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𝑃𝑃𝑉 = 539.18 ∗ 𝐷𝑠ିଵ.ଽଷଶ

𝑃𝑃𝐴 (𝑃𝐺𝐴, 𝑔) =
2𝜋𝑓 ∗ 𝑃𝑃𝑉
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CJL

16/06/20261. Pit shell designs provided to BGL by Graymont (NZ) Limited on 30/03/2026.
2.Aerial imagery provided to BGL by Graymont (NZ) Limited on 19/03/2026, titled
"Orthoimage_ALL_05M". Surrounding aerial imagery sourced from LINZ, titled
"Waikato 0.3m Rural Aerial Photos (2023-2024)"
3. Camelot Cave location sourced from Crossley P.C., 2014 New Zealand Cave Atlas
North Island, Speleological Society Inc, Digital Library.
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1. Pit shell designs provided to BGL by Graymont (NZ) Limited on
30/03/2026.
2.Aerial imagery provided to BGL by Graymont (NZ) Limited on
19/03/2026, titled "Orthoimage_ALL_05M"
3. Camelot Cave location sourced from Crossley P.C., 2014 New Zealand
Cave Atlas North Island, Speleological Society Inc, Digital Library.
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Appendix B - Figure 004

Seepage (Observed)
RL 155 m (Approximate)

1. Aerial imagery provided to BGL by Graymont (NZ) Limited on
30/04/2026
2. Contour information was provided to BGL by Graymont (NZ) Limited
on 30/04/2026. Elevation information is referenced in NZGD2000
Ellipsoidal height.
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1. Site photo was captured on 29 April 2026 along RL 180 m.
2. Elevation data was provided by Graymont NZ Limited, projected in NZGD2000 Ellipsoidal Height.
3. Structural measurements were taken by BGL personnel.
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 Analysis of Rock Strength using RocLab - Otorohanga Limestone (D=0)

 Hoek-Brown Classification
 intact uniaxial comp. strength (sigci) = 20 MPa
 GSI = 99    mi = 10    Disturbance factor (D) = 0
 intact modulus (Ei) = 18000 MPa
 modulus ratio (MR) = 900

 Hoek-Brown Criterion
 mb = 9.649    s = 0.8948    a = 0.500

 Mohr-Coulomb Fit
 cohesion = 3.330 MPa    friction angle = 51.46 deg

 Rock Mass Parameters
 tensile strength = -1.855 MPa
 uniaxial compressive strength = 18.919 MPa
 global strength = 17.572 MPa
 deformation modulus = 17855.17 MPa
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Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 2.4 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.4
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Displacement
min (stage): 0.0000 m

max (stage): 0.0465 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.40G Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.40 g (Horizontal) Scenario

20260529 - PPA 2.40G _H.fez
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0.00850.0085
0.0068

Document Name
20260529 - PPA 2.40G H_Left
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: -2.4 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.4
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Displacement
min (stage): 0.0000 m

max (stage): 0.0149 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.40G Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.40 g (Horizontal) Scenario

20260529 - PPA 2.40G -H.fez20260529 - PPA 2.40G -H.fez
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0.01140.01140.0080

Document Name
20260529 - PPA 2.40G Vertical
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 0 (positive to the right)
Vertical seismic load coefficient: -2.4 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.4

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0192 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.40G Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.40 g (Vertical) Scenario
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Document Name
20260529 - PPA 2.40G Oblique
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 1.7 (positive to the right)
Vertical seismic load coefficient: -1.7 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  1.7

  1.7

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0215 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.40G Oblique.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.40 g (Oblique) Scenario
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Document Name
20260529 - PPA 2.78 H_Right
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 2.78 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.78

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0495 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.78 H_Right.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.78 g (Horizontal) Scenario
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Document Name
20260529 - PPA 2.78 H_Left
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: -2.78 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded trianglesDocument Name

  2.78

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0541 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.78 H_Left.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.78 g (Horizontal) Scenario
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Document Name
20260529 - PPA 2.78 Vertical
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 0 (positive to the right)
Vertical seismic load coefficient: -2.78 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.78

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0222 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.78 Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.78 g (Vertical) Scenario
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Document Name
20260529 - PPA 2.78 Oblique
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 1.97 (positive to the right)
Vertical seismic load coefficient: -1.97 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  1.97

  1.97

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0232 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 2.78 Oblique.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 2.78 g (Oblique) Scenario
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Document Name
20260529 - PPA 3.11G H_Right
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 3.11 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.11

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0524 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.11G H_Right.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.11 g (Horizontal) Scenario
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Document Name
20260529 - PPA 3.11G H_Left
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: -3.11 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.11

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0578 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.11G H_Left.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.11 g (Horizontal) Scenario
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Document Name
20260529 - PPA 3.11G Vertical
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 0 (positive to the right)
Vertical seismic load coefficient: -3.11 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.11

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0248 m

0.0200

0.0180

0.0160

0.0140

0.0120

0.0100

0.0080

0.0060

0.0040

0.0020

0.0000

3
0

2
5

2
0

1
5

1
0

5
0

-15 -10 -5 0 5 10 15 20 25 30 35 40

Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.11G Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.11 g (Vertical) Scenario
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Document Name
20260529 - PPA 3.11G Oblique
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 2.2 (positive to the right)
Vertical seismic load coefficient: -2.2 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.2

  2.2

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0249 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.11G Oblique.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.11 g (Oblique) Scenario
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Document Name
20260529 - PPA 3.66G H_Right
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 3.66 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.66

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0569 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.66G H_Right.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.66 g (Horizontal) Scenario
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Document Name
20260529 - PPA 3.66G H_Left
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: -3.66 (positive to the right)
Vertical seismic load coefficient: 0 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.66

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0647 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.66G H_Left.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.66 g (Horizontal) Scenario
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Document Name
20260529 - PPA 3.66G Vertical
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 0 (positive to the right)
Vertical seismic load coefficient: -3.66 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  3.66

Total
Displacement
min (stage): 0.0000 m

max (stage): 0.0291 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.66G Vertical.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.66 g (Vertical) Scenario
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Document Name
20260529 - PPA 3.66G Oblique
Project Settings
General
Stress Analysis
Groundwater
Field Stress
Field stress: gravity
Using actual ground surface
Effective stress ratio (horizontal/vertical in-plane): 1
Effective stress ratio (horizontal/vertical out-of-plane): 1
Seismic Loading
Horizontal seismic load coefficient: 2.59 (positive to the right)
Vertical seismic load coefficient: -2.59 (positive up)
Seismic load applied in: 2. Load
Mesh
Mesh type: graded
Element type: 6 noded triangles

  2.59

  2.59
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Displacement
min (stage): 0.0000 m

max (stage): 0.0289 m
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Analysis Description Camelot Cave Seismic Performance -2.78 g (Oblique)
Company Baseline Geotechnical LimitedScale 1:150Drawn By CLi
File Name 20260529 - PPA 3.66G Oblique.fezDate 4/06/2026

Project

Pakeho Pit, Oparure Quarry

INTERPRET 11.028

Southwestern Pit, Oparure Quarry

Peak Particle Acceleration (PPA) - 3.66 g (Oblique) Scenario


