FINAL REPORT

GEOTECHNICAL
INVESTIGATION FOR THE
PROPOSED WAIANIWANIWA
WATER STORAGE DAM

Prepared for
Central Plains Water Enhancement Committee
Selwyn District Council and Christchurch City Council
c/- Private Bag 1
Leeston

11 October 2002

URS

Level 5, Landsborough House

287 Durham Street

PO Box 4479 Christchurch, New Zealand
WWW.UrScorp.co.nz

Tel: +64 3 374 8500

Fax: +64 3377 0655

48685-002/2100/6000/R1009C.DOC

SEAL B
& Ay

Waget

© Selwyn District Council and Christchurch City
Council 2002.

This work is entitled to the full protection of the
Copyright Act 1994. No part of this report may be
copied, in any form or by any means whatsoever,
except with the prior written permission of Selwyn
District Council and Christchurch City Council.



Prepared By oo,
Tim McMorran
Senior Engineering Geologist
Reviewed By oo
Clive Anderson
Principal
Authorised By .o
Cliff Tipler
Principal

URS New Zedand Limited

Level 5, Landsborough House

287 Durham Street, Christchurch

PO Box 4479, Christchurch New Zealand
Te: 6433748500

Fax: 643 3770655

Date: 11 October 2002
Reference:  48685-002/2100/R1099¢c
Status: FINAL REPORT

S:\JOBS\48685\002\2100\FINAL REPORT\R1099C.DOC\11 October 2002



Contents

1 Introduction-----

2 Geological Setting----

2.1
2.2
2.3

3.1
3.2

3.3
34
35
3.6

4.1
4.2
4.3
4.4

-1-1

- 2-1

Site Description 2-1

Regional Geology 2-1

Seismic Hazard 2-1

231  PortersPass Fault 2-2

232  Springfied Fault 2-2

2.3.3  Hororata Fault 2-3

234  Other structures 2-3

3 Foundation and Reservoir Geology----- -3-1
Site Investigations 31

Geology of the Proposed Dam Footprint and Reservoir 31

3.21  Stratigraphic Sequence and Distribution 31

3.22  Cover Sequence 32

3.2.3  Dranage Pattern Changes 32

Damsite Geology 33

Hydrogeol ogy 35

Evidence for Faulting Within the Dam Footprint 3-6

Effect of Historica Underground Coa Mining 3-6

4 Geotechnical Design Issues -4-1
Conceptual Embankment Design 4-1

Foundation Suitability 4-2

Slope Ingtability 4-2
Congtruction Materias 4-3

441  Core Materid 4-3

4.4.2  Filter Zones 4-3

443  Shoulder Material 4-3

5 Conclusions and Recommendations --- - 5-1
- 6-1

6 References

S:\JOBS\48685\002\2100\FINAL REPORT\R1099C.DOC\11 Oct-02



List of Tables, Figures, Plates & Appendices

Tables

Table 1 Peak ground accelerations predicted for the proposed dam site

Table 2 Depth to groundwater and mass permesability test results

Figures

Figure 1 Layout of the proposed Waianiwaniwa storage reservoir

Figure 2 Map showing location of known active faults within 30 km of the site
Figure 3 Map showing locations of known coal mines within the reservoir
Figure 4 Geological map of the proposed reservoir area

Figure 5 Locations of subsurface investigations for the proposed Waianiwaniwa Dam
Figure 6 Geological cross section aong the proposed embankment

Figure 7 Geological cross section across the proposed embankment

Figure 8 Pocket penetrometer results for silt layer in WN3

Figure 9 Conceptua embankment cross section

Figure 10 Reservoir volume curve

Figure 11 Ouitline of proposed reservoir

Appendices

Appendix A Cone Penetrometer Test Results (from URS 2002)
Appendix B Test Pit and Trench Logs
Appendix C Drill Hole Logs and Photographs

S:\JOBS\48685\002\2100\FINAL REPORT\R1099C.DOC\11 Oct-02 m



Introduction SECTION 1

Comprehensive feasibility level geotechnical investigations were carried out by URS New Zealand
Limited for the Central Plains Water Enhancement Scheme during 2001 (URS, 2001). These
investigations included a review of available literature including previous investigations (eg Paterson,
1987), geologica mapping and new subsurface investigations.

Originaly, subsurface investigations were undertaken at a proposed dam site in the Wairiri Valley. These
investigations reveaed that the site is underlain by up to about 25 m of wesak fine-grained sediments
(dominantly st and sand) that would need to be removed prior to embankment construction. Also, the
valley geometry (defined by a five metre contour survey) required saddle dams to be constructed at low
points in the valley perimeter. Given the cost implications of these variations to the conceptual design for
the scheme, additional investigations were proposed to evaluate an aternative water storage dam sitein
the Waianiwaniwa Valley.

The issues investigated as part of the Waianiwaniwa Valley study include:
Foundation and reservoir geology;
Availability of suitable construction materials,
Presence of active faults beneath the dam footprint; and,
Effect of historical underground coa mining on reservoir integrity.

The investigations carried out as part of this study included aeria photograph interpretation and

geological mapping, excavation of test pits and trenches, and drilling of three cored drillholes. Six Cone
Penetrometer Tests (CPTSs) were also undertaken (URS, 2002). Eliot Sinclair & Partners Ltd has surveyed
locations of al investigation points.

An aerial photograph based Digital Terrain Model (DTM) was produced by New Zealand Aerial Mapping
to provide reliable geometric information on the reservoir. The DTM has a5 m contour interva and is
accurate to less than 1.6 metres (vertical height).
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Geological Setting SECTION 2

2.1  Site Description

The proposed Waianiwaniwa dam site is at the mouth of the Waianiwaniwa valley where the
Waianiwaniwa River emerges from the Malvern Hills (Figure 1). The valley has a 1-km wide floor at
approximately El 240 m in the vicinity of the proposed dam site. The Waianiwaniwa River follows a 6
km long valley starting near to where the Selwyn River emerges from its gorge upstream from
Whitecliffs. Near its headwaters the Waianiwaniwa River flows east for about 3 km, then turns abruptly
to flow south for afurther 3 km down to the proposed dam site. It then flows across the Canterbury Plains
to join the Selwyn River about 16 km to the southeast.

2.2 Regional Geology

Gregg (1964) and Wilson (1988) have undertaken regional geologica studies presented as geological
maps with scales of 1:250 000 and 1: 100 000 respectively. No detailed studies of the geology of the
Malvern Hills have been carried out since Speight (1929). The geological setting for the proposed dam is
presented in Figure 2.

The eastern Southern Alps largely consists of Torlesse rocks (greywacke sandstones and argillaceous
mudstones) that locally form the basement. In Canterbury, these rocks are overlain by a sequence of
terrestrial coal measures (Broken River Coal Measures), marine sandstones and mudstones (Eyre Group),
and volcanigenic sediments and basdts (Burnt Hill Group) al of early to mid Tertiary age. In the Mavern
Hills, Mount Somers Vol canics (rhyolite and andesite of Cretaceous age) occupy a stratigraphic position
between the Torlesse and Tertiary rocks. Mount Somers Volcanics form Mount Misery to the south of the
Selwyn River. The basal unit of the Broken River Coa Measures (the Monroe Conglomerate) mainly
comprises gravel-sized fragments of the Mount Somers Volcanics.

Fluvioglacial gravels of Pleistocene age (Kowhai Formation) overlie the older rocks. Extensive outcrops
of Hororata Formation, Woodlands Formation, Windwhistle Formation, Burnham Formation and
Springston Formation underlie the proposed scheme corridor. The gravels generally become younger to
the east.

2.3 Seismic Hazard

Recent studies by Stirling et a. (1999) and older studies by Smith and Berryman (1982) describe the
regiona seismic hazard in Canterbury. Stirling et al. (1999) use a Probabilistic Seismic Hazard
Assessment method. Estimates of the level of shaking expected within the projected lifetime of an
engineering structure arepresented in Table 1 for Rangiora, which is considered to most closaly represent
the foothills area. Using this data, we predict peak ground acceleration of about 0.31g for a 150 year
return period and 0.47g for a 475 year return period for the scheme area.
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Geological Setting SECTION 2

Considerable research effort in New Zealand has been directed in the last decade to evaluating the hazard
associated with geological structures capable of generating earthquakes (eg. Pettinga et al. 1998, Stirling

et a., 1999, 2002). More than 20 active faults have been identified in Canterbury alone. Several of these
structures pass within 30 km of the proposed dam site, as shown on Figure 2.

Table 1

Estimates of Peak Ground Acceleration for the CPWE area

Return Period (years) Stirling et al. (1999)
Pga (9)
50 0.20
150 0.31
475 0.47
1000 0.58

2.3.1 Porters Pass Fault

The Porters Pass Fault is the expression of the southwestern part of the Porters Pass-Amberley Fault
Zone. It crosses the southeastern end of Lake Coleridge and strikes northeast to cross Lake Lyndon and
Porters Pass. The fault is the most active structure known in the vicinity of the CPWE scheme. Recent
research (Howard et al. in press) indicates that the Porters Pass Fault generates earthquakes of Magnitude
M, 7.2+ every 2000 years. Associated with this earthquake is up to 8 m of lateral ground displacement.
The Porters Pass Fault does not directly cross any part of the CPWE scheme, but passes approximately 27
km north of the proposed Waianiwaniwa dam site.

2.3.2 Springfield Fault

The newly discovered Springfield Fault strikes approximately northeast from the upper Selwyn River
through Da ethorpe Station to Springfield (Jocelyn Campbell, University of Canterbury Department of
Geologica Sciences, persona communication, June 2001). This fault has experienced repeated
movement during the last 10, 000 years and probably generates earthquakes of M,, 7+ every few thousand
years.

The Springfield fault does not cross any structure of the proposed scheme and passes approximately 14
km north of the proposed Waianiwaniwa dam site.
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Geological Setting SECTION 2

2.3.3 Hororata Fault

The Hororata Fault was discovered following recent seismic reflection surveys carried out for oil
exploration. The fault passes within about 1 km of Hororata, and is thought to strike northeast and
deforms young gravels at Racecourse Hill. Deformation of young gravels indicates that the fault may
have experienced repeated movement during the last 10, 000 years. The Hororata fault probably generates
earthquakes of M,, 7+ every few thousand years.

The Hororata Fault passes about 3 km south of the proposed Waianiwaniwa dam site. The proposed
distribution cana probably crosses the Hororata Fault about 5 km southwest of Hororata.

2.3.4 Other structures

The sequence of Cretaceous to Tertiary aged sediments described in Section 3 dip to the south east in the
area of the proposed dam site as aresult of tectonic uplift. During investigations for a proposed regiona
landfill 5 km north of the proposed dam site, awest dipping thrust fault (referred to as the Western Gully
Fault) was found at the contact between Cretaceous coal measures and basement Torl esse sandstones
(Mark Y etton, personal communication). East dipping reverse faults were aso found outcropping south of
the Western Gully Fault. These faults were inferred to be active on the basis of displaced Late
Pleistocene and Holocene colluvium. Slickensided (sheared) joints were also found in drill core that was
interpreted to represent small amounts of displacement along bedding within the Tertiary sediments.

Speight (1928) inferred an east-west striking fault at the contact between a small outcrop of Tertiary
sediments in the upper Waianiwaniwa Valley and adjacent Torlesse greywacke outcrop. A similar diver
of Tertiary rocks exists northwest of Mount Misery and this may aso be aresult of down faulting of the
Tertiary block. No comprehensive active faulting study has been completed in this area, but it is likely
that these faults have been active during the recent geologica past. If these faults are indeed active, their
shaking hazard to the proposed dam is expected to be similar to, or lower than, the known active faults
shown in Figure 2.

Section 3.5 presents evidence for and against active faulting in the dam footprint.
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Foundation and Reservoir Geology SECTION 3

3.1 Site Investigations

Prior to undertaking the current study, a preliminary investigation (URS, 2002) was undertaken in the
vicinity of the proposed site. The main objective of that study was to establish the depth of fine-grained
sediments in the Waianiwaniwa Valley. A total of 6 Cone Penetrometer Test (CPT) probes were
completed at two possible dam sites and the results of these tests are presented in Appendix A.

Subsequently, atotal of 12 test pits and trenches were excavated to investigate the near surface geology.
These were excavated using a 20 Tonne tracked excavator operated by W. A. Boyes Contracting Limited.
All excavations were logged and representative samples taken by an engineering geologist, and the logs
are presented in Appendix B. On completion of logging and sampling the excavations were backfilled.

Three exploratory drillholes were carried out along the proposed dam alignment. These were drilled using
aUDR 650 drilling rig operated by McNeill Drilling. The holes were mainly advanced using PQ triple
tube techniques, but non-cored “Tubex” techniques were used in some of the near surface gravels. The
drill holes were logged and photographed by an engineering geologist, and these are presented in
Appendix C.

The locations of al subsurface investigations are presented in Figure 5.

3.2 Geology of the Proposed Dam Footprint and Reservoir

3.2.1 Stratigraphic Sequence and Distribution

The geology of the reservoir is summarised in Figure 4. Cross sections of the reservoir and dam site are
presented in Figures 6, 7 and 8.

Speight (1928), Gregg (1964) and Wilson (1988) show basement Torlesse rocks exposed in the upper part
of the Waianiwaniwa catchment. An unconformable contact between the basement and the overlying
Cretaceous and Tertiary sedimentary sequence strikes approximately northeast from Whitecliffs, passing
east of Cairn Hill and Abners Head which are both basement outcrops.

Broken River Coal Measures outcrop to the east of the unconformity and coa has been won, particularly
during the late 1800's and early 1900's. The coa measures include conglomerates at the base, sandstones
and mudstones, coal seams and oyster beds and probably have athickness of at |east severa hundred
metres. Where the coal measures were observed in Bush Gully they dip about 45° to the southeast. An
outcrop of intrusive dolerites of Paleocene age near to Glentunnel may indicate the easternmost outcrop
of coa measures. The doleriteis interpreted to be part of the View Hill Volcanics on the basis of

petrography.

Overlying the coal measures is a sequence of marine sandstones and mudstones of Tertiary age including
many formational and group names (Conway Formation, Waipara Greensand, and Homebush Sandstone).
Confusion regarding the usage of these terms, and the broadly similar sedimentological descriptions and
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Foundation and Reservoir Geology SECTION 3

engineering properties of the different units has led us to lump these units together as “ Tertiary
sediments’. These units are adl silty fine to medium grained sandstones and up to 60% glauconitic. In
terms of engineering properties, the Tertiary sediments are very weak to weak and joints are generally not
present.

The Tertiary sedimentary rocks are overlain by a sequence of volcanic and volcanigenic rocks. Carlson
and Rodgers (1975) describe the Burnt Hill Formation as sands, ash and breccia. These units outcrop in
the Wairiri Valey and are inferred to underlie Homebush Ridge and outcrop on the west side of the ridge.
Tuffs and Basalts of the Harper Hills Volcanics (Carlson and Rodgers 1975) outcrop aong the crest of
Homebush Ridge.

3.2.2 Cover Sequence

Pleistocene glacial outwash gravels form remnant aggradation® surfaces overlying the older rocks. Wilson
(1988) has studied the glacia stratigraphy of the Canterbury Plains, and Rains (1966) has studied the
glacial stratigraphy of the upper Selwyn River catchment.

Many of these outwash gravels have been grouped together as “Hororata Formation” (Wilson 1988)
which includes a wide range of ages but is thought to have been deposited at least severa hundred
thousand years before present. The Hororata Formation includes a covering of up to 15 m thickness of
loess that has accumulated since deposition of the gravels. The highest outwash surfaces, which are
inferred to be Hororata Formation, are approximately 80 m above current Waianiwaniwa River level.

A prominent terrace at about RL 270 (about 30 m above valley floor level) is interpreted to be an
aggradation surface formed by gravels of the Woodlands Formation. Thisterrace is at asimilar elevation
to Woodlands surfaces recognised by Wilson (1988), but has previously been mapped as Hororata
Formation. Extensive terraces southeast of Homebush Ridge are aso inferred to be Woodlands Formation
aggradation surfaces.

The Waianiwaniwa valley contains sand and silt dominated alluvium. The valley floor grades toward a
Burnham age aggradation surface of the Selwyn River at about RL 235. Colluvium and landdlide deposits
mantle the valley sides and fill tributary gullies. No peat deposits were encountered during investigations
a the proposed damsite.

3.2.3 Drainage Pattern Changes

A complex history of river aggradation and downcutting, has resulted from distributary glaciers of the
Rakaia Valley directing meltwater into the Selwyn River catchment (Rains, 1966). Drainage pattern
changes have probably resulted from aggradation, downcutting and possibly tectonic adjustment, and we

! Aggradation surfaces are extensive, nearly horizontal geomorphic surfaces built up by aggrading rivers asaresult
of excessive sediment supply, typically during periods of glacial advance.
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Foundation and Reservoir Geology SECTION 3

infer that the Waianiwaniwa Valley may be an abandoned paleochannel of the Selwyn River. After
abandoning its old channel and establishing the modern Selwyn River channel, aggradation during the last
glacial advance appears to have blocked tributaries including the Waianiwaniwa Valley and the Wairiri
Valley and resulted in accumulation of silt dominated |ake sediments or sand dominated aluvium.

3.3 Damsite Geology

The proposed embankment alignment runs approximately east-west for most of its length and curves to
the northeast at the left abutment end. The total length of the proposed dam is about 2000 m with a crest
elevation of about 290 m, giving a maximum height of about 55 m above existing ground level. The dam
footprint geology is described here in four distinct areas that are considered to have similar geological
conditions:

Left abutment;
Valley mouth;

270 m terrace; and,
Right abutment.

The left abutment is founded on the end of Homebush Ridge. The geologica conditions underlying the
left abutment are expected to comprise weak Tertiary sediments, and tuffs in a sequence dipping about
30° to the southeast (i.e. downstream). These rocks are expected to be overlain by athin layer of
colluvium including bouldery volcanic rocks and clay rich tuff derived materia. A series of terraces are
aso evident on the end of Homebush ridge, the most prominent of which is at approximately RL270, the
elevation of the terrace that occupies most of the dam footprint. The terraces are expected to be underlain
by asmall deposit of greywacke gravel with aloess cap up to about 10 m in thickness.

The valley mouth is approximately 300 m wide and has aflat floor at about RL 235 m. This elevation
corresponds to a Burnham age aggradation terrace formed by the Selwyn River (Wilson, 1988). Test pits
5,6 & 7, and drillhole WN3 were carried out in this area. The test pits investigated to a maximum depth
of 6 m, and between 6 m and 70 m below ground level the geological materials have been described
based on the results of WN3. Test pits 5 and 7 encountered interbedded gravels, sands and silts,
containing mainly greywacke clasts with rare volcanics. Test pit 6 encountered greywacke gravelsto a
depth of 4 m.

Drillhole WN3 encountered greywacke dominated gravels to a depth of 18 m. Gravel clasts were
typically dightly weathered, brown or black stained on the outside. This sequence included a sandy silt
layer at about 5.8 to 8 m depth (drillhole log is presented in Appendix C).

Between 17 and 18 m depth, volcanic clasts were noted within the gravels. Between 18 and 27 m depth
grey very stiff silt and very fine sand was encountered. This was laminated in part with typical lamination
thickness of less than afew mm. Pocket penetrometer strength measurements were undertaken with most
results falling in the range of very stiff to hard (Figure 8). Between 27 m and 38 m depth further gravels
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Foundation and Reservoir Geology SECTION 3

were encountered. These were typicaly coarse greywacke gravels with a dightly cohesive silty sand
matrix, and the clasts were typically relatively weathered. At the base of the gravel sequence an angular
gravel layer of afew metres thickness directly overlies rock.

The statigraphic and depositional relationship between the different Quaternary units encountered during
this investigation (such as the terrace gravels, valey infill and valey mouth infill) is unknown. We infer
that the most likely geological scenario is that the lower part of the channel fill isrelatively old (possibly
Woodlands age), and that the upper channel fill is of relatively young Burnham age.

Figure 8
Pocket penetrometer results for silt layer in WN 3
Histogram of material strength for silt layer
in WN 3 (18 to 27 m depth)
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Rock was encountered between 38 m and 70 m depth, giving arockhead elevation of about RL200. The
rock comprised very weak silty fine grained dightly glauconitic sandstones, greenish grey in colour. The
bedding is typically dipping at about 15° but dip direction of bedding could not be measured as the core
was not orientated. Joints were absent in the core, probably as a result of its relatively low strength, and
the core was unweathered.

A terrace inferred to be a Woodlands Formation aggradational deposit occupies the majority of the dam
footprint with arelatively level surface at about RL 270 m elevation. The terrace forms a spur protruding
from the west side of the valley. The terrace is between about 200 and 400 m wide in a north-south
direction. Malvern Hills Road follows a gully that crosses the terrace, falling to the northeast.

Test pits 1, 2, 3, 4, 8 and 9 and drillholes WN1 and WN2 fall within this area of the dam footprint. The
top surface of the terrace is covered by about a9 m thickness of loess. The loess comprises very stiff,
light yellow fine sandy silt. WNL1 is located below the proposed dam crest line approximately 400 m from
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Foundation and Reservoir Geology SECTION 3

the right abutment. Surface elevation at WNL1 is about RL264 m and gravel was encountered to about 30
m depth underlain by Tertiary sediments (i.e. rockhead is a about 233 m elevation). WN2 is located on
the north side of the terrace near the dam centreline, with a ground surface elevation of about RL232 m.
In WNZ2, silt and gravel dominated colluvium and alluvium was encountered to a depth of 12 m, underlain
by Tertiary sediments.

A gravel quarry at the eastern end of the terrace exposes brown silty gravel in an exposure about 10 m
high. Approximately 1 m thickness of loess is exposed in the quarry, with the majority of the 9 m
thickness apparently having been eroded off at that location.

The right abutment of the proposed dam will be formed against a terrace with a surface elevation of
about RL320 m. Test pit 10 was excavated in the upper terrace surface and encountered 3 m of
weathered very stiff to hard yellow brown sandy silty loess overlying highly weathered brown greywacke
gravels. Test pit 11 was excavated on a spring line at about elevation RL280 m and it encountered
gravelly colluvium and in situ weathered gravel to a depth of 2 m overlying very weak sandstone.
Seepage was observed entering the pit at the base of the colluvium. The permeability contrast between
outwash gravels and underlying Tertiary sediments is inferred to result in the spring line, which crosses
the right abutment at about RL280 m.

3.4 Hydrogeology

Piezometers were installed in the three drillholes, and water level and permesability information is
presented in Table 2. Groundwater was encountered in several of the test pits excavated in the valley
floor. The Waianiwaniwa River water level at the time of the investigation was about 4 m below valley
floor level. Water was encountered in test pits at shallower depths, particularly in the vicinity of TP1 and
WN2 where standing water lies on the swampy paddocks.

Table 2

Depth to Groundwater and Mass Permeability Test Results

Borehole and Depth to Permeability Material
Depth Groundwater range m/s Description
WN1 >30 m NA Outwash Gravels

WN2 1.97m 1x 10" to 7 x 10° Tertiary Sandstone
WN3 3.69 6x10°to 4 x 10° Outwash Gravels
Note: 1. WNL1 contained no standing water so couldn’t undertake rising and falling head tests

2. Depth to groundwater measured on 17 Sept 2002
The gravel dominated units within the dam footprint are expected to have variable mass permeability. The
gravels that form the RL270 m outwash deposit are generally intermediate age greywacke gravels that are
expected to have a mass permesbility in the range 10 to 10° ms™. The valley fill alluvium encountered
in WN3 (between ground surface and about 17 m depth) within the valley mouth includes Burnham age
sandy gravelsthat are expected to be relatively permeable. Permeability tests were not carried out on
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Foundation and Reservoir Geology SECTION 3

these material's during this study but would be expected to be in the range of 10° to 10* ms™. The gravel
encountered between 27 and 38 m depth is arelatively silty gravel with arelatively low permeability (see
Table 2) astested by rising and faling head tests.

The general permeability of the Tertiary sediments is expected to be in the range of 107 to 10° ms™ based
on previous permesbility testing carried out in Similar materials at the proposed Wairiri dam site (URS
2001) and elsewhere (Mark Y etton Geotech Consulting Ltd personal communication). Testing carried out
in WN2 indicates a permesbility of 1 x 10* ms™*, which is much higher than expected in these materials.
The higher permesbility is expected to be due to alocally fractured zone or possibly a mafunctioning
piezometer. More extensive permeability testing should be carried out at design stage to establish if any
areas of the dam foundation require treatment such as grouting.

3.5 Evidence for Faulting Within the Dam Footprint

As described in Section 2.3.4 alinear topographic step crosses the downstream edge of the dam footprint.
Trench TR1 was excavated on a steep south-facing sope west of Mavern Hills Road to look for evidence
of fault-related deformation within the near surface materials. The location was chosen to avoid thick fan
deposits which have formed at gully mouths along the terrace edge. Subhorizontal brown gravels were
encountered in the trench underlying about 1.5 m thickness of loess and gravel colluvium. No evidence
for faulting or tectonic deformation was found in TRL1.

The RL270 m terrace shows a dight fall to the south which is consistent with the depositional dip of the
fan surface, but could aso be atectonic tilt. Also the older Hororata age terraces show a general southeast
tilt which may be tectonic or depositional. No evidence for faulting or folding of these surfaces was found
during the investigation.

While no evidence was found for faults within the dam footprint, the possibility exists that faults may be
found during design or construction. It is considered very unlikely that afault could be found within the
dam footprint that cannot be accommodated by aloca change in embankment configuration, such that the
embankment can handle the displacement expected to result from future movement.

3.6  Effect of Historical Underground Coal Mining

Cod mines were operated in the Mavern Hills throughout the late 1800's and early 1900’s. The mgjority
of mines were located in Bush Gully and in Surveyors Gully, though other mines were located where coal
seams were found to outcrop. Figure 4 shows the locations of coa mines throughout the Waianiwaniwa
Valley. The underground mining was extensive in places, particularly in the case of the Klondyke mine,
which followed seams up to “ 1500 feet down dip” (approximately 300 m below ground level), and up to
about 600 m aong strike (persona communication, Ken Shearer, Canterbury Coa Ltd). Klondyke Mine
was unusually extensive, and many mines were discontinued because they were overwhelmed by
groundwater or because the coal seams were faulted out. In some circumstances the coal seam was found
again, and mining continued. The faults responsible for displacing the coa do not have large throws as
the coa seams generally follow aline of strike, that is not radically offset.
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Foundation and Reservoir Geology SECTION 3

The proposed dam is outside the area of coal measures outcrop and it is therefore extremely unlikely that
underground mining has been carried out in the dam footprint, however coal mining has been undertaken
within the reservoir footprint.

There is not considered to be asignificant likelihood of underground coal mines forming a continuous
conduit out of the reservoir. The Homebush Mine is located in Surveyors Gully, west of the proposed
reservoir. The entrance to this mineis at least 2 km from the nearest point in the reservoir and it is
considered very unlikely that the Homebush mine reached to the proposed reservoir footprint. If records
are found indicating that mining did reach the reservoir footprint, engineering works may need to be
designed to address this. Such measures would probably involve blocking the mines with low
permeability fill barriers and this could prove to be expensive.
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Geotechnical Design Issues SECTION 4

4.1  Conceptual Embankment Design

The proposed dam design incorporates a zoned earthfill embankment comprising locally borrowed gravel
dominated materials. The core material comprises compacted weathered gravels of Hororata Formation
with dopes of 0.5 horizontal to 1 vertical. A 3 m wide sand filter drain is required against the downstream
face of the dam core to provide filter protection. Shoulder material could comprise younger greywacke-
derived gravels with an outer construction sope of 2.5 horizontal to 1 vertical. A typical cross section of
the conceptual embankment design is given in Figure 9.

The conceptua design requires that the loess cap is removed from the 270 m terrace (a depth of about 10
m). Elsewhere the design adopts a foundation level three metres below existing ground level. A cut off
system has been included to prevent excessive flow through the gravels under the embankment. This
cutoff incorporates a5 m deep cutoff trench with aten metre deep durry trench constructed in the base of
the core trench that extends to the Tertiary bedrock. At the valley mouth a deeper cutoff may be required
if the lower gravels prove to be too permeable.

The reservoir volume has been calculated from the DTM and indicates that 290 M m? of storage will
require a maximum water level of RL280 m which is significantly less than RL 291 m previoudy

estimated. The storage curve is presented in Figure 10, and Figure 11 indicates the shape of the proposed
reservoir when full.

Figure 10

Storage Volume Curve for Proposed Reservoir
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Geotechnical Design Issues SECTION 4

4.2  Foundation Suitability

Most of the embankment foundation footprint rests on weathered gravel of the 270 m terrace. The layer of
loess that caps the terrace will probably need to be removed prior to embankment construction. Loess can
suffer from collapse when saturated, can undergo piping failure under hydraulic gradients and could cause
stability problems for the embankment. Additiona investigations into the materia properties and
distribution of the loess will be needed during detailed design.

Springs on the right abutment at about RL280 (Section 3.3) will need to be controlled during

construction. The springs indicate that there may be relatively permeable zones within the gravels that cap
the abutment. Some form of seepage control will be required in this area to prevent leakage around the
dam abutment. Thiswill likely be a cutoff trench or upstream blanket.

The gravels form a suitable foundation for supporting the embankment. The permesability of the gravelsis
relatively high, and a cutoff beneath the embankment or a leakage reducing low permeability blanket will
probably be required to limit leakage to an acceptable level. Where the embankment footprint sits on
young valley fill sediments, further investigation will be required to ensure that weak materials are not
present that could cause differentia settlement. Remova of these materials may be required in some
cases. It may aso be possible to position the embankment so that a minimum amount of the dam
footprint overlies the valley fill materials. Either of these options have implications for embankment
volume, and needs to be assessed as part of the costing study for the dam.

Small terrace remnants are evident on the left abutment, which are interpreted to be outwash gravels. No
subsurface investigations have yet been carried out on these terrace remnants, and local gravel deposits

may need to be removed or treated. Subsurface investigations to map the extent of such deposits should
be carried out in this area during the design phase.

4.3 Slope Instability

Existing slope instability has been observed in the reservoir. This includes mainly shallow dides and
debris flows on the steep western slope of Homebush Ridge, dumping on dip slopes within the coal
measures, and shallow failures of loess colluvium around the edges of the outwash terraces. No very large
existing landdlides have been observed that could generate significant waves in the reservair.

Saturation of colluvium and existing landdide debris following lake filling will probably cause increased
small scale landdide activity within the reservoir, particularly due to the fluctuation in water level caused
by water demand. Increased landdide activity outside the reservoir is not expected due to the long flow
paths for groundwater to reach out of the reservoir and the low permeability of the Tertiary sediments.
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Geotechnical Design Issues SECTION 4

4.4 Construction Materials

4.4.1 Core Material

Weathered greywacke gravels with arelatively high clay content are likely to form a suitable core
materia. These materials could be borrowed from the terraces approximately 2 km upstream of the dam
on the north side of the reservoir. Low permesbility materials could also be borrowed from the underlying
Tertiary sediments or from colluvia deposits on the northwest side of Homebush Ridge.

Investigations to confirm the available volumes and material properties (in particular grading variability
and interna stability) of potential core materials need to be carried out prior to dam design.

4.4.2 Filter Zones

The near surface alluvium of the Waianiwaniwa River comprises gravelly sand, which can be processed
to asuitable grading for filter zones. Selective quarrying of this materia will require a resource volume
investigation to map out the continuity of sand deposits. Testing to confirm the grading and physical
properties of the sand will need to be carried out prior to dam design.

4.4.3 Shoulder Material

Strong, free draining greywacke gravels would be suitable shoulder materials for embankment
construction. Possible sources could include the Burnham aged fan downstream of the dam site, selective
remova of gravel dominated valey fill aluvium, and sdlective remova of less weathered gravel from the
terraces 2 km northwest of the dam site. Internal transition zones could be constructed using gravels that
have been weathered to an intermediate degree. Gravel-dominated materials could also be borrowed from
some of the fans that have developed from erosion of the outwash gravel terraces.

Resource investigations and testing will be required to confirm the available quantities and mechanical
properties of these materias prior to dam design. In particular, the shoulder material needs to be filter
compatible with the filter sands.
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Conclusions and Recommendations SECTION 5

Based on the results of this investigation we believe it would be possible to construct a dam in the
Waianiwaniwa Valey with a storage volume of 290M m?2. Maximum reservoir level to accommodate
290M mB will be RL280 m. The proposed site at the mouth of the valey is considered to have suitable
foundation conditions for construction of an earthfill embankment dam.

The dam would have a crest length of about 2000 m and a maximum height of about 55 m. Construction
materials are available within afew kilometres of the dam site. Further assessment is required to evaluate
the embankment volume, and to estimate the construction cost.

Other issues that need to be assessed as part of the dam design are spillway capacity and design, outlet
works design, downstream hazard classification, and areview of possible aternative dam section
configurations.
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CPT ANALYSIS NOTES

Soil Type

Interpretation using chart of Robertson & Campanella (1983). This is a simple but
well proven interpretation using cone tip resistance and friction ratio only. No
normalisation for overburden stress is applied.

B sand (and gravel)

silt-sand

silt

clay-silt
[ EY
N

peat

Liquefaction Screening

The purpose of the screening is to highlight susceptible soils, that is sand and silt-
sand in a relatively loose condition. This is not a full liquefaction risk assessment
which requires knowledge of the particular earthquake risk at a site and additional
analysis. The screening is based on the chart of Shibata and Teparaksa (1988)

P high susceptibility
medium susceptibility
low susceptibility

High risk is here defined as requiring a shear stress ratio of 0.4 to cause liquefaction
with Dsq for sands assumed to be 0.25 mm and for silty sands to be 0.05 mm.

Medium risk is here defined as requiring a shear stress ratio of 0.2 to cause
liquefaction with Dsg for sands assumed to be 0.25 mm and for silty sands to be 0.05
mm.
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Appendix B
Test Pit Logs
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Appendix B
Test Pit Photographs

Test Pit 3 showing yellow brown loess overlying grey

brown gravels. Loess thickens upsiope.

Test Pit 4 showing yellow brown loess colluvium
containing rare gravel clasts overlying gravel.
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