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This letter is submitted in aid of a response to a request for additional information provided by the Waikato
District Council under Section 92 of the Resource Management Act 1991. The section 92 request was provided
by the council in the letter dated 18! December 2019. This letter is specifically in response to Point 1a under
‘Planning and General” and Point 4 titled “Geotechnical” as quoted below:

1. Planning and General

a) Please confirm the separation distance that will be maintained between the edge of Fill Area 3 and the northern
most property boundary

4. Geotechnical

The Gaia Engineering Geotechnical Assessment Report has been peer reviewed by Baseline Geotechnical. The
Baseline Geotechnical preliminary review was dated the 9 October 2019 and resulted in ongoing discussions
between Baseline Geotechnical and the Gaia Engineers around the stability of the proposed fill sites. Baseline
Geotechnical has also reviewed the revised Gaia Geotechnical Design report. As a result of that further review,
there are three items that Baseline Geotechnical are of the opinion remain outstanding. These matters relate to
Waikato Coal measures shear surfaces, fill site 2 geology; and seismic design analyses. Those matters are set
out in more detail in the attached s92 Geotechnical request letter from Baseline Geotechnical. Please review
that correspondence and provide a response to the ‘additional information’ aspects set out in that
correspondence.

The letter from Baseline Geotechnical referenced above was appended to the Waikato District Council
Document and is dated 11 December 2019.
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Please find our response to these queries addressed below and in the comment tracking/summary sheet
included in Appendix A. Additional documents, drawings and calculation outputs are included in Appendix B
and C.

1. Peer Review Comment Sheet

A register of comments received from the Waikato Regional Council's peer review, Baseline Geotechnical, has
been maintained over the course of the peer review process.

The register summarises the multiple rounds of comments and response including additional response to the
remaining outstanding comments. The current version of this sheet is dated 03 December 2019 and is
provided in Appendix A.

2. Fill Site 3 to Property Boundary Setback

The conceptual fill layout is setback approximately 28m from the property boundary directly north of the site
to the toe of the fill. Conceptual stability modelling has demonstrated that no credible stability risk to the
neighbouring property exists within this setback zone.

It is believed that a setback of this size would also provide a suitable buffer to allow access for maintenance of
fill batter slopes and any installed drainage. The exact setback distance from the northern property boundary
will be confirmed during detailed design.

3. Revised Fill Site 2 Geology

As part of the ongoing detailed investigation and design works for Fill Site 2 at the Huntly Quarry, additional
investigation near the toe of the proposed fill has since been carried out.

The 6 additional test pits have been completed to depths ranging from 2.0 to 6.2m deep, primarily
concentrated near the toe of the proposed fill. Draft test pit logs and a revised site plan showing the location
of the additional test pits is included in Appendix B and Appendix C.

The additional test pits encountered improved ground conditions over those initially used for concept stabhility
calculations. The improved ground conditions comprise weathered greywacke soils of the Newcastle Group in
place of the previously assumed Waikato Coal Measures. Weathering depth to weak highly weathered material
was found do be within 1.5m of the surface near the invert of the gully such as in TP209 and TP211.

Revised slope stabhility calculations based on the weathered greywacke toe founding material as opposed to
the original Waikato Coal Measures toe founding material are provided in Appendix D.

4. Slope Stability & Seismic Displacement Calculations

Additional/revised slope stability calculations based on the outstanding comments listed in the letter provided
by Baseline Geotechnical have been completed and are included in Appendix D.
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Seismic Displacement analysis based on the revised limit equilibrium analysis has increased the predicted
displacements in the order of 80mm with a 15% probability of exceedance. We consider the risk of such
displacements on a fill slope that is able to be maintained to be sufficiently low. A copy of the calculation is
also provided in Appendix D.

5. Limitations
The responses and additional calculations provided in this letter will need to be confirmed during detailed
design for each fill site.

Yours sincerely

Gaia Engineers Ltd
Prepared By: Reviewed & Approved By:
M
Matthew Kernot Dr Ka-Ching Cheung
Senior Engineering Geologist Director
Appendices

Appendix A — Revised Comment Tracking Sheet

Appendix B — Test Pit Location Plan and Geological Cross Section

Appendix C — Draft Additional Test Pit Logs

Appendix D — Revised Limit Equilibrium Slope Stability Analyses & Seismic Displacement Calculation
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Appendix A

Revised Comment Tracking Sheet
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HUNTLY QUARRY — FILL DISPOSAL SITES
SUMMARY REGISTER OF GEOTECHNICAL COMMENTS FROM PEER REVIEWER

Project: Huntly Quarry — Fill Disposal Sites
Subject: Resource Consent Report
DOCUMENT REVISION: 03 Name of Reviewer(s): Cameron Lines
Document Issue Date: 03'Y December 2019 Organisation: Baseline Geotechnical
Purpose of Review: Peer Review of geotechnical report to advise Available Documents: 1) 2325-12-GQ-01 (Huntly Quarry Disposal Sites — Geotechnical Assessment) Rev B.
Waikato Regional Council. 2) 2325-12-GQ-01 (Huntly Quarry Disposal Sites — Geotechnical Assessment)_Rev C.
Peer Reviewer Comment . Clezet : . Closed
No. Element - Gaia Response Out (Y/N) Further Reviewer Comment Gaia Response Out (Y/N)
Description
Comment Comment
1 | Ground Model | Date (09/10/19) Date (15/10/19): Date (3/11/19): Date (07/11/19): Comment
Provide reference to the key a) During our previous test-pit investigation a) For Overburden Disposal Areas (OBDA) paced | Please refer to Rev. C of the report which now Closed Out
geotechnical risk presented by each only limited evidence of bedding planes on a foundation of Waikato Coal Measures includes Section 4.3 which discusses geological risk
lithological unit. were observed due to the depth reached (WCM). Bedding orientation and strength is a key | and mitigation strategies including Waikato Coal
with test-pits. Where bedding was geotechnical risk. The chaotic fabric described Measures bedding.
Specific reference to: observed it was most visible in the may be as a result of faulting, suggesting low
a) Potential presence and orientation moderately weathered material half way strength, pre-sheared surfaces on bedding are a a) It is accepted that the general bedding direction is
of low strength, bedding parallel up the gullies. In the base of the gullies strong possibility. difficult to ascertain at this time. As such we have
shears within Waikato Coal relatively unweathered Waikato Coal undertaken preliminary stability analysis assuming
Measures Measure mudstone was encountered Currently Gaia have not demonstrated a good worst case bedding direction with a credibly low
b) Fast groundwater seepages within where a more chaotic fabric was understanding of the actual WCM bedding strength (shallow dipping out of the slope). The
historic mining fill exhibited. As such, absolute bedding orientation or condition and have not analysed analysis is discussed in Section 7.0 of the Rev. C
c) Trial Pits failing to intersect contact direction was difficult to ascertain. worst case combinations of orientation/strength. report
between mining fill and underlying Given this, we don't understand how Gaia can
material We consider bedding plane weaknesses classify the risk as low, when every major slope The analysis shows that the overall stability of the fill
d) Depth of the Newcastle Group to be of low risk to the development due failure in adjacent coal mine cuts or fills have is still largely governed by the design and
Greywacke and relationship to the to the nature of the fill being constructed occurred on these very structures. It has been our | construction of the fill itself.
development from the fill toe (where the ground is experience that pre-sheared, gently inclined
relatively flat) and back up the gully, bedding surfaces within WCM can result in failure During detailed design, if failures along low angle
effectively buttressing the Waikato Coal even at the toe of gently inclined slopes. bedding shears near the toe of the fill are found to
Measure slopes. be a risk to the fill then these can be mitigated with
There are any number of investigation techniques | specifically designed toe-keys.
No major cuts exposing bedding aligned available to confirm bedding orientation and
weakness planes are proposed as part of condition. Gaia are not limited to test pits if other It is anticipated that detailed investigation and design
the development. techniques would provide better data. will confirm whether or not these concerns are
present near the toe of the fill and consequently will
Sensitivity of the foundation material at b) The deep drains proposed are a good idea. govern the design of the toe-keys as necessary.
the fill toe can be tested based on Thought will need to be given to the effect on
different configurations of potentially groundwater in the fill, which will define the b) Conservative groundwater parameters were
present bedding fabric. If bedding groundwater conditions for analysis. adopted in the concept stability analysis likewise;
direction cannot be determined reliably residual pore water pressures were modelled the fill.
during detailed investigations, c) We are comfortable with the approach, but the
generalised anisotropic strength models stability of this Fill site for a combination of worst- c¢) Noted, thank you.
1
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SUMMARY REGISTER OF GEOTECHNICAL COMMENTS FROM PEER REVIEWER

No.

Element

Peer Reviewer Comment
Description

Gaia Response

Closed
Out (Y/N)
Comment

Further Reviewer Comment

Gaia Response

Closed
Out (Y/N)
Comment

b)

c)

d)

can be applied to simulate a range of
potential bedding parallel weaknesses.

Subsequent to the release of the report
the client has proposed the installation of
deep counterfort drains at Fill Site 3 to
relieve the groundwater from the historic
mining fill. This will form part of the
detailed investigation and design.
Response of the groundwater perched
within the historic fill can be monitored
during and after construction of the
drains.

As for part (b) the client intends to
construct the deep drains with a long-
reach excavator. We intend to use this
excavator to assess the thickness and
basal interface qualities of the historic fill.
We consider this work to be part of the
site investigation for detailed design of
Fill Site 3. If the long-reach excavator is
unable to identify the fill and in-situ
ground interface, deep geotechnical
drilling will be undertaken.

Except for Fill Site 5 (excluded from peer
review) the other three sites are
underlain by Waikato Coal Measures.
The thickness of this unit (whilst not
certain) is considered to be great enough
that the influence of the basement
greywacke is considered to be
inconsequential to the proposed fill
development. If greywacke is
encountered during detailed design
investigations then this position will be
revised and the impact analysed
accordingly.

case conditions will still need to be demonstrated
at consenting stage (refer 2 below).

d) We are comfortable with the approach. This
risk is not as great as the WCM bedding shear risk
described above.

d) Noted, thank you.

Comment
Closed Out

Additional Reviewer Comment Date (26/11/19)

Date (02/1219)

Foundation of Fill Site 2: You noted that recent
more detailed investigation information at the toe
of this fill area indicates greywacke soils and

As part of the on-going detailed design of Fill Site 2,
additional test pits were carried out near the toe of
the fill. These pits have confirmed the presence of
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SUMMARY REGISTER OF GEOTECHNICAL COMMENTS FROM PEER REVIEWER

Peer Reviewer Comment . Cleses . . Closed
No. Element Description Gaia Response Out (Y/N) Further Reviewer Comment Gaia Response Out (Y/N)
Comment Comment
weathered rock. This is expected to result in weathered Newcastle Group greywacke. The pits
improved stability performance and reduced reached between 1.6 and 6.2m depth and
geotechnical risk. Please provide a summary of encountered residually to highly weathered material
the conditions encountered, and revise ground in the invert of the gully. Preliminary stability
conditions appropriately in your stability modelling. | modelling for Fill Site 2 has been undertaken based
on a residually to highly weathered greywacke toe.
2 | Stability Date (09/10/19) Date (15/10/19) Date (03/11/19): Date (07/11/19): Comment
Analyses Expected stability of the proposed fill If it is deemed necessary for a Resource Consent Given that the ground and groundwater conditions | Concept stability analysis presented in Revision C of | Closed Out
has not been demonstrated by application, we propose running preliminary 2D are not presently well enough understood at the fill | the report have shown that the stability of the site is
analysis. stability analyses of the existing ground and the sites to address the key geotechnical risks. We still | largely controlled by the fill stability itself.
currently proposed fill profiles at each fill site as a don’t understand the basis on which Gaia consider
proof of the concept. the sites suitable. It is noted that we have incorporated a low strength,
low angle bedding orientation anisotropy in the
Preliminary stability calculations will be based on However, there is a potential alternative to further analysis.
currently known conditions and will require a time consuming and costly ground investigation. If
number of assumptions to be made. Gaia can demonstrate that the fills can achieve an | We are satisfied that residual risks posed by
acceptable Factor of Safety in preliminary 2D limit | unknowns related to the underlying geology can be
Detailed stability calculations and design will still equilibrium analyses, for a series of worst-case sufficiently mitigated through design of toe-keys,
be required as part of the detailed design of each ground conditions, then this would adequately structural bunds and internal drainage blankets
fill after Resource Consent is granted. demonstrate the suitability of the sites (i.e. actual during detailed design.
stability can only be better than that analysed).
Please note that based on past experience with
similar projects (such as a similar sized fill site at The analyses should allow for gently inclined (out
the Drury Quarry) and engineering judgement, it of slope) bedding orientations, residual strengths
is our opinion that the assessed site is suitable on bedding (or mine fill/lWCM contact) and a
for the proposed development. Detailed design reasonable assumption around long term
for the construction of the fills will be undertaken groundwater in line with anticipated underfill
as part of the Resource Consent Conditions. drainage works. Comment
Closed Out
Additional Reviewer Comment Date (26/11/19) Date (02/1219)
a) Bedding shears in Waikato Coal Measures a) We have completed additional sensitivity checks
(WCM) have been analysed using an on our existing preliminary slope stability models
anisotropic function. Lower bound strengths and have found that the worst credible strength
have been set at ¢’'=0, phi,=28° for a dip parameter for the WCM anisotropic function to
magnitude of 4°to 20° degrees. The basis for be ¢'=0 and phi=18~19°. We have re-run the
this was back analysing existing topography to calculations based on this worst-case strength
a Factor of Safety (FoS) of 1.2. Those parameter. Our previous conclusions that the
numbers for strength on bedding shear values proposed slopes are not especially sensitive to
are higher than normally considered in the the possible presence of bedding related shears
North Waikato Basin. Typical failure back remains valid.
3
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SUMMARY REGISTER OF GEOTECHNICAL COMMENTS FROM PEER REVIEWER

Peer Reviewer Comment . Cleses . . Closed
No. Element Description Gaia Response Out (Y/N) Further Reviewer Comment Gaia Response Out (Y/N)
Comment Comment

analysis, ring shear test results and design b) All analyses have been run using non-circular
parameters for nearby mine slopes would failure searches. The divisions per slice was set
normally be around c¢’'=0, phi,=10°-15° for to 50 to help allow the calculated surface to
bedding shears. On this basis, can you please follow the most critical path. We have also
revise your back analysis based on a F0S=1.0 included a manual non-circular surface analysis
and then use the strengths derived from that following the anisotropic layer as requested for
change as the basis for your anisotropic Fill Sites 3 and 4.
parameters. c) Additional analyses have been run under a

b) Additionally, can you please demonstrate higher seismic loading of 0.24g which was
stability along the coal measures foundation by established based on NZTA Bridge Manual 3
incorporating user defined slip planes sub- edition, Amendment 3 during detailed design of
parallel to existing ground surface. A circular Fill Site 5. Anisotropic bedding material has
surface may not pick up planar foundation been included as requested.
instability well. d) Critical seismic PGA where FoS=0.6 has

c) Currently your seismic models do not subsequently been calculated and preliminary
incorporate your anisotropic strengths in the displacement analyses undertaken using an
WCM foundation. This will have a significant effective earthquake magnitude of 5.8. For a
bearing on stability results. Please 15% probability of exceedance displacements
demonstrate this in your modelling cases. were calculated to be between 70mm and 80mm

d) Some seismic analyses indicate a failure across the four sites. Displacement calc.
condition under the adopted Seismic Load summary sheets for each fill are attached. We
(FoS <1.0). You indicated that this could be believe that displacements of this magnitude can
addressed by way of a displacement be tolerated by such earth fill structures which
analysis. | am comfortable with that have the ability to be maintained by the owner
approach. Can you please provide the results using benches.
of the displacement analysis when the items
above have been addressed in the stability
modelling.

3 | Groundwater | Date (09/10/19) Date (15/10/19) Date (03/11/19): Date (07/11/19): Comment
Influence of underlying groundwater Surficial groundwater regimes are currently We are comfortable with what is proposed. A Noted. See point 2. Closed Out
conditions in the foundation soils on heavily influenced by the presence of farm dams, reasonable assumption around foundation
the stability performance of the fills. ponds, infilled gullies etc. As such, we have groundwater pressures in line with proposed

recommended that these dams and ponds be drainage works will need to be made in analyses
released and drainage measures installed. discussed in 2. Above.

Subsequent groundwater conditions will be

reassessed. It is anticipated that this would

happen post Resource Consent and during

detailed design and construction stages

9 | Fill Extents Date (09/10/19) Date (15/10/19) Date (03/11/19): Date (07/11/19): Comment
Extent of fill footprint not finalised at It is our understanding that the concept fill We understand that during construction deviations | Please see revised drawing included in Appendix A Closed Out
this pre-application stage will need to footprints provided by our client are in places may need to be made. The proposed of the Rev. C report.

representative of the required fill. From
4
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HUNTLY QUARRY — FILL DISPOSAL SITES

SUMMARY REGISTER OF GEOTECHNICAL COMMENTS FROM PEER REVIEWER

Peer Reviewer Comment . Cleses . . Closed
No. Element Description Gaia Response Out (Y/N) Further Reviewer Comment Gaia Response Out (Y/N)
Comment Comment
be confirmed prior to consent discussion with our client we understood that it is footprint limit would assist our understanding of the | The fill footprints are all confined to the gully they
application desirable to maintain a scope to deviate slightly anticipated extent of the deviations that may occur. | reside in.
from the concept footprints where required during
the detailed design stage. These deviations are Comment has been added to Section 8.4 of the Rev
largely for operational reasons and are unlikely to C report to discuss this.
be significant from a geotechnical perspective.
We propose that a “Footprint Limit” or similar be
added to the concept drawings to aid with
visualisation of this.
11 | Whole-of-life Date (09/10/19) Date (15/10/19): Date (03/11/19): Date (07/11/19): Comment
considerations | Consideration for in-ground pore water | In our experience with similar fills a sufficient While monitoring of pore pressure build up in the Noted, thank you. Closed Out
pressure monitoring such as vibrating approach has been to monitor settlement and fill would assist in managing global instability risk,
wire piezometers to be installed within | displacement of the fills with sufficient placement the proposed drainage blankets are largely
the fill. of designed drainage blankets to speed up fill expected to adequately control this. Having given
consolidation as each bench is completed. this further consideration, we are comfortable with
We propose installation of standpipe piezometers the monitoring proposed by Gaia.
or similar as a mitigation strategy should
unsatisfactory settlement/displacement be
observed within the fills.
Settlement and displacement vs time thresholds
will be developed for each fill during detailed
design.

12 | Factual Data Date (09/10/19) Date (15/10/19): Date (03/11/19): Date (07/11/19): Comment
Show location of historic boreholes on | Historic boreholes and associated logs will be Thank you for resolving this. These will assist our | Please see revised drawing 2325-12-01 Rev B Closed Out
site plans if significant to the project shown on the drawing and included in the further understanding of the site. included in Rev. C of the report.

appendices. Please note that these boreholes
were not oriented so primarily provide Borehole Logs are included in Appendix B of the
stratigraphic depth information only. Rev. C report

13 | Factual Data Date (09/10/19) Date (15/10/19): Date (03/11/19): Date (07/11/19): Comment
Discrepancy between trial pit names Thank you for pointing this out. Site plans will be Thank you for resolving this. Please see revised drawing 2325-12-01 Rev B Closed Out
between logs and drawing for Fill Site amended to match the provided logs. included in Rev. C of the report.

3
5
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Test Pit Location Plan & Geological Cross Section
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Logged in accordance with NZ Geotechnical Society (2005) guidelines




@ TESTPIT ID.

% TEST PIT LOG TP209
GAIA 1:30 Sheet 1 of 1
ENGINEERS

PROJECT: Huntly Quarry Disposal Sites CLIENT: Gleeson Quarries Ltd. JOB No: 2325
LOCATION: Huntly Quarry SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit PIT STARTED: 07/11/2019
COORDINATES: E.433549.6m GROUND R.L (m): 51.30m PIT FINISHED: 07/11/2019
N.721311.6m DATUM: Auckland Vertical Datum 1946 WEATHER: Fine
< - Vane Shear Scala a §
£ . . = St th ° =
Soil/Rock Description £ G’fg’;'c Ge&'q‘i’tg"’ 3 § kPo) (blows/100mm) %E’x 2 |RL(m)
8 Sl wlaicive] 8|3
0.00-0.30 m +
TOPSOIL C I
L c ]
0.30-0.80 m EORxx] 2 o1
Clayey SILT; yellow-brown. Stiff, moist, moderate plasticity, slightly fissured texture. C T<X><><7 = T
— o .
L _X_X_ (@]
r X XK 7
L X %> 4
r K XK _
0.80-1.50 m C EEE
Clayey SILT with some sand; yellow-brown and light grey mottles. Hard, low plasticity, C XX_XXX T
moist [inferred completely weathered greywacke, limonite and MnO staining on relict — 1 % w5 g N
fractures] r o ] B
[ mxx| 2 |
C XX a ]
r % XX 3 50.0
C X2 (B b
1.50-2.00 m N (s B~ 1
Highly weatherd, grey, brown and orange, SANDSTONE; Very weak, very closely spaced [ eloioly 8 7
joints with limonite and MnO staining, rare moderately weathered core stones r fofogele 3 7
C ool I 7]
|- KKK K -
|- XXX X
Endof PR@ 2.0 m 2 T
E 49.0 —
= f
E 48.0 —
s :
E 47.0 —
~ s |
E 46.0 —
6 i
Contractor:  Gleeson Civil Ltd. Remarks: Groundwater notes:
Plant: Hitatchi 30t Excavator SV readings corrected to BS1377 - Dial No. 1872 Groundwater Not Encountered
Logged: PS

Checked: KCC

Approved: KCC

Logged in accordance with NZ Geotechnical Society (2005) guidelines







©b
*»
GAIA

ENGINEERS

TEST PIT LOG

TEST PIT ID.

1:30

TP210

Sheet 1 of 1

PROJECT: Huntly Quarry Disposal Sites

CLIENT: Gleeson Quarries Ltd.

JOB No:

2325

LOCATION: Huntly Quarry
COORDINATES: E.433528.9m GROUND R.L (m): 61.70m
N.721288.9m DATUM:

SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit

Auckland Vertical Datum 1946

PIT STARTED: 07/11/2019
PIT FINISHED: 07/11/2019
WEATHER: Fine

Soil/Rock Description

Depth(m)

Graphic
Log

Geologic
Unit

Ground
water

Vane Shear
Strength
(kPa)

Scala
(blows/100mm)

2 4 6 8 10 12
Tp L T O

Sample ID
Sample Type

R.L (m)

0.00-0.30 m
TOPSOIL

TTTTT

0.30-0.60 m
Clayey SILT; orange-brown; Stiff, low plasticity, moist, fissured

TTTTT

Colluvium

0.60-4.70 m
Sandy SILT; light grey and orange. Hard, non plastic, moist [inferred completely weathered
greywacke, very closely jointed, with limonite and MnO staining].

From 2.4 - 2.8m: pink streaks

TTT[TTTTTTTTT‘TTTTTTTTT[TTTTTTTTT‘TTTTTTTTT[TTTTTTTTT‘TTTTTTTTT[TTTTTTTTT‘TTTTTTT

4.70-5.70 m
Completely weathered, grey, brown and orange, SANDSTONE; Very weak, very closely
spaced joints with limonite and MnO staining, some highly weathered core stones

TTT[TTTTTTTTT‘TTTTT

pOO0oO0O0ODO00
pDOOOOOOOOOO00
POOOO0ODODO0O0

Newcastle Group Material

End of Pit @ 5.7 m

‘TTTTT

61.0 —

60.0 —

59.0 —

58.0 —

57.0 —

56.0 —

Contractor:  Gleeson Civil Ltd. Remarks:

Groundwater notes:

Plant: Hitatchi 30t Excavator SV readings corrected to BS1377 - Dial No. 1872
Logged: PS
Checked: KCC

Groundwater Not Encountered

Approved: KCC

Logged in accordance with NZ Geotechnical Society (2005) guidelines
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GAIA Test Pit Photographs

ENGINEERS

PROJECT: Huntly Quarry Disposal Sites | JOB No: 2325




@ TESTPIT ID.

% TEST PIT LOG TP211
GAIA 1:30 Sheet 1 of 1
ENGINEERS

PROJECT: Huntly Quarry Disposal Sites CLIENT: Gleeson Quarries Ltd. JOB No: 2325
LOCATION: Huntly Quarry SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit PIT STARTED: 07/11/2019
COORDINATES: E.433514.4m GROUND R.L (m): 48.20m PIT FINISHED: 07/11/2019
N.721324.7m DATUM: Auckland Vertical Datum 1946 WEATHER: Fine
< - Vane Shear Scala a §
£ . . = St th ° =
Soil/Rock Description £ G’fgg'c GeS:i’tg"’ 3 § kPo) (blows/100mm) %E’x 2 |RL(m)
8 Sl wlaicive] 8|3
0.00-0.20 m +
TOPSOIL C I
0.20-0.60 m C s 480 —
Sandy SILT with some clay; light grey and yellow-brown. Hard, non plastic, moist [inferred [ 5K I
completely weathered greywacke]. C e s T
C XK 5 i
+ = K = |
0.60-1.60 m FOBEEl 2
Highly weathered, grey, brown and orange, SANDSTONE; Very weak, very closely spaced, [ alals) 3 N
smooth, planar joints with limonite and MnO staining, rare moderately weathered core C alels! 1G] n
stones - el ) B
ry OO0y o i
- 000 S
r alalal S b
L o000y =z 47.0 —
r alelal
C 000 b
- alela] B
C 000 i
- OO0
Endof Pit@ 1.6 m L ]
oE f
E 46.0 —
= f
E 45.0 —
- f
E 44.0 —
~ s .
E 43.0 —
6 i
Contractor:  Gleeson Civil Ltd. Remarks: Groundwater notes:
Plant: Hitatchi 30t Excavator SV readings corrected to BS1377 - Dial No. 1872 Groundwater Not Encountered
Logged: PS

Checked: KCC

Approved: KCC

Logged in accordance with NZ Geotechnical Society (2005) guidelines
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TEST PIT LOG

TEST PIT ID.

1:30

TP212

Sheet 1 of 1

PROJECT:

Huntly Quarry

Disposal Sites

CLIENT: Gleeson Quarries Ltd.

JOB No:

2325

LOCATION:

Huntly Quarry

COORDINATES: E.433483.7m

N.721343.1m

GROUND R.L (m): 47.70m

SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit

DATUM: Auckland Vertical Datum 1946

WEATHER:

PIT STARTED:
PIT FINISHED:

07/11/2019
07/11/2019
Fine

Soil/Rock Description

Depth(m)

Graphic
Log

Geologic
Unit

Vane Shear
Strength
(kPa)

Scala
(blows/100mm)

Ground
water

Tp Tr

4 6 8 10 12
1 1 1 1 1

Sample ID
Sample Type

R.L (m)

0.00-0.30 m
TOPSOIL

TTTTT

0.30-1.10 m

Clayey SILT with trace sand; yellow-brown and orange-brown mottles. Very stiff, moist,
moderate plasticity, fissured

T‘TTTTTTTTT[TTT

1.10-3.20 m

Sandy SILT; light grey and orange. Hard, non plastic, moist [inferred completely weathered

greywacke].

From 3.0m - becoming very weak rock strength

TTT‘TTTTTTTTT[TTTTTTTTT‘TTTTTTTTT[TTTTTTT

Newcastle Group Material

End of Pit@ 3.2 m

‘TTTTTTTTT[TTTTTTTTT‘TTTTTTTTT[TTTTTTTTT‘TTTTTTTTT[TTTTT

113 45

47.0 —

46.0 —

44.0 —

43.0 —

42.0 —

Contractor:
Plant:
Logged:
Checked:
Approved:

Gleeson Civil Ltd.
Hitatchi 30t Excavator
PS

KCC

KCC

Remarks:

Groundwater notes:

SV readings corrected to BS1377 - Dial No. 1872

Groundwater Not Encountered

Logged in accordance with NZ Geotechnical Society (2005) guidelines
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TEST PIT LOG

TEST PIT ID.

TP213

1:30 Sheet 1 of 2
ENGINEERS
PROJECT: Huntly Quarry Disposal Sites CLIENT: Gleeson Quarries Ltd. JOB No: 2325
LOCATION: Huntly Quarry SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit PIT STARTED: 07/11/2019
COORDINATES: E.433584.1m GROUND R.L (m): 81.10m PIT FINISHED: 07/11/2019
N.721256.2m DATUM: Auckland Vertical Datum 1946 WEATHER: Fine
< - Vane Shear Scala a §
£ . . = St th ° =
Soil/Rock Description £ G’fgg'c GeS:i’tg"’ 3 § kPo) (blows/100mm) %E’x 2 |RL(m)
8 Sl wlaicive] 8|3
0.00-0.50 m +
TOPSOIL & Track Fill r 81.0 —
0.50-3.50 m L ]
Silty CLAY; yellow-brown. Stiff to very stiff, moist, moderate plasticity C N
= f
r 80.0 —
+ 177 | 27 E
2 164 | 63 E
r 79.0 —
g s :
L 5] i
F =
C = I
[ Q. .
>
C < i
3 G}
r k) 78.0 —
C D |
@
r o
|- ; .
- [0
|- zZ .
3.50-5.40 m L ]
Clayey SILT; light grey and yellow-brown mottles with pink veining. Very stiff, moderate C B
plasticity, moist [inferred completely weathered greywacke]. C N
= ]
r 77.0 —
o :
C 76.0 —
5.40-6.20 m F ]
SILT with trace clay; light grey and fine orange veining. Hard, moist, low plasticity, limonite [ ]
and MnO present on very closely spaced relict jointing [inferred completely weathered C ]
greywacke]. r E
6 i
Contractor:  Gleeson Civil Ltd. Remarks: Groundwater notes:
Plant: Hitatchi 30t Excavator SV readings corrected to BS1377 - Dial No. 1872 Groundwater Not Encountered
Logged: PS
Checked: KCC
Approved: KCC Logged in accordance with NZ Geotechnical Society (2005) guidelines
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TEST PIT LOG

TEST PIT ID.

TP213

Checked: KCC

1:30 Sheet 2 of 2
ENGINEERS
PROJECT: Huntly Quarry Disposal Sites CLIENT: Gleeson Quarries Ltd. JOB No: 2325
LOCATION: Huntly Quarry SURVEY CIRCUIT: NZGD2000 Mt Eden Circuit PIT STARTED: 07/11/2019
COORDINATES: E.433584.1m GROUND R.L (m): 81.10m PIT FINISHED: 07/11/2019
N.721256.2m DATUM: Auckland Vertical Datum 1946 WEATHER: Fine
< - Vane Shear Scala a é
£ . . = St th ° =
Soil/Rock Description £ G’fgg'c GeS:i’f"’ 3 § kPo) (blows/100mm) %E’x 2 |RL(m)
8 Sl wlaicive] 8|3
SILT with trace clay; light grey and fine orange veining. Hard, moist, low plasticity, limonite X X X
and MnO present on very closely spaced relict jointing [inferred completely weathered C XX 75.0 —
\greywacke]. T b
End of Pit @ 6.2 m H g
- f
r 74.0 —
o f
r 73.0 —
= f
r 72.0 —
10 .
r 71.0 —
= 11 g
r 70.0 —
C 12 i
Contractor:  Gleeson Civil Ltd. Remarks: Groundwater notes:
Plant: Hitatchi 30t Excavator SV readings corrected to BS1377 - Dial No. 1872 Groundwater Not Encountered
Logged: PS

Approved: KCC

Logged in accordance with NZ Geotechnical Society (2005) guidelines




pr
GAIA

ENGINEERS




Appendix D
Revised Limit Equilibrium Slope Stability Analyses & Seismic Displacement
Calculation

2322-12-GQ-03 (Geotechnical RFI Response)

5 Carmont Place, Mt Wellington, AuckLanp 1060, New Zealanp  Te: 09 276 5673
PO Box 51 295 Pakuranca, AUCKLAND 2140 WWW.gaia-engineers.co.nz




WWaikato Coal Measures Bedding Parallel Shears - Anisotropic function -

=10, phi=30
c=0, phi=18

=10, phi=30

[ 90 to 35 degrees c=10, phi=30
[ 35to 4 degrees c=0, phi=19
4 to -90 degrees c=10, phi=30

Material Name

Unit Weight

Color (kN/m3)

Strength Type

Cohesion
(kPa)

Phi
(deg)

Anisotropic Function

ucs
(kPa)

mi

Water Surface

Hu Type

Residual Waikato Coal Measure Stiff Soil . 175 Mohr-Coulomb 5 30 Water Surface | Custom | 1

Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 Water Surface | Custom | 1
Inferred Newcastle Group Greywacke . 26 Generalized Hoek-Brown 50000 | 50 |18 Water Surface | Custom | 1

Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1

Residual to Completely Weatherd Newcastle Group . 18 Mohr-Coulomb 8 30 Water Surface | Custom | 1

Highly Weathered Newcastle Group Greywacke . 19 Generalized Hoek-Brown 500 | 30 | 18 Water Surface | Custom | 1

Moderately Weathered Newcastle Group Greywacke . 20 Generalized Hoek-Brown 5000 | 40 | 18 Water Surface | Custom | 1

T
200

\
250

0 50 150
Project
Huntly Quarry - Fill Disposal Sites
Anlysis Description Fill Site 2 - Cross Section 1, Existing Ground - Bedding Parallel Shears
prawn By MK sl 1:1500 Company Gaia Engineers Ltd.
— pate Oct 2019 File Neme Fill Site 2 - Concept Stability Calcs Rev B.slmd




Safety

Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4_.000
4._.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

O
=
=

Waikato Coal Measures Bedding Parallel Shears - Anisotropic fun

c=10, phi=30

=0, phi=19

c=10, phi=30

90 to 35 degrees c=10, phi=30
35 to 4 degrees c=0. phi=19
4 to -90 degrees c=10, phi=30

Results

GLE / Morgenstern-Price

Search Method:Auto Refine Search
Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%

Number of vertices per surface:12

Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.550
1.062

Factor of Safety: 1.062

Axis Location: 293.357, 142.279

Left Slip Surface Endpoint: 290.329, 100.189
Right Slip Surface Endpoint: 325.523, 114.966

Material Name Color U?Ii(tN\;lr:igg)ht Strength Type co(t:i; n (::;) Anisotropic Function (::: ) GSI | mi | D | Water Surface | Hu Type | Hu | Ru
Proposed Structural Bund Fill D 18 Mohr-Coulomb 5 30 None
Proposed Managed Fill D 15 Mohr-Coulomb 3 23 None
Residual Waikato Coal Measure Stiff Soil . 175 Mohr-Coulomb 5 30 Water Surface | Custom | 1
Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 | O | WaterSurface | Custom | 1
Inferred Newcastle Group Greywacke . 26 Generalized Hoek-Brown 50000 | 50 | 18 | 0 | Water Surface | Custom | 1
Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
Residual to Completely Weatherd Newcastle Group . 18 Mohr-Coulomb 8 30 Water Surface | Custom | 1
Highly Weathered Newcastle Group Greywacke . 19 Generalized Hoek-Brown 500 | 30 | 18 | 0 | Water Surface | Custom | 1
Moderately Weathered Newcastle Group Greywacke . 20 Generalized Hoek-Brown 5000 | 40 | 18 | 0 | Water Surface | Custom | 1

\
100

—
200

1 T
250 300

JSLIDEINTERPRET 8.021

Project

Huntly Quarry - Fill Disposal Sites

Analysis Description

Fill Site 2 - Cross Section 1, Proposed Fill - Bedding Parallel Shears

Drawn By

MK

Scale

1:1500

Company Gaia Engineers Ltd.

Date

Oct 2019

File Name

Fill Site 2 - Concept Stability Calcs Rev B.slmd




Safety Factor
1 0.000
] 0.250
B 0.500 Waikato Coal Measures Bedding Parallel Shear Results
i GLE / Morgenstern-Price
0.750 =10, phi=30 Search Method:Auto Refine Search
1 1.000 ' Cities ot o s
B 1 - 250 c=0, phi=18 Number of iterations:5
o Divisions to use in next iteration:50%
"‘H)i 1. 500 Number of vertices per surface:12
i R Minimum Elevation:Not Defined
1 - 750 c=10, phi=30 Minimum Depth:Not Defined
B Minimum Area:Not Defined
2 B OOO Minimum Weight:Not Defined
i 2 2 5 0 Surfaces with a factor of safety below 1.300
- 1.017
7 ) Factor of Safety: 1.017
_ 2.500 [ 90 to 35 degrees c=10, phi=30 Axis Location: 290.101, 167.250
— i Left Slip Surface Endpoint: 290.119, 100.100
i 2.750 [ 35to 4 degrees c=0, ph"_1 8 Right Slip Surface Endpoint: 334.637, 116.994
| 3.000 [ 4 to-90 degrees c=10, phi=30
| - 3 i 250
. 3.500
o
o
8 3.750
1 4_.000
1 4._.250
1 4.500
4._.750
1 5.000
| 5.250
| 5.500
i 5.750
9 6.000+
) Material Name Color RnitWeieht Strength Type Cohesion JRnY [cohesion Anisotropic Function ue GSI | mi | D ;ﬁemncaL D eeEy Water Surface | Hu Type | Hu | Ru
| (kN/m3) gth Typ (kPa) |(deg)| Type P (kPa) '8th | G rength (kPa) A
Ratio
) Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
_ Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 {30 | 7 | O Water Surface | Custom | 1
7 Inferred Newcastle Group Greywacke . 26 Generalized Hoek-Brown 50000| 50 |18 | O Water Surface | Custom | 1
Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
- Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
Proposed Structural Bunds - Undrained D 18 Undrained 100 Constant None 0.1
i Residual to Completely Weatherd Newcastle Group . 18 Mohr-Coulomb 8 30 Water Surface | Custom | 1
T Highly Weathered Newcastle Group Greywacke . 19 Generalized Hoek-Brown 500 |30 |18 |0 Water Surface | Custom | 1
b Moderately Weathered Newcastle Group Greywacke . 20 Generalized Hoek-Brown 5000 | 40 | 18 | O Water Surface | Custom | 1
B sy B s 1 s s B L B s B o s s L A
0 50 100 150 200 250 300 350
Project
Huntly Quarry - Fill Disposal Sites
Analysis Description . . . . .
Fill Site 2 - Cross Section 1, Proposed Fill - Undrained Case
Drawn B) Scale Compan, . .
4 MK 1:1500 pany Gaia Engineers Ltd.
Date File Name ) .
[suoemTerpreT .01 Oct 2019 Fill Site 2 - Concept Stability Calcs Rev B.simd




| Safety Factor ) _
| 0.000 Waikato Coal Measures Bedding Paralle Resuis
) GLE / Morgenstern-Price
B 0.250 c=10, phi=30 Search Method:Auto Refine Search <024
- i— Divisions along slope:50 .
N O - 500 =0, phi=18 ﬁirclis pe; _c‘iivisi(_)n:l.?5
T 0.750 - i Dil:/IE;io?'lrsotol :sr: illg rI!ISeXI iteration:50%
4 1 OOO e=1 U' Dhl—30 Number of vertices per surface:12
o - Minimum Elevation:Not Defined
LO—| 1.250 Minimum Depth:Not Defined Il
— - Minimum Area:Not Defined
T Minimum Weight:Not Defined
| 1.500 90 ta 35 degrees c=10_ phi=30 Surfaces with a factor of safety below 0.680
g - P 0.586
| 1.750 ] 35to 4 degrees c=0, phi=18 Factor of Safety: 0.586
K — = Axis Location: 290.930, 170.944
B 2.000 - 4to-90 degrees c=10, phl 30 Left Slip Surface Endpoint: 289.909, 100.010
| 2.250 Right Slip Surface Endpoint: 337.560, 117.481 }4
| 2.500
1 2.750 <
. 3.000
o] 3.250
S 3.500
i 3.750
i 4_.000
4._.250
| 4.500
i 4.750
i 5.000
1 5.250
. 5.500
B 5.750
1 6.000+
T Unit Weight Cohesion | Phi | Cohesion ucs Vit Minimum Shear
i Material Name Color (kN/m3) Strength Type (kPa) | (deg) Type Anisotropic Function (kPa) GSI | mi | D St'r‘:;goth Strength (kPa) Water Surface | Hu Type | Hu | Ru
1 Residual Waikato Coal Measure Stiff Soil . 175 Mohr-Coulomb 5 30 Water Surface | Custom | 1
i Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 | O Water Surface | Custom | 1
B Inferred Newcastle Group Greywacke . 26 Generalized Hoek-Brown 50000 50 |18 | O Water Surface | Custom | 1
B Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
o Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
) Proposed Structural Bunds - Undrained D 18 Undrained 100 Constant None 0.1
i Residual to Completely Weatherd Newcastle Group . 18 Mohr-Coulomb 8 30 Water Surface | Custom | 1
T Highly Weathered Newcastle Group Greywacke . 19 Generalized Hoek-Brown 500 | 30 |18 |0 Water Surface | Custom | 1
i Moderately Weathered Newcastle Group Greywacke . 20 Generalized Hoek-Brown 5000 | 40 |18 | O Water Surface | Custom | 1
L B s s 1 s B L s e B S s s B A
0 50 100 150 200 250 300 350
Project
Huntly Quarry - Fill Disposal Sites
Analysis Description . . . . . . .
Fill Site 2 - Cross Section 1, Proposed Fill - Seismic Loading
Drawn By Scale . Company . .
MK 1:1500 Gaia Engineers Ltd.
Date File Name - . s
[suoemTerpreT .01 Oct 2019 Fill Site 2 - Concept Stability Calcs Rev B.simd




) . . Results
{ Safety Factor Waikato Coal Measures Bedding Parallel She GLE / Morgenstern-Price
0.000 Search Method:Auto Refine Search
T - . Divisions along slope:50
_ = 1= Circles per division:10
10, phi=20
- Number of iterations:5 < 0.06
, = i= Divisions to use in next iteration:50% .
O - 500 C_D' Dhl—1 8 Number of vertices per surface:12
1 0.750 Minimum Elevation:Not Defined
Minimum Depth:Not Defined
T 1 - OOO . Minimum Area:Not Defined
, =10, phi=30 Minimum Weight:Not Defined
o 1.250 Surfaces with a factor of safety below 1.050
o 0.866
— 1 - 500 Factor of Safety: 0.866
B Axis Location: 290.930, 170.944
| 1.750 Left Slip Surface Endpoint: 289.909, 100.010
2 ) OOO I:l 90 to 35 degrees C=1U. ph|=3u Right Slip Surface Endpoint: 337.560, 117.481
2.250 [ 35to4 degrees c=0, phi=18
) 2500 B 4 to-90 degrees c=10, phi=30 }{
. 2.750
1 3.000
1 3.250
o 3.500
S 3.750
i 4_.000
1 4.250
| 4.500
| 4.750
i 5.000
R 5.250
8 5.500
1 5.750
o_|
re} 6.000+
N Unit Weight Cohesion | Phi | Cohesion ucs Vetticel Minimum Shear
i Material Name Color (kN/m3) Strength Type (kpa) | (deg) T Anisotropic Function (kPa) GSI | mi | D StrenFth Strength (kPa) Water Surface | Hu Type | Hu | Ru
Ratio
1 Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
— Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 |0 Water Surface | Custom | 1
N Inferred Newcastle Group Greywacke . 26 Generalized Hoek-Brown 50000| 50 (18 |0 Water Surface | Custom | 1
B Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
— Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
Proposed Structural Bunds - Undrained D 18 Undrained 100 Constant None 0.1
i Residual to Completely Weatherd Newcastle Group . 18 Mohr-Coulomb 8 30 Water Surface | Custom | 1
7 Highly Weathered Newcastle Group Greywacke . 19 Generalized Hoek-Brown 500 | 30 |18 |0 Water Surface | Custom | 1
1 Moderately Weathered Newcastle Group Greywacke . 20 Generalized Hoek-Brown 5000 | 40 |18 | O Water Surface | Custom | 1
T T L 1 sy L B L N S St S S A BN
0 50 100 150 200 250 300 350
Project
Huntly Quarry - Fill Disposal Sites
Analysis Description . . . . . . . .
Fill Site 2 - Cross Section 1, Proposed Fill - Critical Seismic Loadin
l
Drawn By Scale . Company . .
MK 1:1500 Gaia Engineers Ltd.
Date File Name ) .
[suoemTerpreT .01 Oct 2019 Fill Site 2 - Concept Stability Calcs Rev B.simd




JSLIDEINTERPRET 8.021

o
O—|
AN 4
o
o
N Results
B Waikato Coal Measures Bedding Parallel Shears - Anisotropic functio Bishop simplified )
4 Search Method:Auto Refine Search
i . Divisions along slope:50
| =10, phi=30 Circles per division:10
- Number of iterations:5
- c=0, phi=18 Divisions to use in next iteration:50%
- ! Number of vertices per surface:12
o Minimum Elevation:Not Defined
LO— Minimum Depth:Not Defined
4 Minimum Area:Not Defined
b c=10, phi=20 Minimum Weight:Not Defined
b Every available surface
7 0.984
] Factor of Safety: 0.984
T Axis Location: 522.095, 170.631
] _ . Left Slip Surface Endpoint: 525.902, 86.859
B [ 90 to 35 degrees ¢=10, phi=30 Right Slip Surface Endpoint: 579.221, 109.240
o [E  35to 4 degrees c=0, phi=18
- [ 4to-90 degrees c=10, phi=30
o_|
o -
] . Unit Weight Cohesion | Phi N . . "
Material Name (kN/m3) Strength Type (kPa) (dez) Anisotropic Function Water Surface | Hu Type
- Existing Historic Mining Fill . 18 Mohr-Coulomb 3 30 Water Surface | Custom
7 Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
: Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 30 | 7 | O | WaterSurface | Custom | 1
o : Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
—
"
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1 Safety Factor
] 0.000
] 0.250
o 0.500
o Results
[ g - (7)88 Bishop simplified
4 Search Method:Auto Refine Search
, 1 - 250 Divisions along slope:50
- - . . . Circles per division:10
| 1.500 Maikato Coal Measures Bedding Parallel Shears - Anisotrog Number of iterations:5
- - Divisions to use in next iteration:50%
— 1 750 . Number of vertices per surface:12
- - c=10, phi=30 Minimum Elevation:Not Defined
o - Minimum Depth:Not Defined
o 2.000 ) Minimum Area:Not Defined
N 4 2.250 c=0, phi=18 Minimum Weight:Not Defined
b 2 5 0 O Surfaces with a factor of safety below 1.500
T - 0.984
T Factor of Safety: 0.984
* 2 - 750 Axis Location: 522.111, 170.606
B 3.000 _ - Left Slip Surface Endpoint: 525.924, 86.864
] - c=10, phi=30 Ri i int:
ght Slip Surface Endpoint: 579.220, 109.240
] 3.250
o
Etay 3.500
- -
1 3.750
. 4.000 [ 90 to 35 degrees c=10, phi=30
1 4._.250 [ 35to 4 degrees c=0, phi=18
] 4.500 [ 4 to-90 degrees c=10. phi=30
o
= 4._.750
= - 5.000
f 5.250
- 5.500
] 5.750
] 6.000+ Z 7
] - P a AP
- 7 ;/f///'//////,///?//
7 e =
b . Unit Weight Cohesion | Phi " . . ucs "
i Material Name Color (kN/m3) Strength Type (kpa) | (deg) Anisotropic Function (kPa) GSI | mi | D | Water Surface | Hu Type | Hu | Ru
: Proposed Structural Bund Fill D 18 Mohr-Coulomb 5 30 None
: Proposed Managed Fill D 15 Mohr-Coulomb 3 23 None
e Existing Historic Mining Fill . 18 Mohr-Coulomb 3 30 Water Surface | Custom | 1
7 Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
o
u.)i Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 | O | WaterSurface | Custom | 1
: Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
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] Safety Factor
1 0.000
9 0.250
& 4 0.500
1 0.750
] 1.000 _ _ _
1 1.250 MW aikato Coal Measures Bedding Parallel Shears - Ani
o] 1.500 c=10, phi=30
ISm 1.750 c=0, phi=13
] 2.000 _
R 2.250 c=10, phi=30
E 2.500 Sszﬂ:)ssmpllfled
: 2 - 750 Search Method:Auto Refine Search O . 9 8 3
o 3.000 grvciféinse?'gﬁ?sﬂﬁ’-’ffo O 90 to 35 degrees c=10, phi=30
=] 3.250 Number of iterations:5 B 35to 4 degrees c=0, phi=18
i - Divisions to use in next iteration:50% B 4 to-90 degrees c=10, phi=30
, Number of vertices per surface:12
4 3 - 500 Minimum Elevation:Not Defined
] 3 - 750 Minimum Depth:Not Defined
4 1.547 Minimum Area:Not Defined
i 4.000 Minimum Weight:Not Defined
- 4.250 Surfaces with a factor of safety below 1.550
o - 0.983
O Factor of Safety: 0.983
S 4_.500 Axis Location: 521 852, 171.167
R 4.750 Left Slip Surface Endpoint: 525.525, 86.761
B Right Slip Surface Endpoint: 579.342, 109.258
g 5.000
] 5.250 i
] 5.500
B g /////
o 5.750 W %/X’? 7 7
] 6.000+ /// ,
o a q q q a Vertical -
: Material Name Color U?I:\l‘;v:sg)ht Strength Type Co(l:;sal)o n (::;) Co:l‘,e:;on Anisotropic Function (l::as) GSI | mi | D St;;e;:iith Ms'tr::::;:;::;r Water Surface | Hu Type | Hu | Ru
; Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
: Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 25001 30 | 7 | O Water Surface | Custom | 1
o Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
—
! : Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
: Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
i Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
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o
0—
N 4
] Results
O: . . . GLE/ Morgenstem—P_rice
« \Waikato Coal Measures Bedding Parallel Shears - Anis Surface Type: Non-Circular Block Search
Number of Surfaces:5000
N X Multiple Groups:Disabled
T =1 D. ph|:3[| Pseudo-Random Surfaces:Enabled
i ) Convex Surfaces Only:Disabled
— c=0, phi=18 Left Projection Angle (Start Angle) [deg;]:95
b Left Projection Angle (End Angle) [deg;]:185
b Right Projection Angle (Start Angle) [deg;]:65
B . Right Projection Angle (End Angle) [deg;]:-8
o 7 =10, phi=30 Minimum Elevation:Not Defined
LO— Minimum Depth:Not Defined
— 4 Minimum Area:Not Defined
- Minimum Weight:Not Defined
- Every available surface
4 . 3.050
— ] 90 to 35 degrees c=10, phi=30 Factor of Safety: 3.050
B H Axis Location: 311.141, 396.327
] O 35 to 4 degrees c=0, phi=18 Left Slip Surface Endpoint: 180.335, 61.083 }4
4 - 4 to -90 degrees c=10, phi=30 Right Slip Surface Endpoint: 500.852, 90.535
o 1
o
—
o_|
o -
— n Unit Weight Cohesion | Phi n " N ucs a
i Material Name Color (kN/m3) Strength Type (kpa) | (deg) Anisotropic Function (kPa) GSI | mi | D | Water Surface | Hu Type | Hu | Ru
T Proposed Structural Bund Fill D 18 Mohr-Coulomb 5 30 None 0.1
: Proposed Managed Fill D 15 Mohr-Coulomb 3 23 None 0.1
: Existing Historic Mining Fill . 18 Mohr-Coulomb 3 30 Water Surface | Custom | 1
b Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
: Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 | 0| WaterSurface | Custom | 1
o
L‘P i Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
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7| Safety Factor
1 0.000
: 0-250 <024
2 0.500 :
] 0.750
] 1.000
] 1.250
] 1.500
o 1.750
IS Result;
N A 2.000 Bishop simplified
T S h Method:Auto Refine St h
T 2 - 250 Dﬁ/?sricons :Ior?g sloupz:sg e seate
b Circles per division:10
- 2 - 500 Number of iterations:5
B 2.750 Divisions to use in next iteration:50%
T . . Number of vertices per surface:12
B 3.000 Waikato Coal Measures Bedding Parallel Shea mi"im“’“ glevtat:ian:tNgtPeﬁdnEd
. inimum De, NO efine
8— 3.250 10 phi=30 Minimum Arepa:Not Defined
2o = B |T Minimum Weight:Not Defined
4 3.500 c=0, phi=18 Surfaces with a factor of safety below 0.600
4 0.581
B 3 - 750 c=10. phi=20 Factor of Safety: 0.581
_ =14, phi= Axis Location: -9.818, 1710.114
] 4.000 Left Slip Surface Endpoint: 0.412, 23.884
i 4 250 Right Slip Surface Endpoint: 473.282, 94.536 4
8] 4.500 [ 90 to 35 degrees c=10, phi=30
= 4 4.750 [ 35to4 degrees c=0, phi=18
R 5.000 B  4to-90 degrees c=10, phi=30
_ 5.250
] 5.500
1 5.750
B 6.000+
: Material Name Color SRWeIshE Strength Type Cohesionl RN lcohesion Anisotropic Function e GSI | mi | D S\:::::Ill (I SieEs Water Surface | Hu Type | Hu | Ru
] (kN/m3) th Typ (kPa) |(deg)| Type P! (kPa) oy | strength (kPa) P
o—
h Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
: Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 30 | 7 |0 Water Surface | Custom | 1
i Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
: Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
o
Ul)i Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
: Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
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®

Safety Factor
0.000
0.250
b 0.500 Results ) <0.08
GLE / Morgenstern-Price
] O - 750 Search Method:Auto Refine Search
| Divisions along _slo;?e:SU
o 1.000 Waikato Coal Measures Bedding Parallel Shears - Anisotropic function - WCH| Circles pef dhisior:10
87 1 - 250 Divisions to use in next iteration:50%
. Number of vertices per surface:12
7 1 - 500 10 Dh|—30 Minimum Elevation:Not Defined
Minimum Depth:Not Defined
b 1 - 750 0. phi=18 Minimum Area:Not Defined
c=0, i= Minimum Weight:Not Defined
— 2 - OOO P Surfaces with a factor of safety below 1.000
0.819
| 2.250 e 926, 170708
xis Location: 521.726, 170.
— 2 - 500 Left Slip Surface Endpoint: 525.565, 86.771
2 R 750 C:'m, phi:SD Right Slip Surface Endpoint: 578.975, 109.205
| 3.000 0.998
| - 3 i 250
| 3500 O 90t3sd 10, phi=30 N
4 a egrees c=1U, pni=
o 3.750 O 35 to 4 degrees c=0, phi=18
S 4.000 @ 4to 90 degrees c=10, phi=30
o— —
i Material N Col Unit Weight st th T Cohesion | Phi | Cohesion Aot ) ucs Gsl il b s\:ernca:l Minimum Shear Water Surf HuTh Hu | R
aterial Name olor| = N/m3) rength Type (kPa) |(deg)| Type nisotropic Function (kPa) mi ;:‘igot Strength (kPa) ater Surface | Hu Type | Hu | Ru
i Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
i Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500|130 | 7 |0 Water Surface | Custom | 1
- Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
7 Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
b Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 03 35 None 0.1
i Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
8
S
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Waikato Coal Measures Bedding Parallel Shears - Ar|

c=10, phi=30
c=0, phi=18
=10, phi=30

[ 90 to 35 degrees c=10, phi=30
[ 35t0 4 degrees c=0, phi=18
I 4 to-90 degrees c=10, phi=30

1.044

Results

Bishop simplified

Search Method:Auto Refine Search
Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%
Number of vertices per surface:12

Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined ")
Minimum Weight:Not Defined 3
Every available surface g

1.044

Factor of Safety: 1.044

Axis Location: 296.399, 199.716

Left Slip Surface Endpoint: 287.546, 68.980
Right Slip Surface Endpoint: 379.664, 98.536

Material Name

Unit Weight
(kN/m3)

Strength Type

Cohesion
(kpa)

Phi
(deg)

Anisotropic Function

Water Surface

Hu Type

B Existing Historic Mining Fill

Mohr-Coulomb

3

30

Water Surface

Custom

Residual Waikato Coal Measure Stiff Soil

Mohr-Coulomb

5

30

Water Surface

Custom

B Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone

Generalized Hoek-Brown

2500

Water Surface

Custom

Waikato Coal Measures Bedding Parallel Shears

Anisotropic function

WCM Bedding Parallel Shears

Water Surface

Custom

—
250

—
300
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i Waikato Coal Measures Bedding Parallel Shears - Anisotropic function
o
L0— Results
— 4 GLE / Morgenstern-Price 1 . 662
Search Method:Auto Refine Search
7 Divisions along slope:50
B Circles per division:10
Number of iterations:5
b Divisions to use in next iteration:50%
— Number of vertices per surface:12
Minimum Elevation:Not Defined
b Minimum Depth:Not Defined
4 Minimum Area:Not Defined
Minimum Weight:Not Defined
7 Every available surface
4 1.662
= 90 to 35 degrees c=10, phi=30 Factor of Safety: 1.662 <
3 35 to 4 degrees c=0. phi=18 Axis L(_)catlon: 221.377,_149.791 o o o
4 = 410 -90 d g _mp hi=30 Left Slip Surface Endpoint: 202.304, 75.961 < &
| 0 -3 degrees c=1U, phi= Right Slip Surface Endpoint: 275.504, 96.080 "
o_|
o
i N Unit Weight Cohesion | Phi . " .
B Material Name (kN/m3) Strength Type (kPa) | (deg) Anisotropic Function Water Surface
B Proposed Structural Bund Fill D 18 Mohr-Coulomb 5 30 None
(S ‘ Proposed Managed Fill D 15 Mohr-Coulomb 3 23 None 0.1
B Existing Historic Mining Fill . 18 Mohr-Coulomb 3 30 Water Surface | Custom | 1
] Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
| Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500| 30 | 7 | O | WaterSurface | Custom | 1
7 Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
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Waikato Coal Measures Bedding Parallel Shears - Anisotropic functid

=10, phi=30
=0, phi=18

c=10, phi=30

90 to 35 degrees c=10, phi=30
35 to 4 degrees c=0, phi=18
4 to -90 degrees c=10, phi=30

Results

Bishop simplified

Search Method:Auto Refine Search
Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%
Number of vertices per surface:12
Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined

Minimum Weight:Not Defined

Every available surface

1.278

Factor of Safety: 1.278

Axis Location: 213.876, 173.425

Left Slip Surface Endpoint: 160.418, 65.536
Right Slip Surface Endpoint: 307.733, 98.000

Vertical
] . Unit Weight Cohesion | Phi | Cohesion . . . ucs . Minimum Shear
i Material Name Color (kN/m3) Strength Type (kPa) | (deg) Type Anisotropic Function (kPa) GSI [mi | D Stren.gth Strength (kPa) Water Surface | Hu Type | Hu | Ru
Ratio
B Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
7 Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 250030 | 7 |0 Water Surface | Custom | 1
o
B Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
b Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
i Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 03 35 None 0.1
] Existing Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
— s B B . s e e e e e s s B . A et e s s s B B s T
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< [z

Material Name

Unit Weight
(kN/m3)

Bishop simplified

Surface Type: Non-Circular Block Search
Number of Surfaces:5000

Multiple Groups:Disabled

Pseudo-Random Surfaces:Enabled

Convex Surfaces Only:Disabled

Left Projection Angle (Start Angle) [deg;]:95
Left Projection Angle (End Angle) [deg;]:188
Right Projection Angle (Start Angle) [deg;]:85
Right Projection Angle (End Angle) [deg;]:-12
Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined

Minimum Weight:Not Defined

Every available surface

2.368

Factor of Safety: 2.368

Axis Location: 194.518, 300.534

Left Slip Surface Endpoint: 116.214, 64.139
Right Slip Surface Endpoint: 336.651, 96.054

Cohesion

Strength Type (kpa)

Anisotropic Function

Water Surface

Proposed Structural Bund Fill

18

Mohr-Coulomb 5

None

Proposed Managed Fill

15

Mohr-Coulomb 3

None

Existing Historic Mining Fill

18

Mohr-Coulomb 3 30

Water Surface | Custom | 1

Residual Waikato Coal Measure Stiff Soil

17.5

Mohr-Coulomb 5 30

Water Surface | Custom | 1

Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone

20

Generalized Hoek-Brown

2500

Water Surface | Custom | 1

Waikato Coal Measures Bedding Parallel Shears

EEEEOO

20

Anisotropic function

WCM Bedding Parallel Shears

Water Surface | Custom | 1

—
50 100

T \
200 250
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1 Safety Factor
1 0.000
| 0-250 < 0.24
i 0.500 )
0.750
Results
1.000 GLE / Morgenstern-Price
1.250 Search Method:Auto Refine Search
- " . i Divisions along slope:50
1.500 Waikato Coal Measures Bedding Parallel Shears - Anisotrg Circles per dvision 10
1.750 ) Number of iterations:5
- =10, phi=30 Divisions to use in next iteration:50%
2.000 Number of vertices per surface:12
— i= Minimum Elevation:Not Defined
2.250 ©=0, phi=18 Minimum Depth:Not Defined
Minimum Area:Not Defined
2.500 Minimum Weight:Not Defined « 587
2.750 &=10, phi=30 Surfaces with a factor of safety below 0.590 .
=14, = 0.587
3.000 Factor of Safety: 0.587
3.250 Axis Location: 232.834, 214.432
- Left Slip Surface Endpoint: 171.843, 66.840 k
3.500 Right Slip Surface Endpoint: 339.290, 95.393
3.750 ] 90 to 35 degrees c=10, phi=30
4.000 [ 35 to 4 degrees c=0, phi=18
4.250 B 4 to -90 degrees c=10, phi=30
4_.500
4.750
5.000
5.250
5.500
5.750
| 6.000+
b Unit Weight Cohesion | Phi | Cohesion ucs ertical Minimum Shear
| Material Name Color (kN/m?.g) Strength Type (kPa) | (deg) Type Anisotropic Function (kpa) GSI {mi | D St';::igoth Strength (kPa) Water Surface | Hu Type | Hu | Ru
: Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
q Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 30 | 7 | O Water Surface | Custom | 1
i Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
q Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
: Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
q Existing Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
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v P Fill Site 3 - Cross Section 2, Proposed Fill - Seismic Loading
Drawn B) Scale Compan; . .
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1 <« 0.07
7 Waikato Coal Measures Bedding Parallel Shears - Anisotropic function
o | _ - Results
uﬁ)f c=10, phi=30 GLE / Morgenstern-Price
B Search Method:Auto Refine Search
i Divisions along slope:50
c=0, phi=18 Circles per division:10
B Number of iterations:5
i Divisions to use in next iteration:50%
Number of vertices per surface:12
— Minimum Elevation:Not Defined
i Minimum Depth:Not Defined
—40. phi=30 Minimum Area:Not Defined
B c=10, phi= Minimum Weight:Not Defined
i Every available surface
0.977
7 Factor of Safety: 0.977
O: Axis Location: 218.270, 172.901
— _ . Left Slip Surface Endpoint: 165.235, 65.771
1 [ 90 to 35 degrees c=10, phi=30 Right Slip Surface Endpoint: 311.457, 98.031
i [ 35 to 4 degrees c=0, phi=18
B 4t0-90 degrees c=10, phi=30
o_|
n
] Unit Weight Cohesion | Phi | Cohesion ucs efical Minimum Shear
Material Name Color (kN/m3) Strength Type (kPa) | (deg) Type Anisotropic Function (kPa) GSI [mi | D St;;::iith Strength (kPa) Water Surface | Hu Type | Hu | Ru
b Residual Waikato Coal Measure Stiff Soil . 175 Mohr-Coulomb 5 30 Water Surface | Custom | 1
o Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 30| 7 |0 Water Surface | Custom | 1
) Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
B Proposed Structural Bund - Undrained D 18 Undrained 100 Constant None 0.1
] Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 0.3 35 None 0.1
i Existing Historic Mining Fill - Undrained . 18 Undrained 80 Constant Water Surface | Custom | 1
— T T T T T T T T T T T — T T T T T T T —— T T T T
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| Safety Factor
o 0.500
Q| 0.750
7 1.500 Waikato Coal Measures Bedding Parallel Shears - Anisotro Results
] 1.750 Bishop simplified
- c=10, phi:30 Search Method:Auto Refine Search
, 2.000 _ i Divisions along slope:50
c=0, phi=18 Circles per division:10
o ] 2.250 Number of iterations:5
LO— . Divisions to use in next iteration:50%
- | 2.500 c=10, phi=30 Number of vertices per surface:12
Minimum Elevation:Not Defined
B 2.750 Minimum Depth:Not Defined
- Minimum Area:Not Defined
i 3.000 Minimum Weight:Not Defined
] 3 250 l:l 90 to 35 EIEQI'E!ES C:1U‘ phl=30 g.%réz;ceswnhafac(or0fsafe(ybelow0.960
, - 35 to 4 degrees c=0, phi=18 Factor of Safety: 0.897
3.500 I 4to-90d -10. phi=30 Axis Location: 378.880, 122.083
1 to - egrees c=1U, phi= Left Slip Surface Endpoint: 378.109, 105.297
i 3 B 750 Right Slip Surface Endpoint: 393.302, 113.459
o
8 4_.000
. 4._.250
] 4.500
. 4._.750
Q| -
9 5.750
1 6.000+
_ N Unit Weight Cohesion | Phi . . . .
] Material Name (kN/m3) Strength Type (kpa) | (deg) Anisotropic Function Water Surface | Hu Type
7 Existing Farm-Dam Fill . 18 Mohr-Coulomb 5 Water Surface | Custom
- Alluvium & Colluvium . 17 Mohr-Coulomb 2 Water Surface | Custom
O
i Puketoka Formation Materials - Stiff to Very Stiff Soil D 17 Mohr-Coulomb 5 30 Water Surface | Custom | 1
) Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
T Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500 | 30 | 7 | 0| Water Surface | Custom | 1
| Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
o
o
v
L e ) B S s B S B e B L s B e B L B s B B B S S
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Safety

Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4_.000
4._.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

N S R e o R LR o

Waikato Coal Measures Bedding Parallel Shears - Anisotropic functiol

O 90to 35 degrees c=10, phi=30
[ 35to 4 degrees c=0, phi=13
4 to -90 degrees ¢=10, phi=30

c=0, phi=18

Results

GLE / Morgenstern-Price

Search Method:Auto Refine Search

Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%
Number of vertices per surface:12

Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 1.480
0.837

Factor of Safety: 0.887

Avis Location: 378.418, 120.699

Left Slip Surface Endpoint: 377.788, 105.226
Right Slip Surface Endpoint: 391.722, 112.775

-100

Material Name Color ”:‘l'(;‘\;":'ag)h' Strength Type C"(:::')"“ (::;) Anisotropic Function (:'f:) GSl | mi Water Surface | Hu Type | Hu | Ru

Proposed Structural Bund Fill O 18 Mohr-Coulomb 5 30 None
Proposed Managed Fill O 15 Mohr-Coulomb 3 23 None

Existing Farm-Dam Fill [ ] 18 Mohr-Coulomb s |30 Water Surface | Custom | 1

Alluvium & Colluvium [ ] 17 Mohr-Coulomb 2 28 Water Surface | Custom | 1

Puketoka Formation Materials - Stiff to Very Stiff Soil O 17 Mohr-Coulomb s |30 Water Surface | Custom | 1

Residual Waikato Coal Measure Stiff Soil W s Mohr-Coulomb s |30 Water Surface | Custom | 1

Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone [ ] 20 Generalized Hoek-Brown 2500 30 | 7 Water Surface | Custom | 1

Waikato Coal Measures Bedding Parallel Shears ] 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
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Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

L e o R R

Waikato Coal Measures Bedding Parallel Shears - An

c="10, phi=30
c=0, phi=18
c=10, phi=30

[ 90 to 35 degrees c=10, phi=30
E 35t04 degrees c=0, phi=18
I  4to-90 degrees c=10, phi=30

Results

GLE / Morgenstern-Price

Search Method:Auto Refine Search
Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%
Number of vertices per surface:12
Minimum Elevation:Not Defined
Minimum Depth:Not Defined
Minimum Area:Not Defined

Minimum Weight:Not Defined
Surfaces with a factor of safety below 1.200

Factor of Safety: 0.835

Axis Location: 378.460, 120.927

Left Slip Surface Endpoint: 377.788, 105.226
Right Slip Surface Endpoint: 391.956, 112.876

Material Name Color ”'(‘:("“;’r:if)h' Strength Type c"(:i:i)“" (::;) C°T"::;°" Anisotropic Function (:'f:) Gsi | mi|D S‘:EEE:EL ":;’r'::":";" (5':,:' Water Surface | HuType | Hu | Ru
Existing Farm-Dam Fill . 18 Mohr-Coulomb 5 30 Water Surface | Custom 1
Alluvium & Colluvium . 17 Mohr-Coulomb 2 28 Water Surface | Custom | 1
Puketoka Formation Materials - Stiff to Very Stiff Soil |:| 17 Mohr-Coulomb 5 30 Water Surface | Custom | 1
Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 250030 | 7 |0 Water Surface | Custom 1
Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function 'WCM Bedding Parallel Shears Water Surface | Custom 1
Proposed Structural Bund - Undrained |:| 18 Undrained 100 Constant None 0.1
Proposed Managed Fill - Vertical Stress Ratio |:| 15 Vertical Stress Ratio 03 35 None 0.1
Existing Alluvium - Undrained . 17 Undrained 80 Constant Water Surface | Custom 1
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] Waikato Coal Measures Bedding Parallel Shears - Anisotropic fun
o 7 )
(L{IF =10, phi=30
] c=0, phi=18
B c=10, phi=30
o 7 .
IS [ 90 to 35 degrees c=10, phi=30
g [ 35 to 4 degrees c=0, phi=18 Results
h — - Bishop simplified
i B 4to-90 degrees c=10, phi=30 Surface Type: Non-Circular Block Search
N Number of Surfaces:5000
Multiple Groups:Disabled
] Pseudo-Random Surfaces:Enabled
7 Convex Surfaces Only:Disabled
] Left Projection Angle (Start Angle) [deg;]:95
o Left Projection Angle (End Angle) [deg;]:200
Right Projection Angle (Start Angle) [deg;]:85
HL“ Right Projection Angle (End Angle) [deg;]:0
7 Minimum Elevation:Not Defined
B Minimum Depth:Not Defined
B Minimum Area:Not Defined
- Minimum Weight:Not Defined
B Every available surface
1.740
i Factor of Safety: 1.740
* Axis Location: 113.146, 350.424
i Left Slip Surface Endpoint: 32.691, 50.268
i Right Slip Surface Endpoint: 304.998, 105.966
o ST
— |
o_]
Lo -
B Material N Color | Unit Weight Strength T Cohesion | Phi | Cohesion Anisotropic Functi ues | o il o s‘("ﬂ":‘ Minimum Shear| |\ o HaType | Hu | R
— aterial Name olor| = /m3) rength Type (Pa) | (deg)| Type nisotropic Function (kPa) mi ;:r::; Strength (kPa) jater Surface | Hu Type | Hu | Ru
] Existing Farm-Dam Fill [ ] 18 Mohr-Coulomb 5 30 Water Surface | Custom | 1
7 Alluvium & Colluvium . 17 Mohr-Coulomb 2 28 Water Surface | Custom | 1
o—
| Puketoka Formation Materials - Stiff to Very Stiff Soil D 17 Mohr-Coulomb 5 30 Water Surface | Custom | 1
: Residual Waikato Coal Measure Stiff Soil . 17.5 Mohr-Coulomb 5 30 Water Surface | Custom | 1
7 Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 2500( 30 [ 7 (O Water Surface | Custom | 1
1 Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
: Proposed Structural Bund - Undrained D 18 Undrained 150 Constant None 0.1
8; Proposed Managed Fill - Vertical Stress Ratio D 15 Vertical Stress Ratio 03 35 None 0.1
v
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550
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3

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000

< 0.24

o
S 2.250
2.500 Ress
B GLE / Morgenstem-Price
2.750 Search Method:Auto Refine Search
4 - - - Divisions along siope:50
Waikato Coal Measures Bedding Parallel Shears - An Circles per division:10
3.000 Number of erations:s
B ) Divisions to use in next teration:50%
3.250 =10, phi=30 Number of vertices per surface:12
- - i Minimum Elevation:Not Defined
B 3.500 c=0, phi=13 Minimum Depth:Not Defined
- Minimum Area:Not Defined
_ 3.750 Minimum Weight:Not Defined
N - = Surfaces with a factor of safety below 0.630
c=10, phi=30 pyy
B 4.000 Factor of Safety: 0.558
- Axis Location: 100,124, 292.308
i Left Siip Surface Endpoint: 50.776, 52.319
4.250 Right Slip Surface Endpoint: 262.506, 108.836
1 4.500 T 90 to 35 degrees c=10, phi=30
4.750 [ 35 to 4 degrees c=0, phi=18
o h [ 4 to-90 degrees c=10, phi=30
S 5.000
| 5.250
6.000+
b Material Name Color | Unit Weight Strength Type Cohesion | Phi | Cohesion Anisotropic Function US| Gsi | mi| D s‘::erﬂnca:' Minimum Shear .o Surface | Hu Type | Hu | Ru
(kN/m3) gth Typ: (kPa) |(deg)| Type P (kPa) Raﬁi‘ Strength (kPa) ype
Existing Farm-Dam Fill [ ] 18 Mohr-Coulomb 5 30 Water Surface | Custom | 1
b Alluvium & Colluvium [ ] 17 Mohr-Coulomb 2 28 Water Surface | Custom | 1
O Puketoka Formation Materials - SHf to Very Stiff Soil O 17 Mohr-Coulomb s | 30 Water Surface | Custom | 1
E Residual Waikato Coal Measure Stiff Soil B us Mohr-Coulomb s | 30 Water Surface | Custom | 1
4 Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone . 20 Generalized Hoek-Brown 250030 [ 7 |0 Water Surface | Custom | 1
Waikato Coal Measures Bedding Parallel Shears . 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
Proposed Structural Bund - Undrained O 18 Undrained 100 Constant None 01
Proposed Managed Fill - Vertical Stress Ratio l:‘ 15 Vertical Stress Ratio 03 35 None 0.1
B Existing Alluvium - Undrained [ ] 17 Undrained 80 Constant Water Surface | Custom | 1

—
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Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

\\\\\\\\\?\\\\\\\\\1?0\\\\\\\\\2?0\\\\\\

c=10, phi=30
c=0, phi=18
c=10, phi=30

I 90 to 35 degrees c=10, phi=30
[ 35 to 4 degrees c=0, phi=18
B 4to-90 degrees c=10, phi=30

Waikato Coal Measures Bedding Parallel Sh

Results

GLE / Morgenstern-Price

Search Method:Auto Refine Search

Divisions along slope:50

Circles per division:10

Number of iterations:5

Divisions to use in next iteration:50%
Number of vertices per surface:12

Minimum Elevation:Not Defined

Minimum Depth:Not Defined

Minimum Area:Not Defined

Minimum Weight:Not Defined

Surfaces with a factor of safety below 0.990
0.780

Factor of Safety: 0.780

Axis Location: 378.418, 120.699

Left Slip Surface Endpoint: 377.788, 105.226
Right Slip Surface Endpoint: 391.722, 112.775

Material Name Color U'(':N‘;V:'gm Strength Type c"(:::')" n (::;] C°Th::;°" Anisotropic Function (l:::] Gst [mi| D S‘:E;;EL ':1:'::;’: z::f:)' Water Surface | Hu Type | Hu | Ru
Existing Farm-Dam Fill [ ] 18 Mohr-Coulomb s |30 Water Surface | Custom | 1
Alluvium & Colluvium [ ] 17 Mohr-Coulomb 2 |28 Water Surface | Custom | 1
Puketoka Formation Materials - Stif to Very Stiff Soil O 17 Mohr-Coulomb s |30 Water Surface | Custom | 1
Residual Waikato Coal Measure Stiff Soil W s Mohr-Coulomb s |30 Water Surface | Custom | 1
Moderately to Slightly Weathered Waikato Coal Measures - Very Weak Mudstone [ ] 20 Generalized Hoek-Brown 2500| 30 [ 7 |0 Water Surface | Custom | 1
Waikato Coal Measures Bedding Parallel Shears = 20 Anisotropic function WCM Bedding Parallel Shears Water Surface | Custom | 1
Proposed Structural Bund - Undrained O 18 Undrained 100 Constant None 0.1
Proposed Managed Fill - Vertical Stress Ratio O 15 Vertical Stress Ratio 03 35 None 0.1
Existing Alluvium - Undrained [ ] 17 Undrained 80 Constant Water Surface | Custom | 1
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Sliding Block Displacement Analysis

DCLS Event

Project:  Huntly Quarry - Fill Disposal Sites

Section:  Fill Sites 2 -4 - Preliminary Displacement Calc

Designer: MK Print Date: 16-Jan-20

Item Symbol Value |Units |Comment

Inputs

Earthquake magnitude My, 5.8 For Huntly from Bridge Manual Table 6A.1

Hypocentral (slope) distance De 40(km

PGA coefficient Co,1000 0.23 For Huntly from Bridge Manual Table 6A.1

Site Subsoil Category S Cc T,<0.6 sec

Importance Level IL 2 From Bridge Manual Table 2.1

Return period factor For annual probabilities of exceedance of 1 in 500 years
Ry 1 from NZS 1170.5 Table 3.5

Critical acceleration ac mg Estimate from limit equilibrium slope stability analysis

Probability of exceedance p 15(% Bridge Manual uses 50% (Clause 6.3.2)

Initial fundamental period Ts 0.18(s Used in Bray & Travasarou 2007

Calculated Parameters
Site subsoil class factor

—

From Bridge Manual Section 6.2.1

Peak ground acceleration (PGA) Amax From Bridge Manual Section 6.2.1

Peak ground velocity Vo 0.24|m/s Used in RRU and Anderson et al. Taken as 1.0 X apay

Degraded period 1.5Ts 0.27(s Used in Bray & Travasarou 2007. Taken as 1.5 x T

Spectral acceleration at 1.5T S,(1.5T¢) 0.42{g Used in Bray & Travasarou 2007 with consideration of depth reduction factor ry

Acceleration ratio: a./ amax a, 0.25

Normal distribution factor Zy 1.036 Z, = NORMINV((1-p/100),0,1) - Excel Function

Calculated Displacements

Method 1: Jibson, 2007 d; Uses M,, - moment magnitude

Ambraseys & Menu, 1988 dam Based on M, between 6.6 to 7.2 (Mg > M,)

Method 2: Ambraseys & Srbulov, 1995 das Uses M; - surface wave magnitude

RRU Bulletin 84 (Wood & EIms) iy

Method 3: Anderson et al, 2008 dan

Bray & Travasarou, 2007 dor

Upper Bound Displacement d Upper bound value from 3 methods - Based on Bridge Manual Section 6.1.2 & 6.3.4
2000 200% of displacement from one ULS event, Not relevant for MCE event

Based on Bridge Manual Section 6.3.4

Displacements with 50% Probability of Exceedance

100,000
F Method 1: Jibson, 2007
[ Method 2: Ambraseys & Srbulov, 1995
10,000 L\ |
I3 E — . = Method 3: Anderson et al, 2008
£ [
% 000 L \
1, —
=
o E
o F
< [ =3
g o1 -
o 100+¢ e
E —
£ —
E —
r —
\, —
L —
—
10 + =
i \
1 \
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Acceleration Ratio a,/ any
References:

Jibson R W. 2007. Regression models for estimating coseismic landslide displacement.
Engineering Geology Vol 91, Issues 2-4, pp. 209-218.

Ambraseys N, and Srbulov M. 1995. Earthquake Induced Displacements of Slopes,
Soil Dynamics and Earthquake Engineering, Vol. 14, 59 - 71.

Anderson D G, Martin G R, Lam I, and Wang J N. 2008. Seismic Analysis and Design of Retaining Walls,
Buried Structures, Slopes and Embankments. NCHRP Report 611, Transportation Research Board.
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