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Introduction

Since 2003, the author has been responsible for hundreds of engineering geology projects
across Europe and in the Middle East, including ongoing land evaluation on the Severn Levels.
Synopsis theme inspiration was developed as an undergraduate from reading Richard Fortey’s
Earth history publication, The Hidden Landscape, along with current Geological Society
discussion topics. This work examines engineering and geology complexities, interactions and
options for management.

Detailed site investigation and assessment for a major new highway scheme has provided
unique insight into how changing geomorphological environments affect engineering geology
conditions. Historically, earthworks projects have suffered serious disruption owing to delayed
consolidation of soft cohesive deposits and early intervention at the design stage can create
valuable cost savings.

Located on the modern coastal plain of the Bristol Channel, the Severn Levels generally
comprise low lying water meadows (once flooded during high tides) crossed by drainage
channels (reens), various settlements and commercial/industrial land uses, as shown below.

Figure 1: General Location of the Severn Levels.
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The Hidden Landscapes

Reclaimed on a piecemeal basis since Roman times, the majority of the area is underlain by
Estuarine Alluvium followed by weathered and intact Triassic and Devonian bedrock units.

Present in thicknesses of up to around 20m, the Estuarine Alluvium represents deposition as a
result of post-Devensian sea level rise which marked the onset of the Flandrian Transgression
(ceasing approximately 6000 years ago). Estimates of this sea level rise episode are around
15m, largely attributed to climatic warming releasing glacial melt water.




This graduated warming and sea level rise has resulted in notable variations in the engineering
properties of materials deposited during these environmental changes. The materials largely
comprise interbedded soft and very soft blue grey clays, subordinate silts, peats, sands and
gravels deposited in an estuarine environment with rapid spatial variations in the sequence.
The variations in sequence and lateral presence can be attributed to human intervention and
the temporal migration of channel bars and backwaters.

Distinct ‘stands’ or ‘stages’, associated with the varying depositional environments, can be
identified  within the Estuarine Alluvium. These can be characterised into
palaeogeomorphological units and the following are commonly identifiable (youngest deposits
first):
- Northwick Formation;
Awre Formation;
Rumney Formation;
Upper Wentlooge;
Datum Peat;
Lower Wentlooge.

Isolation and drainage of the formation surfaces has led to desiccation and the development of
a typically firm uppermost horizon and a typical section is shown below. The modern landward
limit commonly coincides with the 8m AOD level contour.

Figure 2: Sketch Cross Section of Study Area (NTS).

Interactions of Engineering and Geology

The Severn Levels have been centres of human activity since at least Roman times. Activity in
the more recent past has disturbed natural soils and areas have been utilised for landfill (due
to the inherent low permeabilities).




The Upper Wentlooge silts and clays are usually normally consolidated and, due to
reclamation from the tidal zone, the Upper Wentlooge has a firm desiccated crust around 1m
to 2m thick which is underlain by soft deposits in which strength decreases considerably with
depth.

The Datum Peat occurs at around Ordnance Datum and the 0.3 — 1m thick sequence suggests
a succession of swamp to broad-leaved forest, representing a probable hiatus in sea level rise.
The Lower Wentlooge represents earliest deposition at the beginning of the Flandrian
Transgression. Granular deposits are common in the basal sections and typically comprise
dense sands and gravels located above the weathered rock and are probably representative of
glacial outwash materials.

The interaction of the hidden landscapes, more recent anthropogenic filling and modern
development needs, have resulted in a number of important potential engineering geological
hazards.

Typical sections of the Upper Wentlooge recovered with continuous undisturbed sampling and
of the bedrock Sandstone recovered with rotary coring, are shown below.

Table 1: Typical Soil and Bedrock Sections.
Upper Wentlooge MOSTAP Sample

Approximate 2 — 2.5m depth. Very soft/soft Clay with rare organic
material.

Fine laminations and slight bioturbation. Note the horizon
between slightly bioturbated dark grey and light grey thinly
laminated clay.

Disturbed outer zone of sample — possible sampling smear.

Sandstone Bedrock Rotary Core

Approximate 9.5 — 12.5m. Moderately weak to moderately strong
fine grained micaceous Sandstone.

Closely spaced sub horizontal to subvertical discontinuities,
rough green stained planar surfaces and reduction zones.

The critical physical hazards associated with the Estuarine Alluvium are bearing failures and
excessive settlement. Typical consistency limits of the Upper and Lower Wentlooge are
variable with plastic limit values ranging between 20% and 30% and liquid limit values between
40% and 80%. Generally, organic contents within the Datum Peat vary from 40% to 70% and
moisture contents vary from 150% to 300%. Generally, these deposits exhibit slow rates of
consolidation (during/under surcharging).

Within the desiccated near surface horizon of the Upper Wentlooge, undrained shear strength
values typically range between 10 to 40kN/m?. Below this, the remainder of the Upper
Wentlooge, Datum Peat and Lower Wentlooge (where cohesive) typically display very low
strength (<10kN/m?) and high volume compressibility (>0.5 to 3m?/MN).




Benefits of Understanding the Hidden Landscape

Providing the hidden landscape can be appreciated at an early stage, detailed ground
appraisal often produces valuable savings in engineering costs. Previously, shallow
foundations, including road formations, are known to have experienced consolidation problems
in the area, with settlements of up to 300mm recorded. Road embankments have experienced
bearing failure because the assumed desiccated alluvial crust is absent or has been
punctured. Control of excess porewater pressures, in terms of total and effective stress is
critical to the formation of temporary and permanent structures.

For example, historical engineering problems were encountered during the construction of the
Grangetown Link, where low consolidation was recorded in the Northwick Formation as high
bioturbation and local re-working resulted in loss of the natural laminated soil structure. This
increased consolidation time, causing significant delays and increased costs for the scheme.
More recently, consolidation within Cardiff Bay has resulted in settlement of under-croft areas
of apartments.

The Estuarine Alluvium is generally unsuitable as a founding horizon, even for light structural
loads. However, if the engineering characteristics are suitably assessed, in certain areas
shallow foundations and embankments can be placed on or within the desiccated horizon. This
can offer a better value and more sustainable option than commonly adopted piled
foundations.

Typically, piled foundations into the basal Lower Wentlooge Gravel or weathered bedrock are
utilised to eliminate unacceptable risks of bearing failure and excessive settlements. The final
safe working loads are significantly dependent on the pile type, depth of Alluvium, its negative
skin friction, buckling effects, confining pressures and settlement tolerances.

Roads and pavements can require large amounts of ongoing maintenance in order to preserve
wearing surface condition and detailed consideration of these factors at design stage can
reduce this significantly. Typically, embankment design options involve a combination of
techniques including prior surcharge, lightweight fill (e.g. polystyrene), soil reinforcement and
induced accelerated settlement through the installation of wick/band drains.

In conclusion, the Severn Levels require detailed geotechnical hazard management. Good

understanding of the hidden landscapes allows development of sustainable and cost effective
solutions to ground engineering hazards.
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