope with varying environmental conditions.
able to explain the collated data on environmentafhose models could be of the numerical-process
controls, not just implement theab initioin code.  type, morphodynamic, expert system, or
geographic information system (GIS). In all these
4.3  Dune development cases a good connection between models and data
Allowance will have to be made in data synthesesnust be a high priority and we advocate a new
on whether the subject dunes are fully developedipproach with that in several ways: (i) more
of composite structure, and in equilibrium with systematic meta-analysis of existing data,
surrounding environment. Much existing data isespecially in terms of bedform dynamics; (ii)
likely to refer to non-ideal states of duneconstruction of a corpus of reliable data; (iitimg
development. It would help to have metrics forthat data in terms of bedform development stage;
stages of bedform completeness of development gtv) renewed effort with larger-scale, perhaps
that their attending data can be assessed. To amanipulative, experiments that use instrumented
extent this is a matter of the scales of dunenodules.
dimensions and longevities versus stability ofitheiFrom our perspective existing combinations of
environment. data and model do not yet provide sufficient
The sensitivity of subtidal dune development topredictive capability for practical problems of
sediment supply is well known (Dalrymple & object burial under bedforms.
Rhodes 1995). Laboratory work such as by
Tuijnder & others (2009) quantitatively addresses
ripple scale phenomena, but the excursion pat
for the building and migration of megaripples angé' REFERENCES
sandwaves appear to scale over distances aﬁtﬂ‘g‘gdn%rmz-’ Sgé dianeetrqf éistr%ggtzién Le;rrg]]g-sgglned
duratl_ons well beyonc_j flume scales. To examine mobilityir; the eastern North Sea off the Danish
the issues of sediment supply controls at estcoast. Marine Geology 182: 247-263.
appropriate  scales, large-scale Iong'temBartholdy J., Flemming, B., Bartholoma, A
experiments are needed — including manipulative " Erpstsen V. 2004. On the dimensions of depth-
experiments like trenching into dunes or changing independent, simple subaqueous dunes. In S.
sediment loads (see Nasner 1983; Wienberg & Hulscher, T. Garlan, & D. Idier (eds), Marine
Hebbeln 2005). There may be a role for the Sandwaves and River Dynamics Il 9-16,
instrumented burial recording modules in such Intérnational Workshop, Enschede, 1.-2. April
experiments. 2004.

334



Marine and River Dune Dynamics — MARID IV — 15 &Alfril 2013 - Bruges, Belgium

Berné S, Castaing P, LeDrezen E, Lericolais G. and navigational projects. International
1993. Morphology, internal structure and Hydrographic Review 59: 79-94.

reversal of asymmetry of large subtidal dune anghorne, D. & Malcolm, J. 1979. A study of
in the entrance to Gironde estuary (France). JI' mine burial in monitored hydrodynamic ‘and

Sedimentary Petrology 63: 780-793. sedimentological conditions, Start Bay, Devon.
Besio, G., Blondeaux, P., Brocchini, M. & Vittori, Institute of Oceanographic Sciences Internal

G. 2003. Migrating sand waves. Ocean Document 55.

Dynamics 53: 232-238. Nasner, H. (1975). Zur Frage der Baggerung von

Bokuniewicz, H., Gordon, R. & Kastens, K. 1977. Riffeln in Tideflissen, Nassbaggerberichte:
Form and migration of sand waves in a large 4/75.

estuary, Long Island Sound. Marine GeologyNasner, H. (1983). Dredging of tidal dunes, Int.

24:185-199. Harbour Conference, Antwerp, Belgium.
Chakhotin, P. 1977. Some results of a study of thpeyrillo, G. & Ludwick, J. 1984. Geomorphology of

tidal sand waves in the White Sea. Oceanology 3 sand wave in Lower Chesapeake Bay,

17:182-188. Virginia, U.S.A.. Geo-Marine Letters 4: 105-
Dalrymple, R., & Rhodes, R. 1995. Estuarine 112.

Dunes and Bars. In: G.M.E. Perillo (ed.), salsman, G., Tolbert, W. & Villars, R. 1966. Sand-
Geomorphology and Sedimentology of Estua- rigge migration in St. Andrew Bay, Florida.
ries: 359-422, Amsterdam: Elsevier. Marine Geology 4: 11-19.

Fenster, M., Fitzgerald, D., Bohlen, W., Lewis, R.,5oulsby, R. 1997. Dynamics of Marine Sands.
Baldwin, C. 1990. Stability of giant sand waves [ ondon: Thomas Telford.

gggﬁ)gﬁsgtirgcl)_?_g%gland Sound, USA. MarmeStender, I. 1996. Burial of ground mines by

: migrating bedforms, FWG Forschungsbericht
Flemming, B. 1978. Underwater sand dunes along FR 1996-1.

the southeast African continental margin —

. AT . tewart, G. 2010. Meta-analysis in applied
ggjs%vfa_ ti%rés and implications. Marine Geolog ecology. Biological Letters 6: 78-81.

aptolk, A. 1996. Analysis and control of internal
and wind-driven currents in a shallow marine structures by coring; Middelkerke Bank area:

environment: Adolphus Channel, Northeastern sedimentological investigations. In Heyse, |. &

: : . ~ G. de Moor (eds.), Sediment Transport and
?ggtzr.alla. Continental Shelf Research 9: 981 Bedform  Mobility in  a sandy = Shelf

) ) Environment, Final Report of the STARFISH

Harvey, J. 1966. Large sand waves in the Irish Sea. prgject to the Commission of the European

Marine Geology 4: 49-55. Community, Directorate General VII, Brussels,
Houthuys, R., Traintesaux, A., De Wolf, P. 1994. 16.1-16.33.

Storm influence on a tidal sandbank’s surfacererwindt, J. 1970. Observation on submerged sand

(Middelkerke Bank, southern North Sea). yipples with heights ranging from 30 cm to 200

Marine Geology 121: 23-41. cm occurring in tidal channels of S.W. Nether-
Idier, D., Ehrhold, A., & Garlan, T. 2002. Morpho- lands, Geologie en Mijnbouw 49: 489-501.

dynamique d'une dune sous-marine du d'etroiferwindt, J. 1971. Sand waves in the southern

988%35 de Calais. C.R. Geoscience 223: 1079- pight of the North Sea. Marine Geology 10: 51-
. 67.

Langhorne, N. 1976. Consideration of meteoroloTerwingdt, J., Brouwer, M. 1986. The behaviour of
gical conditions when determining the = jntertidal sandwaves during neap-spring tide
navigational water depth over a sand wave cycles and the relevance for paleoflow
field, 15th Annual Canadian Hydrographic  reconstructions, Sedimentologg: 1-31.

Conference, Ottawa. . . Tuijnder, A., Ribberink, J. & Hulscher, S. 2009.
Langhorne ~ N.  1977.  Consideration ~ of = An experimental study into the geometry of

meteorological conditions when determining  gypply-limited dunes. Sedimentology 56: 1713-
the navigational water depth over a sand wave 1727

fllgl_ds,olnternatlonal Hydrographic Review 54: Wells, J. & Ludwick, J. 1974. Application of

. multiple comparisons to grain size on sand
Langhorne, D. 1982. The stability of the top metre \yaves, Journal Sedimentary Petrology 44:
of the sea bed. Its importance to engineering 1029-103s6.

Harris, P. 1989. Sand wave movement under tid

335



Marine and River Dune Dynamics — MARID IV — 15 &Alfril 2013 - Bruges, Belgium

Wever, Th. 2004. Bedforms and bedformWever, Th., Vo3, H. & Lihder, R. 2008. High-
migration — a data review. In S. Hulscher, T. resolution observation of small-scale variability
Garlan, & D. Idier (eds), Marine Sandwaves in a bedform field. In D. Parsons, T. Garlan, &
and River Dynamics Il: 330-337, International J. Best (eds.), Marine Sandwaves and River
Workshop, Enschede, 1.-2. April 2004. Dynamics lll: 331-335, Leeds, 1.-3.April 2008.

Wever, Th. & Stender, I. 2000. Strategies for andVienberg, C. & Hebbeln, D. 2005. Impact of
results from the investigation of migrating dumped sediments on subaqueous dunes, outer
bedforms in the German Bight. In A. Weser Estuary, German Bight, southeastern
Trentesaux, & T.E. Garlan (eds.), Marine North Sea. Geo-Marine Letters 25: 43-53.
Sandwave Dynamics: 221-226, Lille, 23.-24.

March 2000.

336



