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Hospital Prince of Wales Reservoir Geotechnical Basis of Design

1 Introduction

This document describes the basis of design for the geotechnical criteria for the Hospital Prince of
Wales Reservoir Project located in upper Prince of Wales Park at Mount Cook, Wellington City.

The project includes a reservoir and the associated earthworks and pipelines. The reservoir is fully
buried below ground level and will store 35,000m3 volume of fresh water. It will supply water to
Wellington Hospital and to Central Business District (CBD). CH2M Beca (Beca) has been
commissioned by Wellington City Council (WCC) to supply engineering services for the
development of the new reservoir.

2 Objectives

The principal objective of this document is to establish a basis that shall be used for the design and
documentation works of all aspects of the reservoir earthworks and foundations and earth pressure
loading and to:

= Comply with client requirements

= Comply with statutory requirements

m  Utilise the relevant experience and skills of the design team members
= Enable close coordination with other design disciplines

= Permit construction sequencing to be undertaken in accordance with the client’s agreed
programme

3 Definitions

Unless the context requires otherwise the following abbreviations and their meanings are used
within this document:

CBD Central Business District
Capacity Capacity Infrastructure
Council Wellington City Council
GW Greater Wellington regional Council
HPOW Hospital Prince of Wales
IL Importance Level

RFT Request for Tender

SLS Serviceability Limit State
TBC To Be Confirmed

TWL Top Water Level

WCC Wellington City Council
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Hospital Prince of Wales Reservoir Geotechnical Basis of Design

WE Wellington Electricity

4

Scope of Geotechnical Basis of Design

The following items are addressed in the geotechnical basis of design:

5

Geotechnical profile
Groundwater

Soil parameters

Lateral seismic earth pressures
Temporary cut slopes
Engineered fill slopes

Foundation bearing pressures
Earthworks material classification

Reference Documents

The following documents are to be referred to in the design of the Hospital Prince of Wales
Reservoir:

Capacity Infrastructure Services Request for Tender for the Consultancy Services for the
Hospital Prince of Wales Reservoir 1 February 2012

NZS1170.5:2004 Earthquake Actions - New Zealand

Hospital Prince of Wales Reservoir Geotechnical Report (Beca, Rev B ‘Final’ dated 3 October
2012)

Hospital Prince of Wales Reservoir Geotechnical Report Addendum (Beca, Rev 1 dated 14
January 2013)

O'Riley et al, Seismic Performance of the Terrace Tunnel Approach Walls, Wellington. 2006,
NZSEE Conference

MJ Pender, Some Properties of Weathered Greywacke, 1971 Aust NZ Conference in
Geomechanics

MJ Pender, Friction and Cohesion Parameters for Highly and Completely Weathered Wellington
Greywacke, 1980, University of Auckland

Read, S.A.L., Richards, L., and Perrin N.D.(2000): Assessment of New Zealand Greywacke
Rock Masses with the Hoek-Brown Failure Criterion. In: C. Haberfield et al., (ed.) Proceedings
GeoEng2000, International Conference on Geotechnical & Geological Engineering, Melbourne,
19-24 November 2000, paper SNES0868: Technomic Publishing Company, Lancaster.

CH2M Beca Ltd, 2012: Seismic Hazard Assessment for the Hospital Prince of Wales Reservoir.
Prepared for Capacity Infrastructure Services Limited.

Duncan C. Wyllie, Foundations on Rock, First Edition (1992)
BS8004:1986 Code of Practice for Foundations, 1986, British Standards Institute
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Hospital Prince of Wales Reservoir Geotechnical Basis of Design

6 Geotechnical Design Criteria

The new reservoir is expected to provide water for the Wellington Regional Hospital in Newton. This
structure has a base isolation system and a design requirement that the building is fully operational
within 6 hours after a major earthquake. The return period for this major earthquake has been
selected as 1000 years. The propose HPOW reservoir is to match this design requirement by
having a design SLS 2 (Operational Continuity) earthquake return period of 1000 years (HOLD —
Seismic design standard to be confirmed by Capacity). The design is to meet or exceed the
requirements of Importance level 4 (IL4) structures for facilities with a special post disaster function.
The backfill around the reservoir does not have to meet the same SLS2 criteria provided slope
failure does not affect the integrity of the reservoir.

6.1 Geotechnical Profile

Depth to top Thickness
Description (m) (m)

Topsoil Soft to firm clayey organic SILT; dark 0 0.2
brown; medium to high plasticity

Residual soil/ Stiff, clayey SILT; orange-brown; low to 0.2 0.2-1.6

completely weathered | high plasticity.

GREYWACFE/ Extremely weak to very weak 0.4-1.8 0.3-1.0

ARGILLITE GREYWACKE/ ARGILLITE.

Highly weathered Weak to very weak GREYWACKE/ 0.7-2.5 0.5-54

GREYWACKE/ ARGILLITE.

ARGILLITE

Moderately weathered | Weak to moderately strong GREYWACKE/ | 1.2-8.0 Im+

GREYWACKE/ ARGILLITE.

ARGILLITE

*GREYWACKE/ARGILLITE is subsequently referred to as Greywacke.

6.2 Groundwater

Groundwater monitoring was undertaken within boreholes BHO1 and BHO02, recording average
groundwater RLs of 86.5m and RL 85.8m respectively.

6.3 Soil Parameters

Bulk Density y Effective cohesion | Effective
(kN/m?) ¢’ (kPa) Friction ® (°)
Engineered Fill (reworked 19 0 36
Greywacke)
Residual Soil/ Completely 18 10 28
Weathered Greywacke
Highly Weathered Greywacke 22 100 45
Moderately Weathered 24 100 45
Greywacke

CH2M Beca // 1 February 2013 // Page 3
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Hospital Prince of Wales Reservoir Geotechnical Basis of Design

6.4 Lateral Seismic Earth Pressures

Lateral earth pressures will be prepared during detailed design. We recommend that RRU 83 —
‘Seismic Design of Bridge Abutments’ is used for determination of seismic earth pressures on the
reservoir wall. We anticipate that ‘rigid’ wall loading will be applicable; however this should be
confirmed by the structural designers. This method is to be compared with the NZS 3106:2009
method for embedded tanks. Seismic accelerations will be as per the recommendations from the
Hospital Prince of Wales Reservoir — Site Specific Seismic Hazard Assessment (Beca, Rev B ‘Final’
dated 21 December 2012).

6.5 Subgrade Stiffness

During detailed design, the interaction of the reservoir foundations and underlying subgrade will be
modelled by providing ‘spring stiffness’ values for the weathered Greywacke. Representative values
will be determined by calculating displacements across a range of foundations.

6.6 Temporary Cut Slopes

Temporary cuts in rock are recommended to be no steeper than 60°, with a 2m to 3m wide
intermediate catch benches every 8-10m height, achieving an equivalent overall slope of 1:1V(45°),
max slope height in the order of 12m. Should persistent unfavourable defects be identified during
the logging of the cut as it progresses, this angle may need to be reduced.

Temporary cuts in the overlying residual soils and completely weathered rock should be cut no
steeper than 2H:1V.

For temporary cuts in rock an acceptable alternative to 60° cut slopes is to use either a vertical tied
back soldier pile wall or near vertical reinforces shot crete and soil nail wall. This approach is
recommended for the pipe tunnel excavation below the reservoir. Backfill between the excavation
and pipe tunnel structure should be low strength concrete.

For vertical earth pressure from backfill on top of the pipe tunnel assessment should be in
accordance with AS/NZS 3725:2007 Design for Installation of Buried Concrete Pipes, assuming the
arrangement acts as ‘embankment fill’, adopting the scenario of positive projection and a backfill
unit weight of 19 KN/m3 for saturated fill.

6.7 Engineered Fill Slopes

For long term stability a fill slope no steeper than 2H:1V, formed of Engineered Fill comprising re-
worked Greywacke, is expected to achieve a factor of safety under static conditions of 1.4. With a
maximum slope height in the order of 8m.

6.8 Foundations

We recommend a geotechnical ultimate bearing capacity of 1MPa within the moderately weathered
Greywacke rock. For limit state structural design (with code factored structural loads), a strength
reduction factor of 0.5 shall be applied to this value.

The settlement of shallow footings supported on the weathered Greywacke under sustained loads
(e.g. unfactored dead plus live loads) are expected to be in the order of 20mm to 25mm.

CH2M Beca // 1 February 2013 // Page 4
CH2M Beca 6517439 // NZ1-6432229-10 0.10



Hospital Prince of Wales Reservoir Geotechnical Basis of Design

6.9 Earthworks

In accordance with TNZ/F1: 1997, Specification for Earthworks Construction, we recommend the
majority of the cut material is classified as Type A. This is interpreted as material than can be won
by a 16T machine excavator, fitted with a toothed bucket.

The excavation will likely intercept the groundwater table (from below around RL 86m). Therefore,
drainage of the reservoir platform will be required during construction, and also in the longer term,
including the backfill. Drainage provisions for groundwater around the outside of the reservoir will

need to be separate from the reservoir under floor drainage system as per the client requirements.

The excavated material will predominantly comprise highly to moderately weathered, highly
fractured greywacke rock. The re-worked material is anticipated to be favourable in terms of its
drainage characteristics and resistance to breaking down during re-working and compaction.
Compaction criteria, including insitu and laboratory verification testing, will be set during the
subsequent phase of design.

CH2M Beca // 1 February 2013 // Page 5
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