C ONSULTING
E ARTH
S CIENTISTS

LEACHATE MANAGEMENT PLAN (LMP):
LANDFILL CELLS W, X, Y and Z.
LOT 582, DP 1123656, HALLARDS ROAD
CENTRAL MANGROVE, NEW SOUTH WALES.
PREPARED FOR VERDE TERRA PTY LTD
CES REPORT REFERENCE: CES110703-VDT-60

Written by:
Reviewed by:

Dr. M. Pickett
D. Lowe

Authorised by:
Client:

Duncan Lowe
Verde Terra Pty Ltd
78 Hallards Road,
Central Mangrove
NSW 2250

Date:

04 February 2014

Telephone: 02 8569 2200 • Fax: 02 9983 0582 • Suite 3, Level 1
55 to 65 Grandview Street Pymble, NSW 2073 • Australia
 Consulting Earth Scientists ALL RIGHTS RESERVED
UNAUTHORISED REPRODUCTION OR COPYING STRICTLY PROHIBITED

CONSULTING
EARTH
SCIENTISTS

LEACHATE MANAGEMENT PLAN (LMP):
LANDFILL CELLS W, X, Y and Z.
LOT 582, DP 1123656, HALLARDS ROAD
CENTRAL MANGROVE, NEW SOUTH WALES.
PREPARED FOR VERDE TERRA PTY LTD
CES REPORT REFERENCE: CES110703-VDT-60
(Amended 10 October 2017#)

#

Amended 10 October 2017 by Addition of Post
Submission Note 1: Fill Mound to be reduced by 6m in
accordance with the Consent Orders.

CES Document Referenced: CES110703-VDT-60

Page 2 of 47

CONSULTING
EARTH
SCIENTISTS

LEACHATE MANAGEMENT PLAN (LMP), LANDFILL CELLS
W, X, Y AND Z, LOT 582, DP 1123656, HALLARDS ROAD,
CENTRAL MANGROVE, NSW.
PREPARED FOR VERDE TERRA PTY LTD.
CES Report Reference: CES110703-VDT-60

TABLE OF CONTENTS
1.

INTRODUCTION ............................................................................................................................................. 6

2.

OBJECTIVES.................................................................................................................................................... 7

3.

SITE CHARACTERISTICS AND REGIONAL SETTING ......................................................................... 7
3.1

Site Identification and Location...................................................................................................................... 7

3.2
3.3

Landfill Description........................................................................................................................................ 8
Climate............................................................................................................................................................ 8

3.4

Geology and Soils........................................................................................................................................... 9

3.5

Groundwater Monitoring .............................................................................................................................. 10

4.

STAGES OF LANDFILLING........................................................................................................................ 11

5.

LEACHATE GENERATION MODELLING .............................................................................................. 13

6.

5.1

Leachate Collection System.......................................................................................................................... 13

5.2
5.3

Model Description ........................................................................................................................................ 13
Landfill Profiles and Model Structure .......................................................................................................... 15

5.4

Meteorological Data ..................................................................................................................................... 15

LEACHATE MANAGEMENT STRATEGY............................................................................................... 16
6.1

Minimise Leachate Generation ..................................................................................................................... 17

6.2
6.3

Progressive Landfill Cell Construction...................................................................................................... 17
Engineered Leachate Barrier ........................................................................................................................ 18

6.4
6.5

Leachate Collection Conveyance System ..................................................................................................... 28
Temporary Bund Walls................................................................................................................................ 37

6.6

Vertical Leachate Drainage .......................................................................................................................... 37

6.7
6.8

Management Of Leachate Head.................................................................................................................... 38
Leachate Holding Dam ................................................................................................................................. 39

6.9 Supplementary Leachate Management Measures...................................................................................... 40
6.10 Leachate Disposal......................................................................................................................................... 44
7.

PLACEMENT OF FIRST WASTE LIFT..................................................................................................... 45

CES Document Referenced: CES110703-VDT-60

Page 3 of 47

CONSULTING
EARTH
SCIENTISTS

8.

GROUNDWATER DEPRESSURISATION............................................................................................... 45

9.

STORMWATER MANAGEMENT .............................................................................................................. 46

10.

ENVIRONMENTAL MONITORING .......................................................................................................... 46

11.

SECONDARY ENVIRONMENT PROTECTION MEASURE – CUT OFF TRENCH .......................... 47

12.

CONSTRUCTION QUALITY ASSURANCE PLAN.................................................................................. 47

LIST OF FIGURES
Figure 1: Site Location Map
Figure 2: Site Plan Showing Cadastre and Lot Boundaries
Figure 3: Proposed Extent of Area Covered Under the Environmental Protection License
Figure 4: Landfill Cell Locations, Configuration and Location of Leachate Holding Pond
Figure 5: Proposed Final Landform Contours
Figure 6: Leachate Barrier and Leachate Collection and Conveyance System
Figure 7: Leachate Collection Pipe and Sump Design
Figure 8: Landfill Cell Intermediate Bund Wall Schematic
Figure 9: Indicative Locations of Leachate Collection Gutter and Cut-Off Trench
Figure 10: Section Through Leachate Collection Gutter
Figure 11: Cut-Off Trench Section.
Figure 12: Proposed Environmental Monitoring Locations

LIST OF TABLES
Table 1: Rainfall Averages, Bureau of Meteorology Station Mangrove Mountain
Table 2: Mean Monthly Temperatures and Relative Humidity, Bureau of Meteorology Station
Mangrove Mountain
Table 3: Summary of Groundwater Monitoring Data
Table 4: Landfill Stages and Design Volumes
Table 5: Water Balance Modelled Landfill Profile
Table 6: HDPE Geomembrane Liner Minimum Requirements
Table 7: Geosynthetic Clay Liner Minimum Requirements
Table 8: Minimum Requirements for the Triplanar Geonet
Table 9: Geotextile Flow-reduction Factor Values
Table 10: Geonet Flow-reduction Factor Values for Flow-related Problems

CES Document Referenced: CES110703-VDT-60

Page 4 of 47

CONSULTING
EARTH
SCIENTISTS

LIST OF APPENDICES
Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:

Landfill Construction Quality Assurance Plan
Leachate Generation Modelling
Pipe Calculations and Specifications
Technical Reports and Test Results for Proposed Leachate Collection and
Conveyance System

Appendix 5:

Copy of Stephen Thorne and Associates Plan Referenced: 5617/June/09 Issue A

CES Document Referenced: CES110703-VDT-60

Page 5 of 47

CONSULTING
EARTH
SCIENTISTS

LEACHATE MANAGEMENT PLAN (LMP), LANDFILL CELLS
W, X, Y AND Z, LOT 582, DP 1123656, HALLARDS ROAD,
CENTRAL MANGROVE, NSW.
PREPARED FOR VERDE TERRA PTY LTD.
CES Report Reference: CES110703-VDT-60

1. INTRODUCTION
Verde Terra Pty Ltd (Verde Terra) operates a General Solid Waste (non-putrescible) landfill on
the north west part of Lot 582 in Deposited Plan (DP) 1123656, Hallards Road, Central Mangrove,
New South Wales, located in the City of Gosford local government area (Figure 1). The landfill
is operated under Environmental Protection Licence (EPL) number 11395 issued by the NSW
Environmental Protection Authority (EPA).
The licensed premises are located on land owned by the Returned Services League Australia (NSW
Branch) (RSL) and leased to Mangrove Mountain Memorial Golf Club(Note 1). The landfill is
operated under contract by Verde Terra. Lot 582 of DP 1123656 is to be re-modelled by Verde
Terra to provide a new golf course for the Golf Club.
Landfilling has occurred over the north western part of Lot 582 in DP1123656 and comprises
completed landfill cells and future new landfill cells W, X, Y and Z. Verde Terra has engaged
Consulting Earth Scientists Pty Ltd (CES) to prepare this Leachate Management Plan (LMP) that
contains the detailed design documentation and engineering in relation to the construction of
landfill Cells W, X, and Z. This LMP has also been prepared in accordance with the agreement
between Verde Terra, Gosford City Council (GCC) and the Golf Club reached in September 2013
(herein referred to in this document as the Agreement). This LMP will be incorporated into the
updated Landfill Environmental Management Plan (LEMP) for the site.

Note 1: For the purpose of this document, the RSL and the Mangrove Mountain Memorial Golf Club, shall
collectively be referred to as the Golf Club.
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2. OBJECTIVES
The objectives of this LMP are as follows:
1.

2.

Develop and document the proposed leachate management approach for landfill Cells W,
X, Y and Z including:


The design of the leachate barrier.



The design of the Leachate Collection and Conveyance Systems (LCCS).



If practicable, tie the leachate barrier for Cells W, X and Y into the existing leachate
barrier beneath the adjacent fill mound to the north west of Cells W, X and Y.



If impracticable to tie the leachate barrier of Cells W, X and Y into the existing fill
mound leachate barrier, then:
o Construct a Leachate Collection Gutter at the toe of the existing fill mound
to convey leachate into the Cells W, X and Y.
o Undertake as far as is safely practicable, investigation to locate a buried
leachate pond shown on a June 2009 survey plan of the site (Plan Reference:
5617/Jun/09 Issue A) and if located, connect the buried leachate pond to the
Leachate Collection Gutter.



Construct a Leachate Holding Pond.



Provide requirement for overall leachate management.

Prescribe methods to evaluate system performance and environmental monitoring
requirements.

The following guidance document has been considered in the preparation of this LMP:


Environment Protection Authority, 1996: Environmental Guidelines: Solid Waste
Landfills (EPA NSW 95/85).

3. SITE CHARACTERISTICS AND REGIONAL SETTING
3.1 SITE IDENTIFICATION AND LOCATION
The Central Mangrove Waste Facility is located on Hallards Road, Central Mangrove, NSW (refer
to Figure 1). The site lies approximately 18 kilometres (km) north east of the City of Gosford and
is in the City of Gosford Local Government Area (LGA).

The site is bordered by Ourimbah State Forest to the north, west and east. Wisemans Ferry Road
lies beyond the southern boundary. There are also three creeks in the vicinity of the site. Their
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approximate distances from the site are as follows: Hallards Creek 200m to the northwest;
Ourimbah Creek 1.4km to the east and Popran Creek 300m to the south west. The landfill is
located within the boundaries of the Mangrove Mountain Memorial Golf Course. The site
comprises Lot Number 582 in Deposited Plan (DP) 1123656 as shown in Figure 2.

3.2 LANDFILL DESCRIPTION
The site incorporates the Mangrove Mountain Memorial Golf Club, which is located to the south
east of the main landfill activities. The existing Leachate Holding Pond and Stormwater Retention
Basins are located in the north eastern part of the landfill. The highest elevation for the site is near
the Golf Club House located to the south of the site with an elevation of approximately 340mAHD.
The lowest elevation is located in the north east corner of the landfill area at approximately
270mAHD.

3.3 CLIMATE
The Bureau of Meteorology has recorded climatic conditions at Mangrove Mountain
Meteorological Station (number: 061375, latitude: 33.29°S, longitude: 151.2°E and elevation
305 m). Rainfall, temperature and humidity have been recorded for the last 19 years from January
1994 until 2013.

3.3.1

Rainfall

The mean annual rainfall at this meteorological station is 1088.4 millimetres (mm). Monthly
average rainfall is presented in Table 2.

Table 1: Rainfall Averages, Bureau of Meteorology Station Mangrove Mountain
Mean Rainfall (mm)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

105.3

152.6

123.6

85.0

92.0

113.2

45.2

56.6

68.9

71.4

92.5

84.4
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3.3.2

Temperature and Humidity

The mean maximum and mean minimum monthly temperatures recorded in this 19 year period
was 21.6° C and 11.7° C respectively. Mean monthly temperatures and mean monthly relative
humidity data is presented in Table 3.
Table 2: Mean Monthly Temperatures and Relative Humidity, Bureau of Meteorology
Station Mangrove Mountain.
Mean Maximum Temperature °C
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

26.9

26.4

24.6

21.6

18.4

15.8

15.1

17.3

20.3

22.4

24.1

25.9

Mean Minimum Temperature °C
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

16.8

17

15.1

12.1

9.2

7.3

6.0

6.7

9.4

11.4

13.7

15.3

Relative Humidity 9 am (%)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

79

84

85

80

81

81

78

70

66

65

74

74

Relative Humidity 3 pm (%)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

61

64

62

62

64

64

58

49

49

53

58

57

3.4 GEOLOGY AND SOILS
3.4.1

Regional Geology

The site lies within the Sydney basin, a relatively simple asymmetrical structural basin, consisting
of Recent to Tertiary unconsolidated deposits overlying Triassic bedrock. The basin extends from
Port Stephens to Batemans Bay. Bedrock is predominately Triassic Sandstones and Shales.
3.4.2

Site Geology and Soils

The Gosford Lake Macquarie geological series sheet 9131, 9231 (Geological Survey NSW 2006)
indicates that the Site is underlain by the Triassic Hawkesbury Sandstone formation. Hawkesbury
Sandstone is a medium to very coarse grained quartz sandstone with minor laminated mudstone
and siltstone lenses.
A review of the Gosford – Lake Macquarie soil landscape series sheet 9131-9231 (Soil
Conservation Service NSW 1993) indicates that the dominant soil landscapes for this site are
Sydney Town and Hawkesbury. Sydney Town soils usually comprise of shallow to deep (less than
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0.5 m to greater than 1.50 m) yellow earths, earthy sands and some siliceous sands on crests and
slopes; shallow to moderately deep (<50 to >150 cm) siliceous sands, leached sands and grey
earths in poorly drained areas and drainage lines; moderately deep (0.1 to 0.15 m) yellow podzolic
soils and gleyed podzolic soils associated with shale lenses. Hawkesbury soils usually comprise
shallow and discontinuous lithosols/siliceous sands associated with rock outcrops; earthy sands,
yellow earth and some yellow podzolic soils on inside of benches and along joints and fractures:
localised yellow and red podzolic soils associated with shale lenses; siliceous sands and secondary
yellow earths along drainage lines.

3.5 GROUNDWATER MONITORING
Groundwater monitoring has been undertaken at the site since 2009. The location of existing
groundwater monitoring wells at the site is shown in Figure 12. Table 1 provides a summary of
the groundwater monitoring data between 2009 and May 2013.
Table 3: Summary Groundwater Monitoring Data
Monitored Groundwater Elevations
Name

Description

Minimum
SWL

Median
SWL

Maximum
SWL

(mAHD)

(mAHD)

(mAHD)

Easting*

Northing*

Ground
Level*
(m
AHD)

2AS

Shallow

(MMBH4)

nested well

2AD
(MMBH4)

Deep nested
well

3AS

Shallow

(MMBH5)

nested well

3AD
(MMBH5)

Deep nested
well

6AS

Shallow

(MMBH1)

nested well

6AD

Deep nested

(MMBH1)

northern well

7AS

Shallow

(MMBH3)

nested well

285.19

285.34

285.49

283.82

283.89

283.95

Dry

Dry

Dry

299.71

299.75

299.79

Dry

Dry

Dry

336417

6315590

287

335958

6315520

335

336194
295.55

295.61

295.66

Dry

Dry

Dry
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Monitored Groundwater Elevations
Name

Description

Minimum

Median

Maximum

SWL

SWL

SWL

(mAHD)

(mAHD)

(mAHD)

Easting*

Northing*

Ground
Level*
(m
AHD)

7AD
(MMBH3)
8AS
(MMBH2)

Deep nested
well
Shallow
nested well

8AD

Deep nested

(MMBH2)

well

297.90

297.93

297.96

300.68

300.68

300.68
336276

295.79

295.82

6315471

304

295.85

m bgl: Below Ground Level
m AHD: Australian Height Datum

Minor perched water seepages have been observed from above Shale lenses in the Cell W
excavation side wall, however significant inflows of groundwater have not been observed in the
excavation that would adversely impact on the installation or performance of the leachate barrier
or leachate collection and conveyance system proposed for Cell W.
Based on the above data, it is assessed that groundwater will likely be encountered during
construction of still to be excavated Cells X, Y and Z. Groundwater depressurisation measure
for these cells are discussed in Section 6.12.

4. STAGES OF LANDFILLING
In accordance with the Heads of Agreement dated 23 September 2013 between Verde Terra, GCC
and the Golf Club, the existing fill mound at the site is to be reduced in height by 7.4m 6m (refer
to PSN1 below) with the volume of waste exhumed to be sufficient to reduce the height of the final
landform to 340mAHD RL 341.6 (refer to PSN1 below). The exhumed waste is to be re-located
into the new landfill cells.
The Agreement also states that the total volume of waste material imported to the site from the
date of approval of construction of the landfill lining in Cell W, is not to exceed 1,317,503m3 of
space (both void and airspace). The Agreement also requires that lowest base elevation of the new
landfill cells W, X, Y and Z shall be 292mAHD (Australian Height Datum) and the base of the
landfill cells shall fall to the north east to allow gravity drainage of leachate.
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Based on survey data provided by Grinsell and Johns Pty Ltd surveyors (survey undertaken June
2013), the volume of material to be relocated by reducing the height of the existing fill mound by
7.4m is 101,343m3. Allowing for bulking and re-compaction factors and the inclusion of waste
cover materials during the exhumation and waste re-location exercise, it is assessed that the volume
of space to be taken by re-location of the existing fill mound material is 155,987m3.
The stages of the landfill development and the final landform used to assess the volumes are
presented in Figures 4 and 5 respectively
PSN1: Post Submission Note (10 October 2017): In accordance with the Land and Environment
proceedings 12/40900 Consent Orders dated 29 August 2014. The existing fill mound that lies
within the former regulated Area B is to be lowered by exhumation of 6 metres of waste. The
volume of waste to be removed from the existing fill mound is to be sufficient to reduce the height
of the final landform to RL 341.6.

Table 4: Landfill Stages and Design Volumes
Stage

Approx
imate
Length
(m)

Approxima
te Width
(m)

Approxim
ate
Capacity
(Months)

Approxim
ate
Annual
Landfillin
g Rate
(m3/Year)

Approxim
ate Depth
(Below
Existing
Ground
Level)

Design
Volume
(m3)

(m)
Cell W
Cell X
Cell Y
Cell Z
Re-location
of 7.4m of
existing fill
mound

148
80
80
80

100
135
152
152

---

---

30
29
35
26

146,790
147,540
146,840
148,470

20
33
39
39

366,975
356,557
428,283
321,675

---

(-155,987)

Total

1,317,503

Leachate controls will be implemented prior to the placement of waste in any stage. The EPA will
be notified prior to commencement of construction on any new landfill stage. Upon completion
of each stage, a Construction Quality Assurance (CQA) report will be prepared by a suitably
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qualified and experienced geotechnical practitioner and submitted to the EPA. Waste will only be
placed within a landfill stage upon receipt of written approval from EPA.

5. LEACHATE GENERATION MODELLING
Leachate generation modelling has been undertaken based on the following assumptions:

5.1 LEACHATE COLLECTION SYSTEM
A geocomposite Leachate Collection and Conveyance System (LCCS) is specified for the new
landfill cells. The geocomposite LCCS has been designed on the following basis:


Hydraulic flow rate that is equivalent or superior to the EPA (1996) benchmark technique
of 300mm of gravel with a permeability of 10-3 m s-1; and



Hydraulic flow rate that exceeds modelled leachate flows at the site, taking into account
appropriate reduction factors for geotextile and geonet performance as described in
Koerner (2005).



Groundwater inflow will be minimal due to the landfill cell base being excavated to
elevations above groundwater level and the installation of a leachate barrier.

The results of modelling undertaken to estimate leachate flows into the geocomposite LCCS are
presented below.

5.2 MODEL DESCRIPTION
The Hydrological Evaluation of Landfill Performance (HELP) model developed by the United
States Environment Protection Agency (USEPA) Risk Reduction Engineering Laboratory was
used to provide estimates of leachate generation rates for the completed landfill profile at the site.
The HELP model is a quasi-two-dimensional, unsaturated zone hydrological model. The model
was developed by the USEPA to assist in predicting landfill hydrologic processes and testing the
effectiveness of landfill designs. The model provides information on the percolation of water
through the landfill profile, changes in the volume of water stored in each landfill component and
the predicted quantity of water moving out of a landfill (Waterloo Hydrogeologic, 2002).
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The landfill profile modelled in the hydrological simulations using HELP comprises the following
components:


Capping of intermediate cover.



Vertical percolation layers.



Lateral drainage layers.



Geosynthetic membrane barrier.



Primary leachate collection barrier (GCL).



Geotextile and geonets drainage layers.

Vertical water movement is modelled through the cap, waste, barrier and drainage layers. The
following layer properties have been considered in the HELP model:


Porosity.



Field capacity.



Wilting point (relevant for layers used as a growing medium).



Saturated hydraulic conductivity.



Subsurface inflow (groundwater inflow may be crudely incorporated using this property,
however it is assumed that groundwater inflow will be minimal due to the installation of a
leachate barrier).



Initial moisture content; and



Barrier pinhole density, installation defects, placement quality and geotextile
transmissivity.
Landfill water-balance modelling using the HELP model has been carried out in the following
sequence:


Construct a conceptual model of the landfill in the form of a HELP profile.



Select climatic locations for weather data.



Nominate a time frame for modelling.



Evaluate the results of each model run.



Modify the profile as required and re-run the model.

It is important to note that the HELP model provides only broad-scale estimates of leachate
generation, which can vary considerably from field conditions. As such, results should be regarded
as coarse estimates only.
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5.3 LANDFILL PROFILES AND MODEL STRUCTURE
The landfill modelled using HELP is presented in Table 5. The model assumes the average
thickness of waste in new cells W, X, Y and Z. The modelling does not consider a final capping
to be in place in order to simulate the scenario where the most leachate generation would take
place. The modelled landfill profile is presented in Table 5.
Table 5: Water Balance Modelled Landfill Profile
Layer

Layer

Thickness

Number

Type

(m)

1

Infiltration

0.1

Porosity

Field

Saturated

Sub-surface

Leachate

Capacity

Hydraulic
Conductivity1

Inflow
(mm/d-1)

Re-circulated
(%) Collected

0.473

0.222

5.2E10-4

0

0

0.5

0.451

0.419

6.8E10-7

0

0

Drainage
Layer
2

Intermedia
te Waste
Cover

1

Municipal
Waste

40

0.67

0.29

1.0E10-3

0

0

2

Sand

0.3

0.44

0.06

5.8E10-3

0

0

3

Geonet

0.005

0.85

0.01

33

0

0

4

HDPE

0.001

-

-

2.0E10-13

0

0

5

GCL

0.01

0.75

0.747

3.0E10-9

0

0

Note: Saturated hydraulic conductivity expressed in units of cm s-1, consistent with HELP model input. For example, permeability of 10 -8 m s-1 is
equivalent to 10-6 cm s-1.

5.4 METEOROLOGICAL DATA
A synthetic weather generator has been incorporated into the HELP model. Raw data for Mangrove
Mountain meteorological station has been used in the modelling exercise.

5.5 MODEL TIME SCALES
The HELP model was run on a yearly timescale for 20 years.
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5.6 RESULTS
The results of the HELP modelling are enclosed in Appendix 2. Results from the HELP model
are for an area of 1 hectare. Leachate generation rates were estimated from results for leachate
collected from the geonet drainage layer and based on a cell footprint size of 42,985m2. As shown
in Appendix 2, the average modelled annual total leachate volume collected in the drainage layer
is 92 mm per hectare, which equates to 426mm for Cells W, X, Y and Z. This annual rate equates
to 1.2mm of leachate per day. The peak daily rate of modelled leachate collection for the drainage
layer is 1.2 mm per day per hectare, or 5.16mm per day anticipated for Cells W, X, Y and Z.

6. LEACHATE MANAGEMENT STRATEGY
The leachate management strategy for the general solid waste landfill area of the site is based on
the following principles:
a) Minimise leachate generation.
b) Use of an engineered barrier system in the new landfill cells to contain and control leachate
within the landfill area.
c) Control and minimise leachate head to a level no greater than 1m above the landfill liner.
d) Where practicable, the leachate barrier for new Cells X, Y and Z is to be tied into the
existing leachate barrier beneath the adjacent fill mound to the north west of Cells X, Y
and Z.
e) If it is found to be impracticable to join the leachate barrier of new landfill cells X, Y and
Z into the existing leachate fill mound barrier, the following management strategy will be
implemented.
i) Undertake as far as safely practicable investigation to locate a buried leachate pond
shown in a June 2009 survey plan of the site (Plan Reference: 5617/Jun/09 Issue A
produced by Stephen Thorne and Associates Pty Ltd (a copy of which is enclosed in
Appendix 5). If the buried leachate pond is located, it shall be connected to the
Leachate Collection Gutter.
ii) Construct a Leachate Collection Gutter at the toe of the existing fill mound to convey
leachate into new Cells W, X, Y and Z and thereby into the main Leachate Collection
and Conveyance System for the site.
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f) Leachate collection to be facilitated through the use of a Leachate Collection and
Conveyance System (LCCS) installed over the entire base of Cells W, X, Y and Z. The
leachate drainage layer will consist of a geosynthetic drainage layer with a collection pipe
network on the floor of the landfill cell. The LCCS is designed to allow leachate drainage
under gravity.
g) Storage of leachate in an above ground leachate holding pond.
h) Leachate re-circulation and disposal through various methods including evaporation,
offsite disposal, re-injection into the waste mass and irrigation onto uncapped areas that
possess a formal leachate barrier and leachate collection and conveyance system and
irrigation onto the active tipping area and areas where waste is being exhumed during
relocation of the upper 7.4m of the fill mound.

6.1 MINIMISE LEACHATE GENERATION
Measures to be implemented to minimise the volume of leachate generated at the site include:


Application of daily and intermediate cover to deposited waste to minimise rainfall
infiltration.



Diversion of surface water into the stormwater management system, so that it does not
come into contact with leachate or waste.



Diversion of runoff from surrounding land around and away from the landfill.



Construction of intermediate bund walls in the new landfill cells to maintain separation of
surface water from waste and leachate.



Keep to a minimum the size of the active tipping face and fill mound exhumation
excavations.



Following reduction in height of the existing fill mound and in accordance with the
Agreement, capping of existing fill mound is to be undertaken as soon as possible.
Construction of the capping will occur sequentially in up to 9 stages, with each stage being
temporary capped with at least 500mm of intermediate cover.

6.2 PROGRESSIVE LANDFILL CELL CONSTRUCTION
Landfill cells X, Y and Z will be formed by excavation of the Hawkesbury Sandstone bedrock.
At the time of preparing this document, Cell W had been excavated. New landfill cells X, Y and
Z are to be formed by ripping sandstone following the excavation of residual overburden. The
internal boundaries of cells X, Y and Z have been arbitrarily assigned to enable progressive
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controlled development and controlled filling of the cells. It is envisaged that the new landfill
cells will be partially lined in stages and the leachate collection and conveyance system constructed
in a sequential manner with lined Temporary Intermediate Bund walls constructed to contain
leachate within the active part of the waste cell and maintain separation of surface water from
waste and leachate. Details of the intermediate bund wall construction are provided in Section 6.5
and Figure 8. The landfill will be developed by sequentially filling Cell W followed by Cells X,
Y and finally Z. Adjacent cells will be separated with Temporary Bund Walls and the leachate
barrier and LCCS for adjacent cells joined and extended.
Landfill cell floors shall be formed such that the drainage gradient is established towards the
leachate collection sump with the longitudinal and lateral gradients shown in Figure 4. The
leachate sump for the cells is to be constructed as shown in Figure 7. Natural material excavated
during formation of the landfill cells shall be stockpiled and used for the following purposes within
the site:
 Haul road construction and maintenance.


Daily and intermediate waste cover.



For use in the final capping of the site.



Crushed and used as a padding material for landfill cell construction.



Virgin Excavated Natural Material (VENM) backfill.



Raising areas of the golf course to provide the final golf course landform.

6.3 ENGINEERED LEACHATE BARRIER
An engineered leachate barrier is to be installed on the cell floor and cell walls of Cells W, X, Y
and Z. Details of the leachate barrier design are described below and presented in Figure 6.
Prior to the installation of the engineered leachate barrier, the area of Cells W, X and Y will be
cleared of debris and loose material and the cell floor prepared so that it is at the required elevation
and geometry and is uniform and free from uneven features which may puncture, damage or
otherwise have a detrimental impact on the leachate barrier. The condition of the landfill cell
subgrade shall be assessed by an experienced geotechnical practitioner prior to the installation of
the leachate barrier.
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A geocomposite leachate barrier is prescribed for Cells W, X, Y and Z, which comprises the
following components (from the excavation base up):


A layer of 500g/m2 non-woven geotextile to act as protection to the underside of the
Geosynthetic Clay Liner;



A Geosynthetic Clay Liner (GCL) comprising bentonite placed between two geotextile
layers.



A layer of 2mm thick, mono-textured High Density Polyethylene Liner (HDPE) flexible
membrane liner (textured side in contact with the GCL).



A layer of 500g/m2 non-woven geotextile to act as protection to the HDPE Liner.

6.3.1

Assessment of Leachate Barrier Equivalency

Benchmark Technique 1 of the guidelines requires solid waste landfills to be lined with a
Compacted Clay Liner (CCL) of 0.9 m thickness with permeability to water of less than 10-9 m/sec.
An alternate leachate barrier consisting of a geocomposite liner system has been specified for Cells
W, X, Y and Z.
To compare the efficiency of the leachate barrier system, the GCL and HDPE components are
evaluated below both individually and as a composite system by comparing leakage rates analysed
for the proposed composite liner system against those of a CCL prescribed in EPA NSW (1996)
Benchmark Technique 1.
Requirements for the HDPE and GCL to be installed at the site are provided in Table 6 and 7
respectively. The design maximum leachate head for the site is 4.5m (refer to Section 6.7).
A formulation of Darcy’s Law has been used to assess the leakage rate from lined landfill cell, the
relationship is as follows:
q = kiA
Where:

q = leakage rate (litres per hectare per day (L/ha/d))
k = leachate barrier permeability (m s-1)
i = head (leachate head over liner plus barrier thickness / barrier thickness);
A = area (ha).
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Using this relationship, the following leakage rates are assessed for various types of landfill liners
as follows:
(a) Compacted Clay Liner
CCL make use of the low permeability of natural clay and are dependent upon adequate
permeability and compaction to achieve a hydraulic barrier For a CCL with a thickness of 0.9m
and a permeability of 10-9 m/sec and adopting a leachate head of 0.3m, the leakage rate for a CCL
is as follows:
qCCL = 1 x 10-9 . (1.2/0.9) . 1
= 1.33. 10-10 m3 s-1
= 1152 L/ha/d.
(b) Geosynthetic Clay Liner
Geosynthetic Clay Liners (GCL) make use of bentonite clay sandwiched between two layers of
geotextile bound together by needle-punched fibres and are dependent upon the constrained
hydration of the bentonite to achieve a hydraulic barrier.
The GCL prescribed for installation at the site is 7mm (0.007m) thick and has a hydraulic
conductivity of no greater than 3 x 10-11 m/sec. GCL have been used as an alternative to compacted
clay liners on numerous landfills in New South Wales since 2000, including application on vertical
or near-vertical cell walls. For a GCL with a thickness of 0.007m and permeability of 10-11m/s
and assuming a leachate head of 0.3m, the leakage rate for a GCL is as follows:
qGCL = 2 x 10-11 . (.307/0.007) . 1
= 8.77 . 10-10 m3 s-1
= 758 L/ha/d.
The above calculations demonstrate that, if used in isolation, the GCL would result in leakage rates
that are approximately 34% lower than a CCL.
(c) HDPE Geomembrane Liner
A HDPE geomembrane is a thermoplastic polymer material that is thermally welded in the field
to produce a continuous liner. HDPE is chemically stable and has good performance under
exposed outdoor conditions. The HDPE specified for the site is 2mm (0.002m) thick and has a
hydraulic conductivity of at least 10-14m s-1. For a HDPE liner with thickness of 0.002 m and
permeability of 10-14m s-1 and assuming a leachate head of 4.5m, the leakage rate of the mass sheet
is as follows:
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qHDPE = 1 x 10-14 . (4.502/0.002) . 1
= 2251 . 10-14 m3 s-1
= 19.4 L/ha/d.
This is substantially lower than the 1152 L/ha/d equivalent leakage rate for a CCL. However in
order to adequately assess the efficiency of a composite GCL and HDPE leachate barrier, it is
prudent to give consideration to the effect of defects and damage to the HDPE sheet and seams
and to the permeability of the material underlying the defect. These factors are assessed as
follows.
(d) Geocomposite Liner System of HDPE and GCL
Research was undertaken in the early 1990’s by the United States Environmental Protection
Agency (USEPA) on potential leakage rates from perforations in a HDPE liner over soils of
specified hydraulic conductivity. Fluet (2002) assessed that 12 defects per hectare, each with an
area of 10-4 m2, was a suitably conservative design assumption. This equates to 12 holes per
hectare with a nominal diameter of 12mm per hole. Fluet also refers to work by Giroud and Fluet
(1986) and Giroud et. al., (1997) in which equations for determining leakage rates through HDPE
or similar liners were developed. These concepts evaluate leakage through composite HDPE liners
over compacted clay liners but allow the same relationships to be used for HDPE liners over other
materials. The equation provided by Fluet (2002) to assess flow rate through a geomembrane is
as follows:
Q = 0.6 [1+0.1(h/ts)0.95]a0.1h0.9Ks0.74
Where Q
h
ts
a
Ks

= flow rate through the geomembrane liner (m3 s-1)
= hydraulic head above the geomembrane (m)
= thickness of the geomembrane or soil (m)
= area of circular hole in the geomembrane
= hydraulic conductivity of the geomembrane or soil

To assess the performance of a composite HDPE and GCL liner system, the above equation has
been applied, using the design leachate head of 4.5m and assuming the HDPE and GCL properties
specified for the site, i.e. a HDPE liner with a hydraulic conductivity of 10-14 m s-1 and a nominal
thickness of 2mm (0.002m) and assuming the conservative defect distribution of 12 defects per
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hectare each with a diameter of 12mm overlying a 7mm thick GCL liner with a permeability of 3
x 10-11 m/sec. The flow rate assessed is:
Q = 744 L/ha/d
In consideration of the above, the recommended geocomposite liner system for new landfill cells
W, X, Y and Z is significantly superior in terms of leakage performance than that of a CCL
prescribed under Benchmark Technique 1 of EPA NSW (1996).
6.3.2

Engineered Leachate Barrier Specification

The engineered leachate barrier system for Cells W, X and Y shall consist of a thermally welded
HDPE geomembrane overlying a GCL with protective geofabric layers. This configuration shall
be used for the landfill cell base and side walls.
(a) Geotextile Layers
Geotextile layers shall comprise needle punched, non-woven geotextile such as Bidim A64 or
equivalent. The purpose of the geotextile layer is to provide a protective and separation layer
between subsequent layers. A minimum overlap of 500mm is to be provided between adjacent
rolls.
(b) HDPE Material Specification
The HDPE geomembrane liner should be 2mm nominal thickness mono-textured HDPE (textured
side to GCL layer). The material should be free of surface defects that might hinder performance
and should comply with the following industry standard test specification. Rolls are to be not less
than 7m wide and the material is to be delivered to site and handled in a way that does not cause
any damage. The HDPE geomembrane shall meet with requirements stated in Table 6.
Table 6: HDPE Geomembrane Liner Minimum Requirements
Design Parameter
Thickness (nominal)
Tensile Properties (minimum average)
 Yield Strength
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ASTM D5199

mm

2mm
(nominal)

kN/m

30

kN/m

21

ASTM D6693
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Units

Minimum
Requirement

 Break Strength

%

13

 Yield Elongation

%

150

Design Parameter

Standard

 Break Elongation
Tear Resistance (minimum average)

ASTM D1004

N

249

Puncture Resistance (minimum average)

ASTM D4833

N

641

Carbon Black Content

ASTM
D1603/D4218)

%

2 to 3

Density (minimum average)

ASTM D1505

g/cm3

0.94

Oxidative Induction Time

ASTM D3895

min

100

(c) Geosynthetic Clay Liner
The GCL should be manufactured by an experienced reputable manufacturer. The GCL should
be manufactured by needle-punching the three layers together, adhesive or other bonding systems
shall not be used. The GCL shall comprise granular or powdered bentonite. Rolls are to be as
wide as practicable but no less than 4m. Rolls of GCL shall have minimum lateral and longitudinal
overlaps of 12% of the roll width or minimum 500mm. Care is to be taken to ensure that the
protective wrapping is not damaged during transit or storage. The material should comply with
the requirements stated in Table 7.
Table 7: Geosynthetic Clay Liner Minimum Requirements
Design Parameter

Standard

Units

Minimum
Requirements

Top geotextile mass

ASTM D5261

g/m2

250

Bentonite layer mass

ASTM D5261

g/m2

4,500

Bottom geotextile
mass

ASTM D5261

g/m2

110

Total Mass

DIN 53854

g/m2

4,830

At 15% moisture
content.
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Design Parameter

Units

Minimum
Requirements

mm

7

 Tensile Strength Machine Direction

kN/m

8

 Tensile Strength Cross Machine
Direction

kN/m

6

 Elongation Machine
Direction

%

8

 Elongation Cross
Machine Direction

%

Thickness (dry)

Standard

ASTM D1777

Tensile Properties

ASTM D53857 Part 2

Peel Strength

ASTM D4632

Hydraulic
Conductivity

DIN 18130

Swell Index

ASTM D5890

N

150

m s-1

≤3 x 10-11

ml

24

(d) Quality Control
An inspection and test programme for the GCL and HDPE components is provided in the
Construction Quality Assurance Plan enclosed in Appendix 1 and shall include the following
activities and documentation:
HDPE and GCL Manufacture


Manufacturing test certificates.

Delivery


Visual inspection and matched certification.

Site construction


Visual inspection and acceptance of subgrade surfaces and internal structures
o Control over shaping lay flat and visual inspection of the HDPE and GCL before it is
covered.



Inspection of GCL seam overlaps.
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Start – up seam destructive testing on typical HDPE seam samples;
o 100% non-destructive testing of every HDPE seam; and
o Destructive laboratory testing of selected HDPE seams using peel and shear test
methods.

Thermal welding is to be carried out using either hot air or hot wedge welding, hand fusion or
extrusion welding techniques that are accepted good working practices. Results of QA/QC
welding testing shall be reviewed to the satisfaction of the project geotechnical practitioner.
6.3.3

Leachate Barrier Construction

The leachate barrier installation contractor shall provide a detailed method statement for the
installation and testing of the leachate barrier for review and approval by the geotechnical
practitioner prior to commencement of installation.
6.3.3.1 Subgrade Preparation
Following excavation of the landfill cells to the required elevations and prior to installing any
component of the leachate barrier, the cell floor must be smoothed with a roller such that any
asperities or protrusion that could cause damage to the leachate barrier are removed.
The side walls of waste cells shall be smoothed by scraping with an excavator bucket and/or by
using a grinder attachment to provide a smooth surface that is free of asperities and protrusions
capable of penetrating the leachate barrier system.
The condition of the landfill cell subgrade (base and side walls) will be inspected by an
experienced geotechnical practitioner to assess stability of the excavation side walls and confirm
that the subgrade is suitable prior to blinding with the leachate barrier.
6.3.3.2 Installation
The Lower Protective Geotextile Layer (LPGL) shall be installed over the cell base and sidewalls
to provide a protective layer to the GCL. A minimum overlap of 500mm is to be provided between
adjacent rolls.
The GCL is to be placed underneath the HDPE liner and on top of the LPGL. The GCL shall be
delivered in black plastic wrapping to exclude water. The factory wrapping will only be removed
immediately prior to installation. Each panel of GCL will be inspected by the site foreman to
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ensure that the liner is not creased or folded. Any defects identified during the inspection will be
repaired by applying an additional layer of GCL or bentonite cement as appropriate. The GCL
shall be placed so that the upper overlap seam of adjacent rolls are located on the up-gradient
(south western) side of the panel, creating a “roof tile effect” for drainage towards the leachate
collection sump.
The HDPE liner will be unrolled over the top of the GCL. Thermal welding shall be undertaken
at each seam to join HDPE segments to one another and the welds tested. An Upper Protective
Geotextile Layer (UPGL) will be installed over the HDPE liner to provide a protective layer over
the composite liner. The UPGL shall be a needle punched, non-woven Geotextile layer (Bidim
A64 or equivalent). A minimum overlap of 500mm should be provided between adjacent rolls.
All layers of the leachate barrier should be unrolled over the cell floor and side walls using a
suitable spreader bar attached to an excavator arm and applied sequentially from one side of the
cell to the other. Each layer shall be secured along the top of the landfill cell in a suitable anchor
trench.
Construction quality assurance inspection and testing shall be undertaken in accordance with the
Construction Quality Assurance Plan provided in Appendix 1. All QA/QC information and
inspections and testing shall be to the satisfaction of the project geotechnical practitioner.
6.3.3.3 Leachate Barrier Side Wall Deployment
The design configuration and geometry for Cells X, Y and Z is shown in Figure 4 and includes the
provision of benched side walls to facilitate construction of the leachate barrier. The proposed
benches are typically 2m wide and 5m in height. Cell W is currently excavated and does not
possess side wall benches.
The leachate barrier deployment methods described in the following sections are considered
appropriate for installation of the leachate barrier components. A suitable spreader bar and plant
with sufficient capacity should be used during installation. Care must be taken to protect the
leachate barrier components both during and following installation.
The programme of leachate barrier construction should be such that the leachate barrier is in place
ahead of the waste filling programme. At least 1.5m of leachate barrier should be constructed and
put in-place over the side walls ahead of the waste filling level so that waste and/or leachate cannot
egress the cell or come into contact with the side wall subgrade.

CES Document Referenced: CES110703-VDT-60

Page 26 of 47

CONSULTING
EARTH
SCIENTISTS

The GCL and HDPE components of the leachate barrier should be installed such that the end-ofroll overlaps and seams are not constructed within 2m of the toe of the landfill cell side wall. The
overlaps and seams should also be configured and installed in a manner that minimises the number
of end-of-roll overlaps and seams located over the base of the landfill cells.
6.3.3.3.1 Top of Side Wall Anchor Trenches
Anchor trenches are to be constructed at the top of Cells W, X, Y and Z as shown in Figure 6. The
anchor trenches can be used to safely and permanently secure the barrier system following
deployment from the top of the landfill cells.
Using this method, the leachate barrier can be installed over the side walls from top to bottom (topdown). Care should be taken when deploying the leachate barrier to ensure that damage does not
occur and appropriate safety measures are provided for installation personnel accessing the side
walls including during HDPE seam welding and GCL seam joining.
6.3.3.3.2 Deployment Benches
In order to facilitate leachate barrier construction in a staged manner, the side wall benches to be
excavated in cells X, Y and Z may be utilised as leachate barrier deployment berms. Anchor
trenches as per Figure 6 should be constructed at the top of the benches or alternatively, adequate
surcharge used to secure the leachate barrier.
During progressive waste filling of the landfill cell, the leachate barrier should be extended
vertically up the excavation side walls by deploying the leachate barrier from the next bench up.
The deployed liner should be adequately seamed and joined to connect to the previously installed
section of leachate barrier.
6.3.3.3.3 Bottom Up Installation
Installation of the leachate barrier in Cell W may be undertaken either by utilising the top-down
installation method described above or by bottom up installation. During bottom up installation,
the leachate barrier components should be installed up the excavation side walls extending the
leachate barrier system form the base and the barrier system secured in place at an appropriate
elevation.
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The leachate barrier layers should be secured and held in place using rock dowels comprising
500mm long, 20mm diameter (minimum) galvanised deformed steel bar installed at 2m centres or
as required to provide adequate support. The rock dowels should be installed at an angle of -45°
(downwards) and adequately grouted in place.
The rock dowel should then be passed through holes made through the leachate barrier layers and
secured with and a head plate and bolt. Surplus liner material should be trimmed and removed.
As waste filling progresses, the leachate barrier is to be extended further up the excavation side
walls. The leachate barrier should be neatly cut at a level below the line of rock dowels and the
punctured leachate barrier material discarded.
The rock dowels should be removed and the dowel holes backfilled with grout. If the rock dowels
cannot be fully removed, a small area of rock should be cut from around the side of the rock dowel
to allow the steel bar to be cut. The area of rock excavation should then be made good with mortar.
Following removal of the rock dowels and re-instatement of the excavation side wall, the surface
shall be made smooth with no asperities or protrusions that could damage the leachate barrier.
The leachate barrier should then be extended further up the excavation side wall and secured at the
next appropriate elevation using a further row of rock dowels. The above procedure should be
repeated until, the side walls of the cell are fully lined and the leachate barrier secured in the top
of side wall anchor trench.

6.4 LEACHATE COLLECTION CONVEYANCE SYSTEM
A geosynthetic Leachate Collection and Conveyance System (LCCS) is to be installed at the site.
The geosynthetic drainage layer prescribed has a design performance greater than the EPA 1996
Benchmark Technique 2, that prescribes gravel 0.3m in thickness with permeability of greater than
1 x 10-3 m s-1).
6.4.1

Geosynthetic LCCS Description and Material Specification

The geosynthetic LCCS to be placed over the floor of Cell W, X Y and Z shall consist (from top
to bottom):


Protective layer of sand (Padding Sand Layer);



Upper Geotextile Separation Layer (Bidim A34 or equivalent);
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A 10mm thick Triplanar Geonet (Tenax GNT 2200 or equivalent), thermally bonded to the
Upper Geotextile Layer;



A primary central leachate collection pipe (minimum internal diameter 150mm) laid in
negative projection in a gravel-filled trench along the centre of the cell. Minimum gradient
of 1% toward the leachate sump and minimum 100mm diameter secondary pipes arranged
in a herringbone pattern at 25m intervals. The secondary pipes shall be laid with a
minimum gradient of 3% toward the primary central leachate collection pipe.



Upper Protective Geotextile Layer (Bidim A34 or equivalent).

The design details of the geosynthetic LCCS are provided below and shown in Figure 6.
6.4.1.1 Protective Padding Sand Layer
The Protective Padding Sand Layer shall consist of a 300mm layer of crushed sandstone. The
purpose of this layer is to protect the underlying components of the Leachate Collection and
conveyance system from being damaged during the placement of waste.
6.4.1.2 Upper Geotextile Layer
The upper geotextile layer shall comprise a needle punched, non-woven Geotextile (Bidim A34 or
similar). The purpose of the upper geotextile layer is to provide a permeable separation layer
between the Protective Padding Sand Layer and the underlying geonet. A minimum overlap of
500mm is recommended between adjacent rolls and up the adjacent sidewalls.
6.4.1.3 Triplanar Geonet (Geosynthetic Drainage Layer)
A Triplanar Geonet (Tenax GNT 2200 or equivalent) prescribed. The geonet shall be
manufactured from HDPE with a minimum base density of 0.935 g cm-3 with 2.5% carbon black
added without any foaming or density reduction. This geonet greatly exceeds load requirements
for the site but has been selected based on successful performance at other NSW landfills and to
provide a conservative design. Parameters for acceptance testing are presented in Table 8.
Table 8: Minimum Requirements for the Triplanar Geonet
Design Parameter
Mass per unit area
Thickness at 20 kPa
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Design Parameter
Thickness at 200 kPa

Minimum
Requirements

CQA Testing

9.20 mm

Test every 10,000 m2

Hydraulic flow rate per unit width at 600
kPA normal loading with unit hydraulic
gradient (i = 1.0)

1.53 x 10-3 m2 s-1

Hydraulic flow rate per unit width at 600
kPA normal loading with hydraulic
gradient (i) of 0.25

9.29 x 10-4 m2 s-1

Hydraulic flow rate per unit width at 600
kPA normal loading with hydraulic
gradient (i) of 0.10

5.90 x 10-4 m2 s-1

Refer to Appendix 1
(Tenax TDD007-06/03)
Refer to Appendix 1
(Tenax TDD007-06/03)
Refer to Appendix 1
(Tenax TDD007-06/03)

6.4.1.4 LCCS Collection Pipes
The primary collection pipe should be constructed of HDPE with all joints on the main pipe fusion
welded. The main collection pipe should have a minimum internal diameter of 150mm and be laid
in trenches that are a minimum 0.3 m wide and 0.3 m deep and arranged as per the leachate
collection pipe network shown in Figures 4 and 6. The primary collection pipe is to be perforated
with 4 x 10mm diameter holes at 300mm intervals along the length of the pipe. The holes shall be
equally spaced around the circumference of the pipes and orientated 90° to each other.
The secondary (branched) collection pipes shall HDPE with all joints fusion welded. The
secondary collection pipes shall be a minimum 100mm internal diameter and arranged in a
herringbone pattern at 25m intervals and connected to the primary collection pipe. The secondary
collection pipes are to be perforated with 4 x 10mm diameter holes at 300mm intervals along the
length of the pipes. The holes shall be equally spaced around the circumference of the pipes and
orientated 90° to each other.
Pipe work calculations are provided in Appendix 3 and are based on a maximum waste thickness
of 40m with a bulk density of 2 T m3 and account for arching allowed by pipes laid in gravel-filled
trenches in negative projection. The minimum crush strength for all leachate collection pipes
should be a minimum of 495 kPa. This specification allows for a safety factor of 1.5.
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6.4.1.5 Backfill Surrounding LCCS Pipes
The backfill to be placed around LCCS pipes will comprise gravel with less than 3% of particles
passing the 19mm sieve and have a permeability of greater than 1x10-3 m/sec. The gravel should
also be non-reactive in mildly acidic conditions, relatively uniform in grain size, and less than 2%
carbonate content to prevent encrustations around the collector pipes.
6.4.1.6 Lower Geotextile Layer
Needle punched, non-woven Geotextile layer (Bidim A64 or similar). The purpose of the
geotextile layer is to provide a protective layer between the LCCS and the underlying engineered
leachate barrier. A minimum overlap of 500mm shall be provided between adjacent rolls and up
the adjacent sidewalls.
6.4.1.7 Geosynthetic LCCS Evaluation – Equivalence
For comparison of performance equivalence between the proposed geosynthetic drainage net and
a gravel drainage media, an unconfined flow assessment has been based on Giroud et al., (2000).
To be equivalent under unconfined flow, the geosynthetic LCCS should have a greater hydraulic
transmissivity than the granular LCCS. The relationship between the gravel and geosynthetic
LCCS is determined as follows:
GST = E gravel
Where:
E=
Equivalency factor = 1/0.88 (1 + (tgravel/0.88L) x (cosb/tanb)
tgravel = Thickness of gravel LCCS (m).
L=
Slope length (m, distance between leachate collection pipes).
b=
Slope of cell floor.
Adopting values of L (25 m), b (3%) and tgravel (0.3m), an Equivalency factor of 1.13 has been
calculated. The transmissivity of a LCCS that complies with the EPA (1996) benchmark technique
(300 mm thick gravel with k of 10-3 m s-1) is 3 x 10-4 m2 s-1. This means that, to demonstrate
equivalence with the EPA (1996) benchmark technique, the geonet must have a transmissivity of
1.13 times 3 x 10-4 m2 s-1 i.e. 3.4 x 10-4 m2 s-1.
The transmissivity of the Tenax GNT 2200 geonet at the normal design loading (600 kPa) and unit
hydraulic gradient of 1 is 2.25 x 10-3 m2 s-1. Therefore, the transmissivity of the triplanar geonet
(GNT 2200) significantly exceeds the requirements of the EPA (1996) benchmark technique.
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6.4.1.8 Geosynthetic LCCS Evaluation – Flow Capacity and Reduction Factors
Results are presented below along with a reduction factor analysis (Koerner, 2005) undertaken to
assess whether, with appropriate factors of safety, the system is able to convey the modelled
leachate flows. Consistent with the ‘design-by-function’ approach (Koerner, 2005), for geonets
flow rate is the primary function, with the safety factors taking the following form:
FS = qallow /qrequired
Where:
FS = Factor of Safety (to handle unknown loading conditions or uncertainties in
the design and testing methods)
qallow = Allowable flow rate as obtained from laboratory testing
qrequired = required flow as obtained from design of actual system.
Koerner (2005) recommends five reduction factors for the formulation of allowable flow rates
through a geotextile and four reduction factors for determining allowable flow rate, or
transmissivity of geonets. The reduction factors for geotextiles are for soil clogging and blinding,
creep reduction of voids, intrusion into voids, chemical and biological clogging. The reduction
factors for geonets account for intrusion of geotextile into the geonet voids, creep deformation,
chemical and biological clogging. These are assessed as follows:
a) Reduction Factor Analysis - Geotextile Filter
As stated Section 5.6, the peak daily modelled leachate generation rate of 1.2mm day per hectare
would be adopted for LCCS design. Under the proposed design, the upper geotextile (and sand
padding layer) is intended to prevent fines from entering the geonet (i.e., filter leachate). This
configuration requires reduction factor analysis (filtration/flow mode) for the upper geotextile only
as the lower geotextile does not serve a filtration/flow function. The upper geotextile filter is to
be covered with a padding layer consisting of low-fines sand or glass sand. The reduction factor
analysis for the filter has considered this configuration.
The following equation is used to derive the allowable flow rate from the ultimate (laboratory)
flow rate for the geotextile filter after Koerner (2005):
qallow = qult x 1/(RFSCB x RFCR x RFIN x RFCC x RFBC)
Where:
Qallow = allowable flow rate.
qult = ultimate flow rate (from laboratory testing).
RFSCB = reduction factor for soil clogging and blinding (≥1).
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RFCR = reduction factor for creep reduction of void space (≥1).
RFIN = reduction factor for adjacent materials intruding into geotextile’s
void space (≥1).
RFCC = reduction factor for chemical clogging (≥1).
RFBC = reduction factor for biological clogging (≥1).
Recommended flow-reduction factor values for use in the above equation are provided in
9 (Koerner, 2005).

Table

Table 9: Geotextile Flow-reduction Factor Values
Range of Reduction Factors (Geotextile)
Application
RFSCB1

RFCR

RFIN

RFCC2

RFBC

Retaining wall filters

2.0-4.0

1.5-2.0

1.0-1.2

1.0-1.2

1.0-1.3

Underdrain filters

2.0-10

1.0-1.5

1.0-1.2

1.0-1.5

2.0-4.03

Erosion control filters

2.0-10

1.0-1.5

1.0-1.2

1.0-1.2

2.0-4.0

Landfill filters

2.0-10

1.5-2.0

1.0-1.2

1.2-1.5

2.0-5.03

Gravity drainage

2.0-4.0

2.0-3.0

1.0-1.2

1.2-1.5

1.2-1.5

Pressure drainage

2.0-3.0

2.0-3.0

1.0-1.2

1.1-1.3

1.1-1.3

1. If stone riprap of concrete blocks cover the surface of the geotextile, use upper values or include an additional
reduction factor.
2. Values can be higher, particularly for high alkalinity groundwater.
3. Values can be higher for turbidity and/or microorganism contents greater than 5000 mg/l.
Source: Koerner (2005), Table 2.12, Page 165.

The potential for significant soil clogging and blinding at the site is considered to be minimal due
to the specification of a layer (300 mm) containing crushed sandstone over the geotextile filter.
Based on previous CES experience, this design would allow for the use of a reduction factor for
soil clogging (RFSCB) of 1.0.
There is little data on creep reduction of voids in this application; however, CES has previously
specified a comparable geotextile in a landfills with significantly higher waste thickness. In
recognition of the lack of data on creep reduction of voids (RFCR) a value of 2.0 has been adopted.
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There is little data on creep reduction of void space for the geotextile filter; therefore a value of
1.2 has been adopted for RFIN.
In order to ensure a conservative assessment, we have applied the highest practicable reduction
factor values for both chemical and biological clogging. The upper range reduction factor values
of 1.5 and 5 respectively have been applied. It should be noted that the crushed sandstone layer
will enhance the filtering capacity and life expectancy of the geotextile filter system, therefore this
should be seen as a worst case approach.
Based on the above, the combined reduction factor for the upper geotextile filter is:
RFSCB x RFCR x RFIN x RFCC x RFBC = 1.0 x 2.0 x 1.2 x 1.5 x 5 = 18
Tests have previously been undertaken by an internationally-recognised geosynthetics laboratory
(TRI) to assess the permeability of the filtration component of the geocomposite LCCS (i.e., upper
geotextile and overlying low-fines sand, Appendix 4). The hydraulic conductivity ratio test was
conducted at a loading of 800 kPa, which significantly exceeds the design loading for the site. The
minimum hydraulic conductivity reported was 1.30 x 10-6 m s-1.
qallow = qult x 1/(RFSCB x RFCR x RFIN x RFCC x RFBC)
qallow =1.30 x 10-6 m s-1x 1/18
qallow = 7.22 x 10-8 m s-1
The peak modelled leachate generation rate at the site is 1.2 mm day (1.4 x 10-8 m3 m-2 s-1 or m
s1). The factor of safety is therefore:
FS = qallow / qrequired
FS =7.22 x 10-8 m s-1/1.4 x 10-8 m3 m-2 s-1 or m s-1
FS= 5
On the basis of these results, the hydraulic conductivity of the filtration system (sand and upper
geotextile) exceeds the calculated requirement by a factor of safety of more than 5.
b) Reduction Factor Analysis - Geonet
The following equation is used to derive the allowable flow rate from the laboratory flow rate for
the geonet (Koerner, 2005):
qallow = qult x 1/(RFIN x RFCR x RFCC x RFBC)
Where:
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Qallow = allowable flow rate
qult = ultimate flow rate (from laboratory testing);
RFIN = reduction factor for adjacent materials intruding into geotextile’s void
space (≥1);
RFCR = reduction factor for creep reduction of void space (≥1);
RFCC = reduction factor for chemical clogging (≥1); and
RFBC = reduction factor for biological clogging (≥1).
Recommended flow-reduction factor values for use in the above equation are provided in
10 (Koerner, 2005).

Table

Table 10: Geonet Flow-reduction Factor Values for Flow-related Problems
Range of Reduction Factors (Geonet)
Application
RFIN1

RFCR1

RFCC

RFBC

Sports fields

1.0-1.2

1.0-1.5

1.0-1.2

1.1-1.3

Capillary breaks

1.1-1.3

1.0-1.2

1.1-1.5

1.1-1.3

Roof and plaza decks

1.2-1.4

1.0-1.2

1.0-1.2

1.1-1.3

Retaining walls, seeping rock,
soil slopes

1.3-1.5

1.2-1.4

1.1-1.5

1.0-1.5

Drainage blankets

1.3-1.5

1.2-1.4

1.0-1.2

1.0-1.2

Infiltrating water drainage for
landfill covers

1.3-1.5

1.1-1.4

1.0-1.2

1.5-2.0

Secondary LCCS

1.5-2.0

1.4-2.0

1.5-2.0

1.5-2.0

Primary LCCS

1.5-2.0

1.4-2.0

1.5-2.0

1.5-2.0

1.These values are sensitive to the type of geonet, rib separation distance, and density of the resin used in the
geonets manufacture. The magnitude of the applied load is also of major importance.
Source: Koerner (2005), Table 4.2, Page 414.

The proposed geonet for the site Tenax GNT 2200 has previously been tested by CES to determine
the hydraulic flow rate and transmissivity of the GNT 2200 geonet with geotextile (top and bottom)
with a compacted crushed rock padding layer under a design loading of 1000 kPa. The test
conditions are similar to the those anticipated for the site with the exception of a significantly
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higher design loading used in the laboratory tests. A reduction factor of 1.0 (RFIN) has therefore
been adopted in this assessment.
Based on the results of a 10,000 hour creep test carried out at 1200 kPa (significantly greater than
the anticipated loading at the site), an estimated creep reduction factor (RFCR) extrapolated over
50 years of 1.47 has been determined for the GNT 2200 geonet (refer to Appendix 4).
As a further conservative measure, a value of 2.0 has been adopted for chemical and biological
clogging (RFCC and RFBC).
Based on the above assumptions, the combined reduction factor for the geonet is:
RFIN x RFCR x RFCC x RFBC = 1.0 x 1.47 x 2 x 2 = 5.88
The peak modelled leachate generation rate at the site is 1.2 mm day (1.4 x 10-8 m3 m-2 s-1 or m
s1). The required transmissivity of the geonet is calculated as follows (Giroud, Zornberg & Zhao,
2000):
θ = FS x RFcomb x q x L/sinb
Where:
θ = required transmissivity;
FS = overall factory of safety;
RFcomb = combined reduction factor for geonet = 5.88;
q = maximum inflow rate = 1.4x10-8 m3 m-2 s-1 or m s-1;
L = distance between drainage pipes = 25 m;
b = slope angle (gradient of cell floor) = 3% = 1.71o.
For RFcomb of 5.88:
θ/FS = 5.88 x 1.4 x 10-8 x 25/sin1.71o
θ/FS = 8.23 x 10-8 x 838
θ/FS = 6.90 x 10-5 m2 s-1
Test results presented in Appendix 4, show that the transmissivity of the geonet drainage system
under a normal load of 600 kPa and a hydraulic gradient of 1.0 is 2.25 x 10-3 m2 s-1. The maximum
leachate head in the landfill will be maintained at a maximum of 4.5m. Accordingly, based on a
collection pipe spacing of 25m, the maximum leachate hydraulic gradient is 0.36. Interpolating
between results for heads of 0.25 and 0.5 as provided in Appendix 4, the transmissivity for a
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hydraulic gradient of 0.36, with a normal loading of 600 kPa, is 1.24 x 10-3 m2 s-1. Therefore the
transmissivity of the geosynthetic LCCS exceeds the worst-case requirement above adopting an
RFcomb of 5.8 with a factor of safety of more than 17.
In consideration of the above, it is demonstrated above that the transmissivity of the proposed
geosynthetic LCCS for the site, exceeds the requirements of the EPA (1996) benchmark technique.
Furthermore, the proposed LCCS is demonstrated to have adequate capacity to convey the
maximum modelled leachate flows at the site. The design calculations above incorporate a high
overall factor of safety.

6.5 TEMPORARY BUND WALLS
Temporary Bund Walls (TBW) shall be constructed to prudently manage leachate at intermediate
locations within the active landfill cell and between the new landfill cells following excavation.
A schematic design for the TBW is shown in Figure 8.
The purpose of TBW is to prevent stormwater and surface water run-off from coming into contact
with leachate or waste by acting as a temporary dam to contain leachate on the active waste tipping
side of the wall and stormwater and surface water run-off on the un-lined side. TBW are typically
constructed to facilitate control of the landfill construction programme and maintain the extent of
constructed landfill cells to a manageable amount and reduce the risk of damage to constructed
leachate barriers and LCCS prior to filling with waste.

6.6 VERTICAL LEACHATE DRAINAGE
Drainage of leachate around the perimeter of the side walls should be facilitated by the placement
of granular material on the inside (waste side) of each vertical waste lift. The granular material
shall comprise a minimum 150mm wide, vertical layer of crushed sandstone or granular waste
material assessed to be suitable by the geotechnical practitioner. Granular waste material shall be
soil that is classified as general solid waste (non-putrescible), is material that is non-plastic and is
assessed to contain greater than 25% by mass particles with a size greater than 0.6mm. The
purpose of this layer is to act as a protective layer to the side wall leachate barrier, to distribute the
lateral load of waste over the side wall liner and to facilitate vertical drainage in the landfill cells
thereby reducing the risk of perched leachate build up in the waste cells.
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6.7 MANAGEMENT OF LEACHATE HEAD
In accordance with the Agreement between Verde Terra, GCC and the Golf Club, Cells W, X, Y
and Z have been designed so that they fall to the north east thereby allowing gravity drainage of
leachate from approximately 295m to 292mAHD. The allowable leachate head for the new
landfill cells as agreed with GCC is 1m, this is the level that should not be exceeded. Figures 4
and 7 show the configuration of the leachate collection system that allows drainage of leachate
under gravity and maintains the leachate levels below 1m without the need for long term pumping.
Temporary management of leachate levels during construction works and waste filling will be
necessary in the short term by installing a temporary pump in the riser pipe. This is necessary to
maintain leachate at levels below the height of constructed TBW and to control leachate levels
below the level of the tipping area in the active waste cells. The pump is however a temporary
measure and the proposed system is designed to allow permanent long term drainage under gravity
without artificial aid and the proposed system will by default maintain the leachate head at or
below the design level.
The leachate collection riser pipe for the new cells is to be constructed as illustrated in Figures 4
and 7. High Density Polyethylene pipe segments (minimum 650 mm diameter) are to be
progressively installed as the level of the landfill is elevated through the placement of waste. To
facilitate efficient transfer of leachate from the LCCS into the leachate collection riser pipe, main
leachate collection pipe is to be socketted directly into the riser pipe.
To provide protection to the riser pipe, it is to be installed inside a “slot” cut into the cell wall as
shown in Figure 7. The void between the wall and riser pipe shall be filled with crushed sandstone
and a layer of non-woven geotextile (Bidim A34) or similar placed over the slot to act as a
downdrag layer. The geotextile is intended to slip or drag down the pipe as the surrounding waste
settles, thereby reducing the risk that settlement or waste movement could damage the pipe. Pipe
joints are to be filled with approved mastic sealant and bolted together by means of galvanised
steel plates or bolts as appropriate.
Maintenance of the leachate collection system e.g. by flushing is facilitated via the provision of
permanent access to the leachate riser pipe in Cell W and by the installation of a leachate cleanout
riser in Cell Z.
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6.8 LEACHATE HOLDING DAM
A leachate holding dam is to be constructed at the location and to the dimensions shown in Figure
4. The dam will be formed either by excavating a depression in the existing natural ground or by
constructing an engineered fill embankment. The leachate holding pond will require a minimum
volume of 5,471m3 with a storage depth of 2m. A 0.2m (minimum) freeboard shall also be
provided to accommodate direct precipitation resulting from the 1 in 20 year Average Recurrence
Interval (ARI) storm event with one day duration without overflowing, giving a total leachate pond
depth of 2.2m.
The leachate holding pond will be lined using the following geocomposite liner system (from the
base up):


A needle punched Geosynthetic Clay Liner (GCL) with a permeability of 3 x 10-11m/s, with
a thickness of 7mm and bentonite layer mass of 4500g/m2 to be laid over the base of the
holding pond. Minimum longitudinal overlap of the GCL seams should be 150 mm, endof-roll overlapped seams shall be a minimum 300mm. The rolls are to be joined using
bentonite enhanced seams by overlapping the adjacent panels and applying a continuous
bead or fillet of bentonite pellets or paste along a zone defined by the edge of the underlying
panel and the overlap. The minimum application rate of the bentonite shall be 0.4 kg/m or
as required to adequately seal the seam.



2mm thick, double textured High Density Polyethylene (HDPE) Flexible Membrane Liner
fully welded and weld tested.

The leachate holding pond shall be fenced off to ensure no unauthorised entry. A safety ladder
and safety lines should also be installed on the side of the pond and a leachate depth marker staff
should be installed to facilitate visual monitoring of leachate depth in the holding pond.
A safety cut off valve with float switch shall also be fitted at the outflow of the leachate transfer
pipe, the cut off switch shall be set so that the value closes if the leachate level in the holding pond
exceeds 2m. Should the leachate level in the holding pond be measured during the daily
monitoring (refer to Section 10) to be greater than 2m, the leachate shall be lowered to an
acceptable level by removing the excess leachate immediately from site by tanker. The leachate
transfer pipe shall also be fitted with as suitable flowmeter to facilitate the measurement of the
volume of leachate entering the holding pond. Leachate removed from site by tanker will be
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disposed of at a lawful facility. Acceptance of the leachate at the disposal facility shall be
confirmed prior to tankering from site.
This proposed capacity is expected to be sufficient to accommodate the calculated annual volumes
of leachate generated during the first 20 years of operation (after considering the holding capacity
within the landfill cells and accommodating leachate from the already completed landfill cells).
After the first year of operation, and on an annual basis thereafter, requirements for leachate
storage should be reassessed. To ensure a conservative approach the leachate holding pond water
balance assessment undertaken assumes that no leachate will be irrigated onto the site. The
irrigation of leachate onto the active tipping area as appropriate will provide additional leachate
disposal capacity and additional storage capacity in the pond.
The proposed leachate holding pond shall be constructed as soon as possible and in any event
before Cell W is more than one third filled. The existing leachate pond shall be decommissioned
following construction of the new leachate holding pond and the leachate pipework currently
draining into the existing leachate pond shall be extended and diverted to the new leachate holding
pond. It is assessed that assuming implementation of the leachate disposal measures described
in Section 6.10 and assuming that filling of Cell W occurs in staged manner (from north east to
south west), it is assessed that the existing leachate holding pond will be adequate for leachate
management until Cell W is no more than one third filled.

6.9 SUPPLEMENTARY LEACHATE MANAGEMENT MEASURES
The following supplementary Leachate Management Measures should be implemented at the site
in accordance with the Agreement between Verde Terra, GCC and the Golf Club.
6.9.1

Joining the Fill Mound Liner

The leachate barrier for cell X, Y and Z shall be tied into the fill mound liner where practicable in
the area shown in Figure 9. The fill mound liner shall be located by trimming from the toe of the
existing fill mound adjacent to cells X, Y and Z. As much waste shall be trimmed as safely
practicable or by the excavation of a wedge of material with a maximum depth of approximately
8m and a width set back of 12m (whichever excavation termination criteria is achieved first).
Upon locating the fill mound liner, the waste between the new landfill cell and the fill mound liner
should be exhumed down to rock and the rock trimmed and shaped to provide a fall of at least 1%
towards the new landfill cell to facilitate drainage.
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Following trimming and shaping of the rock subgrade, the fill mound liner should be progressively
exposed in the area adjacent to the new landfill cell that is under construction. Careful exhumation
of the waste immediately above (<1m) the fill mound liner should be undertaken using small scale
plant and equipment and or manual methods and hand tools used to ensure that the fill mound liner
is not damaged during exhumation.

The waste should be carefully removed to expose an overlap of the fill mound liner of at least
500mm. The lower non-woven geotextile layer and GCL layer of the new cell leachate barrier
should be extended from the anchor trench and placed underneath the fill mound liner so that the
fill mound liner overlaps the new leachate GCL and geotextile layer by at least 500mm. The fill
mound liner and the GCL layer of the new leachate barrier should be joined using a minimum
width of 300mm of bentonite with a minimum application 0.4 kg/m of continuous bead or fillet of
bentonite pellets or paste along the full length of the overlap.

All waste trimming activities should be undertaken in the full time presence of an experienced
geotechnical practitioner who shall:


Assess the stability of the exposed waste mass during exhumation activities.



Assess conditions of the exposed fill mound liner and confirm that it is in a suitable
condition to be practicably joined.



Confirm that asperities in the rock subgrade have been adequately removed prior to
blinding with geosynthetic materials.



Confirm that the leachate barrier has been suitably and adequately constructed and tied
into the fill mound liner.

The excavation and exhumation of waste should be undertaken in a safe manner in accordance
with the requirements of the Work Health and Safety Act. A Hazardous Material Management
Plan (HMMP) should be prepared prior to commencement of any waste exhumation works to
consider that potentially hazardous substances may be encountered during exhumation works.
This potentially includes inter alia Asbestos Containing Materials (ACM), odorous materials,
noxious, asphyxiate and potentially explosive gasses, leachate, heavy metals, organic compounds
such as Polycyclic Aromatic Hydrocarbons (PAHs), Total Petroleum Hydrocarbons (TPHs),
Organochlorine Pesticides (OCPs), Polychlorinated Biphenyls (PCBs) and Volatile Organic
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Compounds (VOCs), Chlorofluorocarbons (CFCs), contaminated soil, dusts or aerosols containing
contaminants and sharp objects.
The HMMP should detail, as a minimum, the safe work methodology to be carried out during
waste exhumation and landfill liner joining works, provide details of environmental, OHS and
Hazardous Material Management measures and procedures and personnel and environmental
monitoring to be implemented during the exhumation and joining works and provide an emergency
plan of action to be followed in the event of an emergency such as a fire.
Excavated waste material shall be taken and placed within Cells W, X, Y or Z once installation of
the leachate barrier and leachate collection and conveyance system in the receiving cell is
complete.
It should be noted that due to safety reasons and/or technical reasons, it may not be prudent or
practicable to join the new landfill cell leachate barrier to the fill mound barrier. Should this be
found to be the case, the following measures shall be implemented.
6.9.2

Construction of a Leachate Collection Gutter

Should it be found either due to safety, operational or technical reasons that it is imprudent or
impracticable to undertake the works described in Section 6.9.1, the following supplementary
leachate management strategy will be implemented.
a) Undertake as far as safely practicable an investigation to locate a buried leachate pond
shown on a June 2009 survey plan of the site (Plan Reference: 5617/Jun/09 Issue A, a
copy of which is enclosed in Appendix 5). If the buried leachate pond is located it will
be connected to the Leachate Collection Gutter (see below).
The investigation to locate the buried leachate pond will comprise of trimming as much
waste as is safely practicable, or by the excavation of a wedge of material with a
maximum depth of approximately 8m and a width set back of 12m (whichever
excavation termination criteria is achieved first.)
Note: The actual existence and condition of the buried leachate pond is yet to be
confirmed, detailed recommendations with regards to the design and method of
connecting the buried leachate pond to the Leachate Collection Gutter will be provided
in a separate design once the presence of the buried leachate pond is confirmed and the
position and condition of the buried pond ascertained.
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b) Construction of a Leachate Collection Gutter at the toe of the existing fill mound to
convey leachate into the Cells W, X and Y and thereby into the main Leachate
Collection and Conveyance System for the site. The approximate location and extent
of the Leachate Collection Gutter is shown in Figure 9 and the construction
requirements of the Leachate Collection Gutter provided in Figure 10.
Rock shall be exposed at the toe of the fill mound by trimming waste adjacent to cells
X, Y and Z. As much waste as is safely practicable shall be trimmed, or the excavation
of a wedge of material with a maximum depth of approximately 8m and a width set
back of 12m (whichever excavation termination criteria is achieved first.)

The Leachate Collection Gutter is to be constructed by excavating the exposed rock
from approximately 1m north west of the new leachate barrier anchor trench to the toe
of the excavated waste. The rock shall be excavated to a nominal depth of 1m and the
excavation base graded to provide a fall of at least 3% towards Cell W. The northern
side wall of gutter is to be cut into the rock at the toe of the fill mound to a position as
close as practicable to the existing fill mound and the northern side wall excavated at a
gradient of approximately 2 (horizontal):1 (vertical) to construct a sloping northern side
wall of the gutter to facilitate drainage.
The Leachate Collection Gutter is to be fully lined using a continuation of the new
landfill cell leachate barrier for Cells X, Y and Z.

All waste trimming activities should be undertaken in the full time presence of an experienced
geotechnical practitioner who shall:


Assess the stability of the exposed waste mass during exhumation activities.



Assess conditions of the exposed fill mound liner and confirm that it is in a suitable
condition to be practicably joined.



Confirm that asperities in the rock subgrade have been adequately removed prior to
blinding with geosynthetic materials.



Confirm that the leachate barrier has been suitably and adequately constructed and tied
into the fill mound liner.
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The excavation and exhumation of waste should be undertaken in a safe manner in accordance
with the requirements of the Work Health and Safety Act. A Hazardous Material Management
Plan (HMMP) should be prepared prior to commencement of any waste exhumation works to
consider that potentially hazardous substances may be encountered during exhumation works.
This potentially includes inter alia Asbestos Containing Materials (ACM), odorous materials,
noxious, asphyxiate and potentially explosive gasses, leachate, heavy metals, organic compounds
such as Polycyclic Aromatic Hydrocarbons (PAHs), Total Petroleum Hydrocarbons (TPHs),
Organochlorine Pesticides (OCPs), Polychlorinated Biphenyls (PCBs) and Volatile Organic
Compounds (VOCs), Chlorofluorocarbons (CFCs), contaminated soil, dusts or aerosols containing
contaminants and sharp objects.

The HMMP should detail, as a minimum, the safe work methodology to be carried out during
waste exhumation and landfill liner joining works, provide details of environmental, OHS and
Hazardous Material Management measures and procedures and personnel and environmental
monitoring to be implemented during the exhumation and joining works and provide an emergency
plan of action to followed in the event of an emergency such as a fire.
Excavated waste material shall be taken and placed within Cells W, X, Y or Z once installation of
the leachate barrier and leachate collection and conveyance system in the receiving cell is
complete.

6.10 LEACHATE DISPOSAL
The following management strategies will be applied to leachate:
a) Evaporation from the leachate storage dam, this may be enhanced by using a sprinklers system
to spray the leachate over the holding pond surface.
b) Controlled irrigation onto the lined landfill cells, including use for dust suppression inside the
landfill void and during fill mound waste exhumation. Leachate irrigation shall occur via a
sprinkler system in areas absent of site staff to reduce the risk of site staff coming into contact
with the irrigated leachate.
c) Re-injection into the waste mass of Cells W, X Y and Z once the leachate barrier and leachate
collection and conveyance system is constructed.
d) Tanker transfer off site for disposal at a suitably licensed facility (this option shall be utilised
if the leachate level in the holding pond exceeds 2m depth (refer to Section 6.8).
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Volumes of leachate disposed of using strategies b), c) and d) shall be measured and recorded on
a daily basis (refer to Section 10).

7. PLACEMENT OF FIRST WASTE LIFT
In accordance with licence conditions, approval to dispose of waste in Cells W, X and Y, will be
subject to the EPA being provided with the construction report and being satisfied that based on
the information provided the leachate barrier, the LCCS and the leachate extraction, transfer and
storage systems have been installed in accordance with all relevant licence conditions.
Upon approval by the EPA, the first lift of waste is to be placed gently and with minimal
compaction. Waste must not be pushed as this process would displace the sand layer and expose
(and damage) the geosynthetic LCCS.
The tip face supervisor will be responsible to ensure that waste in the initial lift does not contain
objects that may damage the LCCS and underlying leachate barrier.
No compaction machinery is to be allowed to traffic directly on the waste cell until after the initial
lift has been placed. That is, these machines will not pass directly over the sand padding layer (300
mm).

8. GROUNDWATER DEPRESSURISATION
As described in Section 3.5, no significant groundwater that could impact on the installation of the
leachate barrier in Cell W has been observed, however it is increasing likely that increased volumes
of groundwater will be encountered as excavation proceeds in a south westerly direction during
construction of Cells X, Y and Z. The groundwater quantities encountered during construction of
these cells could be sufficient to require management measures to facilitate completion of the
landfill cells. The monitoring data indicates that the groundwater could be up to between 2m and
2.5m above the base level of the proposed landfill cell excavations.
As such, groundwater depressurisation measures may be required during excavation of landfill
cells X, Y and Z, however given the fine grained nature of the Sandstone observed in the Cell W
excavation and the access road cutting at the south west of the site; the presence of interbedded
and interlaminations and lenses of Shale and the absence of significant joints or defects, it is
anticipated that groundwater depressurisation below the leachate barrier of Cell X, Y and Z is
likely to be manageable using simple measures. Simple measures could include the construction
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of subfloor drains excavated in shallow trenches (approximately 0.75m wide by 0.5m deep)
installed with slotted pipe and backfilled with coarse aggregate and a geotextile separation layer
placed over the aggregate. The drainage pipe would typically fall to a collection sump or riser
pipe.
Detailed design requirements for any groundwater depressurisation system would be provided
following installation of additional groundwater monitoring wells at the site (refer to Figure 12)
and during and following completion of excavation of each landfill cell, should measures be
deemed prudent or necessary.

9. STORMWATER MANAGEMENT
Stormwater will be managed on site to ensure that it does not come into contact with leachate or
waste prior to discharge. The stormwater management for the sites shall be provided in a separate
Soil and Water Management Plan for the site.

10. ENVIRONMENTAL MONITORING
The proposed environmental monitoring locations for the site are presented in Figure 12. It is
recommended that sub-surface gas, groundwater and leachate quality monitoring is carried out at
the location shown on a quarterly basis. In addition, the following monitoring programme should
also be undertaken at the site and suitable written records maintained:


Daily measurement of leachate level within the leachate holding pond and calculation of
volume of leachate in the pond.



Daily recording of the volume of leachate transferred to the leachate holding pond.



Daily recording of the volume of leachate removed from the leachate holding pond by pumping
and its method of disposal.



Daily measurements of the leachate level in the Cell W riser pipe during waste placement
activities.



Twice weekly measurements of the water level in the Cut-off trench riser pipe and quarterly
sampling and testing of the water in the Cut-off trench riser pipe.
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11. SECONDARY ENVIRONMENT PROTECTION MEASURE – CUT OFF
TRENCH
In accordance with the Agreement between Verde Terra, GCC and the Golf Club, as a secondary
environment protection measure, a cut-off trench is to be constructed close to the northern site
boundary at the approximate location shown in Figure 9. The purpose of the cut-off trench is to
intercept and facilitate the monitoring of water in the ground prior to egress from the landfill area.
The cut-off trench shall comprise a 0.5m to 1m wide trench excavated to the level of the shale
layer located at a depth of approximately 2m or as required to allow a minimum 1% drainage
gradient (fall) to be constructed. Perforated pipework shall be installed in the base of the cut-off
trench and graded to a collection riser pipe. The cut off trench shall be backfilled with drainage
aggregate and a low permeability compacted clay capping of minimum 500mm thickness
constructed over the trench to prevent rain and surface water from entering the trench. The
collection riser pipe shall be fitted with a pump and suitable float switch mechanism that will
automatically activate the pump when water in the collection riser rises more than 300mm above
the base of the riser pipe. The water from the collection riser pipe shall be pumped into the LCCS
for the site or subject to the results of the environmental monitoring (refer to Section 10), placed
in the surface water management system for the landfill cells. The design for the cut-off trench is
provided in Figures 9 and 11.

12. CONSTRUCTION QUALITY ASSURANCE PLAN
A Construction Quality Assurance (CQA) plan for landfill construction is presented in Appendix
1. At the completion of construction a set of “as executed” drawings shall be prepared and included
in a CQA report prepared by a suitably experienced and qualified geotechnical practitioner.
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FIGURES

Figure 1: Site Location Map
Figure 2: Site Plan Showing Cadastre and Lot Boundaries
Figure 3: Proposed Extent of Area Covered Under the Environmental Protection License
Figure 4: Landfill Cell Locations, Configuration and Location of Leachate Holding Pond
Figure 5: Proposed Final Landform Contours
Figure 6: Leachate Barrier and Leachate Collection and Conveyance System
Figure 7: Leachate Collection Pipe and Sump Design
Figure 8: Landfill Cell Intermediate Bund Wall Schematic
Figure 9: Indicative Locations of Leachate Collection Gutter and Cut-Off Trench
Figure 10: Section Through Leachate Collection Gutter
Figure 11: Cut-Off Trench Section.
Figure 12: Proposed Environmental Monitoring Locations
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Figure 9: Indicative Locations of Leachate Collection
Gutter and Cut-Off Trench
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Figure 10: Section Through Leachate
Collection Gutter

CES110703-VDT
Prepared By:

P. Edmunds

Date:

29/10/2013
Checked By;

D. Lowe

Trench excavated to Shale layer,
Maximum 2m or whatever depth is required
to achieve minimum drainage gradient (fall)
Trench excavation width 500mm to 1000mm

Minimum 500mm thick
Compacted Clay Capping over
Cut Off Trench aggregate
Flush Mounted Manhole Cover

Polyethylene Collection Riser Pipe
200mm internal diameter
(Designation PE63 or greater)

Final Landform Elevation

Minimum 500mm
To Leachate Collection and Conveyance System

500mm
Geofabric Separation Layer
(Bidim A34 or equivalent)

Perforated

300mm

Rock

Rock
Minimum 1% Fall
to Collection Riser Pipe

Perforated Polyethylene Pipe
100mm minimum internal diameter
(Designation PE63 or greater)

Minimum 300mm

Minimum 1% Fall
to Collection Riser Pipe
Perforated Polyethylene Pipe
100mm minimum internal diameter
(Designation PE63 or greater)

End Cap
Float Switch

Submerscible pump installed in
Collection Riser Pipe with automatic
float switch set to activate once water
level rises 300mm above trench base

C O N S U LT I N G
EARTH
SCIENTISTS
S
S uu ii tt ee 33 ,, LL ee vv ee ll 11
55 55 G
G rr aa nn dd vv ii ee w
w S
S tt rr ee ee tt ,, P
P yy m
m bb ll ee N
NS
SW
W ,, 22 00 77 33
pp hh 88 55 66 99 22 22 00 00
ff aa xx 99 99 88 33 00 55 88 22

Aggregate (Drainage material with
co-efficient of permeability K>1 x 10ˉ³
ˉ³ msˉ¹
ˉ¹ ).
The gravel selected should be:
- non reactive in mildly acidic conditions
- relatively uniform in grain size, and
- free of carbonates that cause encrustation

CES Project ID:

Title

CES110703-VDT

Figure 11: Cut Off Trench Section

Prepared By:

P. Edmunds

Date:

29/10/2013
Checked By;

D. Lowe

±

6AS & 6AD

&
<
<
&
2AS & 2AD

<
&

op

<
&

VDT BH5

op
op

&
<
3AS & 3AD
8AS & 8AD

&
<
<
&

<
&

VDT BH3

VDT BH4

7AS & 7AD

&
<

<
&

<
&

VDT BH2

Legend
Indicative alignment of Cut-off Trench

VDT BH1

op
op
op
&
<
<
&
<
&

Cut-off Trench Riser
Surface Water Monitoring Point
Wet Weather Discharge Point
Leachate Monitoring Point
Proposed New Monitoring Boreholes
of subsurface gas and groundwater
Existing Monitoring Borehole (to be retained)
of subsurface gas and groundwater
Existing Monitoring Borehole to be decommissioned
Leachate Holding Pond
Proposed Area to be covered by revised EPL
Cell Side Wall Contours
Cell W Excavation Footprint
Cell X Excavation Footprint
Cell Y Excavation Footprint
Cell Z Excavation Footprint

op
0 15 30

60

90

120

150
Metres

Cadastre

C O N S U LT I N G
EARTH
SCIENTISTS
S
S uu ii tt ee 33 ,, LL ee vv ee ll 11
55 55 G
G rr aa nn dd vv ii ee w
w S
S tt rr ee ee tt ,, P
P yy m
m bb ll ee N
NS
SW
W ,, 22 00 77 33
pp hh 88 55 66 99 22 22 00 00
ff aa xx 99 99 88 33 00 55 88 22

CES Project ID:

Title

Figure 12: Proposed Environmental
Monitoring Locations

CES110703-VDT
Prepared By:

M. Pickett

Date:

20/12/2013
Checked By;

D. Lowe

CONSULTING
EARTH
SCIENTISTS

APPENDIX 1
(Landfill Construction Quality Assurance Plan)
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LANDFILL CONSTRUCTION QUALITY ASSURANCE PLAN,
CELLS W X, Y, AND Z LOT 582, DP 1123656, HALLARDS ROAD,
CENTRAL MANGROVE, NSW.
PREPARED FOR VERDE T ERRA PTY LTD.
CES DOCUMENT REFERENCE: CES110703-VDT-CQA-011113
The landfill Construction Quality Assurance (CQA) plan provides an outline of measures to be
undertaken in order to ensure the quality installation of leachate management inf rastructure in
Cells W, X, Y and Z at Hallards Road, Central Mangrove, New South Wales .
The following issues are addressed in the plan:
 CQA roles and responsibilities (Table 1).
 Leachate Barrier System (Table 2).
 Leachate Collection and Conveyance System (Table 3).
Further to the requirements outlined below, “as constructed” drawings will be prepared for the
cell based on the results of testing outlined below. These drawings will be incorporated into a
Construction Quality Assurance Report for the landfill cells.
At the completion of works in Cells W, X, Y, and Z a report will be prepared by a suitable
qualified and experienced geotechnical practitioner assessing that works have been carried out to
an adequate standard. The report is to be submitted to the OEH prior to the placement of waste in
Cells W, X, Y and Z.

CES Document Reference: CES110703-VDT-CQA-011113
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Table 1: Roles and Responsibilities
Role

Responsibility

Documentation

Certification

Other

Project
Geotechnical

- Comply with construction QA plan.
- Direct NATA accredited geotechnical

- Technical submissions for material
approval.

- Statement that landfill and associated
infrastructure have been constructed in

Practitioner

testing authority.
- Review plans drawn by licensed

- Daily activity logs.
- Survey reports.

accordance with design and
specifications to be provided at end of

surveyor.

- Records of raw material sources.

construction.

Manufacturer

- Manufacturer’s testing in accordance
with manufacturer’s QA programme

- Complying test results to be supplied
with material

- Complying test results to be supplied
with material

Geotechnical

- Conduct QA testing (AS 3798).

- Testing reports.

- Certification of compliance with

- NATA accredited

design and specifications to be
provided at end of construction.

testing authority.

Testing
Authority

- Registered surveyor

Contractor

- Cell construction and installation of
leachate barrier and LCCS

Owner’s

- Review and approve contractor QA

- Records of approval of contractor

- QA report including compilation of

- Civil or environmental

Representative

submissions.
- Release contractor hold points.

submissions.
- Hold point release records.

records and works as executed
drawings.

engineer on site during
active construction of

- Conduct audit testing using NATAaccredited laboratory

- Audit testing reports.
- Records of any approved modifications
to design or specifications.

- Engineering certification for leachate
management system.

landfill and associated
facilities.
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Table 2: Leachate Barrier System
Item
Cell floor

Test
- Inspection of cell floor subgrade

Min. Test Frequency

Responsibility

Walkover
inspection
and - Project Geotechnical Practitioner
photographs following completion of

cell
- Compaction test of substrate (min. 95% standard - 1 per cell (not required if rock base)

- Project Geotechnical Practitioner and

compaction)

geotechnical testing authority

- Survey

-

Survey

completed

floor,

pipe

- Surveyor

trenches and sump excavations.
Cell walls

- Visual inspection. Walls free of protrusions capable of
penetrating leachate barrier system.

- Each wall

- Project Geotechnical Practitioner

HDPE (cell floor and

- ASTM D5994 >-5%

- 1 test per batch

- Manufacturer

- 1 test per batch

- Manufacturer

walls)

3

- ASTM D1505 >0.94g/cm
- ASTM D6693 Yield Strength >29kN/m
- ASTM D6693 Break Strength >21kN/m
- ASTM D6693 Yield Elongation >12%
- ASTM D6693 Break Elongation >100%
- ASTM D1004 >249N
- ASTM D4833 >534N
- ASTM D1603(5) 2.0-3.0
- ASTM D3895 >100 min
- GM12 >0.25mm

GCL (cell floor and walls)

Bentonite Mass AS3706.1 3700 g m-2
-Total mass 4350 g m -2
- Peel strength ASTM D 6496 700 N m-1
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-Tensile strength >14 kN m -1
-machine direction (MD) > 1kN m-1
-cross direction (CD) >1.2 kN m -1
-Hydraulic conductivity ≤3 x 10 -11 m s-11
Protective geotextile over

- Visual inspection to ensure 100% cover over GCL

- Inspection of each wall

GCL and HDPE on walls
Lateral HDPE overlaps –
floor

- Contractor (Installation)
- Project Geotechnical Practitioner

- Review of seam, weld and patching tests

- Document Review

- Contractor (Installation)
- Project Geotechnical Practitioner

- Visual Inspection
Longitudinal HDPE

- Review of seam, weld and patching tests

- Document Review

overlaps – floor

- Contractor (Installation)
- Project Geotechnical Practitioner

- Visual Inspection
Lateral GCL and HDPE

- Review of seam, weld and patching tests

- Document Review

overlaps – wall

- Project Geotechnical Practitioner
- Visual Inspection
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Table 3: Leachate Collection and Conveyance System
Item
Test
Soil padding layer over

Min. Test Frequency

- Minimum thickness of 300 mm

LCCS and Leachate
Barrier
Geotextile specification

- Walkover inspection, photographs

- Contractor (Installation)

and measurements

- Project Geotechnical Practitioner

-AS 3706.1 >350 g m-2

-AS 3706.1>4 mm
-AS 2001.2.3>3000N
- AS 3706.3 >1000N
- AS 3706.4 >6500N
- AS3706.7>70 µm
2
- AS3706.9>75 l/m /sec
Geotextile installation

Responsibility

1 per 2500m2 or 1 per batch delivery to - Supplier
site.

-Visual inspection to ensure 100% coverage

-Upon installation completion

-Project Geotechnical Practitioner

1 per 10,000m2 or 1 per batch delivery

- Supplier

2

- Unit mass using ASTM D 5261 (2,200g/m )
Geonet

- Thickness (9.2mm)
- Hydraulic flow rate at 600 kPa (1.5 x 10-3 m2 /s)

to site.

Gravel Backfill – prior to - Permeability data (AS1289.6.7.1)
- 1 per cell and on visual change.
delivery
-Particle size distribution complies with specification - 1 per cell.

- Contractor

(As1289.1.2.1 and AS1289.1.1 and where applicable - 1 per cell.
AS1289.3.6.1, 3.6.2, 3.6.3)
- 1 per source.
-Shape analysis (AS1141.14 with % of misshapen particles - 1 per source.
less than 30%)
-Calcium carbonate content <8.5%.
-Aggregate Crushing Value
Gravel
Installation

Backfill

Visual inspection to ensure compliance with LMP
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Item

Test

Min. Test Frequency

Leachate drainage pipe – - Test results from manufacturer or independent laboratory - 1 per supplier.

Responsibility
- Contractor

prior to delivery

demonstrating that material meets specifications.

Survey installed pipe and
levels

- Survey.

- Each pipe.

- Contractor

Pipe welds/joins

- Visual inspection of each pipe weld

- 1 per weld

- Project Geotechnical Practitioner

Leachate pipe continuity

- Flushing test.

- 1 per main pipe.

- Project Geotechnical Practitioner

Leachate sump

-Visual inspection

-Upon completion

- Project Geotechnical Practitioner

Leachate riser

- Visual inspection to verify construction as per LMP

- 1 per riser.

- Project Geotechnical Practitioner

Leachate level indicator

- Test level switches and cut off.

- 1 per riser.

- Project Geotechnical Practitioner

Leachate pipe continuity

- Flushing test.

- 1 per main pipe.

- Project Geotechnical Practitioner

Leachate Holding Pond
Subgrade

- Confirm geometry of leachate holding pond.

- Following completion of construction - Project Geotechnical Practitioner
and prior to blinding with geosynthetic
materials: Walkover inspection and
photographs.
- As constructed survey following
completion of construction and prior to
blinding with geosynthetic materials.

- Surveyor

- Subgrade in natural material: Subgrade visual inspection - Following completion of construction - Project Geotechnical Practitioner
and Proof Roll test.

and prior to blinding with geosynthetic
materials: Walkover inspection and
Proof roll testing and photographs

- Subgrade of Engineered Fill:

Fill of geotechnically - 1 per layer of compacted fill

suitable materials and compaction testing of subgrade (min.
98% standard compaction of fill layer placed in maximum
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Item

Test

Min. Test Frequency

Responsibility

250mm loose layers).
Geosynthetic Clay Liner
(GCL)

- Dry thickness DIN 53855 - 6 mm
- Bentonite mass ASTM D 5261 - 4500 g/m 2

(Leachate Holding Pond - Total mass DIN 53854 - 4830 g/m 2
Base and Sides)
- Peel strength ASTM D 413 - 30 N 10cm-1

-1 set of tests per batch or minimum - Manufacturer/Supplier
10% of delivered loads whichever is
greater) – Manufacturer/Supplier

- Tensile strength DIN 53857 Part 2
- Machine Direction (MD) 8 kN m-1
- Cross MD 6 kN m-1
- Elongation MD 8%
- Elongation cross MD 8%
- Hydraulic conductivity DIN 18130 3 x 10 -11 m/sec
GCL overlaps – Leachate
Holding Pond Base and

-Visual inspection to ensure 100% coverage of base and - Visual Inspection and Photographs.
sidewalls.

- Project Geotechnical Practitioner

-Minimum longitudinal overlap seams of 150 mm.

- Contractor

Sides
- Each Seam – Installation log and
photographs.
- Visual Inspection of minimum 25%

- Project Geotechnical Practitioner

of Seams.
-Minimum end-of-roll overlaps seams of minimum 300mm.

- Each Seam – Installation log and
photographs.

- Contractor

- Visual Inspection of minimum 25%
of Seams.

- Project Geotechnical Practitioner

-Rolls joined using bentonite enhanced seams with - Each Seam – Installation log and
minimum application 0.4 kg/m of continuous bead or fillet photographs.
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Item

Test
of bentonite pellets or paste along defined zone.

Min. Test Frequency
- Visual Inspection of minimum 25%

Responsibility
- Project Geotechnical Practitioner

of Seams.

High Density

Minimum Values:

-1 set of tests per batch or minimum -Manufacturer/Supplier

Polyethylene (HDPE
Double Textured)
Flexible Membrane Liner

-Thickness: 1.7mm (2mm Nominal) (ASTM D5199)
-Density: 0.94g cm 3 (ASTM D1505)
-Tensile strength at break 21 N/mm-width (ASTM D 6693)

10% of delivered loads whichever is
greater) – Manufacturer/Supplier

(Leachate Pond Floor and
Sides)

-Tensile strength at yield 30 N/mm-width (ASTM D 6693)
-Elongation at break 150% (ASTM D 6693)
-Elongation at yield 13% (ASTM D 6693)
-Tear resistance 249 N (ASTM D 1004)
-Puncture resistance 641 N (ASTM D 4833)
-Carbon Black Content 2% (ASTM D 1603/D 4218)
-Carbon Black Dispersion 9 of 10 views shall be Category 1
or 2. No more than 1 view from Category 3. (ASTM D
5596).
- Minimum Values:

-1 random sample for conformance -Project Geotechnical Practitioner

-Thickness: 1.7mm (2mm Nominal) (ASTM D5199)
-Density: 0.94g cm3 (ASTM D1505)

testing by independent laboratory

-Tensile strength at break 21 N/mm-width (ASTM D 6693)
-Tensile strength at yield 30 N/mm-width (ASTM D 6693)
-Elongation at break 150% (ASTM D 6693)
-Elongation at yield 13% (ASTM D 6693)
-Tear resistance 249 N (ASTM D 1004)
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Item

Test

Min. Test Frequency

Responsibility

-Puncture resistance 641 N (ASTM D 4833)
-Carbon Black Content 2% (ASTM D 1603/D 4218)
-Carbon Black Dispersion 9 of 10 views shall be Category 1
or 2. No more than 1 view from Category 3. (ASTM D
5596).
High Density

-Visual inspection

Polyethylene (HDPE
Double Textured)
Flexible Membrane Liner

-Each roll: Installation log and

- Contractor

photographic records.
-Each site visit and on completion of
installation works.

- Project Geotechnical Practitioner

is uniform, in good
condition, free from
damage and textured both
sides.
HDPE Sheet Field Shear
Testing

-Field Tensiometer

-1 test per batch
- Project Geotechnical Practitioner to
witness 100% of HDPE batch tests.

- Contractor
- Project Geotechnical Practitioner

HDPE Seam Welds
(Double Hot Wedge

-Daily trial welds undertaken using same personnel,
materials, equipment and under conditions representative of

-Prior to commencement of seam
welding, seam weld log, photographic

- Contractor

Welding)

the main production welds.

records. Sample of each trial weld
taken.
-Project Geotechnical Practitioner to
Witness at least 20% of trial welds.
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Item

Test

Min. Test Frequency

Responsibility

-Trial weld testing for peel adhesion : 70% (or greater) than

-3 Sub-samples of each trial weld

- Contractor

the minimum shear test result determined for HDPE using
field tensiometer)

sample.
- Project Geotechnical Fractioned to

- Project Geotechnical Practitioner

Witness at least 20% of field tests
-Trial weld testing for shear strength : 80% (or greater) than

-2 Sub-samples of each trial weld

- Contractor

the minimum shear test result determined for HDPE using
field tensiometer)

sample.
- Project Geotechnical Practitioner to
Witness at least 20% of field tests

- Project Geotechnical Practitioner

Non-destructive field air channel testing (inflation testing):
Inflation to 138kPa, Nil pressure variation over 5mins.

- Each seam
- Project Geotechnical Practitioner to

- Contractor
- Project Geotechnical Practitioner

witness at least 20% of inflation tests.
HDPE Extrusion Welds

Fencing, safety ladder,
safety lines and leachate

Vacuum testing with detergent: No visible bubbles

-Visual Inspection

depth marker
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APPENDIX 2
(Leachate Generation Modelling)

Project : Central Mangrove – Intermediate Clay
Cap (moderately compacted)
Cells W, X, Y and Z
Model : HELP
An US EPA model for predicting landfill hydrologic processes and testing of effectiveness of landfill designs

Author : Dr Mark Pickett
Client : Mr Steve Sarkis
Location : Central Mangrove

01/11/2013

1. Profile. EPA profile1
Model Settings
[HELP] Case Settings
Parameter
Runoff Method
Initial Moisture Settings

Value
Model calculated
Model calculated

Units
(-)
(-)

Value
100
Good stand of grass

Units
(%%)
(-)

[HELP] Surface Water Settings
Parameter
Runoff Area
Vegetation Class

Profile Structure

Layer
Fine Sandy Loam
Clay, moderately compacted
Municipal Waste (312 kg/cub.m)
Sand
Drainage Net (0.5cm)
High Density Polyethylene
Bentonite

Top ( m)
0.0000

Bottom ( m)
-0.1000

Thickness ( m)
0.1000

-0.1000

-0.6000

0.5000

-0.6000

-40.6000

40.0000

-40.6000

-40.9000

0.3000

-40.9000

-40.9050

0.0050

-40.9050

-40.9060

0.0010

-40.9060

-40.9160

0.0100

1.1. Layer. Fine Sandy Loam
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 30.0000
Bottom Slope : 30.0000
[HELP] Vertical Perc. Layer Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

Value
0.4730
0.2220
0.1040
44.92800000000000
0.0000

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/day)
(cm/day)

1.2. Layer. Clay, moderately compacted
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 30.0000
Bottom Slope : 30.0000
[HELP] Barrier Soil Liner Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

Value
0.451
0.419
0.332
6.8E-7
0

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/sec)
(mm/year)

1.3. Layer. Municipal Waste (312 kg/cub.m)
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 30.0000
Bottom Slope : 0.0000
[HELP] Vertical Perc. Layer Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

Value
0.6710
0.2920
0.0770
86.40000000000001
0.0000

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/day)
(cm/day)

Value
0.437
0.062
0.024
0.0058
0

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/sec)
(mm/year)

Value
0.8500
0.01
0.005
864000.0000000000
0

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/day)
(cm/day)

1.4. Layer. Sand
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 0.0000
Bottom Slope : 0.0000
[HELP] Lateral Drainage Layer Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

1.5. Layer. Drainage Net (0.5cm)
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 5.0000
Bottom Slope : 5.0000
[HELP] Geotextiles and Geonets Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

1.6. Layer. High Density Polyethylene
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 0.0000
Bottom Slope : 0.0000
[HELP] Geomembrane Liner Parameters
Parameter
sat.hydr.conductivity
pinhole density
installation defects
placement quality
geotextile transmissivity

Value
2E-13
2
2
4
0

Units
(cm/sec)
(#/ha)
(#/ha)
(-)
(cm2/sec)

1.7. Layer. Bentonite
Top Slope Length: 30.0000
Bottom Slope Length: 30.0000
Top Slope: 0.0000
Bottom Slope : 0.0000
[HELP] Barrier Soil Liner Parameters
Parameter
total porosity
field capacity
wilting point
sat.hydr.conductivity
subsurface inflow

Value
0.75
0.747
0.4
3E-9
0

Units
(vol/vol)
(vol/vol)
(vol/vol)
(cm/sec)
(mm/year)

Annual Totals rate (m)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or
leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)

Year-1 (m)
6.9130E-01
3.3758E-02
5.7518E-01

Year-2 (m)
1.1399E+00
3.4825E-01
6.7699E-01

Year-3 (m)
1.1593E+00
2.3695E-01
8.1955E-01

Year-4 (m)
1.0190E+00
2.2587E-01
7.0149E-01

4.2760E-05

1.3014E-02

-1.4926E-02

-4.2155E-03

-1.0382E-08

-1.7120E-08

-1.7411E-08

-1.5304E-08

1.1967E+01
0.0000E+00
8.2309E-02

1.1980E+01
0.0000E+00
9.7659E-02

1.1965E+01
0.0000E+00
1.1402E-01

1.1961E+01
0.0000E+00
9.3933E-02

8.2324E-02

1.0164E-01

1.1773E-01

9.5854E-02

7.5081E-09

7.9626E-09

8.2992E-09

8.2244E-09

3.3530E-05

4.1415E-05

4.7874E-05

3.8825E-05

Year-5 (m)
1.1683E+00
2.8281E-01
7.8024E-01

Year-6 (m)
9.9950E-01
1.3627E-01
7.6448E-01

Year-7 (m)
9.9450E-01
1.7218E-01
7.3335E-01

Year-8 (m)
1.0856E+00
2.9263E-01
6.7285E-01

3.6627E-03

-6.4483E-03

6.1664E-03

1.0469E-02

-1.7546E-08

-1.5011E-08

-1.4936E-08

-1.6304E-08

1.1965E+01
0.0000E+00
1.0388E-01

1.1958E+01
0.0000E+00
1.0510E-01

1.1965E+01
0.0000E+00
8.9004E-02

1.1975E+01
0.0000E+00
1.0477E-01

1.0159E-01

1.0521E-01

8.2801E-02

1.0966E-01

7.9340E-09

7.9757E-09

7.5895E-09

8.5906E-09

4.1193E-05

4.2879E-05

3.3904E-05

4.4398E-05

(continued)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or
leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)
(continued)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or
leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)

Year-9 (m)
9.5410E-01
8.8300E-02
7.8749E-01

Year-10 (m)
1.2463E+00
3.7830E-01
7.5209E-01

Year-11 (m)
1.0002E+00
3.3252E-01
5.8023E-01

Year-12 (m)
8.4080E-01
5.3605E-02
7.1293E-01

-1.5750E-02

1.6747E-02

-1.3807E-02

7.8744E-03

-1.4329E-08

-1.8718E-08

-1.5021E-08

-1.2628E-08

1.1959E+01
0.0000E+00
9.3664E-02

1.1976E+01
0.0000E+00
1.0469E-01

1.1962E+01
0.0000E+00
9.3333E-02

1.1970E+01
0.0000E+00
7.4029E-02

9.4062E-02

9.9164E-02

1.0125E-01

6.6391E-02

7.7427E-09

7.8677E-09

8.1730E-09

6.8003E-09

3.8438E-05

4.0397E-05

4.1256E-05

2.7190E-05

Year-13 (m)
1.0785E+00
3.0463E-01
6.8605E-01

Year-14 (m)
8.9570E-01
8.0174E-02
7.2161E-01

Year-15 (m)
1.0172E+00
1.8921E-01
7.1830E-01

Year-16 (m)
8.9250E-01
1.4304E-01
6.5823E-01

-4.9246E-03

-7.4397E-03

3.8131E-03

1.4028E-03

-1.6197E-08

-1.3452E-08

-1.5277E-08

-1.3404E-08

1.1965E+01
0.0000E+00
9.3396E-02

1.1958E+01
0.0000E+00
9.1784E-02

1.1961E+01
0.0000E+00
1.0684E-01

1.1963E+01
0.0000E+00
9.1926E-02

9.2752E-02

1.0136E-01

1.0588E-01

8.9827E-02

7.6827E-09

8.2871E-09

8.0441E-09

7.5789E-09

3.7652E-05

4.1784E-05

4.3299E-05

3.6554E-05

Year-17 (m)
1.2243E+00
3.4484E-01
7.7350E-01

Year-18 (m)
9.9930E-01
1.3249E-01
7.4022E-01

Year-19 (m)
1.3221E+00
4.4012E-01
7.8548E-01

Year-20 (m)
1.1425E+00
2.7108E-01
7.4957E-01

-2.1927E-03

2.9985E-02

-2.9597E-02

1.6214E-02

-1.8387E-08

-1.5008E-08

-1.9856E-08

-1.7159E-08

1.1961E+01
0.0000E+00
1.0809E-01

1.1991E+01
0.0000E+00
1.0048E-01

1.1961E+01
0.0000E+00
1.2477E-01

1.1977E+01
0.0000E+00
1.0962E-01

1.0816E-01

9.6606E-02

1.2609E-01

1.0563E-01

8.2310E-09

7.9838E-09

8.5560E-09

8.2240E-09

(continued)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or
leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)
(continued)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or

leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)

4.4043E-05

3.9370E-05

5.1363E-05

4.2953E-05

Rate (m)
1.0280E-01
8.7039E-02
7.0501E-04

Volume (m3)
1.0280E+03
8.7039E+02
7.0501E+00

Day
161
161
146

Year
4
4
2

1.1168E-03

1.1168E+01

198

13

1.5367E-10

1.5367E-06

308

8

0.0000E+00

3.8201E+03

6190

8448

(continued)

Precipitation (m)
Runoff (m)
Evapotranspiration
(m)
Change in water
storage (m)
Water budget
balance (m)
Soil water (m)
Snow water (m)
Percolation or
leakance through
Layer 2 (m)
Lateral drainage
collected from Layer
5 (m)
Percolation or
leakance through
Layer 7 (m)
Average head on top
of Layer 6 (m)

Total (m)
2.0871E+01
4.4870E+00
1.4390E+01
1.0091E-02
-3.1345E-07
2.3934E+02
0.0000E+00
1.9833E+00

1.9840E+00

1.5926E-07

8.0832E-04

Peak daily values

Precipitation
Runoff
Percolation or
leakance through
Layer 2
Lateral drainage
collected from Layer
5
Percolation or
leakance through
Layer 7
Snow water
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APPENDIX 3
(Pipe Calculations and Specifications)

LEACHATE PIPE - ARCHING CALCULATIONS
Reference:

Chevron Phillips Chemical Company, 2002: The Performance Pipe Engineering Manual, Book 2, Chapter 7.
www.cpchem.com/performancepipe/literature/engineeringmanual/207.pdf

Hallards Road, Central Mangrove
CES110703-VDT Cells W, X, Y and Z

Vertical Soil Pressure P E (Prism Load)=w H
EQUATION 1

w = weight of soil
H = soil height above crown
PE

Vertical Soil Pressure P m (Marston)= C D wB D
EQUATION 2

BD = Trench width at pipe crown
CD = Load Coefficient (Eqn 3)
PM =

Load Coefficient C D
CD = [1-e

EQUATION 3

(-2Ku'*H/B )
D

]/2Ku'

K=Rankine earth pressure coefficient
u' = friction coefficient between backfill and trench sides
Ku'= from Table 7.Chevron Philips reference for clean granular soil

Modified Arching Vertical soil pressure Pc = FwH

Value

Unit

Value

19612
40

N/m3
m

124.837683
131.2335958

784480

N/m2

784480

Value

Unit

0.5
2.6
533.2975

m
Unitless
lb/ft2

Value

Unit

Value

Unit

lb/ft3
ft

---

---

Pa

16384.2941

lb/ft 2

Unit

1.640419948
---

ft
---

Value
2.604167
--0.192

w = weight of soil
H = soil height above crown
F = arching coefficient (eqn 5)

19612
30
0.41953

EQUATION 5

F = [PM + 0.4 (PE-PM)]/PE

0.41953

e

--

N/m3
m
--

-x

1-e

-Unitless

6873.1 lb/ft2

EQUATION 4

x=(-2Ku'*H/BD)

Unitless

329085
124.837683
98.42519685

-30.72
4.5548E-14

-x

1

Pa
lb/ft3
ft

329 kPa
---

---
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APPENDIX 4
(Technical Reports and Test Results for Proposed
Leachate Collection and Conveyance System)
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APPENDIX 5
(Copy of Stephen Thorne and Associates Plan
Referenced: 5617/June/09 Issue A)

