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B

modemn road bridge across the Afon Alwen is

proposed to replace the existing AS Pont Melin

Hig, a masonry arch structure built in 1792,

However, progress on engineenng design has
been hampered by problematic ground conditions
cauzed by a previously unrecorded, 40-50m thick
sequence of soft to very soft glaciclacusirine silts (Rig
Silts). The remarkable depth of the Rig Silts and the
need to locate = foundation stratum for the proposed new
bridge prompted the application of geophysical tech-
nigues. A high-resolution seismic reflaction survey was
performed to imags the subsurface conditions at the
‘proposed bridge sile to a depth of 100 m below ground
level and provide a comprehensive undaerstanding of
the geological profile. The seismic survey successfully
delineated the bottom of the Rig Silts, identified a |
basal unit of very dense, heterogeneous glaciofiuvial |
gravels and delimited bedrock of Silurian Nantglyn Flags.
Subsequently, a single desp borehole confirmed the
findings of the geophysical survey and imporiantly, the
investigations proved a possible foundation horizon for
the proposed new bridge at a dapth of 45,80 m in the
basal gravel unif. The seismology provided the largest
and most confinuous source of geological information
across the site and consequently had the greatest influ-
ence on the deliberations on foundation selection and
optimization. This case history illustratas the benefits of
using reflection seismology in areas of complex glacial
geology. It also demonstrates the benefits of geophysical
investigations to agectechnical assessments of local
ground conditions.
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~————<%  Abstract

Pont Melin Rig is 2 strategically important road bridge
over the Afon Alwen in upland North Wales, It lies
some 2 km west ol Corwen and National Grid Reference
S1 051436 applics (Fig. 1), Most highwavs through the
steep terrain of the North Wales massif exploit rocky
mountain corridors provided by river valleys. However,
to the west of Corwen. the AS and A494 trunk roads
merge o lorm a single 22 km stretch of highway,
including Pont Meln Rayg. thal traverses an exceptiona!
area of flat pasture land, This pastoral vale occupics
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a broad horizontal foodplain that forms a sirking
seomorphological feature in sharp contrast 1o the
surrounding mountainous landscape (Fig. 23

The bridge a1 Mehin Rig is nurrow and humpbacked
and the approdches feiture sweeping curves and tight
radit bends with poor forward visibility, In addition.
awkward junclion conligurations on both sides of the
bridge are accident cluster sites, Accordingly, a scheme
is being considered to construct a new bridge and
straighten the hizhway alignment. The preferred option
involves an off-line improvement. some 30 m upstream
of the existing bridge. However, it requires a substan-
tally longer bridge in order 10 cross a wider stretch of
the Afon Alwen at an oblique orientation.

Preliminary ground investigations at the proposed
bridge site encountered a remarkable sequence of grev.
st 1o very solt silts (Rig Silts) that proved doubiful for
modern bridee foundation purposes. Moreaver, bore-
holes luled 1o reach the base of the siltis and so the
deeper eround conditions remained uncertain and noth-
ing was known about the rockhead geometry. Accord-
inglv, a seismic survey was commissioned to gain a
comprehensive understanding of the geological profile at
the site and imporianily. Lo scarch for a foundation
stratum far the proposed new bridee.

This paper presenis a practical case history ol o
high-resolution seismic reflection survey destaned 1o
investigate the problematic ground conditions. The geo-
physical ficldwork was undertaken dunng January 1999,
The paper also describes the unusual glaciolacustrine
seddiments that were discovered during the enginecring
reology investigations and presents the first pubhshed
record of Llvo Edeirnion. the glacial lake in which these
deposils accumulated.

Historical background

According to the historic records, the Chester based
architect Joseph Turner designed Pont Melin Rig to
replace an earlier bridge that had fallen into a state of
disrepuir. Work on the bridge started in 1790 and was
substantially completed by late 1792, 1t is a three-
span. sezmental. circular masonry arch bridge with
random masonry spandrels and wing walls (Fig. 3). The
central arch spans [3.55m and the side arches span
1175 m. Width between parapets measures 6.3 m. Both
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Fig. 1. Onentation map.

abutments and piers are thought to be founded on
shallow alluvial gravels within the tract of the Afon
Alwen.

The Act of Union between the two parliaments of
Great Britain and Ireland in 1800 led to considerable
increase in travel between London and Dublin. To ease
the journey, the father of engincering, Thomas Telford
was commissioned to design and construct the AS
Holyhead Road across Wales, Telford incorporated a
host of innovative features in his road design but a prime
objective was to cnable stagecoach horses to easily and
rapidly trot over the whole road at an average speed of
|3 km/h. Around 1820, Telford developed his AS route
to the west of Corwen and incorporated the existing
county-built bridge at Pomt Melin Rig into his road
scheme.

Not surprisingly. Pont Melin Rig is designated an
Ancient Monument albeit with only a Grade TT listing. T4
is widely acknowledged as a structure of considerable
visual appeal and architectural significance. At the
present time. traffic low across the bridee averages
almost 8000 vehicles per day.

Geological setting

The regional geology wus described by Anonymous
(1993) and Smith & George (1961) and Quaternary
aspects were discussed by Campbell & Bowen (1989). In

addition, Rowlands (1979) described glacial and geo-
maorphic features in the area between Bala and Corwen
1o the SW of Melin Riig.

Bedrock in this part of the Welsh Uplands comprises
sedimentary strata of Lower Palseozoic age, In the
vicinity of Melin Rig these consist predomimantly of a
monotonous sequence of sillstones and mudstones of the
MNantglyn Flags of Silurian (Wenlock) age that generally
dip at moderate angles southeastwards,

The landscape architecture of the district was created
during the Pleistocene (Late Devensian) glaciation. The
villevs of the Afon Alwen and the neighbouring Afon
Dyfrdwy originated as U-shaped alacial troughs associ-
ated with tributary glaciers from the Meirionnydd Tge
Cap. The foor of each glacial vallev is deeply incised
and overlain in places by heterogeneous glacial deposits,
A drumlin field about T km SW of Melin Rig fealures 3
series of drumlins oriented NE SW that indicate sn
essentially northeastwards direction of former ice move-
ment Across the region. Elsewhere in the district, elacial
sand and gravel deposits form hummeocky leatures as-
sociated with kame and keutle topography and mixed
glacial deposits locally drape the flanks of the valleys.

During deglaciation, meliwater from the decay of the
Meirionnydd lce Cap also flowed northeastwards and
deposited glaciofluvial sands and gravels. The villlew of
the Afon Alwen provided one of a series of maj or
meliwater escape routes associated with the lce-cap.
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Fig. 1. The distribution of allevial Bats overlying Rig Silis and the estimated extent of glacial Lake Edeirnion,

Fig. 3. View of Pont Melin Rig.

Also during deglaciation. a glacial lake of large di-
mensions developed where the former ice streams of the
valleys of the Afon Alwen and Afon Dyirdwy were
confluent. Borehole data around Corwen demonsirates
that the glacial lake (" Llyn Edeirnion™) occupied at least
10 km=. Its surface extent probably coincided with the
area of flat pastureland at elevation 130-140m AQD
that lies between Carrog. Corwen. Cynwyd and Druid
(Fig. 2). Recent alluvium conceals the enure glacial lake
basin and 1t will require specialized subsurface mvesti-

gations to delineate its exact boundaries. The sihaton of
placial Llyn Edeirnion produced the thick sequence of

rhythmites referred to herein as the Rilg Silis.
Elsewhere m North Wales, Tinsley & Derbyshire
(1976) have descrbed a glacial lake at Llvn Peris

and Seddon (19621 discussed lake deposits at Llvn
Dwythwel and Nant Firuncon. In addition. laminated
clays have been reported by Warren er af 1984 ar Pomt
Cilan v Wern in the Vale of Clwyd and at Dyvio in the
Conmwy Villey, However. as far as can be determined, no
previous record exists in the published literature of the
impressive and remarkably uniform sequence of Rig
Silts that accumulated in glactal Llvn Edeirnion.

Ar Melin Rig, the present dav floor of the Alwen
villlew has a weneer of alluvium associated with the
contemporary river drainage. A variable spread of silis,
sands and gravels tvpically ranges up o several metres
deep, fu-sita rock and drift relationships are illustrated
dizgrammatically in Figure 4,

Rag Silts

The Rug Silts are soft 10 very sofl, becoming firm with
depth, grey. thinly laminated. clayev, slightly sandy
SILT with numerous medium grevish brown, sandy
partings and lenses. and oceasional thin bands (15 mm
thick) ol soft. pale grey clay. The bedding in the
larmnated deposits is subhorizonal,

Muoisture contents range from 13 o 36% with no
particular relationship discernible betwesn moisture
content and depth. The material is almost invariably
nen-plastic and liquid limits range between 18 and 41.
Particle size distribution falls predominantly within the
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Table 1. Represéntative engiesring propertics of Ry S,

Property Medizn value
Monsture content 251945
Plasucity index (Bl 5
Liquid limit (LL) o
Mean silt content TX0%
Mean clay content %
Average bulk density 1965 Mg'm”
Tyvpical W' value 4
Undrainad cohesive sirength (Cu) S0 kPa
Undrained shear strength (C) 15 kPa
Effective stress strength parameters e'=0, p’=24"
Coefficient of volume comipressibility {m, ) 003 mAMN
Coefficient of consolidation e, LM iy
Cone penctrometer resistance (ge) |80 MPa
Cone penctrometer. sleeve friction ((3) 0403 MPa

fine sand to fine silt range with between 62 % and 100 %

finer than 423 pm, In addition. weak trends exist of

increasing clay content and decreasing fine sand content
with depth. Salient engineering properties of the Rig
Silts are summarized in Table 1,

Dutch Cone Penetrometer testing of the Rig Silts wo
depths approaching 40 m revealed a restricted range of
variation of cone resistance and sleeve friction, with
very low penetration resistance and low friction values
throughou! the whole thickness of material penetrated.
Bused on the penstrometer results, the allowabhle bearing
capacity ol the Rog Silts is only 48 kPa.

The Rig Silts are glaciolacustrine rhyvthmites pre-
dominantly of the diatactic tvpe. The sediment consists
of rhythmically bedded rock flour that seitled from
suspension  within - the  impounded glacial Llvn
Edeirnion. Individual laminze reflect changes in the
grain size and quantity ol sediment as a function of
fluctuating water and sediment discharge cveles over
time. Neither pollen anmalysis nor radiocarbon cah-
bration are vet available for the Rig Silts, However, the
rock basin within which the thick sequence of silis
accumulated was probably produced by glacial over-
deepening during the Late Devensian. Importantly, the

sequence of Rig Silis is of considerable interest for
studiss on Lale Quaternary history and provides a
unigue opportunity for research on past environmental
changes,

Seismic reflection survey
Introduction

The findings of the preliminary borehole investigations
demonstrated u need for deep exploration along the
proposed construction corridor to search for a foun-
dation stratum for the proposed new bridge. It was also
considered prudent 1o obtain information about the
geology to a depth of some 100 m below ground level
prior to undertaking any further drilling. Various geo-
physical methods were considerad and high-resolution
reflection  seismaology was judged to be the most
appropriate for the site conditions in this inslance.

Principles of operation

Beismic reflection surveying requires three components:
i selsmic source to generate the initial seismic signal, u
serics of geophone stations at the around surface Lo
detect the arrival of the reflected seismic signals and
signal enhancement seismograph to contral the survey
and to record the data. The seismic waves generated
travel through the ground and are reflected back from
sub-horizontal interfaces at depth. For cach shot fired,
the seismic daty measured by the peophones are re-
corded by the seismograph. By producing a sequence of
shots fired from different positions and recorded over
different spreads of seophones sufficient data can he
acquired that can be processed o form a complete
seismic section.

As the time at which the source was fired is known
(recorded by the seismograph) the time it takes for the
seismic waves o travel into the ground and then back Lo
the surface 10 be detected by the geophones can he
measurad and stored on the scismograph. The reflected
datu detecied at each geophone are measured as a
tunction of travel-time and are displaved as a single
trace. A panel of geophones will give rise to 4 sequence
of Lraces,

Seismic reflection profiling requires specialized com-
puter processing to correct the data for u series of
geometric distortions and to improve the signal-to-
noise ratio. The ultimate product from seismic reflection
profiling is a stacked seismic section.

If the velooity for different horizons cun be deduced
(using complex velocity analysis computer routines) and
the Two-Way Travel-Time (TWTT) for the seismic
section is known (recorded by the field survey) then the
travel-time information can be translated into depth
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Fig. 5. Site plan and survey lavout

Fig. 6. Batting out Ling 1. View looking westwards. Pont Melin
Rig on the keft of the picture.

sections. Further information on reflection scismology is
provided by King (1992) and Revnolds (1997,

Field techniques

The lavout for the seismic reflection survey at Pont
Melin Rig comprised two seismic lines (Lines I & 2)
each 73 m in length on either side of the Afon Alwen and
as close as possible 1o the centre line of the proposed
new route (Figo 33 The Afon Alwen is a fast-flowing
river and 50 seismic SUrveving wias nol Continuous across

the river partly for logistical reasons but also because of

the high nowse levels generated by the wrbulent water
flow conditions.

An ABEM Terraloc Mark 6, 24 channel. high-
resolution seismograph was emploved and a total ol 48
geophones at 2 m intervils were used per spread (Fig. 6).
The seismic energy source used to generate the sound
waves consisted ol a buffalo zun that fired blank 8 gauge
cartridges vertically downwards at & depth of about
(L& m in the ground. Seismograph triggering was initi-
ated by contact closure belween a hammer and the firing
pin on the buffalo gun (Fig. 7).

The optimum olfset configuration was deploved. In-
itially, the most appropriate horizontul offset distance
between the seismic source and the geophone array was

Fig. 7. Triggering the bulfalo gun seismic source.

cstablished that allowed the refracted arrival from the
base of the alluvial overburden to be differentiated from
the rellected arrival from the frst proncipal geological
mlerface al depth (Fig, 8, An optimum offset of 32 m
was determined wsing a walkaway test. This invelved
firing a scries of shots at different separation distances
between the scismic source and the geophone group. The
sgismic record vielding the best quality data was selected
by visual inspection,

For the main production survey, individual shots were
fired at 2 m mtervals along each line into an array of 24
geophones per shot. The short spacing of only 2m
ensurad that the scund waves were effectively normally
meident and so the effeets of dip-moveout may be
considerad insigmificant,

The optimum offset distance was maintained by ad-
dressing each set of geophones incrementing by one
geophone interval each lUme wsing the rollalong switch
box. This addressed 24 geophones oul of the 48 ¢on-
nected to the svstem and simply allowed the selection to
be done by the svstem operator instead of the physical
relocation of the geophones after cach shot. This process
of 24-channels per shot and moving the spread along by
one wmerement between shots facilitated collection of a
considerable amount of data.

Data processing procedures

Each shot fired produced a shot record consisting of
24 traces with each trace corresponding to  the
signals recorded from each geophone on the spread.
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Companson ol the seismic record (e.g. Fiz. 9) with the
model diagram (Fig. 8) allowed identification of the

various components including the refracted arrival. B
the reflection events. and the airwave. il Wk L
The data processing procedures convert the data from . /. A
the shot record ray paths (Fig 10a) to a Common S '
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Common Depth Point (CDP and alwayvs lies midway
between the shot location and the geophone at which the
data have been recorded. Having selecled the source-
receiver duta (tom a sequence of shots for each CDP, a
Normal Move-Out iNMO) gather is compiled (Fig.
10ch, The MNormal Move-Out correction reguires the
selection of an appropriate stacking velocity 1o correct
for the time delay with increasing oftset (Fig, 10c). Onece
the correct stacking velocity has been applied. the reflec-
tion events on each truce then line up at the same TWTT
{Fig. 10d}. The individual traces are then added together
so thal the coherent signals sum together to form a large
signal whereas the incoherent noise tends to cancel itself
out. Conseguently, the signal-to-noise ratio is improved
and the amplitudes of the coherent signals are increased
by this process. From the NMO gather. one trace
relaling to a single CDP position is produced (Fig. 10d).
This final stacked trace forms one of the many shown in
the final stacked szismic section.

[n addition to the above processes, the data were also
enhanced by muting out dead truces rom the shot
records and fillering the data to reduce obvious noise
and thereby creating the clearest patterns in the final
stacked seismic section,

Resulis

Processing ol the reflection dats produced two stacked
seismic sections (Lines | & 2 that were compared with
the site investigation information (Fig. 11).

On both s¢ismic sections the uppermost part of the
seclions appears transparent o seismic P-waves, This
muted zone correlates with the laminated glaciolacus-
tring deposits of the Rig Silis and the transparency
indicates a high degree of homogeneity, The base of the
Rig Silts is designated R1.

The zone below K1 exhibits numerous sirong reflec-
tors. Well developed channelling patterns are discernible
that have the appearance of infilled river channels. The
unit s imterpreted as dense to very dense, heterogeneous,
elaciofluvial sands and gravels with some fine silt, ¢lay
and large boulders. The bottom of this unit. designated
R2. corresponds to rockhead.

Line £ Along Line 1. R ranges from TWTT of 30 ms in
the east to 73ms in the west. The basal gravel unit
beneath the Rig Silis (R1 to R2) 1 represented by a
TWTT of about 40-30ms. This basal gravel horizon
comprises two parts; the western section contains a
series of pronounced channel-like reflections and the
sustern portion features prominent easterly dipping
reflections of a more uniform character. These differ-
ences probably relate to variatons in sedimentary
facies associated with changes in the glaciofluvial
regime,

Below K2, the monotonous bedrock sequence of
Nantglyn Flags displavs a generally featureless seismic
signal.

Line 2. Omn Line 2, RB1 ranges from TWTT of 78 ms in
the east to 63 ms near the centre. The basal gravel unit
beneath the Rig Silts (R1 to R2) is represented by a
TWTT of about 45-65 ms and comprises two parts: the
majarity of the unil contains a series of channel-like
reflections similar to those in Line | but the western
portion features a single deep channel structure infilled
with lavered deposits,

Below RZ, a small number of discontinuous reflec-
tiens in bedrock have extremely weak signatures.

Bevween Lines 1 & 20 Across the gap between Lines |
and 2, R1 ranges from TWTT of 50 ms beneath the
east bank of the river to TWTT of 78 ms beneath the
wesl bank. Interpolating between the two seismic lines
beneath the river sugegests that the base of the Rig
silts has @ maximum depth eguivalent to TWTT of
93 ms.

The basal gravel unit benzath the Rig Silis{R1 o R2)
is represented by a TWTT range of about 40-63 ms
across the two seismic lines. Interpolating between the
Lwo sesmie lines beneath the river suggests that the base
of this unit has @ maximum depth equivalent 10 TWTT
of 134 ms.

Basql grave! wnit. An appreciation of the thickness and
continuity of the dense to very dense bands within the
basal gravel unit are crucial for foundation enmneering
considerations and so detailed examinations were car-
ried out on the szismographs for this horizon. Within
Lthe constraints an resolution inherent n seismic reflec-
lion surveying, certain observations appear apposite.

First, the seismic characteristics of the basal gravel
unit are different for each line. Whereas on Line 1. the
umit displays numerous, high amplitude. continuous
reflections, on Line 2 it exhibits much more diffuse
responses with disparate reflections (Fig. 12). In particu-
lar. the first main reflection on Line | appears compara-
tively sharp and distinct relative to that on Line 2. The
sirong events apparent on Line 1 as well as the sub-
ordinate areas of continuous high amplitude events that
appear confined to the prominent channel feature on
Line 2 are all probably associated with horizons of
denser materials. The diffuse responses characteristic of
Line 2 are taken to indicate greater heterogencily and an
upwards coarsening size distribution.

Secondly, lateral variations in reflection strenglh on
Line 1 appear more pronounced than on Line 2. In
addition, the seismic profile for Line 1 exhibits continu-
ous high amplitude reflections that give way to complex,
low amplitude events. These patterns comprise different
responses o losses of energy and are probably due to
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Fig. 12. Comparison of disparate and sharp reflections.

changes in matenal type such as thinner bedding layers
or finer sized materials,

Deep borehole

Fhe inital Andings of the geophysical survey indicaied
that rockhead may be too deep for foundation purposes
but the basal gravel anit beneath the Rog 5Silis constis
tuted a potential foundation stratum. The optimum
position for a single foundation structure for the new
bridee lies near the western end of Line 1 where the base
of the Rig Silts appeared shallowest and the basal gravel
unit appeared least heterogencous and disrupted doe o
channelling, This site was selected for a single borehole
designed to penstrate the glacial deposits, establish
precise depth measurements and verifv the seismic re-
sults. During July 1999, Barehole BHO7/99, 2 shell and
auger hole was drilled 1o a total depth of 49010 m
Location is shown on Figure 1.

The borehole commenced in alluvium consisting of
4.80m of gravel sharply overlying 110 m of sand. The
Rigz Silts occupied the interval from 590 m to 4580 m.
Thersafter, the borchale encountered 3.30m of very
dense., zreyv. shightly sandy, shghtly elayvey. silty, fine wo
codrse, sub-angular to sub-rounded gravel and cobbles;
all derved from nearby Ordovician rocks. This gravel
umil proved extremely tough and requred intensive
chiselling 1o penetrate particolarly dense lavers. The
borehole was abandoned at 4910 m depth owing 1o slow
progress and poor recovery.

Interpretation

The measurements seguired from Borchole BHO7/09
permitted the average seismic velocity for the Rag Silts
to be caleulated with precision and seismic interpret-
attons at the proposed bridge site o be relined Lo
improve certitude.

The borehole proved the base of the Rig Silts at a
depth of 43,80 m at a point which corresponds loa TWTT
ol 72 ms. This trunslates Lo an average seismic velocity of
1270 mfs for the Rag Salts. Using this velocity it 15 possibie
to calculate the depth to the interface between the Riag
Silts und the basal gravel unil along the enure lengths of
Lines | and 2 (Fig. 13). In addition. the depth to rockhead
wits also interpreted based on an estimated velocity for the
basal gravel vnit of 1800 m/s. This postulated velocity
was derived partly from the seismic daia processing but
also by researching tvpical velocities reported for similar
materials elsewhere in the world.

Conclusions

During the Pleistocene, a glacial trough excavated in the
Corwen area subssquently became the site of lacustrine
sedimentation. The Rig Silts, a uniform, 40-50 m thick
seguence of rhythmites sccumulated within glacial Llivn
Edeirnion. At the present time, thess soft to very soft silts
credate problematie ground conditions for a proposed new
road bridge over the Afon Alwen at Melin Rig,

A high resolution seismie reflection survey undertaken
at the brdge site revealed the hithological profile to
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Fig. 13. Calculated depths 1o interfaces from the scismic profiles of Lines 1 and 2. Depihs are comrect 1o £ 2 m and = 5 m for the

first and second interfaces respectively.

consist of alluvinm over glaciolacustrine Rug Silts that
n turn overlie basal glaciofluvial gravel deposits resting
on bedrock of Silurian Nantglyn Flags,

The results of the seismic survey indicated that the
buse of the Rag Silts lies at a depth of between 32 m und
49 m below ground level with the deepest section below
the present Afon Alwen,

Beneath the Rig Silts, glaciofluvial gravel deposits
between 36 m and 39 m thick consist of dense to very
dense silts. sands, gravels and boulders. Within this unit.
one prominent channzl feature appears infilled by strati-
fied materials and numerous other more subdued chan-
nel structures also exist. Rockhead s interpreted o
rangz from 72 m to 114 m deep,

The findings of the high resolution seismic reflection
survey were confirmed by a single borehole 1o a de pth of
49.10m that penetrated the full thickness of the Rig
Silts and permitted determination of an average seismic
velocity of 1270 més for the unit, The investigations also
proved a potential loundation stratum for the bridse at
45.80m in the basal glaciofluvial gravel umit,

The understanding of the geology at the bridge site
provided by the geophysical investigation aided the
deliberations on foundation selection and provided a
major influence on the final design process.
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