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Executive summar

Geotechnical feasibility investigations have been carried out for a dam in the Lee
River in a staged programme as part of the Waimea Water Augmentation
Committee’s (WWAC) Phase 2 feasibility study.

The issues addressed during the geotechnical investigations are:

e overall geological and geomorphic setting of the potential reservoir and dam
e the seismic hazard and preliminary seismic design criteria

e current and full reservoir groundwater regime

e dam embankment foundation conditions - strength, compressibility, erodibility
and permeability

e dam foundation, abutment and spillway excavation stability
e current and full reservoir hill-slope stability

e availability and suitability of local materials for use in construction of the dam
(bulk fill, core material, filters, drainage material and rip-rap).

Background

Stage 1 of the Phase 2 geotechnical feasibility assessment comprised geological and
engineering geological mapping of the project area. The Stage 1 study assessed
geotechnical issues at eight different potential dam sites in the upper Lee Valley,
from Ch10,500 m to Ch12,400 m upstream of the Lee River/Wairoa River
confluence. Engineering evaluation of the various dam sites identified a site at
Ch11,010 m as being the most economical but noted that potential risks affected that
site, including poor quality rock on the right abutment, potential large scale slope
instability on the left bank upstream of the dam site, and lack of suitable core
material and high quality rockfill.

Sampling and testing of borrow materials was carried out on selected sites as part of
Stage 2A. This found that suitable plastic clay core material for an earth
embankment dam was not locally available and the local bedrock would provide a
lower quality rockfill, although alternative rockfill sources were available.

Stages 2 and 3 of the geotechnical investigation confirmed that poor quality rock
extended to significant depth on the right abutment and a need to provide for
stabilisation of the left bank landslide. When viewed cumulatively, it was
considered that these issues had an adverse effect on potential cost and programme
in relation to a dam at Ch11,010m. WWAC subsequently endorsed the
recommendation to investigate an alternative site located between Ch12,100 m and
Ch13,000 m.

Stage 4 involved geotechnical investigations between Ch12,100 m and Ch13,000 m.
On the basis of preliminary engineering geological mapping and consideration of
earthworks volumes, a site at Ch12,430 m was subsequently selected for drilling
investigations.
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Geotechnical Investigations Related to Proposed Dam Site
at Ch12,430 m

The Stage 4 investigations covered the reach of the Lee River between Ch12,100 m
and Ch13,000 m and were carried out in two parts. The first involved engineering
geological mapping of river and track exposures and formation of access tracks to
the potential dam site. This was followed by subsurface investigations including
test pitting and drilling.

The investigations for the site included:

Defect mapping and logging of 700 m of existing and excavated track batters;
e Excavation and logging of two test pits in the vicinity of the potential dam site;

¢ Drilling and logging of 140 m of core in five drill holes at the potential dam site
and on the spillway alignment;

e Kinematic defect plots for 171 rock defect measurements,

e 32 packer (water pressure) tests.

Engineering Geology

Bedrock at the dam site is predominantly greywacke, locally inter-layered with
argillite and is rated as being generally fair quality. Bedding layers are closely
spaced and are the predominant defect. The bedding dips generally at 30-60°
downstream beneath the dam footprint. Other rock defects are present and include
orthogonal sets of sheared zones that are mapped at 10 to 50 m spacing, and joints
that are often spaced at 1 to 3 m but which seldom persist for more than 10 m.

The defect orientation beneath the dam site is considered favourable with respect to
stability, and no bedrock instability has been noted beneath the dam footprint.
However, deep-seated rock relaxation is evident downstream of the left abutment of
the dam and locally, on the steeper right abutment slopes.

Soils, locally up to 12 m deep, consisting of slope derived silt and sand and alluvial
gravel, overlie bedrock on the left abutment, upstream of the dam centreline. On
the right abutment scree and colluvium is generally less than 2 m thick but is locally
up to 5 m thick along the axes of steep gullies that are spaced across the slope at
about 50 m.

Packer tests and groundwater response in the boreholes during drilling indicate that
rock mass permeability is likely to vary between 1 x 107 to 1 x 10-¢ ms-, with higher
permeability being associated with relaxed rock and adjacent to sheared zones.

No active faults have been identified in the immediate vicinity of the dam site.
Active fault traces have been mapped 8 km to the west, within the Waimea
Flaxmore fault system, and the Alpine Fault (Wairau Segment) is located 21 km east
of the site. The Alpine Fault (Wairau Segment) is likely to pose the main seismic
threat to the dam.

No active large landslides have been identified in the potential reservoir footprint.
However, solifluction deposits, that blanket the lower level reservoir slopes, are
subject to shallow slumping and erosion. It is anticipated that groundwater levels
will be raised by the reservoir inundation, and local instability associated with
solifluction slopes can be expected.
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Implications for Dam Design

The investigations indicate that geological conditions at the proposed dam site (Ch
12,430m) are generally suitable for a Concrete Faced Rockfill Dam, and that suitable
construction materials exist in the vicinity.

The key conclusions from this phase of work with respect to dam design and
construction are as follows:

Foundation Preparation

There is a degree of variability in rock mass quality requiring local
subexcavation and or special treatment of poor quality rock associated with
crushed, shattered, sheared or dilated rock.

Special treatment will be required to mitigate piping/erosion of fines within
sheared zones.

Soil stripping depths on the left abutment will be up to 12 m and on the right
abutment will be up to 5 m.

Provision will be required for local stabilisation of temporary slopes on the
right abutment.

Cut Slope Stability

Excavations for the plinth will daylight local wedge blocks and undercut
scree infilled gullies. These deposits will be unstable when cut to slopes
steeper than 40°.

The orientation of principal defects is favourable for the provisional spillway
alignment, although sheared zones and joints in some locations will limit the
maximum stable batter angles in some rock to 45°.

Poor quality rock in the upper section of batters will require batters to be no
steeper than 40°, and in soil to be no steeper than 36°.

Leakage Potential

Low permeability can generally be expected in unweathered to slightly
weathered rock below the zone of surface relaxation, but there is a potential
for high leakage along rock defects and within rock affected by deep seated
relaxation.

Provision will be required for grouting and or near surface foundation
treatment.

Construction Materials (for concrete faced rockfill dam)

It is likely that suitable sources of rockfill can be sourced from either the
spillway cut or local alluvial deposits within the potential reservoir
footprint.

Rockfill properties are likely to be strongly influenced by the degree of
compaction.

Poor quality rockfill will be produced from moderately weathered to highly
weathered relaxed rock within the spillway excavation. This may not be
suitable for rockfill.

Riprap >600 mm may need to be imported.
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e Aggregates for concrete/filters and drainage are likely to be sourced from
local alluvium within the potential reservoir footprint. However the
durability of fines may limit use for some filters.

e Local solifluction deposits can be used for non plastic fines applications.

Recommendations for further investigations that should be undertaken as part of
the design process include:

e Further investigations are required to assess the range of rock strength and
defect orientations. This should include uniaxial compression testing of rock
core and drilling to accurately locate principal sheared zones.

e Monitoring water levels and flows in ephemeral streams around the dam,
including observations of seepage and groundwater emergence after rainfall
should be carried out for a full cycle of seasons prior to design.

e Further mapping, drilling and test pitting should be carried out to delineate
potential permeable zones or aquitards beneath the dam in the abutments.

e Further systematic mapping of defects should be carried out from test
excavations and oriented drill core on both abutments and the spillway.

e Defect strength testing should be carried out including testing clay/silt sheared
seams and joint and bedding plane surfaces.

e Further detailed engineering geological mapping of the full reservoir should be
undertaken during the detailed design phase, and attention should be given to
stability modelling of those slopes with elevated risk of slope failure in order to
quantify the volumes of landslide debris that could be generated.

e A site specific seismic assessment, that considers this potential scenario of an
earthquake generated within the Waimea-Flaxmore Fault system as well as the
Alpine Fault, should be carried out as part of the detailed design stage.

e Further attention should be given to potential seepage paths and the groutability
of the rock mass. This should include continuous packer testing in additional
abutment drillholes, including testing in inclined holes to intercept steeply
dipping defects in the right abutment.

e Dispersion and erosion testing should be carried out on shattered and sheared
zone material to assess the potential for internal erosion of fines.

e Further delineation of soil depths and rock classes will be required to optimise
the foundation stripping depths for construction.

e Trial excavations and compaction trials on rockfill will be required for Class 1, 2
and 3 rock types and alluvium. Laboratory testing should be carried out on as-
compacted soils to assess grading and permeability characteristics.

e Specific attention should be given to testing durability of the fill and filter
materials under cycles of shaking, freeze thaw and wetting.
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1

1 Introduction

This report presents the results of geotechnical investigations completed as part of the
Waimea Water Augmentation Committee’s (WWAC) feasibility study for a potential dam
on the Lee River in Tasman District.

1.1 Background

Between 2004 and 2006 Tonkin & Taylor Ltd (T&T) evaluated a number of options to
provide water storage for long-term irrigation and community supplies in the Waimea
Basin on behalf of WWAC. The outcome of that Phase 1 study was to focus feasibility
investigations on a dam site located in the upper Lee River catchment as the preferred

option for possible water storage. The general location of the project area is shown in
Figure 24727.204-F1.

In 2007 WWAC initiated Phase 2 of the study. Geotechnical feasibility investigations have
been carried out in a staged programme as part of Phase 2.

Stage 1 of the Phase 2 geotechnical feasibility assessment comprised geological and
engineering geological mapping of the project area. The Stage 1 study (T&T ref. 24727.200
dated December 2007) assessed geotechnical issues at eight different potential dam sites in
the upper Lee Valley, from chainage (Ch) 10,500 m! to 12,400 m upstream of the Lee
River/Wairoa River confluence. As part of the Stage 1 work a preliminary assessment of
17 potential construction material borrow sites within the area was also carried out.
Engineering evaluation of the various dam sites (T&T ref. 24727.301 dated December
2007) identified a preferred site at Ch11,010 m as being the most economical but noted
that potential risks affecting that site included poor quality rock on the right abutment, a
potential large scale slope instability on the left bank upstream of the dam site, and lack of
suitability of core material and high quality rockfill.

Sampling and testing of borrow materials was carried out on selected sites as part of Stage
2A (T&T ref. 24727.203 dated February 2008). This found that suitable plastic clay core
material for an embankment dam was not locally available and the local bedrock would
provide a lower quality rockfill, although alternative rockfill sources were available.

Stages 2 and 3 of the geotechnical investigation programme comprised surface mapping,
test pitting and drilling passed on a dam site at Ch11,010 m. That investigation is
documented in the draft “Geotechnical Feasibility Report - Phases 2&3 Lee Valley Dam
site” (T&T ref. 24727.201 dated June 2008). That investigation confirmed that poor quality
rock extended to significant depth on the right abutment and a need to provide for
stabilisation of the left bank landslide. When viewed cumulatively, it was considered that
these issues had an adverse effect on potential cost and programme in relation to a dam at
Ch11,010. WWAC subsequently endorsed the recommendation to investigate an
alternative site located between Ch12,100 m and 13,000 m.

Stage 4 involved geotechnical investigations between Ch12,100 m and 13,000 m. Those
investigations are outlined in this current report. On the basis of preliminary engineering
geological mapping and consideration of earthworks volumes a site at Ch12,430 m was
subsequently selected for drilling investigations.

1 A river location referencing system has been set up for the reach of the Lee River relating to this study.
Distances are referred to in metres upstream of the Lee River/Wairoa River confluence.
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These investigations have been independently peer reviewed by Dr Trevor Matuschka of
Enginering Geology Ltd. Copies of his peer review reports are appended in Appendix I.

1.2 Project Description

The project comprises the construction of a dam and 13Mm? reservoir in the upper Lee
Valley approximately 200 m upstream of Anslow Creek. The Lee River is one of two
major tributaries of the Wairoa River which drains the Richmond Range east of the
Waimea Plains. The Wairoa River is then joined by the Wai-iti, and together they form
the Waimea River.

The reservoir will be impounded by an embankment dam at a location of Ch12,430 m.
The dam would be approximately 52 m high and 210 m wide at crest level. The location
and preliminary layout of the dam and reservoir is shown in Figure 24727.204-F2. The
storage reservoir will have a top water level of RL197 m and will extend approximately
3.7 km upstream of the dam. Arms of the reservoir will extend approximately 1 km into
Waterfall Creek on the right bank, and 350 m into Flat Creek on the left bank. The
reservoir will be drawn down to about RL171 m during periods of river augmentation
drawoff.

A concrete faced rockfill dam, constructed with approximately 380,000m3 of locally
sourced rockfill is proposed. Structures associated with the dam include a main spillway,
auxiliary overflow spillway, diversion conduit that will be utilised after construction as an
irrigation off take, and sluice.

1.3 Purpose and Scope of the Report

The purpose and scope of this report is to describe the investigations that have been
carried out to provide geotechnical information to assess the feasibility of a dam at
Ch12,430 m on the Lee River. It has drawn on specific investigations carried out as part of
Stage 4 and utilises information gathered during Stages 1 to 3 of the geotechnical
feasibility study as described in Section 1.1.

Specifically, the issues addressed within this report are:

e overall geological and geomorphic setting of the potential reservoir and dam,
e the seismic hazard and seismic design criteria,

e current and full reservoir groundwater regime,

e dam embankment foundation conditions - strength, compressibility, erodibility and
permeability,

e dam foundation, abutment and spillway excavation stability,

e current and full reservoir hill-slope stability,

e availability and suitability of local materials for bulk fill, core material, filters,
drainage material and rip-rap.

1.4 Reference Documents

The following documents have been referred to in the preparation of this report.

1. Johnston, M.R. 1982: Sheet N28BD - Red Hills 1st ed. Geological Map of New
Zealand 1:50000 With Notes. Wellington New Zealand DSIR.
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2. Rattenbury, M. S.; Cooper, R. A.; Johnston, M.R. 1998: Geology of the Nelson
Area. Institute of Geological and Nuclear Sciences 1: 250 000 Geological Map 9.

3. Tonkin & Taylor 2007: Geology of the Lee River Catchment and Environs of
Potential Dam Sites. Unpublished T&T reference 24727.200, dated December 2007.

4. Gerstenberger, M., Langridge, R., McVerry, G., King, A. and Stirling, R. 2003:
Proposed Wairau Valley Hydro Development Earthquake Design Spectra IGNS
Ltd Client Report 2003 /140.

5. Fraser, ].G.; Nicol, A,; Pettinga, ].R.; Johnston, M.R. 2006: Paleoearthquake
investigation of the Waimea-Flaxmore Fault System, Nelson, New Zealand.
Proceedings of New Zealand Geotechnical Society 2006 Symposium, Nelson,
February 2006.

6. Houlsby, A.C.1976: Routine interpretation of the Lugeon Water-Test. Auarterly
Journal of Engineering Geology and Hydrogeology, Nov 1976, Vol 9, No. 4, p 303-
313.

7. Bieniawski, Z.T. 1989: Engineering Rock Mass Classifications. Publ. Wiley, New
York 251 pp.

8. Hoek, E. and Diedenchs, M.S. 2006: Empirical estimation of rock mass modulus.
International Journal of Rock Mechanics and Mining Sciences, 43, 203-215.

9. Read, S. and Richards, L. 2008: Design inputs for stability assessment of dams on
New Zealand greywackes. IPENZ Proceedings of Technical Groups 33/1 (LD).

10. Bieniawski, Z.T. and Orr, C.M. 1976: Rapid site appraisal for dam foundation by
geomechanics classification 12th ICOLD. Mexico. Q46. R32.

11. Romana, M. 2003: DMR (Dam Mass Rating). An adaption of DMR

geomechanics classification for use in dam foundations. International Congress
on Rock Mechanics organised by ISRM, Sudafrica, September 2003.

12. AS/NZS/1170

13. Houlsby, A.C.1992: Grouting in Rock Masses. In Engineering in Rock Masses.
Bell, F.G. 1992: Butterworth Heinemann, London.

14. Weaver, K.D., Bruce, D.A. 2007: Dam foundation grouting, Rev. ed. ASCE 473
pages.

15. Fell, R., MacGregor P. and Stapledon, D. 2005: Geotechnical engineering of dams.
A.A. Balkema Publishers The Netherlands.

16. Barton, N and Kjaernsli, B 1981: Shear Strength of Rockfill, Journal of the
Geotechnical Engineering Division ASCE Volume No. 6 & 7 July 1981.

17. Hunter, G and Fell, R. 2003: Rockfill Modulus and Settlement of Concrete Face
Rockfill Dams. Journal of Geotechnical and Geo-environment Engineering ASCE,
October 2009.

1.5 Abbreviations Used in this Report

The following abbreviations and meanings are used in the report.

HW highly weathered
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MW
SW
Uw
HW-MW
ML
ucs
Y4
BGL
GL
MCE
CRF
DH
TRB
TLB
Ch
RL

moderately weathered

slightly weathered
unweathered

highly to moderately weathered
low plasticity silt

unconfined compressive strength
sheared zone

below ground level

ground level

maximum credible earthquake
concrete faced rockfill

drillhole

true right bank looking downstream

true left bank looking downstream

chainage

reduced level

Further explanation of terms is provided in the engineering log terminology sheet
included in Appendix D.

Lee Valley Dam Feasibility Investigations Geotechnical Investigation Report

WAIMEA WATER AUGMENTATION COMMITTEE

T&T Ref. 24727.204
December 2009



5

2 Site Investigations

As noted in Section 1.1 geotechnical field investigations have been carried out in a
number of stages. Investigations predating the current 2008 - 2009 investigations focussed
around previously proposed embankment locations downstream of the current proposed
site. The different stages of investigation and their purpose are listed below.

2.1 Phase 1 Investigations 2006-2007

This pre-feasibility investigation included walkover surveys and test pitting at potential
dam sites located between Ch10,800 m and 11,300 m, and assessment of potential borrow
materials at sites between Ch19,800 m and 12,400 m. As part of this investigation the
following relevant testing was undertaken:

e Geologic and geomorphic mapping,

e Excavation of 19 test pits.

2.2 Phase 2 Stage 1 Investigations (October —
December 2007)

This investigation was undertaken by Tonkin & Taylor and Dr Mike Johnston and
involved geological and engineering geological mapping in the Lee Valley and its
tributaries specifically between Ch10,500 m and 12,400 m, and structural mapping of
bedrock extending upstream to Ch14,200 m. This investigation included assessment of
slope stability, assessment of fault hazard and seismic risk, and assessment of potential
borrow sites within the upper Lee Valley.

2.3 Phase 2 Stage 2A Investigations (January —
February 2008)

This investigation involved evaluation of potential borrow sites for sources of earthfill
and rockfill. It involved sampling and laboratory testing for grading and plasticity.

2.4 Phase 2 Stages 2 and 3 Investigations (April —
June 2008)

This investigation included assessment of the engineering geology of a dam site at
Ch11,010 m, assessment of the stability of a landslide on the left bank between

Ch11,700 m and 11,900 m, and an assessment of a potential hard rock borrow site on the
left bank at Ch10,200 m. As part of this investigation the following relevant measurement
and testing was undertaken:

e Excavation and logging of 18 test pits in the vicinity of the dam site and landslide,

e Dirilling and logging of three triple-tube rotary drill holes (DH1 - DH3) at the
potential dam site,

¢ Drilling and logging of one triple-tube rotary drill hole (DH4) at a potential hard rock
borrow site,

e Rock defect measurements,

e 132 point load strength tests on drill core and excavated rock samples,
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e 33 packer (water pressure) tests,

e Monitoring groundwater levels in piezometers installed in drill holes.

2.5 Phase 2 Stage 4 Investigations July 2008 —
February 2009

Stage 4 investigations covered the reach of river between Ch12,100m and 13,000m and
were carried out in two parts. The first involved engineering geological mapping of river
and track exposures and formation of access tracks to the potential dam site. Track
cutting and mapping commenced in late July 2008, but was suspended following loss of
access to the site due to extreme wind storms and subsequent emergency logging
activities. Access was restored in October 2008.

Investigations covered the reach of river between Ch12,100 m and 13,000 m.

Drill hole locations were determined after review of the mapping phase. Drill hole
locations were constrained due to the difficulty in forming access. Factors affecting access
were:

e requirement to minimise effect on plantation trees,

e steep slopes and very strong rock on the right bank downstream of Ch12,250 m,
e steep slope and scree on left slope at Ch12,350 m,

e two river crossings.

As part of this investigation stage the following relevant measurement and testing was
undertaken:

e Excavation and logging of two test pits in the vicinity of the potential dam site,
e Defect mapping and logging of 700 m of existing and excavated track batters,

e Drilling and logging of 140 m of core in five triple-tube rotary drill holes (DH5-DH9)
at the potential dam site and on the spillway alignment as follows:

Drill hole No Easting (GPS) Northing (GPS) RL
DH5 2523325 5970630 213
DH 6 2523308 5970720 201
DH7 2523408 5970639 182
DH 8§ 2523491 5970783 194
DH9 2523511 5970685 153

e Kinematic defect plots for 171 rock defect measurements,
e 32 packer (water pressure) tests.

The geological conditions on the site are presented on a series of plans and cross sections
(Figures 24727.204-F6-F9) which are attached in Appendix A. Logs and photographs of
the cores from drill holes from the investigations are presented in Appendix B. Lugeon
water pressure testing and falling head permeability tests were carried out in the
boreholes during drilling. These permeability test results are included Appendix C.
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Test pit logs and Excavation face logs results are presented in Appendix D along with an
explanatory sheet outlining the terms and symbols used.

Appendix E contains stereographic plots of rock defects.

Appendix F contains a selection of photographs of geological and geomorphic features at
the site.

Test locations were estimated from high resolution aerial photographs and 0.5 m contour
plans or surveyed using GPS only, so drill hole and pit locations and levels are
approximate (+2m).
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8

3 Geological Conditions

3.1 Regional Geological Setting

The regional geology is summarised in Figure 24727.204 -F3. The Richmond Ranges east
of the Waimea Basin are composed of Upper Mesozoic-Lower Paleozoic rocks and are
dominated by sandstone, siltstone and mudstone (greywacke and argillite) although
igneous and metamorphic rocks (schists) also occur. The geology is divided into several
north-east trending belts of rock (terranes) that are controlled by major faults. Rocks
belonging to the Caples terrane occur within and predominantly upstream of the project
area.

The Alpine Fault (Wairau segment) is located in the Wairau Valley, immediately to the
south and east of the Richmond Ranges. This is an active fault, and a major tectonic
boundary that separates the Pacific and Australian crustal plates. The Waimea-Flaxmore
Fault System, that splays off the Alpine Fault near St Arnaud, forms the boundary
between the Richmond Ranges and the Waimea Basin. Active fault traces are present
within this fault system.

Field mapping carried out for the Phase 2 study generally confirmed the general
distribution of rock types and regional structure that is shown on the 1:50,000 regional
geology map [Ref 1] (see Figure 24727.204-F4). Greywacke, included in the Rai, Star and
Ward Formations that form the Caples terrane, is the predominant rock type outcropping
in the upper Lee Valley. A mixed assemblage of dolerite, basalt, serpentinite and
greywacke form the Patuki Melange that is mapped downstream of the project area.
Small areas of Croisilles Melange, that also include basalt, dolerite and serpentinite are
locally contained within bedrock of the Caples terrane in the upper Lee catchment. [Ref 2].

Tonkin & Taylor report “Geology of the Lee River Catchment and Environs of Potential
Dam Sites” [Ref 3] (T&T reference 24727.200, dated December 2007) provides a more
detailed description of the regional setting and underlying bedrock structure.

3.2 Faulting and Seismicity

A number of large historical earthquakes would have been felt at the potential dam site.
The magnitude and level of ground shaking at the dam site associated with recorded
events are documented in www.geonet.org.nz are as follows:

Table 1 — Historical earthquakes

Earthquake Date Magnitude Felt Intensity
Marlborough 1848 M7.8 MMVII
Murchison 1929 M7.8 MM VII-MMIII
Inangahua 1968 M7.1 MMV-MMVI

Peak ground accelerations for these events would have been in the range <0.15g for
MMYV, 0.15g-0.25g for MMVII and 0.25g-0.45g for MMVIII.

The GNS New Zealand Active Faults database
http:/ /maps.gns.cri.nz/website/ af / viewer.htm indicates that seismic hazard at the site is

Lee Valley Dam Feasibility Investigations Geotechnical Investigation Report T&T Ref. 24727.204
WAIMEA WATER AUGMENTATION COMMITTEE December 2009




dominated by the Alpine Fault (Wairau Segment) located 21 km to the south-east of the
site and the Waimea Fault located 8.5 km to the north-west of the dam site.

Research by GNS 2003 [Ref. 4] indicates that the latest estimate of the recurrence interval

for displacement on the Wairau Fault is 1,600 years. A major earthquake associated with
this fault could result in both lateral and vertical offsets and severe ground shaking in the
vicinity of the fault. The associated earthquake is estimated to be an M7.6 event.

Based on the coincidence of the elapsed time and recurrence interval, and the coincidence
of accumulated strain and single event displacement history, GNS have concluded that
there is a relatively high risk of such an event.

Many segments of the faults in the Waimea-Flaxmore fault system are active, with the
ground on the south-eastern side of the major faults being uplifted. The major faults in
the system are, from northwest to southeast, Flaxmore, Waimea, Eighty-eight and
Whangamoa. The Whangamoa Fault is approximately 3.5 km west of the potential dam
site but in this region it is not classed as an active fault. Active traces are associated with
the Waimea Fault that is located at the western end of the Wairoa Gorge (8.5 km from the
dam site).

The seismic hazard presented by the Waimea Fault has been assessed by Fraser et al, 2006
[Ref. 5]. They carried out trenching of Quaternary terrace surfaces at the mouth of the
Wairoa Gorge that have been displaced by the Waimea Fault. Three fault displacements
have been determined within the last 18,000 years with an average recurrence interval of
6,000 years. A magnitude M7.0 earthquake has been estimated for rupture of the Waimea
Fault.

There are several other faults mapped within the Richmond Ranges. The following faults
have been reviewed as part of this study as being in regional proximity to the proposed
dam, but are not considered to be active, (M Johnston pers comm).

e Lucy Creek Fault: It forms the boundary between the Caples Terrane rocks and Patuki
Melange. The contact is generally poorly exposed and varies from between 35 and
200m wide. It is offset by other faults.

e Anslow Fault: The Anslow Fault is best exposed in Anslow Creek adjacent to a culvert
on the main forestry access road to the dam site. At this locality there is a zone of
crushed Rai Formation rocks about 30 m wide. It is inferred to splay into two or more
segments north-east of the Lee Valley. The fault is assessed (M Johnston Pers Com) as
a relatively minor one and there is no evidence that it is active.

e Faults adjacent to the Croiselles Melange: Several north-east trending lineations are
associated with the Croiselles Melange and it appears that several landslides have
originated where serpentinitic rocks are sheared out along faults.

e Wards Pass and Totara Saddle Faults: The Wards Pass Fault is a relatively major fault
with a well developed crushed zone and has been traced from the Alpine Fault
northwards into the Wairoa catchment where it crosses the Lee River 3.5 km upstream
of the potential dam site. North of the dam site the fault has not been identified.
Approximately 3 km north of the proposed dam site is the Totara Saddle Fault, which
trends ENE and appears to be the most south-western part of the Queen Charlotte
Fault Zone. Neither the Wards Pass nor the Totara Saddle Fault displays evidence
indicating that it is active.

e Intraformational Faults within the Rai Formation: Several crushed and sheared zones,
trending both north-east and north-west, are recognised within the Rai Formation in
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the vicinity of the project area. They are aligned parallel to the major tectonic faults
and also are common at lithological contacts.

3.3 Geomorphology

3.3.1 Introduction

The Richmond Ranges rise to over 1,721 m altitude in the headwaters of the Lee River,
Figure 24727.004-F1. Apart from the mountain tops, slopes are steep and are covered in
indigenous forest. In the vicinity of the project are and in the lower reaches, where the
ridge crests are approximately up to 1,000 m above the Lee River, the slopes are largely
planted in exotic forestry, Figure 24727.204-F2.

The Lee River valley is an antecedent feature. It flows in a generally northerly direction
and follows a sinuous course reflecting a likely original meander pattern that has been
generally preserved as the eastern ranges have been uplifted. Within the project area, the
current meander pattern is influenced by erosion resistant greywacke lithologies that have
restricted lateral migration of the river while weaker argillite (and fault weakened rock)
has been progressively eroded. Natural slope angles are influenced by the underlying
bedrock lithology and also by aspect, with greywacke generally forming steeper and more
uniform slopes than the Melange lithologies, and south facing slopes being generally
steeper than north facing slope.

3.3.2 Dam Site Slope Features
Surface features are shown on Figure 24727.204 - F5.

The general valley profile swings from a northerly trend upstream of Ch12,400 m to a
north-west alignment downstream from Ch12,400 m to about 11,800 m. Weaker rock,
associated with the Anslow Fault downstream and to the west, and stronger rock
upstream and to the east, probably influenced this changing alignment as the river has
downcut over the last few million years.

There is a pronounced kink in the alignment of the river between Ch12,350 and 12,550 m
(the proposed dam site) and the present river bed is now aligned more to the west than
the general slope at higher levels. This alignment is parallel to surface lineaments along
gully lines to the north-west and north of the dam site and follows the trend of north-west
dipping rock exposed on the left bank and a similar orientated sheared zone in the river
bank downstream of the site. The section of valley at the proposed dam site is the
narrowest within the project area. At this location the valley is broadly V shaped in
profile; the floor of the valley is 50 m wide and the slopes rise at 35 to 45°.

The left abutment slope is a truncated spur at the northern end of a long gently plunging
ridge. A rock bluff rises to about 30 m above the river and the slope is locally steep, but
elsewhere the slopes on the left bank seldom exceed 35° and there are few natural
outcrops. The crest of the ridge is at RL240 m at the dam site but the ridge is narrow and
plunges to the valley floor at Anslow Creek at Ch12,200 m.

The slopes on the right abutment rise at 35 to 45° to about RL300 m and rise at a slightly
flatter gradient to the ridge crest at RL420 m. The right abutment slope, particularly
downstream of Ch12,500 m is characterised by numerous rock outcrops along spur lines
and scree deposits within shallow gullies.
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3.3.3 Reservoir Slope Features
Main Valley

Upstream of the dam site the valley is aligned in a northerly direction. The valley floor
widens upstream of Ch12,650 m through to Ch13,400 m where Waterfall Creek enters the
valley. A gently inclined alluvial fan at the mouth of Waterfall Creek overlies a broad flat
terrace in the main valley.

The right bank slopes upstream of Waterfall Creek to Ch14,000 m are characterised by
actively eroding bluffs (>45° ) rising to between 40 and 50 m above the river bed. Upslope
of the bluffs between Ch13,500 m and Ch14,000 m a landslide deposit, partly overtopped
by solifluction deposits, extends onto a terrace remnant approximately 40 m above the
river. Higher slopes are inclined at 20° to 26° and are extensively blanketed by
solifluction deposits.

On the left bank, between the dam site and Ch13,500 m the ridge rises to RL500 m. An
extensive apron of solifluction deposits lying at 20 to 35° blankets the lower slopes up to
about RL260 m. Bedrock slopes above this are inclined at 34 to 40°. A gully with gentle
gradient falling to the north, just below and parallel to the ridge crest, forms a prominent
lineament that is also evident crossing ridge lines to the south.

Slopes further upstream, and on the northern side of the Flat Creek arm are generally
steep (38 to 42°) and contain rock bluffs. In contrast, the southern slopes of Flat Creek are
more gently inclined (30-34°) and are characterised by few outcrops.

Upstream of Ch14,500 m the river is entrenched in a narrow gorge with steep bluffs rising
to about 100 m above river level on both sides of the valley. These bluffs have not been
inspected, but from aerial photographs examined, they appear to be stable.

Large landslides have formed in a variety of rock types in the head of creeks draining into
the Lee River upstream of the reservoir, but are beyond the likely reservoir extent and
have not been inspected.

Waterfall Creek Arm

Waterfall Creek enters the main valley on the true right side. Within the extent of the
reservoir it is V shaped in profile. The side slopes above the reservoir level are inclined at
38 to 42 ° on the northern side and 31 to 41° on the southern side. The slopes are planar in
profile but are incised by narrow steep sided gullies spaced at 100 to 200 m. Gullies on
the northern side are actively eroding. Flatter topography, inferred to be a landslide (LS2)
infills a tributary gully above the upstream end of the reservoir on the southern side of
Waterfall Creek. Upstream and east of the reservoir, Waterfall Creek is significantly
asymmetric in profile (northern slopes 38 to 41° and southern slopes 12 to 29°), and the
southern side of the valley is inferred to be a large bedrock landslide that is buttressed
against the northern slope.

3.4 Reservoir and Dam Site Geology

3.4.1 Rai Formation

The Rai Formation is the foundation bedrock at the proposed dam site and is the
predominant bedrock exposed in the reservoir. It consists of Palaeozoic age, moderately
strong to strong jointed greywacke (well indurated fine sandstone) and argillite (well
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indurated siltstone and mudstone) that is commonly fissile. There is only limited
exposure of mudstone sequences.

Bedded sequences dominate the Rai Formation and although individual beds vary
considerably in thickness they are typically spaced at 100 mm. Bedding throughout the
area dips predominantly to the north-west and meso folding within the sequence is
common, particularly within the argillaceous rocks. Individual bedding layers are not
continuous over large distances. They appear to have been sheared prior to
metamorphism. This original bedding plane shear has been healed by quartz
recrystallisation during metamorphism (annealed). However, a preferred weakness exists
along bedding and subsequent phases of tectonic deformation and local deformation of
slopes by creep and/or seismic shaking has led to localised reshearing along bedding.

3.4.2 Star Formation

The Star Formation, dominated by indurated massive to poorly bedded greywacke, has
been mapped within the proposed reservoir near Ch14,500 m and forms much of the
upper left bank slopes of the reservoir. It also provides the main armour rock within the
active river bed.

3.4.3 Patuki Melange

The Patuki Melange outcrops in the Lee River downstream of the dam site and forms the
higher slopes to the west of the study area. It consists of blocks of indurated gabbro
dolerite and basalt rock, ranging from less than 1 m to over 1 km in size, in a serpentinitic
matrix. Investigations carried out during Stage 2 revealed a high variability in rock
quality and weathering over short distances.

3.4.4 Croiselles Melange

The Croiselles Melange is mapped locally on the ridges above the right bank upslope of
the reservoir and in the upper catchment of Waterfall Creek. It consists of blocks of
ultramafic and mafic rocks and siltstone, enclosed within a serpentinite or sedimentary
matrix. Itis commonly characterised by widespread instability.

3.4.5 Alluvial Gravels

Alluvial gravels form a thin veneer over rock in the bed of the Lee River, underlie low (2-4
m above the river) terraces beside the river and are mapped in isolated terrace remnants
on the valley sides at heights of up to 60 m above the river. They are described as follows.

Low Level Terrace Gravel

Low level terrace deposits on the right bank are preserved between Ch11,700 m and
12,000 m, 12,300 m and 12,420 m, 12,540 m and 12,600 m and in a wide fan deposit at the
confluence of the Lee River and Waterfall Creek between Ch12,800 m and 13,350 m.

Low level terraces are preserved on the left bank between Ch12,100 m and 12,300 m.

The deposits consist of sandy GRAVEL, with less than 20% finer than coarse silt size.
They include rounded boulders dominated by very strong hard green, grey and purplish-
red greywacke, rarely more than 0.8 m across. Clasts of weaker, finer-grained lithologies,
such as argillite, are less abundant and are considerably smaller in size. Gravel clasts are
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typically unweathered and unconsolidated. The deposits vary in thickness from one to
three metres.

Mid Level and High Level Terrace Gravel

Mid Level terrace deposits up to 6 m thick occur locally on a poorly preserved rock bench
about 15 to 20 m above river bed level, and are preserved at RL170 m on the left bank at
the dam site. Isolated high level deposits, some at 40 m above the river bed and
occasional deposits at 60 m above the river bed, are preserved within the valley. At the
dam site a gravel deposit is locally preserved on the left bank in the Lee Valley Road at
RL210-215 m.

The deposits consist of silty GRAVEL. Gravel clasts are moderately to highly weathered
sandstone, well rounded and yellow or brown in colour. The fines fraction varies from
sand to silt, with some clay. These deposits are generally capped by 1 to 6 m of slope
deposits.

3.4.6 Slope Deposits

Solifluction Deposits

Solifluction deposits are the product of periglacial physical erosion of bedrock through
repeated freeze-thaw cycles.

Solifluction deposits are extensively distributed on the slopes in the Lee Valley. They
locally form mappable units in excess of 10 m thick where they infill fossil gullies and
form apron deposits below steep bedrock slopes. Large deposits of solifluction are
mapped on the left abutment of the dam site and on the left bank upstream of the dam
between Ch12,700 m and 12,800 m and 13,000 m to 13,200 m. No large deposits have been
mapped on the right bank near the dam site. Solifluction deposits are not observed below
the level of the mid level terraces (i.e. in the lowest 10-20° of slope).

Solifluction deposits are stratified soil deposits, layered parallel to the slope. They are
dominatedby gravelly SAND and sandy (fine) GRAVEL with some silt and traces of clay.
Fines, when present, classify as low plasticity silt (ML). These soils are very stiff to dense.
They are yellow brown in colour and the coarse fraction clasts are moderately weathered.
Poorly graded fine to medium GRAVEL layers are occasionally present. These layers are
highly porous and contain some redeposited clay that binds the gravel clasts. The poorly
graded gravel layers are loose.

Groundwater seepage is often observed within the solifluction deposits near or at the
interface with the underlying bedrock.

Colluvium and Scree

Colluvium and scree deposits are formed by on-going slope erosion. In contrast to the
solifluction deposits that are mainly preserved within gullies or as discrete mappable
bodies, colluvium deposits are widespread and generally form a thin veneer less than

2 m thick over bedrock on slopes up to about 40°. Scree deposits are common downslope
of rock bluffs, and outcrops and in narrow gullies on steep slopes (greater than 35°and up
to 50°). They are of limited lateral extent.
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Colluvium deposits are gravelly SANDS and gravelly SILTS; gravel clasts are typically
slightly weathered and include angular bedrock (scree) clasts and rounded alluvial clasts.
Scree deposits are mainly medium GRAVEL, unweathered to slightly weathered.

Landslide Deposits

Landslide deposits, derived from bedrock or soil slide or flow are not widespread within
the immediate vicinity of the dam site, or within the margins of the reservoir but do occur
within the broader Lee River catchment.

A large bedrock landslide deposit in Rai Formation greywacke is evident on the left bank,
500 m downstream of the proposed dam site, between Ch11,700 and 11,900 m. This
landslide has developed on a steep slope (45-50°) where bedrock defects are unfavourably
oriented, and where the toe of the slope is actively eroded by a river meander.

An ancient and eroded earthflow deposit that contains debris derived from Croiselles
Melange has been mapped on the right bank at Ch13,600 m and 14,000 m overlying a rock
bench and high level alluvium at RL210 m. A large landslide deposit incorporating
Croiselles Melange and Rai Formation is also inferred upstream of the reservoir extent in
Waterfall Creek.

Rockfall deposits are locally evident at the foot of bluffs, mainly Ch13,300 m and
13,800 m on the right bank.

Landslide deposits derived from recent slippage involving solifluction, colluvium and
scree are common within steep gullies and on slopes cut to form forestry roads
but are rare on the vast majority of slopes.

3.5 Groundwater

Groundwater information at the proposed dam site is limited to water levels measured in
piezometers installed in the five drill holes at the dam site, from earlier drilling at
Ch11,010 m and observations of emergent surface flows locally on the slopes.

Groundwater profiles are indicated on the cross sections in Figures 24727.204-F7, F8 and
F9. Groundwater profiles have been plotted assuming a simple unconfined groundwater
regime, with the permanent groundwater table being a subdued reflection of topography.
Locally, perched groundwater is inferred within the solifluction and alluvial gravel
deposits that overlie bedrock.

Insufficient groundwater monitoring has been carried out to assess the range of seasonal
fluctuation of groundwater within either bedrock or in overlying soils.

The permanent groundwater table is located within slightly weathered rock and the
interface between unweathered and slightly weathered rock is inferred to represent a low
level of previous groundwater levels. Groundwater is emergent at river level. On the
right abutment slope it rises at a grade of 1V:3H and is at 20 m depth BGL at DH8 (GL at
approximately RL190 m).

The groundwater profile is steeper on the left abutment, particularly behind the north-
east facing slope between Ch12,350 m and 12,450 m. Itis at 10 m BGL in DH5 (GL at
RL214 m approximately) and falls at a gradient of 1V:2H to the east through DH7 (cross
section F). At DH 6, groundwater is at 15m depth and must fall steeply to the river. In
cross section C the gradient is inferred to be 1TH:1V. It is not clear whether this is a result
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of very low permeability unweathered rock or the presence of steeply dipping sheared
zones that may act as an aquitard.

Flow paths have not been established, and it has been assumed that flow is generally in a
downslope direction, at right angles to the general slope contour. However, the relatively
elevated groundwater level in DH6 suggests that there might be a northerly (or north-
west) component of flow along the line of the ridge that forms the left abutment.

The general groundwater profile observed at this site is consistent with observations at
Ch11,010 m and a similar regime is inferred within the reservoir slopes that are underlain
by Rai Formation greywacke. Local variations are likely, particularly near the terrane
boundary faults.
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4 Geotechnical Properties at Proposed
Dam Site Ch12,430 m

This section describes the results of the geotechnical investigations undertaken for
proposed dam in the vicinity of Ch12,430 m. The field investigations have been detailed
in Section 2.

4.1 Rock Types

Bedrock consists of Palaeozoic age moderately strong to strong jointed greywacke (well
indurated fine sandstone) and argillite (well indurated siltstone and mudstone) that is
commonly fissile. There is only limited exposure of mudstone sequences.

4.1.1 Extent of Outcrop

The distribution of outcrop and exposure in tracks is shown on Figure 24727.204-F6. It is
well exposed in the vicinity of the dam foundation on the right bank at river level from
Ch12,240 m to 12,525 m and in the left bank between 12,160 m and 12,220 m, 12,240 m and
12,320 m, 12,350 m and 12,405 m (in a bluff rising 20 m above the river) and between
12,545 m to 12,650 m. It is also well exposed in forestry access tracks, notably:

e on the right bank slopes at RL280 m to RL300 m upslope from Ch12,380 m to 12,600 m,

e on the left bank at RL215 m (Lee Valley Road) and RL190 m to RL205 m between
Ch12,400 m and 12,700 m.

Elsewhere outcrop is intermittently exposed mainly along spur lines.

4.1.2 Structure

At the dam site bedrock consists of a sequence of greywacke sandstone and argillite beds
generally dipping at between 30 to 60° towards the north-west. There is a progressive
steepening of dip from upstream to downstream in the river exposures between Ch12,550
m (35 to 45°) to 12,340 m (50 to locally 90 °). From Ch12,340 m downstream to 12,220 m
the bedrock dips in the opposite direction; that is to the south-east, at 40 to 60°. No major
fold axis has been identified and the reverse dip seen in the river exposures is not evident
in outcrop at higher elevations. Locally, within the zone of south-east dipping rock, there
are poorly formed chevron and kink folds and irregular quartz veins.

4.2 Intact Rock Strength

No specific strength testing, such as unconfined compressive strength (UCS), has been
undertaken during this phase. During the previous investigation phase it was established
from point load testing on rock core that undisturbed SW Rai Formation bedrock core had
point load index Is values between 1.33 and 2.36 which may be the equivalent of an
unconfined uniaxial strength between 30 and 52 MPa for fracturing parallel to and normal
to bedding respectively.

Core from rock that had been tectonically disturbed or influenced by nearby sheared
zones had point load index Is values between 0.63 and 0.9 which may be equivalent to an
unconfined uniaxial strength between 14 and 20 MPa for fracturing parallel to and normal
to bedding respectively.
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However, the size of core and influence of microfractures on core strength has
conservatively influenced these results.

Point load testing on 20 samples of excavated rock that varied from highly weathered to
slightly weathered rock had point load index Is values between 2.4 and 3.0 which may be
the equivalent of an unconfined uniaxial strength between 52 and 67 MPa for fracturing
parallel to and normal to bedding respectively. When broken down by weathering grade
the UCS is estimated as follows:

SW rock: 66 MPa parallel bedding 90 MPa perpendicular bedding
MW rock: 24 MPa parallel bedding 53 MPa perpendicular bedding

These results are consistent with field assessment of rock strength.

4.3 Rock Mass Defects

Rock mass defects have been mapped and plotted on stereographic projections for the
right and left abutment slopes. These are included in Appendix E . Rock mass defects
include bedding, joints and sheared zones. Typical of greywacke rocks, there is a broad
scatter of defect orientations. However, five sets of defect orientations are recognised.
The defect orientations are shown in the cross sections in Figures 24727.204-F7-F9.

4.3.1 Bedding

Bedding is the prominent defect set and is generally spaced at 100 mm but may range
from less than 10 mm to more than 1 m (uncommon). Bedding beneath the dam generally
dips to the north-west at between 30° and 60°. However, near the downstream toe of the
dam the dip is locally subvertical. Between the downstream toe of the dam and the
Anslow Fault bedding dips south-east at 40° to 80°. This bedding dip reversal is only
evident in river exposure. Bedding defects are tight in unweathered to slightly weathered
rock. However, the rock readily splits along micro fractures that lie parallel to bedding,
and in weathered exposures bedding defects are more closely spaced and are open. Thin
silt films are occasionally present on bedding surfaces.

4.3.2 Joints

There are four major prominent and persistent joint sets joint sets as follows:

e Joint Set A. Moderately steep (40-50°) north-east dipping set. This controls the bluff
on the true left bank at Ch12,350 m;

e Joint Set B. Steep (60-80°) south-west dipping joints that form the upstream face of
prominent outcrops on the true right bank upslope of Ch12,500 to 12,550 m;

e Joint Set C. Moderately steep to steep (40-60°) east dipping joints, mapped at several
locations in the river exposures beneath the dam footprint, but not evident elsewhere;

e Joint Set D. Generally steep (70°) south-east dipping joints that are conjugate to
bedding.

Joint spacing varies from 1 to 5 m. Joints are typically open in MW rock and tight in SW
and UW rock, although many joints that are infilled with quartz veins are locally open
even in UW rock. Joint wall surfaces are typically smooth to slightly rough. Individual
joints seldom persist for more than 3m, but are stepped across bedding or sheared zones.
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No specific asperity or waviness measurements have been taken, but they are observed to
show meso scale waviness.

4.3.3 Sheared Zones

Sheared zones have been mapped, logged in core or inferred by surface lineaments. The
most significant are shown in Figure 24727.204-F6 and on the cross sections. They form a
generally orthogonal pattern of zones of weakness beneath the dam footprint. Sheared
zones are mainly mapped parallel to bedding and Joint Sets A and B although other
orientations are also evident locally. The most common are bedding parallel sheared
zones where argillaceous beds have been sheared and crushed between more competent
sandstone beds. Bedding plane sheared zones vary from 20 mm thick to about 1 m wide
incipient zones of shatter containing clay crushed seams. Persistent sheared zones are
spaced at 10 to 50 m intervals.

Sheared zones (SZ) mapped or inferred in the vicinity of the dam site include the
following:

e 573. The most persistent bedding parallel sheared zone is observed in DH6 in the left
abutment spillway area at a depth of 23 m (BGL). This sheared zone can be correlated
with breaks in outcrop at river level and a 300mm weathered clay crushed seam
exposed in a track cutting downslope of DH8. In DH6 this sheared zone corresponds
with the base of dilated rock and the transition from MW to SW rock. SZ3. It will be
intercepted in the spillway excavation and will be close to the downstream toe of the
dam.

e SZ4. A subvertical healed zone of shattered rock that is evident in river exposure at
Ch12,360 m. May be a sheared fold axis. Is is not evident at higher elevations.

e S5712. Thisis a bedding parallel sheared zone defined by several thin crushed seams
and shattered core between 28 and 30 m BGL in DH7 and inferred to correlate with a
0.5 m break in outcrop in the river exposure at Ch12,520 m. This feature would lie
beneath the upstream shoulder of the dam.

e S5Z1,5710, SZ11, SZ13. SZ1 is well exposed in the river at Ch12,270 m, and inferred
by an eroded slot in bedrock in the DHS8 access track. It includes between 1 and 2 m of
altered, crushed rock contained within footwall and hanging wall clay gouge seams
that dip to the north-east at 45 to 55°. 5713 is logged as a steeply dipping crushed
zone at 24.7 to 26.5 m in DH7. SZ10 and SZ11 are inferred based on breaks in outcrop
and subdued slope features upstream of the dam site left abutment.

e SZ8. Thisis a prominent sheared zone 0.3 to 0.5 m wide that dips north-west at 75°
and is exposed in the river bank outcrop at Ch12,450 m. Its continuation on the left
abutment is suggested by a linear gully infilled with solifluction and colluvium. On
the right abutment it is correlated with a steep sheared zone in the forestry access
track at RL300 m.

e 5Z6. This is a narrow sheared zone that dips west at 40°. It is identified in two track
batter exposures and will be intercepted in the spillway cut.

e S5Z2,575. SZ2 is a zone of healed sheared seams identified in rock outcrop upslope of
the dam that may correlate with a similar oriented sheared zone at RL300 m upstream
of the right abutment, identified as SZ5.
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Thin sheared, crushed and shattered seams up to 20 mm wide are spaced at 5 to 10 m
intervals in weathered outcrops and in the drillcore. A thin silt or sand crush seam is
sometimes present and is generally less than 2 mm. Clay seams are rare.

4.4 Rock Weathering

The greywacke is unweathered in river exposures, but varies from SW to HW in surface
exposures elsewhere on the abutment slopes. The depth of weathering varies around the
site and in the drillholes. Chemical weathering, primarily due to oxidation above the
groundwater table, has leached, altered and redeposited minerals (notably iron), reduced
the intact rock strength and altered the colour from blueish grey through to brown. The
change in intact rock strength between UW and MW is minor, but there is a significantly
lower intact rock strength in HW rock.

In the SW rock, defects are often iron stained, and rarely contain silt, but are not
noticeably weaker than UW defects. In MW rock, defect surfaces are discoloured and
altered, are more open, and have regular infilling of cemented iron oxide and silt. Joint
wall strength is lower than the UW to SW rock and joints are more closely spaced. This
leads to higher permeability and lower rock mass strength in MW rock than SW or UW
rock.

Associated with the weathering process is a progressive dilation of the rock mass from
UW through to HW.

4.4.1 Rock Weathering on Left Abutment

The rock is highly weathered in portions of the Lee Valley Road to the west of the ridge
crest and in the gully that will form the auxiliary spillway. In other track exposures (0 to
3 m BGL) the rock is typically moderately weathered to locally highly weathered near
sheared zones, where bedding is closely spaced, and where finer (argillaceous) lithology
is present. Weathering profiles in drillholes are as follows:

e DH5: MW rock extends to 10 m BGL and is SW to the base of the hole at 21 m depth.

e DH6: HW rock is present to 7 m depth, MW rock extends to 23 m and below this the
rock is mainly SW to the base of the hole at 34 m.

e DH7: Rock head is at 10 m, the rock is MW to SW to 18 m, SW to 24 m and UW to the
base of the hole at 32 m.

4.4.2 Rock Weathering on Right Abutment

HW rock is only locally present adjacent to sheared zones in the forestry track upslope of
the abutment at RL300 m. At this elevation most of the 3 m deep exposure is MW but
becomes HW upstream of Ch12,500 m. At lower level on the abutment slope the rock
exposed in outcrop is mainly SW. Weathering profiles in drill holes are as follows:

DHS8 : The rock is MW to 7 m, SW to 23 m, and UW to SW to the base of the hole at 38 m.
DH9: The rock is SW to 5 m and UW to the base of the hole at 15 m.

4.5 Rock Mass Permeability

Water levels were monitored during and after drilling, 32 Packer tests were carried out,
and falling and rising head permeability tests were carried out in DH5, DH6 and DHY.
Plots of Packer tests, and water levels during and after drilling are reported in Appendix
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C. Standpipe piezometers were installed in each drill hole to enable ongoing water level
monitoring.

Single Packer water pressure testing was carried out at on average at 3 m intervals, each
test being over a 1.5 m zone. Maximum test pressures varied between 50 and 80% of
overburden pressure. Results are reported using the criterion developed by Houlsby
(1976) [Ref 6]. In packer testing the drill hole is sealed at various intervals and water is
injected under pressure. The water loss under various pressures is measured and from
this a Lugeon coefficient is determined (one Lugeon being one litre loss per metre per
minute at 10 bars pressure). The Lugeon coefficient is used to determine grouting
requirements. 1 Lugeon approximates a permeability of 107 m/sec.

Twenty-two tests (60%) gave a Lugeon (Lu) value of 3 or less. Eight tests (27%) were in
the range Lu 4-10 and four tests (13%), all in DH6, were in excess of Lu 10.

Test results have been reviewed for each hole and the following trends have been
identified.

e Six tests (all DH6) were carried out in MW dilated rock, average Lu=12,
e Eleven tests were carried out in MW (not dilated) to SW rock, average Lu=2,
e Fourteen tests were carried out in UW-SW rock, average Lu=5.

Further review of rock core where high test results were encountered in the UW-SW rock
revealed:

e InDH6, Lu 12.3 was linked to steeply dipping closely spaced joints,
e InDHY7, Lu 5 (23.5-25 m) was linked to a steeply dipping sheared zone,

e InDHS, Lu 6 (24.5-26 m) was linked to open partly quartz veined joint, Lu 11 (27.5-29
m) was linked to steep joints above a bedding plane sheared zone, and Lu 9 (30.5-32
m) was linked to a bedding plane sheared zone,

e InDHY, Lu 5 (4.5-6 m) was linked to a sheared zone, dip not clear.

On the basis of the packer testing it is concluded that the SW to UW rock has a
permeability in the range of 1x107 to 1x10-¢, with higher permeabilities being associated
with steep joints and sheared zones. As steep joints and sheared zones are present
throughout the foundation area it would be advisable for planning purposes to assume
that the higher permeability rock will be encountered.

Laminar flow predominated in the testing. Turbulent flow is more commonly associated
with open fissures while laminar flow is common with many small fissures. Observations
of joints and bedding planes in core suggest that defect apertures are generally less than
0.2 mm.

Permeability determined from falling head and rising head tests in DH5, DH6, and DHS8
are given in Table 2 as follows:

Table 2 — Permeability tests

Hole/test Test type Permeability (ms)
DH5 Falling head 1.3x108
DH5(2) Falling head 1.0x108
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DH6 Rising head 1.0x107
DH6 Falling head 2x108
DHS8 Falling Head 3x108

These indicate rock mass permeability to be one order of magnitude less than that
inferred from Lugeon values. An order of magnitude difference in results from differing
techniques is not uncommon and it is recognised that the packer test is carried out at
pressures approaching those that will be created from the reservoir and the other tests are
at lower pressures.

Further investigations of the groundwater regime before and during the design phase
should include:

e Monitoring water levels and flows in ephemeral streams around the dam, including
observations of seepage and groundwater emergence after rainfall. This should be
carried out for a full cycle of seasons prior to design.

e Further mapping, drilling and test pitting to delineate potential permeable zones or
aquitards beneath the dam in the abutments.

e Further lugeon water pressure tests and rising and falling head tests in standpipe
piezometers to assess foundation and defect permeability.

e Packer testing should be carried out in inclined holes to intercept the steeply dipping
joints such as those linked to the higher Lu values in DHS.

4.6 Rock Mass Classification

4.6.1 Rock Mass Rating

Geotechnicial characteristics of the drill core have been classified in accordance with the
RMR system of Bieniawski (1989) [Ref. 7] and are reported in Table G1 in Appendix G.
Rock at this site is classed as either Poor - Class IV, or Fair - Class III quality under the
RMR system.

4.6.2 Rock Mass Strength and Rock Mass
Deformation Modulus

RocLab software program has been used for determining rock mass strength parameters,
based on the generalized Hoek-Brown failure criterion. Rock Mass deformability
modulus value (Ei) is estimated using a modulus reduction value; (Erm) is determined
using the modified Hoek and Diederichs (2006) [Ref. 8] equation. These are summarised
in Table G2 in Appendix G.

The rock mass deformation modulus, Erm, has been calculated for three levels of rock
mass disturbance. Erm D=0 refers to the modulus below the zone of rock disturbed by
excavation. Erm D=0.2 is the modulus of rock disturbed by careful dam foundation
preparation (as would be carried out for the plinth). Erm D=0.7 is the modulus of rock
that is carefully blasted or ripped as may be carried out for general foundation
preparation. The depth to which the lower modulus applies will vary from 1-3 m for
carefully prepared rock in the valley floor to in excess of 5 m on the moderately steep
abutments where some gravity relaxation may accompany ripping and/or careful
blasting.
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4.6.3 Lee Dam Rock Classes

Three general classes of rock that are applicable to the potential dam site have been
determined, based on the field observations. These classes, outlined in Table 3, are based
on the RMR system, GSI and Rock Mass modulus. The locations of rock in these classes
are shown on the cross sections.

Table 3 - Rock Class classification used for Lee Dam

Feature Class 1 Class 2 Class 3

Intact Strength Range 30-70 20-50 10-20

MPa Average 50 35 15

Weathering UW-SW [ MW-SW [ HW-MW

ROCK MASS 50-60 41-50 30-40

RATING

Lugeons Range 1.-10 1.-10 1->40
Average 3 3 10

Permeability 107 107 10-5

(ms™)

Erm Range 3000 - 7000 | 1000 - 3000 | 100 - 1000

E‘Bﬁ%i)smrbed) Average 4000 2000 500

¢ (KPa)* Range 400-700 300-400 200 - 300
Recommended | 500 300 200

D Range 48 -53 42 -48 35-42
Recommended | 50 45 37

pd 2.7 2.7 2.7

*Relevant to slope heights in the order of 50 m. Defect strength likely to have more
influence on stability for lower height slopes.

Rock mass rating and modulai for each drill hole is included in Appendix F.

Contours of the top of Class 1 and top of Class 3 rock are shown in Figure 24727.204-F9.

4.6.4 Defect Strength

No testing has been carried out to assess the defect strength. However, it is noted that the
greywacke at the site is dominated by a siliceous (quartz) mineral assemblage. Low
strength and/ or plastic clays have not been identified in either crushed or sheared zones,
or as a weathering product. Existing cut batters in MW to HW rock are generally stable at
45° slopes.

Further work will be required to assess strength of sheared zones and joints in areas
where they need to be considered in design. However, for preliminary assessment, based
on field observations, the following base fiction angles are proposed:

Joints and Bedding planes: UW-SW - @’'=36°
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Joints and Bedding planes: MW-HW - @’'=33°
Sheared Zones: UW-MW - @'=26°

Asperities and waviness will increase the base friction angle by between 5° and 10°.

4.7 Soil Types

4.7.1 Alluvial Gravel

The distribution of alluvial gravel at the potential dam site is shown on Figure
24727.204-F3. Two low level terrace deposits exist on the right bank of the river. These
contain gravelly SAND, and sandy coarse GRAVEL that is inferred to be 2 to 5 m thick.
On the left abutment an elevated terrace gravel deposit overlies a rock bench at RL170 m.
These gravels are slightly to moderately weathered. Generally 1 to 2 m of unweathered
sand and gravel overlies rock in the active river bed. Locally, along the inferred location
of SZ11, more than 3 m of gravel infills a 5 m wide eroded slot in the river bed. All
gravels are unconsolidated (loose to medium dense). No permeability tests have been
carried out.

4.7.2 Slope Deposits

On the left abutment, up to 5 m of gravelly SAND (solifluction) overlies the gravel deposit
and rock bench at RL170 m. Soil elsewhere on the left abutment consists of gravelly
SAND colluviums that is generally less than 1 m thick.

Soil on the right abutment consists of unweathered, poorly graded GRAVEL, within scree
deposits that blanket steeper slopes (>35°) down slope of rock outcrops and infill shallow
steeply plunging gullies to 4 m depth. Elsewhere the slope is mantled by generally less
than 1 m of gravelly SAND colluviums.
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5 Geotechnical Issues

51 Dam Foundation Stability

The rock mass strength is considered to be generally lower than other South Island
Greywackes. The broad scaller of defects is consistent with other Greywacke sites
reported by read and Richards (2008) [Ref. 9].

The principal defects identified as underlying the potential foundation of the dam at dam
site Ch12,430 m are shown on Cross section I, Figure 24727.204-F7. These are bedding
plane sheared zones and sheared zones aligned with Joint Set A. Principal bedding plane
sheared zones (notably SZ3 and SZ12) strike parallel to the dam crest and dip
downstream at between 35 and 50°. This orientation is considered favourable to very
favourable for dam foundations by Bieniawski & Orr 1976 [Ref. 10] and Romana, (2003)
[Ref. 11].

No significant gently inclined dipping weak sheared zones, that dip either upstream or
downstream, have been identified, however other defect sets may locally affect stability.

Sheared zones SZ1, SZ11 and SZ10 strike at 90° to the dam axis and dip at 50° towards the
right abutment. Joint Set B dips steeply towards the left abutment. Both defect sets are
important with respect to abutment stability (see Section 5.1.1) and can form release
surfaces for foundation movement along low angle sheared zones if any exist. One joint,
located in river exposure at Ch12,440 m dips downstream at 25 to 30°, and SZ6, located
high on the left abutment has an oblique dip downstream of 20 to 25°.

51.1 Abutment Stability

Left Abutment

There is evidence of localised existing shallow instability on a portion of a steep soil-
blanketed slope above the rock bluffs at Ch12,400 m and it is likely that the bluff has
formed as a result of planar failure along joints of Joint Set A. These persistent joints and
inferred sheared zones dip to the north at 45 to 55°. The bluff itself is considered to be
currently stable and the steep groundwater gradient within the slope suggests that there
is no significant slope relaxation along these joints.

Right Abutment

There is no evidence of large scale instability within the rock that would form the right
abutment. The slope angle is generally between 35° and 42°. Some incipient rock
relaxation is suggested by the weathering profile and slightly depressed groundwater
gradient, and small (mm) offsets of joints are evident in outcrops. However, bedding
plane dip and the orientation of other principal sheared zones is favourable with respect
to stability.

Immediately upstream of the abutment, (upstream of Ch12,500 m) where the slope is
inclined to the west, the combination of north-west dipping bedding planes and steep
north-east east dipping joints (Joint Sets B and D) provide kinematic orientation for
localised wedge failures.
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The plinth excavation is likely to intersect at least two shallow gullies that are infilled with
up to 4 m of scree deposits overlying localised dilated rock. The deposits will be unstable
at slopes steeper than 40°.

5.1.2 Spillway Stability

The main spillway excavation is provisionally aligned in a northerly direction and the
auxiliary spillway excavation will be aligned in a north-west direction. Cut heights will
be in the order of 40 m high.

Rock quality and the major defect alignment is shown in Figure 24727.204-F9. A large
portion of the excavation would be in dilated rock (Class 3) that in DH6 is logged down to
23 m BGL. The base of the Class 3 rock is inferred to follow the trace of SZ3. Structure
contours on the trace of SZ3 are shown in Figure 24727.204-F9. In DH5 the transition from
Class 3 to Class 2 or better rock is at 5 m depth.

The orientation of SZ3, and also SZ6, which are mapped to be exposed in the spillway
excavation are favourable with respect to planar sliding stability. However, dental
treatment including mesh, bolting and/or shotcrete will be required to prevent erosion of
the sheared zone and undermining of overlying rock. Batter design will also need to
reflect the weaker rock overlying SZ3.

There is a risk of wedge or planar sliding of sheared zones parallel to Joint Set A (5210
and SZ11). To mitigate potential batter instability batter design should be based on 40°
slopes in Class 3 rock and 45° slopes in Class 2 or 1 rock. Steeper slopes would require
systematic rock support in the more closely jointed sections of the excavation to mitigate
wedge slides. Further joint mapping will be required for the detailed design.

The floor of the spillway is expected to comprise Class 2 rock upslope/upstream of
Ch12,400 m and Class 3 downsteam. Local subexcavation and replacement with dental
concrete and/or pinning with dowels may be required beneath the concrete liner in the
Class 3 foundation section. The floor of the auxiliary spillway will extend in a down-
stream direction through Class 2 and Class 3 rock and into soils at the western end. The
Class 3 rock and soils will scour when flooded.

52 Reservoir Stability

52.1 Existing Stability

The preliminary review of the existing stability of slopes upstream of the potential dam
site has identified no active large landslides that would extend into the reservoir area.
Small areas of active erosion are noted in the heads of many gullies, and locally, small
volume rockfall is evident downslope of rock bluffs. Existing landslides in the Waterfall
Creek catchment are remote from the reservoir and the one large landslide deposit
mapped on the right bank upstream of Waterfall Creek is largely eroded and now
blanketed by younger slope deposits.

A large landslide in Rai Formation greywacke downstream of the dam site has developed
where bedrock defects are unfavourably oriented (notably bedding strikes parallel to the
slope) and where river erosion has formed a high (150 m) slope that is inclined at 45°-50°.
No similar slope features are evident within the reservoir and, in general, slopes
underlain by Rai Formation greywacke lie at between 35 and 42°.
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Solifluction deposits that are well exposed in road batters upstream of the dam blanket
the lower portion of slopes. There is historical evidence of local shallow landslips when
the slopes have been deforested, but no evidence of deep seated instability. These
deposits (which are probably in excess of 10,000 years old) are not overlain by rockfall or
bedrock landslide debris.

52.2 Reservoir Induced Instability

It is anticipated that the inundation of the valley to form the reservoir will raise
groundwater levels by up to 45 m around the perimeter of the impoundment and this will
have a local destabilising effect on slopes. During operation, reservoir levels are likely to
fluctuate by up to 25 m over several weeks.

The slopes that will be most affected are those that are blanketed by thick soil deposits
and those where local instability is already evident. Solifluction deposits, particularly
those upstream of the dam on the left bank are likely to experience surface erosion and
shallow instability within the zone of drawdown and extending upslope of the maximum
operating level. This may disrupt the forestry access road into Flat Creek. Elsewhere soil
deposits will be locally eroded by wave action within the normal operating zone but it is
unlikely that landslips will extend significantly above top water level.

5.2.3 Earthquake Induced Landslides

The valley slopes will, from time to time, experience ground shaking associated with
seismic events that is of a similar magnitude to that experienced in the past. The absence
of landslide debris overlying solifluction or terrace deposits in the area to be inundated
suggests that these slopes have not failed due to large scale instability during earthquakes
during the last 10,000 years. However, as a result of the presence of the reservoir,
groundwater levels will be higher than in the recent geological past and this may increase
the risk of slope failure during shaking. Preliminary stability modelling of the western,
left slope between Ch13,000 m and 13,500 m suggests that discrete downslope movements
are only likely during MCE events. Rapid large scale collapse of slopes into the reservoir
is not considered to be a likely failure scenario.

Further detailed engineering geological mapping of the full reservoir should be
undertaken during the detailed design phase, and attention should be given to stability
modelling of those slopes with elevated risk of slope failure in order to quantify the
volumes of landslide debris that could be generated. If any areas are identified that may
present a significant engineering risk, mitigation measures such as buttressing or drainage
could be carried out during the construction phase.

5.3 Fault Rupture and Seismic Shaking

No active faults have been identified in the immediate vicinity of the potential dam site
and the risk of direct fault rupture affecting the dam structure is considered to be
extremely low.

Two active faults have been mapped in the region: the Wairau Segment of the Alpine
Fault and the Waimea Fault.

The Alpine Fault, 21 km south-east of the site, has an assessed recurrence interval of 1,600
years and a major earthquake on this fault is estimated to be an M7.6 event. The Waimea
Fault, which is part of the Waimea-Flaxmore fault system, is located 8.5 km west of the
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site and is assessed to have a recurrence interval of 6,000 years. A major earthquake on
this fault is provisionally estimated to be an M7.6 event.

Unlike the Waimea-Flaxmore Fault System, the Alpine Fault will likely rupture along its
entire length in the Wairau Valley, and possibly even further afield, and the level of
ground shaking at the dam site will be MM VIII, bordering on MM IX. The level of
ground shaking from rupture on a component of the Waimea-Flaxmore Fault System will
produce similar levels of ground shaking at the potential dam site to those from the
Alpine Fault in the Wairau Valley.

No evidence of Quaternary movement has been identified in previous mapping of faults,
such as the Whangamoa Fault (3 km west - although an active trace has been identified
40 km further north), Wards Pass Fault (2.5 km south) and Totara Saddle Fault (4 km
north) and they are not classed as active. However, this does not mean that the potential
for future fault rupture on these faults can be ruled out.

A 50 mm offset of the hanging wall of the Anslow Fault has been observed in Anslow
Creek, small (<20 mm) offsets have been observed in sheared seams high above the
location of the right abutment of the potential dam and locally, in surface outcrops, there
are occasional offsets (<10 mm) across joint surfaces. These features are attributed to
secondary effects of ground shaking arising from fault movement remote from the site.
Whether these are old tectonic features or are due to secondary effects of recent
(geologically) faulting is not clear.

The New Zealand code AS/NZS/1170 [Ref. 12] provides a standard procedure for
estimating seismic ground response based on ground conditions and design criteria. Part
5 of the code specifically excludes dams for the application of the method set out in the
code. However, the basis of the code is compatible with the common methods of assessing
earthquake hazards for dams and the Building (Dam Safety) Regulations 2008 that
support the Building Act 2004 indicate that the AS/NZS/1170 method represents the
minimum requirement for dams.

AS/NZ 1170 requires consideration of near fault factors for faults located within 20 km of
the site under consideration. However, the Waimea Fault is not listed as a major fault in
the standard and the Wairau Segment of the Alpine Fault is 21 km from the site.

In the absence of more detailed studies, the values derived from the NZS/1170 method
for the Operating Basis Earthquake (OBE) and the Maximum Design Earthquake (MDE)
are appropriate for this study as follows;

e OBE-1in 150 year return period; and
e MDE -1 in 10,000 year return period.

The site is classified as a Class B-Rock shallow soil site. With further assessment and
strength testing of the foundation rock this is likely to be upgraded to Class A-Rock.

Table 5 - Peak ground accelerations for design seismic events

Criterion Value
Hazard factor (NZ1170.5) 0.34
Dams on rock foundations - concrete gravity dams Peak Ground Acceleration
Operating Basis Earthquake (OBE) 020g
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Maximum Design Earthquake (MDE) 070 g

Note: Initial estimates of design earthquakes (NZ1170.5)

54 Liquefaction Potential

Up to 10 m of unconsolidated sand and gravel are mapped on the potential left abutment
area beneath the upstream shoulder of the dam, and locally elsewhere alluvial gravel
underlies the dam footprint.

It has been assumed that these materials will be largely removed as part of the foundation
preparation (at least beneath the upstream shoulder), and the dam will be founded on
rock. No specific assessment of liquefaction potential has therefore been carried out.

55 Leakage Potential

The Lugeon permeability testing results indicate that permeability in Class 1 and Class 2
rock is generally within the range of 1-5 Lu. However, defects will provide higher
permeable pathways through the near surface rock that will require grouting or near
surface foundation treatment.

Class 3 rock downstream of the left abutment has high permeability above SZ3 (Lu 1-40),
and there is a potential for significant leakage where Class 3 rock underlies the upper left
abutment.

Bedding parallel sheared zones may have moderate permeability parallel to the shears
(Lu 5-10) but rock mass permeability through the rock between sheared zones is very low
(<1Lu). SZ 8 will be intersected by the plinth low on both abutments and the surface trace
will extend below the upstream shoulder. Other bedding parallel defects will also be
intersected by the plinth at higher levels. Bedding is inclined downstream at 35° to 70°
and is not likely to be a potential source of leakage around the abutment.

Joint Sets A and B will provide preferential leakage paths both under the dam and around
the abutments as they strike parallel to the valley sides. There is a possibility that there
has been some stress relief in the right abutment leading to the opening of joints
producing locally moderate permeability (Lu 5-12) and there is a risk of individual
seepage paths through the foundations and abutments associated with these joints. If
water losses can be tolerated then the need for a grout curtain is reduced. However
consequences of leakage may include piping and erosion of fines in sheared zones, and
elevated pore water pressures in the slope downstream of the abutment.

Houlsby (1992) [Ref. 13] recommends that where some water losses are acceptable, single
row grouting should be carried out where testing indicates Lu 5-10. Where piping needs
to be prevented, grouting should be considered where Lugeons are 3 or more.

Until further Lugeon testing is carried out foundation permeability should be viewed
conservatively. Test results indicate that apart from the right abutment, it is likely that
defect apertures are less than 0.2 mm which is the lower level where cement grouting is
often effective. Furthermore, Weaver and Bruce (2007) [Ref 13] cited data from a number
of projects where small Lugeon values (Lu <2-5) usually indicated ungroutable rock.
Therefore, at the proposed dam site while provision should be made for foundation
grouting, the effectiveness of a grouting programme will need to be evaluated along with
other options to reduce hydraulic gradients and reduce the risk of piping of clay and silt
in sheared zones. Other options include: dental concrete treatment, widening the plinth,
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and blanketing the upstream shoulder. Solifluction deposits, located in close proximity to
the dam will provide cohesionless, low permeability fine soils that can both reduce
hydraulic gradients and assist in sealing seepage paths.

The depth and extent of the curtain grouting will have to be determined by additional
geotechnical investigations during the detailed design stage of the dam.

Due to the anisotropic strength of the foundation rock, and often strongly developed
fissility, care will need to be taken during any grout programme to control pressures to
avoid excessive hydraulic fracturing.

5.6 Foundation Preparation

The investigations have indicated that site conditions are suitable for a concrete faced
rockfill dam. The rock mass quality is generally fair and foundation permeability is
within acceptable limits.

There is a degree of variability in rock mass quality and provision will need to be made
for specific foundation treatment along the line of the plinth and beneath the upstream
shoulder, particularly where areas of crushed, shattered and sheared rock are present.
This will present construction challenges on the right abutment where the existing slopes
are moderately steep to steep.

The major defects include sheared zones that contain clay and silt. Dispersion/piping
characteristics of the clay and silt in these sheared seams, and the risk of joint silt infill
erosion will need to be verified prior to detailed design of specific treatment works.

5.6.1 General Site Preparation

Preliminary site preparation should involve removal of unconsolidated deposits from the
dam footprint. Contours of rock head are shown on Figure 24727.204- F7. Beneath the
upstream shoulder on the left abutment up to 12 m of solifluction and alluvium will need
to be removed. Temporary batters upstream of the dam for this area will need to be
battered at no steeper than 34° to permit safe working in the plinth excavation.

Elsewhere, stripping depths will vary from 0 to 5 m. Much of this work should be
achievable using bulldozer/excavator and truck techniques. However, access for
construction plant will be difficult to achieve above RL175 m on the right abutment.
Provision may need to be made to form an access bench at about RL200 m to facilitate
foundation preparation in the upper right abutment. Stripping of soils within the shallow
gullies on the upper left abutment will produce construction batters in the soil.
Temporary support, involving soil nail and mesh, or equivalent measures will need to be
provided.

5.6.2 Plinth Foundation

Additional excavation of rock will be required along the plinth line. Careful excavation
with excavators ripping and utilising rock breaking hammers will be adequate in Class 3
and much of the Class 1 and 2 rock. Localised blasting may be required to remove strong
surface irregularities.

The depth of excavation and minimum requirements for rock quality and permeability
are a function of the hydraulic head and design plinth width balanced against the cost of
preparation. For a standard minimum plinth width of 3 m it is possible to achieve a
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satisfactory hydraulic gradient in the upper levels of the plinth (above RL180m) within
Class 2 rock where the HW rock, that is typically less than 2 m thick, is removed.

Within the floor of the valley SW to UW Class 1 rock is at about RL149 m and rock may
need to be sub-excavated to between 1 and about 5 m depth. Alternatively other
measures to limit seepage should be considered. However, provision will be needed in
the valley floor to excavate to at least 5 m depth along the location of SZ11which is
inferred where rock head drops steeply over a 5 m wide zone in the river channel.

On the lower level of the left abutment (between RL155 m and 170 m rock) where the
surface rock is SW-MW Class 2, excavation may need to extend to the Class 1 rock which
is at a depth of 2 to 6 m below rock head.

The right abutment is steep and there are probably three scree-infilled shallow gullies
where rock head is 3 to 5 m deep. The steep slope will make deep sub-excavation very
difficult and excavation to Class 2 rock will produce a stepped profile between the
shallow gully and spur lines. Abrupt vertical or overhanging slopes along the plinth line
may need to be removed by drilling and blasting to trim to an acceptable shape and
provide a foundation that can be grouted. Blast vibrations will need to be carefully
controlled to avoid undue overbreak and dilation along defects.

To avoid very high and steep temporary cuts along gully lines that will require systematic
bolting, provision should be made to limit the depth of excavation on spur lines and to
backfill these hollows along gully lines with dental concrete on which to build the plinth.
More extensive grouting and seepage control will be required along the gully lines.

Final preparation of rock along the plinth line will involve hand excavation and water
blasting. Localised zones of poor quality rock that are associated with sheared zones will
be intersected in the plinth foundation. These will require special treatment that will
include:

e flushing fines with water and slush grouting,
e widening the plinth width,
e placing a filter layer over rock downstream of the plinth,

¢ extending dental concrete downstream of the plinth.

5.6.3 Diversion

The diversion location is shown on Figure 24727.204-F2. Upstream of the dam crest the
diversion will be located predominantly within the active river channel, and downsteam
of the centreline it will be located predominantly to the north of the right bank of the
river. The invert of the diversion excavation will be at about RL149 m.

No significant geotechnical risks are identified. Top of rock will vary from locally lower
than RL149 in the central river channel to RL161 beneath the downstream face of the dam.
Crushed zones, associated with bedding plane shears SZ12 and 574, and a crush zone
associated with SZ8 will strike oblique to the diversion line. Localised foundation
treatment involving over-excavation of crushed and weak rock and backfilling with
dental concrete will be required to reduce the risk of localised differential settlement.

Downstream of the dam centreline a temporary box cut, up to 12 m deep, on the north
side and 5 m deep on the south side, will be formed. Joint Set A, parallel to SZ1 and SZ11
will locally induce overbreak on the south side if the cut is formed at steeper than 1TH:1V.
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Defects are favourably oriented for the northern wall of the box cut, and temporary slopes
of .25H:1V can be planned, with provision for local mesh and bolting of relaxed rock, that
may exist within the top 3 m of the cut.

A temporary diversion channel into the left bank will be required to facilitate diversion
construction. All excavations will be below the ground water table and high inflows will
need to be catered for, especially upstream of the dam centreline, during excavation and
cleanup of foundation rock.
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6 Construction Materials

6.1

Construction Requirements and Sources

The general requirements for geological construction materials for a CFR dam at site
Ch12,430 m are set out in Table 6.

Table 6 — Construction material requirements

Type Approx Desired features/properties On-site Availability
Volume
Rockfill 400,000m3 | Medium-high strength, compatibility, Yes
high permeability
Filter Aggregate | 5000m?3 0.1-<20mm, stability compatibility Yes - processing
required
Bedding 30000- <75mm crusher run Yes - processing
Aggregate 40000m3 required
Concrete 10000m?3 UW sand and fine-medium gravel, Yes - processing
Aggregate rounded clasts preferred to angular required
Drainage 500-2000m3 | Durable, very strong, compatible Yes - processing
Aggregate grading, higher k than drained rock required
Rip Rap 9000- >300 mm ->1 m, durable, UW, angular, Not confirmed for
12000m?3 non tabular/pla°tey >600mm
Blanket 5000- Non-plastic stable fines, low Yes
10000m3 permeability
Plastic fines ? Plastic clay No
General Fill ? Non specific, well graded Yes

Figure 24727.204-F10 shows the location of potential borrow material sources that are on-
site (300 m downstream to 1 km upstream of the dam location) and offsite sources where
suitable aggregate or fill material is currently available.

6.1.1

Spillway Excavation

On-site Sources and Volumes

The spillway excavation will yield a minimum of 350,000 m? of rockfill that will consist of
moderately weathered to unweathered greywacke. Overburden that is 1-4 m thick and
consisting of soil and highly weathered rock would be suitable as a general fill.

Other potential sites exist within the proposed reservoir footprint, notably near
Ch14,500 m where Star Formation greywacke is mapped. This rock is likely to produce a
coarser rockfill than Rai Formation.

Alluvial Gravel Deposits

There are several low level deposits of alluvial gravel identified near the dam site. These
deposits vary from 2 m to more than 5 m in thickness and have an estimated resource
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volume of 360,000 m3. They are generally overlain by less than 0.5 m of silty sand. In
addition, approximately 60,000 m3 of unweathered gravel is present within the active
river bed between the dam and Ch14,000 m. The river bed deposit contains a larger
proportion of coarse gravel and boulder sizes (up to 600 mm) and this coarser size fraction
forms an imbricated armour layer on the river bed.

Solifluction deposits

Four large soliflction deposits are in close proximity to the dam site with an estimated
total resource volume of 380,000 m3. A volume of 30,000 m3 of this material will be
excavated from the left abutment of the dam site.

6.1.2 Off-site Sources
Patuki Melange

Patuki Melange includes a mixed rock assemblage that includes very strong diorite. The
diorite has been locally quarried in the past from scree deposits below high cliffs 2.3 km
downstream of the dam site. Investigations during Stage 2 of the study revealed a high
variability in rock quality and weathering over short distances and this option was
discounted at that time due to the likely high overburden ratios that would arise from
quarrying the diorite.

Taylor’s Quarry

Taylor’s Quarry, 3.5 km from the site produces a high quality aggregate from limestone
bedrock that is used in a range of applications. Quarry products include: rip rap - up to
1.2 m diameter, AP65 for road sub-base and general fill, and GAP 40 for roading.
aggregate.

Berketts Quarry
Berketts Quarry is 12 km from the site. It produces hard rock aggregates.
Appleby Gravel Pits

Two gravel pits near Appleby produce the majority of concrete aggregate for the Nelson
region. The aggregate is river run, derived from the Waimea River.

6.2 Properties of On-site Sourced Materials

Limited sampling and testing was carried out as part of Stage 2 of the study. Table 7
summarises the properties for ripped greywacke bedrock, alluvial gravel and solifluction
deposits.

Table 7 — Material properties results

Sample /Source Gravel Sand Silt | Clay | Fine | Dso D1o Degy/D1o PL LL PI
% % % % s %

1. HW-MW 74 26 12 |4 16 16 .05 | 300 NP |35 NP
Greywacke

2. SW-MW 82 14 <6 |- <6 16 3 90 - - -
Greywacke

3. UW-SW 97 3 - - - 50 |8 9 - - -
Greywacke
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4. Alluvium 72 16 5
5. Solifluction 47 47 <6 - <6 14 |01 |20
6. Solifluction | 48 34 14 4 18 1.9 | .01 | 300 27 40 13
6.3 Rockfill
6.3.1 Site Quarried Rockfill

Preliminary grading tests on SW to MW rock and MW-HW rock were carried out on
samples that that been ripped and lightly track rolled. The resulting aggregate is angular,
typical of quarried rock but gradings are finer than is reported as normally used in bulk
rockfill zones beneath the upstream or downsteam shoulders of CFR dams. Fell et al [Ref.
15] propose that for rockfill after compaction:

e not more than 15% below 1.18 mm;

e not more than 5% below 0.075 mm;

e maximum particle size to be no more than the compacted layer thickness;
e water not to pond on the compacted surface.

HW greywacke is unlikely to satisfy this criteria. However, SW to UW greywacke is
likely to satisfy the criteria. The MW greywacke may be suitable, but further evaluation is
required.

Small grainsize is not necessarily an adverse feature as it is commonly associated with
higher rockfill strength. Durability of the rock (change in characteristics on
wetting/drying cycles) does need to be further assessed, particularly the MW-HW

Class 3 rock and more argillaceous lithology. Field observations suggest that exposure to
air, frost, and wetting cycles may lead to a progressive strength loss and disintegration of
aggregate. This will impact on settlement and permeability in areas where Class 3 rock
and argillaceous rock is placed within the dam.

6.3.2 Alluvium

The alluvium is a finer deposit than the ripped greywacke rockfill and is dominated by
sub rounded coarse gravel clasts and sub angular sand and fine gravel. Itis a bedded
deposit and locally includes large bodies of gravelly Sand interbedded with the sandy
Gravel. No strength testing of aggregate has been carried out, but from visual assessment
the clasts are very strong and are considerably stronger than equivalent sized ripped
greywacke.

6.3.3 Rockfill Properties

Shear strength of rockfill derived from greywacke and alluvium has been assessed
following the methodology of Barton and Kjaernsli (1981) [Ref. 16]. Rockfill modulus has
been assessed using the methodology of Hunter and Fell (2003) [Ref. 17]. The results are
summarised in Table 8.
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Table 8 - Rockfill shear strength and modulai *

Feature Rockfill Source

Source material Class 1 Class 2 Class 3 Alluvium
Density (t/m3) 22 2.1 2.0 2.1
Porosity (%) 19 21 26 22
UCS (MPa) 50 35 20 100
Dso (mm) rolled 40 20 15 15
Ds (mm) 100 50 40 80
@' (6'n=0.2MPa) 49 47 39 53
@' (0'n=0.8MPa) 44 41 34 48
Erc (0'n =0.2MPa) 126 110 99 >200
Erc (o'n =0.8MPa) 90 75 63 >170
Exf (1.5:1) 119 84 227
Permeability >10° >10° 10-5-10+4 >107

*Based on limited testing

Further testing will be required as part of the design stage to verify the grading and
strength of the proposed rockfill. Ideally this will involve compaction trials, and
laboratory and field testing of strength of the compacted aggregate. Further testing will
also need to be carried out to establish the effects of weathering on aggregate durability.

6.3.4 Aggregate for Concrete

No specific testing has been carried out to assess concrete aggregate suitability. However,
the alluvium is likely to be a suitable source. Alluvium particle shape and durability will
be better than the quarried greywacke, but there may be insufficient fines in the alluvium.
On-site screening and blending will be required to produce the necessary grading.

Particle shape will need to be reviewed as many fine gravel and sand clasts are platey in
appearance. Existing gravel pits are located downstream on the same river system and
there are no reported alkalai-aggregate reactions from those sites.
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6.4 Filter Materials

Insufficient testing has been carried out to assess the range of gradings in the alluvium,
but it is likely to produce aggregate that can be effectively screened to produce a range of
filter sizes. With there being some doubt regarding the durability of quarried greywacke,
it is not considered to be suitable for producing filter aggregate.

6.5 Rip Rap

The defect spacing of the greywacke restricts breakout size which will limit the suitability
of much of the excavated rock won from the spillway cut for rip-rap. Alternative bedrock
sources may exist upstream of the dam where Star Formation outcrops.

River alluvium contains high strength aggregate up to 600 mm diameter. The existing
armour layer in the river bed is a potentially easily won source of 200-600 mm sized

rip-rap.
High strength and durable (up to 1.2 m diameter) rip rap is available from Taylors
Quarry.

6.6 Blanket Materials

Solifluction deposits are characterised by low plasticity or non plastic fines and are
suitable as blanket materials where some migration of fines to block seepage paths is
desired.
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7 Conclusions and Recommendations

Feasibility level geotechnical investigations have been carried out for a dam at
Ch 12,430 m on the Lee River.

Engineering geological mapping, test pitting, drilling and water pressure testing has been
carried out at the proposed dam site. In addition the investigations have drawn on
existing reports and earlier phase investigation results from dam site investigations 1,400
m downstream of the current preferred location. Engineering geological mapping, test
pitting, drilling and water pressure testing has been carried out at the proposed dam site.

The investigations indicate that geological conditions at the proposed dam site are
generally suitable for a Concrete Faced Rockfill Dam.

The key conclusions from this phase and recommendations for future work are outlined
below.

Bedrock

e The dam foundations are predominantly greywacke, locally interlayered with
argillite. Bedrock dips generally at 30-60° downstream beneath the dam footprint.

e Bedding is closely spaced and is the predominant defect.

e There is a broad scatter of joint orientations that are collectively grouped into four
joint sets.

e Sheared zones have been mapped at 10 to 50 m spacing and form an orthogonal
pattern beneath the dam. Bedding plane sheared zones are the most common.

e The rock is rated as generally fair quality.

Further investigations are required to assess the range of rock strength and defect orientations.
This should include uniaxial compression testing of rock core and drilling to accurately locate
principal sheared zones.

Permeability and Groundwater

e The rock mass permeability is assessed to vary between 1 x 107 to 1 x 10-¢ m-™.

e Further investigations of the groundwater regime before and during the design phase
should include:

Monitoring water levels and flows in ephemeral streams around the dam, including observations of
seepage and groundwater emergence after rainfall should be carried out for a full cycle of seasons
prior to design.

Further mapping, drilling and test pitting should be carried out to delineate potential permeable
zones or aquitards beneath the dam in the abutments.

Dam Foundation Stability

o The defect orientation beneath the dam is considered favourable with respect to
stability.

Left Abutment Stability

e Deep seated rock relaxation is evident downstream of the dam.

e No bedrock instability is evident beneath the dam footprint.
Right Abutment Stability
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e Existing slopes are locally steep and some incipient rock relaxation is evident.

¢ The orientation of major defects is favourable with respect to deep seated stability.

e Excavations for the plinth will daylight local wedge blocks and undercut scree infilled
gullies. These deposits will be unstable when cut to slopes steeper than 40°.

Spillway Stability

¢ The orientation of Principal defects (notably SZ6 and SZ3) is favourable for the
provisional spillway alignment.

e Sheared zones and joints aligned with (Joint Set A, e.g. SZ10) will limit the maximum
batter angles in Class 1 and 2 rock to 45°.

e Poor quality (Class 3) rock in the upper section of batter will require batters no steeper
than 40°, and in soil to be no steeper than 36°.

Further systematic mapping of defects should be carried out from test excavations and oriented
drill core on both abutments and the spillway.

Defect strength testing should be carried out including testing clay/silt sheared seams and joint
and bedding plane surfaces.

Reservoir

e No active large landslides have been identified in the reservoir.
e Groundwater levels will be raised by inundation and local instability associated with
solifluction slopes can be expected.

Further detailed engineering geological mapping of the full reservoir should be undertaken during
the detailed design phase, and attention should be given to stability modelling of those slopes with
elevated risk of slope failure in order to quantify the volumes of landslide debris that could be
generated. If any areas are identified that may present a significant engineering risk, mitigation
measures such as buttressing or drainage should be carried out during the construction phase.

Fault Rupture and Seismic Shaking

e No active faults have been identified in the immediate vicinity of the dam site.
e The Alpine Fault is likely to pose the main seismic threat to the dam.
A site specific seismic assessment, that considers this potential scenario of an earthquake generated

within the Waimea-Flaxmore Fault system as well as the Alpine Fault, should be carried out as
part of the detailed design stage.

Leakage Potential

e Lugeon values of 1-5 Lu can generally be expected in Class 1 and Class 2 rock, but
there is a potential for high leakage along rock defects.

e Provision will be required for grouting and or near surface foundation treatment.
Further attention should be given to potential seepage paths and the groutability of the rock mass.

This should include continuous packer testing in additional abutment drillholes, including testing
in inclined holes to intercept steeply dipping defects in the right abutment.

Dispersion and erosion testing should be carried out on shattered and sheared zone material to
assess the potential for internal erosion of fines.
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Foundation Preparation

There is a degree of variability in rock mass quality requiring local subexcavation and
or special treatment of poor quality rock associated with crushed, shattered, sheared
or dilated rock.

Special treatment will be required to avoid piping/erosion of fines within sheared
zones.

Soil stripping depths on the left abutment will be up to 12 m and on the right
abutment will be up to about 5 m.

Provision will be required for local stabilisation of temporary slopes on the right
abutment.

Further delineation of soil depths and rock classes will be required to optimise the foundation
stripping depths for construction.

Construction Materials

It is likely that suitable sources of rockfill can be sourced from either the Spillway Cut
or local alluvial deposits.

Rockfill properties are likely to be strongly influenced by the degree of compaction.

Poor quality rockfill will be produced from Class 3 rock within the spillway
excavation. This may not be suitable for rockfill.

Riprap >600 mm may need to be imported.

Aggregates for concrete/filters and drainage are likely to be sourced from local
alluvium. However the durability of fines may limit use for some filters.

Local solifluction deposits can be used for non plastic fines applications.

Trial excavations and compaction trials on rockfill will be required for Class 1, 2 and 3 rock types
and alluvium. Laboratory testing should be carried out on as-compacted soils to assess grading
and permeability characteristics.

Specific attention should be given to testing durability of the fill and filter materials under cycles of
shaking, freeze thaw and wetting.
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Appendix A: Tonkin & Taylor Figures

o Figure 24727.204-F1 - Study Area

o Figure 24727.204-F2 - Location and Layout of Dam and
Reservoir

o Figure 24727.204 F3 - Regional Geology Summary
o Figure 24727.204-F4 - Geological Setting

o Figure 24727.204-F5 — Dan and Reservoir
Geomorphology

o Figure 24727.204-F6 - Dam Site Geology
o Figure 24727.204-F7 - Cross Sections H-H & 1-1
o Figure 24727.204-F8 - Cross Sections F-F & G-G

o Figure 24727.204-F9 - Rock Quality — Spillway and
Plinth

o Figure 24727.204-F10 — Potential Borrow Site
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Appendix D: Test Pit and Excavation Logs
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Appendix E: Stereographic Plots



L= Y ,
s8|od zg P . =L
slsydsiwey Jamon
8|buy jenb3 .
w u
v : a o B
! = s p=4
= |
of a a
B B
| B 2B @ -]
_.. a a -] |
A a !
f . e °f
_ S - | __
3 : a B = a -M
a =] B8 o a __
fir
. a |
“_.. o o =] 2 . _____q
\ -] T f
B o -] e 8 I
=] o an f
m@_ﬂ_& .ﬂ - - § -] o -] -]  +}
sajod z v bty §
d p
Ll . \_ i B -

£3]0d Jo laqunp
N
juswinge ys ‘uolebljsenu| ays ¢ ebejs wegq e97



gy by uoyeBisenu| # ebejs weq se
S

selu3a gL i 2y
$8|0d 68
aleyds|wal JamoT v = a
a|Buy |enb3g £ = ®
¥ a
i = o f “ . <
2y a &
L/ =]
-] o o
L v
a
o E @ B
i L] o L \
! a
o =] a \
B

w
I

| = R
._ =] o a o __..
\ o ¥ |
_.: o
L) o w ]
sajod ¢ « @ =
]
sejod Z v N v - ) )
! )
sjod | E .
W - i
= 5
= o] : &
$8]0d Jo laguunp N . w A



Appendix F: Rock Mass Rating and Modulus
Assessment
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Appendix G: Photographs of Geological and
Geomorphic features



Drillhole 5: Core Boxes 1 -4
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Drillhole 5 Core Boxes 5-8



Drillhole 6: Core Boxes 1 -4



Drillhole 6: Core Boxes 5-8



' .'_'2".;-1- b 2.0
Bex |

Drillhole 6: Boxes 9 - 13




Drillhole 6: Box 14



Drillhole 7: Core Boxes 4-7



Drillhole 7: Core Boxes 8-11



Drillhole 8: Core Boxes 1 -4




Drillhole 8: Core Boxes 5-8
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Drillhole 8: Boxes 9 - 12
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Drillhole 9: Core Boxes 1-4



Drillhole 7: Core Boxes 8-11



Photo 2: Dam Left abutment



Dam Centreline !

TR

Photo 3: View of left abutment slope

Photo 4: Rock exposed in right river bank beneath dam centreline



Photo 5: Greywacke exposed upstream of SZ8 (refer Photo 4)

Photo 6: Dam foundation, right bank of river, upstream of dam centreline



Photo 8: Downstream of centreline, left abutment foundation



Photo 9: Laminated greywacke in river exposure in dam foundation



Photo 11: Moderately weathered, closely jointed rock exposed in track upslope of right abutment



Photo 12: Solifluction deposit infilling fossil gully, upstream of left abutment



Appendix H: Laboratory Test Results
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LInig 70 Frosedale Sffice Park, 331 Rosedale Road
Albany, Auckland, Mew Zealand

£n 2 ineerin g Geolo gy Lt wosocaoioss Albany. North Shore 0752

CONSUETHNG GEOTECHNICAL, GEQLOGICAL AND EARTHOUAKE ENGINEERS Phone: 649 485 1546 Tax: 64 9 426 7554

Fref: 6387

Tonkin and Taylor Lid 17 December 2007

P O Box 527! '
AUCKLAND RECEIVED
T3 MAR 2008

By, SV

Aftention: Robkin Dawson

Dear Robin,

RE: WAIMEA WATER AUGMENTATION COMMITTEE
LEE RIVER WATER STORAGE
EXTERNAL PEER REVIEW REFPORT NO.1

Engineering Geology Ltd (EGL) have becn engaged as a sub-consuliant by Tonkin and Taylor
Lid (T&T) to provide external peer review of the Phase 2 geotechuical investigations and design
of the proposed dam that will create a water storage reservoir on the Lee River. The waler
storage reservoir is being developed for the Waimea Water Augmentation Cominitiee (WWAC).
The scope of external peer veview is outlined in Appendix A of the Services Agreemcent.

The objects of the peer review are fo:

i} cary out peer review of preliminary geotechnical mapping and engineering design work
associated with selecting the most appropriate location for the dam within the subject
reach of river, and the selection of the most appropriate fype of dam (including site visit)

i) carry out peer review of the proposed second and third stage geotechnical investigations
iii) carry ot peer review of the Stage 2 geotecbnical report
iv} carry oul peer review of the Stage 3 geotechnical report

v} carry out peer review of the prefiminary dam design, cost estimate and associated
repotting.

This is the first external peer review report by EGL, and covers the first objective listed above.
Peer review has consisted of a site inspection by Trevor Matuschka on 28 November 2007 and

review of the following documents.

» section 5 Methodology from the T&T proposal for Phase 2 studies
Geology of the Lee River Catchment in the Environs of Potential Dam Sites (T&T Ref
24727 260, 10 December 2007 draft).

« Project Feasibility Study Optimisation of Dam Location and Type (T&T Ref. 24727.301,
19 December 2007 draft)

ATILEL

© girectors: Christopher B, Gulliver 2.5c. o tHons), mipenz. coerg, It TrEVOT fAatuschks 6.E. (Hensy, Fhao. FiPeraE, CPEng, inaPE
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Peer Review comments on the work to date follow:

1.

Site Inspecfion

An inspection of the seven potential dam sites identified between CH10500 and CH12400
was undertaken by Trevor Matuschka on 28 Novemmber 2007. The inspection was
undertaken in company with Mark Foley (Project Manager — T&T). Prior to the site
inspection a briefing was provided on the geology of the area, the scope of and interpretation
of geclogical investigations to date and implications for dam design. The vartous dam sites
that are being considered and potential borrow areas and materials were mspected during the
site visil.

Geological Investigations

The results of geological and engineering geotogical studies and a prelirninary assessment of
the geotechnical visks are documemted in the T&T regort ‘Geology of the Lee River
Catchiment in the Environs of Potential Dam Sites™ (Ref, 24727200, 10 December 2007).
Some investigations were undertaken as part of the Phase 1 (pre-feasibility) investigation,
but they have been extended upstream as part of the Phase 2 study, This work constilutes
Stage 1 of a three stage geotechnical investigation for the Lee Valley Dam.

We consider that the scope of investigations are appropriate for this stage of the study. The
Té&T report provides a good summary of the regional and local geology and seismic hazard
of the site. It also includes assessment of geotechnical issues affecting the selection of the
preferred dam site and the design of the various types of dams that are being considered,
The geotechnical issues include slope stability, foundation conditions, assessment of the
consiruction materials and seismic nsk.

A summary of the geotechnical conditions as they are cutrently underslood, at the seven
potential damn locations, is provided, The studies o date indicate that the depth of
weathering is shallow and bedrock would be expected to have acceptably low permeability,
except ai shallow depth where some grouvting maybe required where rock relaxation may
have occurred. Landslides are evident at two Jocations bul they are noi considered falal
flaws and could be mitigated as part of the dain design. No active faulis have been
identified at the potential dam sites. The availability of low permmeability ill material for
core material in an earth/rockfill embankment dam is limited. This has been recognized and
further studies will be necessary to confirm the location and properties of such material.

Opéntisation of Dam Lecation and Type

A study to determine the optimum dami locatton and type has been undertaken and is
documented in the T&T report ‘Feasibility Study Optimisation of Dam Location and Type’
(T&T Ref24727.301, 10 December 2007). This study considers the possibility of two
different sized storages (13 and 16MM°), The optimisation study has compered seven
potential dam sites and three different dam tvpes: earth/rockfill embankment, concrete faced
rockfill dam {CFRDY} and roiler compacted concrete (ROCC).

We consider that the seven potential dam sites selected by T&T are appropriate and cover
the range of realistic possibilities. We are also in agreement with the three types of dams
that have been considered. PFor each type of dam a concept design has been prepared as the
basis for preparing construction cost estimates. Quantities have been determined from
computer penerated design models vsing ground contour data that was obtained fiom g
recent survey. Generally the desipn concepts for the different dam types, including

File: 6387 Peer Revicw No. V2. dac
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assumptions for diversion and spillway design are reasonabie for the purposes of assessing
options. Modifications to these designs can be expecied as design 15 advanced for the
selecied option. We consider that it may be necessary to widen the core of the earth/rockfili
embankment, and add an upstveamn filter zone, but there details should not add significan
cost.  Also the slopes of the shoulder associated with the CFRD options may require
flattening to achieve acceptable performance under seismic loading conrditions. A
conservative approach has been adopted with respect to diversion requirements and this is
appropriale. Unit rates for the key items used to determine the construction cost estimates
are generally considered realistic. The rate for core material in an earth embarnkment
involves some uncertainty at this time becanse locations and haul distances have not yet
been confirmed. Analyses have been conducted to assess the sensifivity of the construclion
costs of the vanous dam types to variations in the unit rates, and they indicate a low
sensttivity 1o the cost of core maieriat,

The opiimisation study concludes thal an earth/rock{il embankment at CHI1010 is the
optimal splution from a cost perspective. The conclusion is the same for bodh the 13 and
16Mm? storages. Two other options (CH10540 and CH10880)} are only about 6-8 percent
more expensive, which s not that significant given the level of uncedainty associsted with
studies to date. Howcver, these options arc less favourable for diversion and spillway
comstruction. For most siies, inclnding the preferred {CH11G10) the CFRD option is only
marginally more expensive than the earthirockfill embankment. Taking into account the
uncertainties associated with the assumptions adopted in the optimisation study the
difference in cost belween the earth/rockfill embankment and the CFRD optior is not
significant.

We agree with the T&T recommendations that CH11013 is the preferred site. T&T
conchude that an earth/rock{i}] embankment is the preferred darn type. Due to the uncerfainty
associated with suitable core material geotechnical investicalions are recommended that
focus on locating soitable core material, to confinm dam type suvitability, prior to
investigating the dam foundations. This is appropriate, however, we recommend that due to
the very close cost difference between an earth/rockfill embankment the CFRD option,
consideration could be given to alse advancing studies for the CFRD option i parailel,
particularly iF there is an imperaiive to have the dam commissioned as quickly s possible.
The CFRD option is a simpler design and has cost'time advantages with respect o diversion
arrangements and should have a shorter construction period.

4, Summary and Conclusions

We consider that fhe geofechnical and engineering studies undertaken by T&T are
appropriate for optinising the location and iype of dam for the proposed water storage
reservoir on the Lee River. We agree that the preferred site is CH11010. An carth/rockfill
embankment s identified ag the preferred dam type and recommendations for advancing
consideration of this option are provided, We agree, however, we note that the cost
difference belween an earth/rockfill embankmeni and & CFRD is not significant and
consideration could be given o also advancing studies for a CFRD in parallel, particularly
if there is an imperative to comiission the dam as quickly as possible.

Yours faithfully
ENGINEERING GEOLOGY LTD

4 M@z;@»--

Trevor Matuschka, CPEng

File: 8387 Peer Review Mo 1-Y2doe
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Albany, Auckland, Mew Zeatand

Eng ineerin g Geolo 2Y Lid PO Box 301054, Alisany, Nonh Shore 6757

COMSULTING GEOTECHKICAL, GEOLOGICAL AND EARTHUUAKE ENGINEERS  ppoce 7404862546 Fax: 649 486 2556

Ref. 0387

Tenkin and Taylor Lid RECEIVED 26 February 2008
P QO Box 2083 2 0 FEB 2008
WELLINGTON .
b & Ao
Attention: Sally Marx
Dear Sally,

RE: WAIMEA WATER AUGMENTATION COMMITTEE
LEE RIVER WATER STORAGE
EXTERNAL PEER REVIEW REPORT NO.2

This report covers review of the Tonkin and Taylor Ltd memo dated (ref: 24721.203) 20
February 2008. That memo reports on the resulis of additional sempling, fesiing and geological
mapping undertaken to assess the characieristics of potential borrow material (carthfill and
rockfill) for an carthfill {clay core) dam and a concrete faced rockfill dam (CFRD). The tnemo
was accompeanied by the laboralory transeripts of the test results on the different materials. [ have
reviewed both the test results and the memo.

The resultz indicate limited sources of plastic, low permeability material. Greater quantities of
low plasticity earthfill were identified, but the study indicates that the available volumes of these
materials are ot great. It is possible to coustruct an carthfill dam with low plasticity earthfill, but
particular attention is required to the desigp of filters and a high standard of construction would
be tequired to provide assurance that the constructed dam met design specifications. The study
has idenfified sipnificant volumes of rock suitable for construction of a CFRD dam,
Conseguently Tonkin and Taylor has recommended that priority should be given to assessing the
feasibility of a CFRD. T agree with this recommendation and the recomimendation to develop a
staged dam foundation investigation programme. i note that a CFRD has some advantages over
an earihfill type dam including:

« it should be able to be investigated and designed quicker

« conslruction is less dependent on weather

¢ it can be constrocted faster

« there are potential savings with flood diversion costs during construction because the

design standards for ihe diversion conduit can be less onerous as a CFRD can suslain
some overtopping during conslruction.

nCEHL

© uectars: Christopher P Gulliver 8.5¢ BE tHonsh MIPZNE, CPErg, Infeg TYEVOT Matuschka e.e. fHonsh. Phi, FIFENZ, CPEng, nPE
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In. summary, | consider that the approach that has been adopted to investigate potential sources
of borrow is adequate for this stage of the project. The results indicate that priority should be
given to proceeding with evaluating the feasibility of 2 CFRD, 1 consider the recommendations
provided by Tonkin and Taylor for progressing with the feasibility of a CFRI} are appropriate.

Yours faithfnlly
ENGINEERING GEQLOGY LTD

A

T Mataschka, CPEng

Tile: PR Repont Mo 2-Final . doc
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Allamye, Aucklarnd, Neww Zealand

Engineeriﬂg GEDlﬂg‘f Ltd RO Box 301054, Albany, North Shore 0752

LONIULTING GEOTECHNICAL, GEOLOGICAL ANT EARTHOUAKE EMGINEERS Phone: 640 ARE 2548 Fax: £4 9 456 2556

Rel6387

Tonkin and Taylor Lid 20 Tane 2004
P {3 Box 53271
AUCKILAND

Attention: Robin Dawson

Dear Robu,

RE: WAIMEA WATER AUGMENTATION COMMITTEE
LELE RI¥VER WATER STORAGE
EXTHERNAL PEER REVIEW REPORT N(O.3

Tonkin and Taylor (T&T) bave iccently undertaken Phase 2 and 3 investigations lor a potental
dam 0n the Jee River. The results are presented in an interima reporl ({Ref:24727.201, Junc
20085, Phase 2, geotechmcal investigations covercd assessment of

1) ihe stabihty of the landsiide on the lelt bank between 11,700 and 11.900m
1} e engmeering geology of a dam siie m 11.010m
iii} a potential bard rock borrow site n the Puotak tdelange, on the left bank ar 10,200m

Phase 3 investigahons comprised:

1} review of aertal photographs

) mapping bedrock geology exposures in the vicinity of the landslide, proposed dam and
bomow area

i) excavation and logging of 18 st pits at the landslide and proposed dam localions

iv} drlling and logging of four triple-tube rotary borcholes.

We previowsly reviewed and conuncnicd on the proposed scope of work for the Phase 2 and 3
invesligalions.

In addition to the interim repont covering the Phase 2 and 3 investigations T&T have prepared a
mema (Ref:24727.301, 17 June 20488) that provides inierpratation the Phase 2 and 3 peotechnical
wmvestigations, comments on the implications of the results of the mvestigations and provides
recommendations for advancing swdies for the Lo River Dam.  Thus memo identifies some
issues that potentially affect the performance of the dam and will ircrease previous construction
vost exlinates for the dam at 11,010m. The issucs are:

+ ihie rock mass quality on the right abutment is poor to a farge depth (=35m) and wili
fikely result 10 the need for exiensive foundation remedial works (additional cxcavation
w remove relaxed rock and extensive growting). The poor gualidy rock on the rght
abotmient is believed (o be due to the presence of a splay faull associated with the Anslow
Fault
Cirenters: Christophier P, Gulliver 5.5: 6.8 ttae), imee, oot e Trevor Matuschkane (e #hn, 6P, 7ogng : urk
Jeremy Yeals ke (oo fugy, SI0 M S MSLNE WG B € B innd Assoriate: Johin Power s 5. <roe



Our Ref: 6387 26 June 2008 Page 2

* up to approximately 14m of alluvial and colluvial materisis bianket the left abutment
wiich most likely will require removal

+ active slope movement is evident upstream of the dam on the left bank and will Tikely
require buttressing (T&T estimate the velume of buttress fill to be about 200,000m°).

As a consequence of the above issues, T&T have undertaken a further site reconnaissance and
have reviewed the geological ranking of the sites reported in the Project Feasibility Study
Optimisation of Dam Eocation and Type report (December 2007). It is concluded that many of
the darn sites considered in 2007 will be affected by the features identified by the Phase 2 and 3
investigations for & dam at 11,010m, The recent site reconnaissance and air photo interpretation
indicates that higher quality rock would be expected between 12,100m and 13,000m.
Consequently T&T now recommend that the Phase 2 Feasibility Study be extended to undertake
a staged investigation of foundation condition at sites between 12,100m and 13,000m.

We have reviewed the data from the Phase 2 and 3 investigations and agree with the
interpretation of the results and the asszessment of the implications for the dam at 11,010m. The
additional work that will be necessary at this site is such that the previous economic advantage
with this site compared to between 12,100m and 13,000m is not longer valid. Consequently, we
also agree with the recommendation to undertake 2 staged investigation of foundation conditions
at sites between 12,100m and 13,000m. In addition, we note that as g result of the Phase 2 and 3
investigations, no suitable core material in the vicinity of the dam has been found. The closest
source is approximately 18km downstream on private property, This has implications on the
cost for a zoned earth/rockfill embankment, and supports the adoption of a concrete faced
rockfill dam (CFRD).

Yours faithfully
ENGINEERING GEOLOGY LTD

T Matuschka, CPEng

File; Puer Review Report Mo 3.doc
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Rt 6387

Tonkin and Taylor .td 9 April 2009
P £) Box 2083
WELLINGTON

Attention: Sally Marx

Mcar Saliy,

RE: WAIMEA WATER AUGMENTATION COMMITTEL
LEE RIVER WATER STORAGLE
ALTERNATIVE SITE (CH 12,00(hn - 13,{(H)0m)
EXTERNAL PEER REVIEW REPORT NQO.4

Since July 2608 Tonkin and Tavlor (T&T)Y bave planned and underisken gootechnica
investigations  of an  ahernative dam  site  located botweon CHIZ000m and  13,000m,
Investigations of this silc were instigated becausc of lintitations wdentificd with the previously
preferred sife at CTH L, 010m.

Twao stages of investigation have been conducted at the CHI2000m - 13,000m sile as
summarksed helow:

1. Stage 1

This comprised surface mapping of track and river bank exposures, mterpretation of the
data, initial assessment of suitability of the site for a dam and recommendations (o1 more
detailed (Stage 2) investigations. The Stage 1 investigations are summarised in 4 T&T
memo dated 28 Qctober 2008,

2. Stage 2

This compriscd the drilling of five drillholes with packer pormcability tests, further
mapping of exposures i tracks formed to access the drillhole lpcations and infcrpretation
ol the results of the investipations. The Siage 2 investigations are sumimarised in a memo
dated 25 February 2009, The initial scope of work for Stage 2 was for three driliboles.
However, we recommended an addinional drillhole in the spillway. A furthor drillhole
was drilled as a result of encountering poor quality rock in the south abutment. In total, 5
drillholes were driiled.

The Sage 2 investigations have been undertaken by T&T in a siaged manner, with on-going
reporting of the results by the Engineering Geologist (Mark Foley) to the Internal Ungineering
CGeology Peer Reviewer {Bornard lHegan), the Dam Designer (Robin Uawson), and the Internal
Dam Design Peer Reviewer (Alan Pickens) as drilling progressed. T&17s Project Divector {or
éthis particular work package, Senior Engimeering Gicologist Gary Smith, was involved in an

Cirectors: CHTisIopher P Gilliver o s g o sering oriep e Trovor Matusch&at: g i IR0 Cpiag wet
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overview capacity. We have participated in regular tele-conferences with the team to discuss the
resulis, to confirm the depth of drilling and the locations of subsequent driitholes, and the need
for additional driltholes fo fill in gaps of knowledge.

The investigations indicate that a potential dam site exists between CHI2,420m and 12,600m.
T&T have reported that the rock mass quality is fair, but permeabilities are acceptably iow for a
dam allowing for some grouting of the near-surface rock. Defects are not generally
unfavourably orientated.

We consider that T&T s memo dated 25 Febrary 200% on the Stage 2 investigations provides 1
good summary of the results and conclusions arsing from the investigations to date. We confirm
our agresment with T&T s conclusions that 2 potential dam site exists between CH12,420m and
CHI2,600m. The site is suitable for a CFRD or embankment dam, and possibly 2 RCC dam if
the rock mess moduelus can be proven to be consistently high across the site. We consider a
CFRD is most suited, as low permeability core metetials for an embankment dam are scarce.
Additionel investigations and anelyses will be necessary to confirm the depth of excavation for
the plinth asgociated with & CFRD, extent of foundation excavation, foundaiion treatment
{grouting, rock anchors), stebility issues dunng construction, rockfill properties and diversion
structures. However, these are more matters of detail,

Yours faithfully
ENGINEERING GEOLOGY LTD

Tl

T Matuschka, CPEng

Fill: Pear Review Report No4-9 Aprl 09.dor.
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Rel:  &3RY

Tonkin and Taylor Lid 9 September 2004
PO Box 2083
WELLINGTON 6011

Attention: Sally Marx

Drear Sally,

RE: WAIMEA WATER AUGMENTATION COMMITTEE
LEE VALLEY IRRIGATION STORAGE DAM
ENGINEERING FEASIBILITY REPORT
EXTERNAL PEER REVIEW REPORT NO.5

This report summnarises the conclusions arising from our review of the engineering feasibilily
study of the proposed T.ee Valley irrigation Storage Dam undertaken by Tonkin and Tayior
(T &T) and preseniced in a report tilled “Lee Valiey Storage Dam LEnginecring Feasibility Report”
{Ref: 24727.303, Scpiember 20093, A supporting report *Ueotechnical Investigations Repoit”
{Relt 28727.204, Seplember 2009) has also been prepared and reviewed. The feasibility study is
lor a concrete {aeed rack il dam located at C1112 430m. This stte was selected following revicw
of potential dam sites and preliminary geotechnical investigations. The original prefomed site
was at Chainage CHILOV3m, However, geotechnical investigations rovealed issues that had an
adverse otfoct on potential consleuction costs and programme. We reviewed the outcome of those
investigalions and endorsed the conclusions and recommendations {sec External Peer Review
Report iso 3 20 Junc 2008).

The enpineering feasibility report is focussed on the preliminary design of the proposcd dam.
Secttons -4 cover site selection, design standards and inputs. Scetion 10 covers the evaluation
of options at the selected dam siie (embankaiiem type, flood diversion and routing and
optimisation of spitlway and dam crest parameters). Section 11 presents the arrangements of the
cmbankimem, spillway and cutlet works. Scction 12 Construction Methodology snd Section 13
Capital Construction Cost Estimate are oxcluded {rom the review,  We understand that 1he
commencement of these sections is dependent an our endorsement of the preliminary design
presented in the current issue of the chgincering feasibility report. They will be comploed in
Qctober, The engincering teasibility study report makes reference (0 accompanying technical
reporis, ‘Dambreak Nazard Asscssment’ and ‘Hydrological Asscssment’. The resuits from a
dambreak asscssnicnt are used to assess the potendial impact category {PIC) of the design.  This
can be Low, Medium or High. The PIC pudes the design siandards for the dam.  The design
siandards {or a High PIC dam have been adopted by T&T in their preliminary design and we
undersiand that early indications from the dambreak assessment support this assumption. We
also consider this is the most likely outcome and endorse the assumption of the High PIC. We
understand the dambreak assessmcut report will be made available to uws shortly. Relevant
hydrological information has been developed and uwsed i the feasibility siudy.  The
interpratation of the hydrological dma and development of design assumplions presented in the
Feasibifity Beport appear reasonable. We undesstand the hydrological report will alse be made
available to us shortiy.

A
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We consider that cnginecring studies have been underiaken o a level thal s appropriate o
cstablish and confinm the [easibilily of the propused dam at CiI 12,430m.  We agree that
geolechnical investipalion studies indicale the sile is suilable for a concrete faced rocikfill dam.
Mo issucs allecting the feasihilily of the proposed dam have been idennified, and we consider that
the geotechnical investipations undertaken are appropriate for this stage of foasibility assessment.
There are some issues that need o be considered at the detailed design phase and they arc
summarised in “Section 7 Conclusions and Recommendations’ of the Geotechnical Investigation
Report. ‘The more significant issues include:

e further mapping, dniling and test pitting to confinn the range of rock sirengihs,
oriemtation and strength of defects in the rock, particularly in the spiilway area, and to
defineate potential permeable zones (scepage pathways) or acquitards

» further packer testing to assess the location and permeability of potentizl scopage
pathways and the groulability of the rock

o assessment of the disperston and erosion vuinerability of shear zone material
confirmation of foundation stripping depths
underlake a sile-specific scismic hazard study to confinm design carthguake ground
motions and the porentiai for grownd movement

»  cxcavalion and compaction wials (o assess the grading and perineability of the potential
rockfill. This nceds o take into consideration the likely mix of rock types {greywacke
and argiilitc) that wiil result during excavation of the spiliway. This may kad 10 re-
cvaluation of the guantilies of the different types of rock il for dam constrection

» assessment of durability of the fill and filter matgrial under expected sorvice eonditions
that inciude frecze/thaw/wetting and carthquake shaking

We endorse these conclusions, and agree that thoy are appropriate wo investipae at the delailed
design phase,

The proposed dam design (.e. concrete faced rockfill dam) is weil proven overseas, including in
areas of high seismic hazard. ‘There are many dams of this 1ype thal arc considerably largor than
thal proposed on the Lee River. T&'17s preliminary design is generally in accordance with
established guidelines. ‘The imake strucivre is not typical in that it is not a free standing
structure, It is located on the upstream tace of whe dam.  However, wo understand that there is
some historical precedence for this.

isswes than we recommend giving furher consideration 1o at the detailed desipn phase nclude:

= zoning of the embankment o ensure that the principal design objectives (to minimisc
deformation under the face slab and (o have a zone of hiph drainage capacity at low level)
are achieved with the available construction materials,  This may reguirc soime
modification (o the current zoning and use of alluvial materials 1o achieve drainage in
criticai arcas

» confirm that sufftcicnt frechboard has been allowed for in the meximum desipn Aoad
cvent

+  providing mesh remmforcement o the downstream shoulder so as o allow overtopping
during construction which would allow a reduclion n the size of the diversion culven

Irz assessing the construction cost esiimate we recommend allowing for:
» additional 100mm thickness of concrete in the face slab to allow for the dilfercice

between desipn and actual constracted thickness
v anchor bars and drainage holes bencath the ogec weir, spilbway chuie and flip bucket.

Frlg Boor Boview Repors b 5 -9 Sem 20058 be
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in swmnmary, we agree that an appropriate level of geotechnical investigations and preliminary
dam cngineering design has been undertaken by T&T for this Feasibility Study, and that the
resuits adequately demonstrate the feasibility of a concrete-faced rockfill dam at CH12,430m on
the Lee River.

Yours faithfully
ENGINEERING GEOLOGY LTD

Il

T Matuschka, CPEng

Filer Perr Review Repart Mo § -3 Sept 2009 doc.
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Rel: 638?

Tonkin and ‘taylor Lid 10 Nowemier 2009
P (3 Box 2083
WELLINGTON 6011

Attentian: Sally barx

(Ycar Saliy,

RE: WAIMEA WATER AUGMENTATION COMMITTEE
LEE RIVER DAM: CATCHMENT AND FLOOD HYDROLOGY
AND DAM BREAK ANALYSIES AND HAZARD ASSESSMENT
EXTERNAL PEER REVIEW REPORT NOW.6

We have undertaken review of the following documents:

« Scction 4 Catchment Hydrology from Waimes Water Augmentation Phase 2-\Water
Resource Investigations Report (T&T Rel:24727.106)

¢ Scction 5 Flood lHydrology from Wainca Water Augmentation Phase 2-Water Resource
Investigations Report {T&'1 Ref24727, 100}

= Lee River Dam: Dam Break Analysis and Hazard Asscssimem {T&T Refi24727.304)

The catchment hydrelogy has been updated froms the Phase 1 study. A flow recording station
was installed on the Lee River upstream of Waterfall Creek on 20 April 2007 and this has
assisted with improving the accuracy ol low estimates a1 the proposed dam site. In addition, the
proposed dam site has moved upstream to CHI2 430m and this has been accounted lor in the
update of caichment water balance, mean flows and low flow analysis,

Flood hydrology for the proposed dam site (CH12,430m) has also been updated as part of the
Phase 2 studics. Three methods have been used o compute design Aoods for a range of return
periods.  Synthetic flood hydrographs were comparced (0 the food hydrograph computed using
the conventionat catchment rainfall-runofT imodel. They were comparable in terms of both peak
thow and overall flow volume, The 48 hour duration storm 15 predicted 10 be the critical in terms
of reservoir ronting. An estimale of the probeble maximum flood is also provided.

We consider that carchment and flood hydiology have been thoroughiy assessed and will provide
an adeguate basis for final design.

A dam bregk analysis has boen undertaken o assist with determining the potential impact
classification (PIC) of the dam and o provide information for the emergency action plan (EAP).
This information 15 required by the Building (Dam Safety) Repulations 2008, 'Fhe dam break
analysis has been conducted for a ‘sunny day’ failure as incremental damages have been assessed
)Aliktzly to be preater than for a flood-induced failure scenario.  This is often the casc and we
= constder it also Hkely 1o be the case for the Lee River Dam. A rigorous approach has been used
Dlrectess: Chiistopier P Golliver s rr s oogent 1ty vire Trevor Matuschka s o stews v WP g 4 sbag, s
Jeremy Yeats o iie s L 00 % 0T ST ¢ vl Ling, vl Asseciste: JONIE POwEr b e rerg
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to asscss the effects of a dam break. The results show quite clearly that the Loe River Dam
shotld be categorised as high PAR. This arises from the modelling that shows approximately
260-304 propertics would be at risk of flonding from water depths in excess of G.5m.  We
consider that the dam break analyscs have been undertaken in accordance with current accepted
practice and we concur with the conclusion that the dam should be cateporised as high PIC.

Yours faithfully
ENGINEERING GEOLOGY LTD

T dMatuschka, CPEng
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