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1.0 Introduction

The proposed York Potash Ltd (YPL) Marine Export Facility (port) at Bran Sands on the River
Tees will be constructed within the vicinity of a number of pipelines / tunnels which cross the
River Tees beneath the river bed.

The construction includes a piled berthing structure, dredging to form a new berth pocket to a
level of -16mCD and dredging in the existing River Tees navigation channel to -14.1mCD
adjacent to the new berth.

RHDHYV Technical Note TNO11 (Reference 1) considered the possible impact of dredging over
the sub River Tees pipelines / tunnels. However the dredging arrangement has since been
amended such that there will be practically no capital dredging of the river bed directly overlying
the pipelines. The purpose of this technical note is to review the possible impact of the proposed
works on the sub River Tees pipelines / tunnels in light of the revised dredging arrangement.

2.0 Revised dredging arrangement

The revised dredging arrangement is shown on RHDHV Drawing Nos. PB1586-SK105 Rev. 4.
The dredging of the navigation channel to -14.1mCD (-16.95mOD) has been re-arranged such
that the crest of the dredged slopes approximately coincides with the alignment of the Breagh
Onshore Gas Pipelines, which are the pipelines nearest the new port. The total quay frontage
provided will be approximately 480m (reduced from the originally proposed 520m).

The dredging will be carried out in two phases. The first phase will involve the dredging of a
berthed pocket to -16mCD and dredging of the navigation channel to -14.1 mCD at the
downstream end of the development over a length of approximately 280m. The second phase
will involve the dredging of a berthed pocket to -16mCD and dredging of the navigation channel
to -14.1mCD at the upstream end of the development (nearest the pipelines) over a length of
approximately 200m.
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An extract from Drawing No. PB1586-SK105 is shown in Figure 1 below:
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Figure 1: Extract from Drawing No. PB1586-SK105 Rev. 4

3.0 Discussion of the possible effects of dredging / pipelines

A schematic cross section of the revised dredging at mid-channel (Section A-A) is shown in
Figure 2 below. The reduction in effective overburden pressure due to the dredging of the river
channel to -14.1mCD would be approximately 41 kPa, assuming that the material dredged
primarily comprises strata of the Mercia Mudstone formation. The magnitude of the reduction in
effective overburden pressure (overburden relief) due to the dredging is likely to reduce with
depth and distance away from the dredging according to a Boussinesq (Reference 2) type
distribution.
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Figure 2: Section A-A - Schematic cross section at mid-channel

Table 1 below provides estimated values for the reduction in effective overburden pressure for
each pipeline / tunnel likely to be affected by the revised dredging arrangement. The table also
provides comparative values for the original dredging arrangement. The values for reduction in
effective overburden pressure, which are expressed as a percentage of the existing effective
overburden pressure, were estimated assuming that the reduction in overburden pressure with
depth and distance away from the dredging varies according to a Boussinesq type distribution.

Maximum reduction in effective overburden pressure

L (expressed as % of existing effective overburden pressure)

Pipeline / Tunnel . . ) .
Original dredging arrangement Revised dredging arrangement
(ref. PB1586/SK105 Rev. 1) (ref. PB1586/SK105 Rev. 4)

ICI No. 2 Tunnel c. 20% c. 2%
RWE Breagh Onshore Gas

o c. 30% c. 6%
Pipelines
BP AMOCO CATS Tunnel,
former Enron pipelines, BOC

o c. 20% c. 1%
pipelines and Excelerate
Energy pipeline

Table 1: Estimated reduction in overburden pressure
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It is considered that the magnitude of heave would depend upon the reduction in overburden
pressure caused by the dredging and the heave potential of the strata around the pipelines. The
information in Table 1 indicates that the revised dredging arrangement would significantly reduce
magnitude of overburden relief and thus significantly reduce the likely magnitude of heave in
comparison with the originally proposed dredging. However there is insufficient information of
the ground conditions to accurately quantify the risk of heave or to carry out the design of
mitigation measures.

Therefore it is considered that it will be necessary to carry out an overwater ground investigation
in the vicinity of the pipelines to provide information on the heave potential and permeability of
the Mercia Mudstone strata. The additional ground investigation could be included within the
scope of the proposed ground investigation for the York Potash Marine Export Facility.

4.0 Conclusions and recommendations

This technical note discusses the possible effects on the sub River Tees pipelines which might
result from the revised dredging associated with the development of the York Potash Marine
Export Facility. Preliminary estimations indicate that the revised dredging arrangement
significantly reduces the risk of the heave associated with dredging affecting the ICI No. 2
Tunnel, RWE Breagh Onshore Gas Pipelines and the other pipelines / tunnels which are located
further upstream.

The magnitude of the heave may be estimated by geotechnical analysis. However it is
considered that additional ground investigation is required in order to carry out a detailed
assessment of heave. Such heave assessments should take into account any stipulated
constraints on construction near the pipelines.

It is recommended that the following further studies are undertaken to allow the residual risks to
be assessed:

i) Determine whether there are any restrictions on works over, near or within a certain distance
of the sub-River Tees pipelines.

ii) Carry out an overwater ground investigation in the vicinity of the ICI No. 2 Tunnel and RWE
Breagh Onshore Gas Pipelines to provide information on the heave potential and
permeability of the Mercia Mudstone strata. The additional ground investigation could be
included within the scope of the proposed ground investigation for the York Potash Marine
Export Facility.

iii) Carry out more detailed geotechnical assessments of heave and modified seepage
characteristics of the ground following the proposed development.

Once the residual risks have been assessed, the requirement for further mitigation measures can
be assessed (if required). Possible additional mitigation measures may include the following:

a) Undertake structural assessment and monitoring of the ICI No. 2 Tunnel and RWE Breagh
Onshore Pipelines.

b) Strengthening of the ground overlying the pipelines / tunnel (for example by jet grouting).

¢) Strengthening of the pipelines / tunnel.
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