HPASS Survey of a Roman Bridge,
Maastricht, The Netherlands

Corioli Souter
Assistant Curator

Department of Maritime Archaeology

Report - Department of Maritime Archaeology, Western Australian Maritime Museum, No. 149.



HPASS Survey of o floman Bridge, Moastricht, The Netherlands (2000)

Contents

HPASS Survey.... 6
Processing in thc Fu':ll:l o
Conclusions.... . 8
Acknowledgemenls................B
Bibliography.... SRR
Appendix |

Appendix 2

Site Surveyor Data

Figures

Cover Image Maodel of town of Maastricht

Bonnefanienmuseum Maastricht
Fig 1Multi-beam images 1998... SRR
Fig 2 Roman Bridge rctunm-m:lium.._..u..‘_..u......'E
Fig 3 [ron pile shoes.... NP e S
Fig 4 Arent Vos with recuw_-rcd pde

shoe.., il
Figh Cunumpwary m:agu: of 1275 prm:l:mun ...... 3
Fig 6 5t Servaas Bridge.... s
Fig 7 1963 Operation. ... W ik
Figt 8 Lion Saulplure.. ..o sissisamimmisim s 4

Fig 9 Raving an inscribed stone, May 2000............4
Fig 10 1st centry AD Roman ﬁmua.nr

HUOTUIIETIS. oot cneriecs NEVIRRTRNNSY. .
Fig 11 Gladiator Stone lﬂﬂ-ﬂﬂ Aﬂ‘ ..................... 5
Fig 12 Sculpture from Sint jangsgeleen....... A 5
Fig 13 Trading Scene 125150 AD 5
Fig 14 Woman in Roman dreas T70-190 Ak L]
Fig 156 Expedition dive platformi e s 6
Fig 16 Deploying the transponders..... P—
Fig 17 Tripods..... B

Fig 18 chimng“rmnspun&tr 1.., —
Fig 19 Selecting stones for HPA.SS .'mr'.re}r. ............. 7

Fig 20 Processing HPASS data on S8
Fig 21 Ropel Mulkens, NISA......c i



HPASS Survey of a Roman Bridge, Moastricht, The Netherlands (2000)

Introduction

In May this year, the Netherlands Institute of Ship
Archacology (NISA) requested the assistance of the
Department of Archacology for the deployment of the
HPASS (High Precision Acoustic Survey System) as part
of a survey of a third century AD Roman bridge site in
Maastricht, the Netherlands. This presented an
opportunity to usc the system in a situation with poor
visibility for which an acoustic survey system is ideally
suited. In a collaboration with the City of Maasiricht,
Rijkswaterstaatand ROB/NISA, adivingsurveywascarried
out by the archacological diving team of NISA, on the
remains of the Roman bridge in the river Maas, just south
of the St. Servaas bridge. (Refer Map, Appendix 1)

This project was a continuation of a survey initiated in
1999 which covered an area of ¢. 400 square metres
revealing three different structures which are tentatively
associated with three phases of the bridge's construction.
After utilising the SHARPS system in the 1999 campaign,
NISA requested the use of HPASS, The primaryaim of the
project was to accurately locate and map the remains of
the bridge. A multi-beam sonar mapping of the Maas bed

Fig 1 Multi-beamn images 1998

carried out in 1998 was a prelude to the diving survey in
1999 and 2000.

The remains of the bridge were discovered in 1915 as
a result of extremely low water levels in the river Maas.
The then cityarchivist W. Goosen published the statement
that these were the remains of 2 bridge from the late
Roman Perod. [n 1963, ROB were informed of a site
known as “de fundering” (the foundation [piles]) which
was a navigational hazard for shipping. It was concluded
that it was the remains of a late third to fourth century AD
Roman Bridge after the identification of the engraved
stones removed as part of this process. The stones,
previously used in architectural contexts, had been used
as foundation material and possibly as bridge piles. The
rest of the remains consisted of heavy oak piles seemingly
arranged in regular networks, rammed into the riverbed
and capped with iron pile shoes.

Site History
The Name of Maastricht

The name Maastricht recalls the first bridge crossing
by the Romansin the first century BC. It wasthe only fixed
crossing over the river in the region. The name isof Latin
derivation literally meaning where the River Maas was
crossed although it is not known what the bridge was
called in the Roman period. Maastricht was probably first
mentioned by Tacitus in 69-70 BC. A bridge described as
“Pontem Mosae Fluminus® is translated as “bridge over
the Maas” from his text. Maastricht was founded by Julius
Caesar when he chose the town as the most suitable for
wintering his troops after the campaigns against Galle
and Germany. Roman bridge architecture was as equally
developed as the building architecture, although there
are less remains of the former to evidence this. The
remains have been less accessible or have been totally
destroyed as a result of canalisation of European river
systemns in the nineteenth and twentieth centuries. It is
interesting that the remains of the bridge at Maastricht
have never been mentioned in historical sources for
example, as an obstruction to canal shipping.

Roman Bridge Types

1. Temporary timber piled, yoke (cross-beam) bridge, An
example of this type of bridge constructed over the
Bhine, had been described by Caesar,

2. Tempaorary ship pontoon bridge. This consisted of
several boats of the same fleet arranged next to each
other with a wooden deck joining them together
creating access across the river. No remains of this
type of bridge have been discovered.

3. Wooden Pillar bridge consisting of a heavy wooden
upper structure with a maximum life of one hundred

years.
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4. Pillar bridge with stone piles and a wooden upper
construction. When properly maintained this bridge
could last several centuries.

Fig 2 Roman Bridge reconstructions

5. Permanent stone arch bridge consisting of several
arches.

Remains of bridges are not usually impressive. They
consist of remains of stone piles, triangular bridge footings
{used as breakwaters on the upstream side except in the
case when piles could be attached to the rock bottom).
Heavy oak piles were arranged in regular networks, in a
pentagon pattern and rammed into the riverbed. Other
remains consist of iron pile shoes, grid network of beams,

Fig 8 lron pile shoes

remains of caissons contemproary with the piles, stone
blocks including those originally from architectural and
breakwater contexts,

The majority of finds from Roman bridges were from
the nineteenth century when scientific methods of age
determination such as dendrochronology were not

Fig 4 Arent Vos with recovered pile shoe

available. Many of these samples have also perished so
modern archaecological excavation plays as important
part in providing new samples.

The Maastricht Bridge in History

The road between Ardennen and Eifel avoided the
lowlands which incorporated the Maas and the Rhine, It
crossed the Maas north of the Sint Pietersberg mountain
near the mouth of the Jeker river. At the widening of the
valley and riverbed, pebble banks made it possible to
cross the river at this point by foot. In thisarea settdements
were established and trade across the river with neighbours
was possible. However, the road required continual
maintenance after high water and often carts needed
extra assistance (o cross the pebble banks, Very high tides
prevented crossing and traders needed to be lodged in
the area of Maastricht while the waited for the water to
drop. This is turn activated an economic centre.

The First Bridge

Caesar captured Galle up to the Rhine between 57-
51BC. Agrippa, began his role as Governor of Galle in
39BC with the creation of a centralised administration,
establishmentofdistricts, founding of townsand building
of roads. He was particularly active in the Maasiricht
districtin the first half of the second decenium BC. It was
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probably during this period the road from Northern
France {Bavai) 1o the Rhine at Cologne was built. Towns
such as Tongeren and villages such as Maastricht and
Heerlen were founded. The road building of Roman
engineers was an artistic process with a military and
administrative use. A bridge was required as the Maas
could not be reliably crossed due to fluctuating water
level, determined by rainfall. 1t iz conceivable that the
first bridge at Maastricht was builtat the same time as the
road to Cologne. Evidence of this carly bridge has not
been found. The oldest datable timber structure is from
the first half of the first century AD. Only one text from
the Roman period is thought to have referred to the
bridge. Tacitus refers to Ponis Mosae when he chronicles
the Bavarian rebellion in 63-70 AD. Since 1963, there
have been archacological indications in Maastricht for
the existence ofthe bridge in this period and the following
centuries.

The next mentioning of a bridge was by Gregorius
Van Tours from ¢.590AD who writes about the death and
funeral of the Bishop of St ServatiusVan Tongeran in 389
AD “{uxta ipsum pontem agerris publici " {close to the bridge
on the public road.) The text refers to the existence of a
bridge in the fourth and maybe sixth century AD. Written
sources are scarce for centuries proceeding this.

A bridge was intensively maintained in the ninth
century when Maasoricht was a busy trade centre, The
bridge appears several times in archival texts. An Act in
which Keiser Otio II1, the Bishop of Liege (Luik)
specifically mentons the bridge and references to tolls
forships and the bridge. In 1139, Romes king Conrad I1I
passes the ownership, maintenanece and toll over to the
church administration of St Servaas and after that the
bridge is mentioned regularly in church archival texts.

In the meantime, the western end point of the old
Roman road had changed from Bavai to the Flemish
towns with the metropolitan Brugge, as the centre. Many
technicalimprovementsin relation to transport resulted

Fig 5 Contemporary image of 1275 procession

in intensive traffic developments. The road became
polidcallyimportantin the demarcation of provinces and
states due to its position and the bridge was repeatedly
destroyed during this period. The thirteenth century
brought hardship to the bridge owner and eventually the
bridge disintegrated in 1275 during a procession where
hundreds of people lost their lives.

The question of whether this medieval bridge stood
on the piles of the preceding Roman example cannot be
discerned.

Servaas Bridge

The rebuilding of the old bridge after the collapse of
1275 was not possible. In 1280, the church of St Servaas
began with the building of a stone bridge with one timber
arch at the Wykse site. The bridge was finished in 1298,
This bridge with nine stone arches was well maintained
uniil the beginning of the seventeenth century when the
maintenance became a burden for the church. They
passed the responsibility and ownership with some
additional funding to the city in 1646.

The city carried out repairs between 1683 and 1716
under the Dominican brother Franciscus Romanus,

Fig 6 5t Servaas Bridge (post WW2 reconstruction)

Almost all building materials were replaced in ume,
although the medieval bridge isstill there. Until 1856, the
Servaas bridge was still the only bridge across the Maas,

The Wilhelmina Bridge was built 1930-32, the Kennedy
Bridge in 1968 and the Noorder Bridge in 1984,
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Archaeoclogy

1923

The first archacological find- a Roman coin treasure
along the Maas, was discovered in 1923 . The historian M.
van Heylethoff first studied the Roman sites in the
nineteenth century and the first Roman archacological
investigation was the bath house on Stokstraat in 1840,

The first scientific hypothesis of Roman prehistory
was by Goossens who excavated 1918-1926. In his 1923
article, Over the Roman Castellumhe was the first scholar 1o
state the position of the Roman bridge before it was
discovered some forty years later,

Fig 7 1968 operation

Fig 8 Lion Seulpture

1963
ROB were informed of stones dredged from the Maas,
100-125 metres south of the St Servaas bridge, cast of the

area around Stokstraat. With the highest pointsituated
at 2.4m under the present water level of the Maas, it was
planned to dredge and remove this obstacle. Many stones
were removed as part of this process and it was concluded
that they had the bridge.

The Stones

These stone finds extended the dutch history of art
another milleniumand have been termed Spolia (recycled
objects used ina newarchitectural context), Itisaunique
find in Holland, however, similar finds were more common
in neighbouring countries. The third and fourth centuries
were a politically unstable period with war and economic
recession, Efforts to restore many buildings and
monuments as well as fortifications utilised such stone.
First to Third Century grave stones were used as
foundations and this is seen throughout Europe, for
example, in Sens, south of Paris, sculpture dating froma
second century AD bath house was used in a fourth
century town wall.

In 270 AD, a fortification was hastily erected in
Maastricht and for this reason, many of the surrounding
monuments were demalished, To connect the large

Fig 9 Raising an inscribed stone, May 2000

stones, holes were cut which wooden double “swallow
tails” could be pushed into. After 333 AD the Roman
military built a completely new bridgehead (military
fortification for bridge) flattening the old fortifications
and reusing the stones again in and around the piles of
the renovated bridge. In this context, this is a tertiary use
of the sculptured stones . It has also been suggested that
some of the stones may have been dumped on the river
bed to change the river current or perhaps to break the
ice during Winter.

The stones were originally from grave monumental
sculpture and consecrated architecture. The oldest of
this type of architecture were massive monumental towers
up to 15 metres high. The findings from the Maas suggest
they date to the first century AD. Four of these large
structures and possibly more, existed along the roads
through the settlement. One grave monument could
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have been made from hundreds of blocks, The
monuments were erected during the life of the owners
whowere colonists and war veterans, many who had made
a career in the Rhine army. These people were raised in
the late republican tradition of the municipal town culture
of northern ftaly and southern France. They possessed
land in the Limburg hills, with many holding honorary
jobs in the towns of the provinces. Proud immigrants
expressing their Roman burgher rights through their
impressive mauscleums, they were planning a heroic
future in the afterlife.

Sculptured scenes depicted fights of Roman horseman
and barbarians. Scenes of weapons point to military fame.
The clothes, toga and tunica depicted on these stones

Fig 11 Cladiator stone 190-220 AD

emphasised the social position of the burghers. References
to Greek mythology and Elysium (heaven) suggests
intellectualisin of the deceased and a positive outlook on
the afterlife.

From the beginning of the second century the
Maastricht monuments appeared more modest and
noticeablysimpler, This was the result of the formation of

a new elite, romanised neo-burghers of native onigin.
Elsewhere in Europe, grave monuments located in the
villas superseded the "grave streets” of monumental
mausoleums. The scenes depicted and the lettering used

Fig 12 Sculpture from Sint Jangsgeleen 3rd century AD

signified the status of the deceased. For example, a
magistrate could use capital letters and illustrate a bull
sacrifice where a common burgher could not The
downfall of the opulent grave monumenis in the second
century did not appear in all of the Roman empire, only
in this area. The new Romanised elite of this period
consisting of traders and large land owners and the
existence of artisans produced a demand for private
assignments. Burgher tastes were based on riches,
opulence and achievements of daily life. Again, tower like
monuments were buill, one example was 25 m high, but
this time covered in scenes illustrating the life and
functions of the deceased. These monuments stood near
the villasand vicis of the landowners, like brightly painted
advertisements. The fragments from Maastricht consist
of the remains from at least eight funcrary pillars. The
deceased are dressed in full regalia as well as ordinary

Fig 13 Trading Scene 125-150 AD
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native dress. Some scenes also contain mythological and
allegonical symbolism, For example, a Roman she wolf as
a symbel victory, or nfcunqumr. over deathorasa sign aof
attachment to Rome. More typical are scenes which
depict the family home life, family meal and local traders.

Fig 14 Woman in Roman dress 170-190 AD

Site Description

The Maas river bed consists of fairly solid mud which
quicklysilts up the waterwhen disturbed. Even the slightest
contact with the riverbed results in visibility loss. Visibility
ranged from 0-80cm. Water lemperature varied from 15
to 19 degrees Celsius with depths between 3 to 6 metres.
The topography was generally uniform with the major Z
variations occuwrring to the east of the site, in the main
shipping channel. A rope grid 14 (NS) x 28 (EW) metres
was placed on the site to aid in orientation. Each of the
squares was 2 by 4 metres and was numbered from Al
(SW) to GT7 (NE).

Fig 15 Expedition dive platform

HPASS Survey

The primary aim of the survey was to re-measure the
bridge section surveyed in the 1999 campaign. [t was then
intended to survey an area similar in size, to the north
cast, mapping a series of large stones noted during the
expedition. Traditional tape trilateration was carried out
in an area immediately north of the 1999 site, providing
a comparison of techniques,

Transponders were initially located on river bed 1o
encompass the area of 1999 survey. A survey of the
transponder positions was undertaken first to test the
geometry of this network. The best accuracy is obtained
when the angles between the datum being surveyed and
the transponders isapproximately 90 degrees. Anglesless
than 30 degrees or more than 150 degrees resull in
inaccurate fwes.

Fig 17 Tripods built by NISA for holding the mransponders

Theaim, in positioning the transponders, is always to
try to meet this condition for as many pairs of ranges as
possible over the survey area. The initial results from the
transponder positionssurveyyielded high error residuals.
It was conceivable that this problem was the result of
surface reflection due to the shallow water depth. Shallow
water can reduce the number of good ranges from the
transponders and is most pronounced when the water
surface is flat. Quite small waves such as wind generated
ripples of boat wash can reduce, but not necessarily
eliminate the problem. The effects of surface reflection
arearbitaryand therefore difficult to pinpointand correct
for. Tt was suggested that changing the height of the



HPASS Survey of a Roman Bridge, Maastricht, The Netheriands (2000)

probe on a fix by fix basis would help if this became a
major limitation (Duncan, A. pers comm). In light of this,
the transponderswere lowered toadepth of approximately
3.5m to compensale for possible surface reflection,
Some hardware problems were encountered at the
beginning of thesurvey; T1 and the diver unit transponder
cable were faulty, probably the resultof damage sustained
by the unit during freighting. These problems were easily

Fig 18 Repairing Transponder |

identfied in the relatvely simple circuitry and fixed by
thearchaeologisis onsite. This survey of the 1999 area was
successfully accomplished with many RS residuals as low
as 30mm.

With the completion of the survey of the 1999 area,
three transponders, T3, T4 and T5 were moved to
incorporate the newstone area discovered NE of the 1999
grid, approximately 12-15 metres from T2. In the Site
Surveyor project these were renamed accordingly; T3 =
T7; T4 = T8; T5 = T9. In any one survey, no pair of
transponders should be more than about 40m apart. If
the survey needs 1o be extended, as in this case, at least
three transponders need to remain in their original
position and be resurveyed. These pointsshould be asfar
apart as is feasible, while stll being able 1o be surveyed
with good geometry. The newly positioned transponders
were levelled between 3.5-4 metres, slightly decper than
the initial survey as this site was in the shipping channel.
T2, T1 and T6 remained in their original positions but
were tumed around to face the new surveyarea, The new

stone area was delineated by two tapes approximately
25m in length extended in a NS orientation The ends of
cach of these tapes was buoyed and the transponders
placed at these positions. Deployment of the system in
thisarea was relatively expeditious with up to 60 peints or
400 measurements acquired in a dive. Initial results post
processing notonly indicated that HPASS can determine
the relative positions of the stones, butdemonstrated that
it can also successfully plot the four corners of individual
blocks. These macrosurvey capablities were made possible
due to the relatively small inter-transponder distances
and good geometry between the targets and ransponders.

The HPASS Data was processed using Peter Holt's Site
Surveyor 2.1.2, One of the ultimate aims of this survey is
to integrate acoustic data with geodetic information, with
constructional detail then projected into this. {Maarleveld
T, pers com). These results, used in conjunction with
terrestrial surveyed positions of the bridge remains and
will be eventually used to illustrate where the bridge
hypothetically projected over the river. The final graphic
presentation was created by exporting the Site Surveyor
data asa dxffile to Freehand so thatitcould be combined
with the manual measurements.

Fig 19 Selecting stones from sketch survey for HPASS work

Processing in the Field

In the field it was more practical to process each days
data in a single project. This was done on site after the
dive giving immediate results. This showed the relatve
positions of targets more clearly without the confusion of
several layers of points. It also enabled the operators to
identify potential problems in the survey and to re-
measureif necessary. Experimentation with RMS residuals
for individual distances was necessaryin the Site Surveyor
processing to counter high error margins This was
probably the result of multiple pathways interference,
Resules indicate that the main errors arc multi-paths,
because there are almost no negative residuals in distance.
All measurements over 100 mm were ignored.
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Oneinteresting issue is thatall the depth readings had
a slight negative residual, but there seems to be very few
positive residuals in the depth. One explanation may
relate to the density of water/seawater is an issue here.
The HPASS programme corrects for salinity and in this
case, we were operating in fresh water with a salinity
measurement of zero ppK. At this stage the HPASS
program does not account for density.

Fig 20 Processing HPASS daw on site

Condusions

The deployment of HPASS in the Netherlands
further proved the system’s capabilities in poor visibility.
In its present form, HPASS presents an interesting
alternative solution to conventional underwater surveying
techniques, The system has a number of advantages in
that it is fast, accurate and can be operated in low
visibility and on relatively deep sites. The speed of
operation, once the transponders have been deployed, is
at least as fast as a three-tape trilateration system and it
gives an accurate and a more reliable z-co-ordinate than
the three-tape system. There is also a considerable saving
on post-dive processing and reliable assessment of errors.
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