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auv Autonomous Underwa ter Veh icle

c / f C h lorophy l l/Fl uor escence

dvl Doppler Velo ci ty Log

eia E nv i ron mental Impa ct As ses s ment

hc Hy d ro ca rb on

iczm I nte g ra ted Coastal Zone Ma nagement

mbe Mu l t i b eam Echosou nder

o / n / p Oxygen / Ni t rogen / Phos phorous

sbp S ub- b ot tom prof iler

sss S idescan sona r

1. Int ro d uct ion

The feas i bil i ty of us i ng auvs for eia, mon i tori ng and iczm s u rveys is cu rr ent ly bei ng invest i ga ted on

dif fer ent coastal lo ca t ions in the Ba l t ic, Me di terra nean and At la nt ic Sea. The aim of us i ng auvs for eia,

mon i tori ng and iczm s u rveys is to reduce op era t ional cost s, improve safety and prov ide high da ta qua l i-

ty. 

An auv is bei ng inst ru mented for eia a nd iczm s u rveys under a Eu rop ean fu nded proj ect ca l led seabee

( cont ract evk3 -ct2001 - 00050 ) . The auv w ill be lau nched for sea trials in 2003. The auv selected for the

proj ect is the Ma ridan 600 well known from seabed mappi ng in the of fs hore ind ust ry. The auv s hall be

e qu ipped with chem ical sen sors and a core sa mpler. All auv op era t ions shall be completely autonomous

w i t hout the need for com mu n ica t ion with the supp ort ves sel.

The auv s hall be able to dive and transit to the survey area after bei ng lau nched from a supp ort ves sel, a

ha rb our or a hel icopter. It shall perform surveys by fol low i ng a pr e- def i ned path and sw i tch i ng pay load

sen sors on and off accordi ng to the survey pla n. The auv s hall take se di ment and wa ter sa mples at pro-

g ra m med lo ca t ion s, and record env i ron mental and ge olog ical da ta while perform i ng the survey. 
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2. auv i n st ru me ntat ion and sa mpl i ng met ho d

The pay load inst ru ments for the auv i ncl ude dif fer ent pa c kages for dif fer ent appl ica t ion s:

~ S u rvey inst ru ments for seabed mappi ng ( sss, mbe, sbp, ca mera )

~ C hem ical sen sors for in- s i tu mon i tori ng (ctv, o / n / p, c/f, hc)

~ Sa mplers ( core sampler, water sampler and water fil ter )

Va rious sa mpl i ng concepts shall be invest i ga ted incl udi ng la ndi ng, headi ng into the seabed and sa mpl i ng

on the fly by hoveri ng.

Table 1 out l i nes the pa ra meters of inter est and the sen sors required to prov ide the pa ra meters. As can be

se en in the table, we are down to rela t ively few sen sors, coupled with wa ter sa mple and core sa mple capa-

ci ty. 

Pa ra meters Se n sors

Ba t hy met ry mbe

Ge olog ical prof ile sbp

Seabed clas s if ica t ion Core sa mpl i ng

Hy d rology ( cu rrent pat ters ) dvl, ad cp

Wa ter chem i st ry ctv

Wa ter qua l i ty Wa ter sa mples

Pa rt icles Wa ter fil ter

Fau na and flora survey Ca mera

Habi tat mappi ng Ca mera, sss

Resou r ce as ses s ment or stock as ses s ment Ca mera, sss, mbe

Nut rients ( eut roph icat ion, mea n i ng o / n / p sen sors

o / n / p meas u rement determ i n i ng 

t he ol igo / eut roph ic stat us of the env i ron ment )

Fl uor escence / C h lorophy l l c / f sen sor

Seabed oil dep os i t ion or leak inspect ion      Ca mera, hc sen sor

Table 1: Out l i ne of pa ra meters and corresp ondi ng sen sors

We shall now exa m i ne the requ i r ements that these inst ru ments must me et for eia, mon i tori ng and iczm

s u rveys.

3. Survey re qu i re me nts for eia, mon i tori ng and iczm s u rvey

There are ma ny pos s i ble impa cts to be invest i ga ted in eia s u rveys, and ma ny dif fer ent fa ctors to con-

s ider in iczm s u rveys. Inde e d, iczm sta nds for Inte g ra ted Coastal Zone Ma nagement. And “i nte g ra te d”
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means that a prop er iczm study has to take into accou nt all the fa ctors potent ia l ly af fect i ng a given por-

t ion of the coast: Cont i nental wa ters, coastal wa ters, the coast l i ne itself ( i ncl udi ng beaches and the dune system

b eh i nd them, and hu man act iv i t ies ta k i ng place on the coast ), estua ries and rivers, and even idea l ly the whole of

t he river basin as surfa ce wa ters ( p otent ia l ly pol l uted by hu man act iv i t ies such as ag ricu l t u re ) run into rivers and

end up in the sea. 

To sta rt with, we are on ly concerne d, obv ious ly, with the "wa ter" pa rt of these studies ( cont i nental and

coastal waters, est ua ries ) . But, as ment ioned ab ove, the nu m b er of dif fer ent impa cts potent ia l ly af fect i ng the

coastal zone is nu merous; and to be thoroug h, our approa ch shou ld incl ude idea l ly all pos s i ble impa ct s. As

this cou ld st i ll qu ic kly prove to be an imp os s i ble tas k, we need to con s ider the basis of an impa ct as ses s-

ment, which can be done by meas u r ement of a limited nu m b er of ge ophys ical and ecolog ical pa ra meters.

Table 2: Typical assess ments and pa ra meters meas u res in eia a nd mon i tori ng surveys < 272 >

I mpact

Fish fa rm i ng

Sewage out fa l l

Pip el i ne / cable lay i ng

A rt if icial reefs

Of fs hore con st ruct ion s

D r e dg i ng / se di ment 

di s p osal and mining

Coastal works ( ha rb ou r,

pier, hotel complex es, des a l i-

nat ion pla nt s )

Oil spil l s

S h ip wrec k / lea k s

Tou rism rela ted 

a ct iv i t ies ( e. g. water

sp ort s, div i ng etc. )

Ge ophys ical pa ra meters

Ba t hy met ry

Cu rr ent

Ba t hy met ry

Cu rr ent

Ba t hy met ry

Ge olog ical prof ile

Ba t hy met ry

Seabed clas s if ica t ion

Ba t hy met ry

Seabed clas s if ica t ion

Cu rr ent

Cu rr ent

Cu rr ent

Cu rr ent

Leak inspect ion

Seabed inspect ion

Ba t hy met ry

Seabed na tu r e

Ecolo g ical pa ra meters

Fau na and flora survey

Eut roph ica t ion

Fau na and flora survey

Habi tat mappi ng

Eut roph ica t ion

Fau na and flora survey

Fau na and flora survey

Fau na and flora survey

Fau na and flora survey

Habi tat mappi ng

Fau na and flora survey

Habi tat mappi ng

Eut roph ica t ion

Fau na and flora survey

Sea flo or oil dep os i t ion

Fau na and flora survey

Eut roph ica t ion

Fau na and flora survey

Habi tat mappi ng
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Ge ophys ical pa ra meters are ma i n ly bathy met ry, seabed na ture and hy d rology ( cu rrent pat tern, tidal cu rrent s,

a nd wave dy na m ics ) . Ecolog ical pa ra meters are ma i n ly fau na and flora survey and / or stock as ses s ment, habi-

tat mappi ng, wa ter chem i st ry ( ma i n ly salinity and ph) a nd pol l ut ion sta tus.

The pa ra meters listed in Table 2 are what E I A a nd mon i tori ng surveys wou ld ha ve to cover, wha tever the

i mpa ct is from aqua cu l tu r e, sewage ocean out fa l l, ha rb our con st ruct ion, coastal eros ion, ag ricu l tu ral or

i nd ust rial pol l ut ion. Aga i n, “p ol l ut ion” covers ma ny things, so we need to simpl ify. Genera l ly, what is

done is to lo ok for signs of eut roph ica t ion ( by meas u ri ng nut rient concent rat ion in the water - through nitrate and

phosphorus ma i n ly - and di ssolved oxygen ) a nd lo ok i ng at metal concent ra t ion in se di ment s.

Table 3: Typical assess ments and pa ra meters meas u red in iczm s u rveys 

Table 3 out l i ne typical as ses s ments ( non ex ha ust ive, but co veri ng the most com mon ones ) a nd the pa ra meters to

be measured for iczm studies.

4. Sen sor and sa mpl i ng requ i r ement s

The requ i r ements for sen sors and sa mpl i ng equ ipment has been set- up based on the fol low i ng 

i nforma t ion:

~ Quest ion naire di st ri buted to Eu rop ean scient i st s

~ Own ex p erience from us i ng convent ional survey met hods < 273 >

Ass ess me nt

Establ i s h ment of a Ma ri ne

protected area

Na tu ral resou r ces as ses s ment

Sta te of the env i ron ment

Pol l ut ion as ses s ment

Coastal eros ion

Ge ophys ical pa ra meters

Ba t hy met ry mappi ng

Seabed na tu r e

Cu rr ent pa t tern

Ba t hy met ry mappi ng

Seabed na tu r e

Seabed na tu r e

Cu rr ent pa t tern

Ba t hy met ry mappi ng

Seabed na tu r e

Cu rr ent pa t tern

Ecolo g ical pa ra meters

Fau na and flora survey

Habi tat mappi ng

Stock as ses s ment of ta rget species

Eut roph ica t ion

Wa ter chem i st ry

Habi tat mappi ng

Stock as ses s ment of ta rget species

Fau na and flora survey

Habi tat mappi ng

Eut roph ica t ion

Wa ter chem i st ry

I ndica t ive species survey

Eut roph ica t ion
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Nu m b er of wa ter and / or se di ment sa mples 10

Vol u me of wa ter sa mples 1000 cc

Core dia meter 40 mm

Core lengt h 3 00 mm

Table 4: Re qu i red sampl i ng specif icat ion s

Pa ra meter Ra nge Ac cu racy Resol ut ion

Cond uct iv i ty 0 - 70 mS/cm 0 .005 mS/cm        0.0001 mS/cm

Temp era tu r e -2/+32 °c 0 .005 °c 0 .0001 °c

Oxygen 0 - 130 % 1 % 0 .1 %

Tu rbidi ty 0 .04 - 100 ftu 0 .02 ftu - 3 %    0 .01 ftu

Fl uor escence 0 .03 - 100 _g/l 0 .02 _g/l - 3 %     0 .01 _g/l

C h lorophy l l 0 .03 - 100 _g/l 0 .02 _g/l - 3 %     0 .01 _g/l

Cu rr ent di r ect ion    0-360 ° 2 ° 1 °

Cu rr ent velo ci ty 0 - 200 cm/s 0 .5 cm/s 0 .005 cm/s

Nut rients ( n i t rate ) 0 - 3 00 _m/ l 2 % fsr 0 .05 _m/ l

Hy d ro ca rb on 0 .001–10 _g/l 3 % fsr 0 .001 _g/l or 1 %

Table 5: Re qu i red sen sor specif icat ion s

Table 4 and Table 5 show the required specif ica t ions to be met by the auv i n st ru menta t ion.

5. Scie nt if ic test surveys

The pla n ned scient if ic tests involve ge ophys ical sen sors (sss, dvl, ca mera ) , bio chem ical sen sors ( s a l i-

n i ty, oxygen, suspended mat ter, nut rients etc. ) a nd the simu l ta ne ous col lect ion of se di ment and wa ter sa mples.

The trials ha ve been des i g ned to il l ust ra te typical eia a nd iczm s u rveys. 

The scient if ic test surveys are summa rized in Table 6.

< 274 >
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Table 6: Out l i ne of scient if ic test surveys

The main obj ect ives of the tests are

~ Test of the sa mpl i ng concept on dif fer ent typ es of seab e d

~ Da ta qua l i ty as s u ra nce by compa ri son with corr es p ondi ng da ta obta i ned by convent ional 

met ho d s

~ Est i ma t ion of the feas i bil i ty of us i ng auvs for eia a nd iczm s u rveys.

At la nt ic test survey

Ba c kg rou nd for select ion of survey site: 

~ Estua ries are nu rsery grou nds for econom ica l ly imp orta nt ma ri ne species

~ I nf l uence of ex p orted ma t ter ( pa rt icu late and di ssolve d ) on ma ri ne regions rea ches far beyond 

t he estua ry

Scient if ic survey obj ect ives:

~ Qua nt ify nut rient fluxes betwe en bot tom and wa ter col u m n

~ B io divers i ty of se di ment orga n i s m s

~ I nf l uence of estua ry on ad ja cent coastal zone

~ Eut roph ica t ion potent ial of estua ry and ad ja cent coastal zone

B a l t ic and North Sea test survey

Ba c kg rou nd for select ion of survey site: 

~ The region has a great imp orta nce for tou ri s m

~ Mon i tori ng of ma ri ne species leads to indica t ions of env i ron mental cha nges

Scient if ic survey obj ect ives: < 275 >

A rea

At la nt ic coast, 

North Portuga l,

Ba l t ic coast, Germa ny

North Sea coast,

Germa ny

Me di terra nean coast,

Cors ica

Lo cat ion

Li ma and Dou ro 

river system s

Tou ri st bea ch, 

Feh ma rn

German Bay

Ca lvi Bay

E nv i ron me nt

S ha l low wa ter, sa l i n i ty va ria t ion s,

high tu rbidi ty, sa ndy se di ment,

high nut rient concent ra t ion, con-

ta m i na nt s

S ha l low wa ter, wide sa l i n i ty ra nge,

muddy to sa ndy se di ment

S ha l low wa ter, wide sa l i n i ty ra nge,

muddy to sa ndy se di ment

Depth 150 m, high sa l i n i ty, low

nut rient concent ra t ion, isla nds of

ha rd bot tom within soft se di ment

Ta rget

Estua ry resea r ch in

estua ri ne and ad ja cent

coastal zones

Mon i tori ng of wa ter

qua l i ty

Mon i tori ng of wa ter

qua l i ty

Cora l l i g è ne reefs
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~ Determ i na t ion of bathing wa ter qua l i ty

~ Ma c rophyte mon i tori ng as pa rt of a long- term mon i tori ng prog ra m me in the Ba l t ic Sea 

P rotected Areas

~ Seag rass mappi ng in the Ba l t ic Sea and bl ue mus sel in the North Sea as pa rt of Coastal Zone 

Ma nagement

Me di terra nean test survey

Ba c kg rou nd for select ion of survey site: 

~ Re efs are high- pro d uct iv i ty zones, ther efore of inter est for fishery

~ Da ta imp orta nt for Coastal Zone Ma nagement

Scient if ic survey obj ect ives:

~ Mappi ng of the Cora l l i g è ne reefs

~ Determ i na t ion of their bio divers i ty and pro d uct iv i ty

The sen sors requ i r ements for ea ch test survey are out l i ned in Table 7.

Table 7: Inst ru ments and sen sors re qu i red in the pla n ned scient if ic test surveys< 276 >

I n st ru me nt s

St ill ca mera

SSS

M BE

S BP

Mu l t icore sa mpler

Wa ter sa mpler

Wa ter fil ter

Light sen sor

CTD ( Sa l i n i ty, temperat u re )

Oxygen sen sor

Tu rbidi ty sen sor

Fl uor escence / ch lorophyll sen sor

DV L

Nut rient sen sor

At la nt ic test

X

X

X

X

X

X

X

X

X

X

B a l t ic and

North Sea test s

X

X

X

X

X

X

X

X

Me di terra nea n

test

X

X

X

X

X

X

X

X

02_Bjerrum  01.01.1970  15:56 Uhr  Seite 276



The sea trials also involve several capabil i t ies and tech n ical specif ica t ions for the seabee veh icle to be able

to perform these trials in a tru ly autonomous way. They are listed in Table 8.

Table 8: Out l i ne of re qu i red auv capabil i t ies for pla n ned scient if ic test surveys

6. Concl us ion

The requ i r ements for typical eia a nd iczm s u rveys are def i ned incl udi ng in- s i tu mon i tori ng, sa m-

pl i ng and survey i ng. Inst ru ments ha ve been selected for inte g ra t ion on an auv. Scient if ic test surveys are

pla n ned in 2003 to test the feas i bil i ty of us i ng auvs for eia a nd iczm s u rveys. 
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auv capabil i t ies and specif icat ion s

Com bi na t ion of survey and sa mpl i ng

No com mu n ica t ion duri ng the survey

No need of supp ort i ng ship

O bsta cle avoida nce

O nb oa rd la ndi ng cont rol system

La ndi ng without op era tor cont rol

La ndi ng on va rious seabed surfa ces

Undi stu rbed se di ment sa mples

Ra nge: Mi n i mum 30 km

Ac cu ra te na v i ga t ion ( max 1 m error )

Mo d u lar inst ru ment pa c kages

At la nt ic test

X

X

X

X

X

X

X

X

X

X

B a l t ic and 

North Sea test s

X

X

X

X

X

X

X

X

X

X

Me di terra nean 

test

X

X

X

X

X

X

X

X

X
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