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DISCLAIMER: This Report has been prepared solely for registered users of Overseer who download it from the Overseer application, and have accepted Overseer's Terms of Use. While reasonable efforts have been
made to ensure that the Overseer software model used to prepare this Report keeps up with the latest scientific research, Overseer Limited gives no warranties, representation or guarantees, express or implied in
relation to the quality, reliability, accuracy and/or fitness for any purpose of the Report. Overseer Limited expressly disclaims and assumes no liability whatsoever arising directly or indirectly from the use of, or
reliance on this Report.

COPYRIGHT: With the exception of user-supplied data, this Report is © 2018 Overseer Limited. All rights reserved. You may copy and distribute this Report in its entirety, as long as you do not mislead anyone as to its
origin or implications, and provided you do not remove or alter the disclaimer above or this copyright notice.

CAMDEN GROUP - AYLESBURY GRAZING LTD (BURNHAM) @ OverseerFM

139 Grange Rd, Burnham 7675, New Zealand

Year ending 2020

Analysis type Year end
Is publication No
Application version 5.0.11
Printed date 10 May 2023, 5:16PM
Model version 6.5.1

Farm details “ 28 kg/ha | 10,839 kg u 0.3 kg/ha | 114 kg m 14,605 kg/ha | 5,681.3 tonnes | NCE: | 18 | v6.5.1

Total area 388.8 ha
Productive block area 375.00 ha
Nitrogen conversion efficiency (NCE) 18%
N Surplus 281kg/ha
Region Canterbury
Total liveweight brought (kg/ha grazed) 842 Percent male beef animals 4

Total liveweight reared (kg/ha grazed) 1871 Beef / dairy grazing stock rate (RSU)12044

Total liveweight sold (kg/ha grazed) 2601

Analysis comments

DATE BY TYPE COMMENT
26 Jun 2019, 9:00AM Ravensdown Admin General Property description, location and valuation numbers: -43.603552,
172.291260

Blocks

NAME TYPE AREA (HA) N LOSS | NLOSS/HA | N IN DRAINAGE (PPM) N SURPLUS/HA P LOSS | PLOSS/HA  BLOCKED AREA % N FARM LOSS %

W tism_al ' pasture 200 5646 28 14 299 21 01 53 52
Pivot

@ tism_1al ' pasture 105 2932 28 14 293 01 28 27
Spinners

@ Kaleto  crop 35 848 24 12 194 7 0.2 9 8
Pasture

@ Pasture ' crop 35 1,393 40 19 231 12 03 9 13
to Kale

T

Other  gther oo - - - 63 - - -
sources

Farm soils

S-MAP REF/NAME GROUP/ORDER DRAINAGE CLASS MODIFIED TOTAL AREA (HA) % OF PROD. BLOCKS BLOCKS

Lism_1a.l Sedimentary/Brown Well Yes 375 100 4



Enterprises

STOCK NUMBERS
NAME JuL AUG SEP ocT NOV DEC JAN FEB MAR APR MAY JUN
= Beef 1712 1712 1777 1777 1712 3279 3286 3279 3164 1632 1632 1632
RSU
NAME JuL AUG SEP ocT NOVv DEC JAN FEB MAR APR MAY JUN
™ Beef 828 929 1018 951 761 1236 1268 1294 1507 1169 536 547
Irrigators
NAME AREA COVERED JuL AUG SEP ocT NOV DEC JAN FEB MAR APR MAY JUN
LINEAR AND CENTRE PIVOT
Linear and centre Pivot 1 200 ha “((f "&(’ ( "&(’ ( "&((
SOLID SET
Solid set 2 105ha
LINEAR AND CENTRE PIVOT
Pivot 70 ha «(/ K «(/ ﬁ,/ ,(/ .,&(«
Structures
No structures exist.
Supplements
CATEGORY FEED SOURCE DRY WEIGHT? | AMOUNT DESTINATION
Silage Baleage Purchased (225) Yes 225 tonnes Beef (225)
Baleage - Lism_1a.1 Pivot (197) Yes 197 tonnes Off farm (197)
Baleage - Lism_1a.1 Spinners (156) Yes 156 tonnes Off farm (156)
. Pasture average
Silage o Purchased (461) Yes 461 tonnes Beef (461)
quality silage
Crops
CROP/PASTURE AREA (HA) YIELD GROWN (T/DM/YR) INTAKE (T/DM/YR) SUPPLEMENTS (T/DM/YR)
W Ryegrass/white clover 305.0 - 7793 5208 353
525T/had
¢ Kale 35.0 /ha dry - - -
matter
P Pasture 35.0 - - - -
Fertiliser
MANUFACTURER/MATERIAL NAME TOTAL APPLIED (KG) N P K S CA MG NA
R d
avensdown Ammo 31 37500 11513 . - 5400 - -
cropping
Ravensdown other Urea 140,000 | 64,400 - - - - -
Ravensdown
. Cropmaster DAP 10,500 1,848 2,100 - 105 - -
cropping
Ravensdown other Potassium chloride 5,250 - - 2,625 - - 63
Ravensdown super Superphosphate 126,375 - M,374 - 13,901 25,275 -
TOTAL 319,625 77,761 | 13,474 2,625 19,406 | 25,275 63



GHG - Total farm emissions

METHANE GHG EMISSIONS N20 GHG EMISSIONS C02 GHG EMISSIONS TOTAL GHG EMISSIONS

3675.3 eC02/tonnes/yr 1417.9 eC02/tonnes/yr 588.2 eC02/tonnes/yr 5681.3 eC02/tonnes/yr

Farm nutrient budget

LOSSES FROM ROOT ZONE
TOTAL LOSS (KG/YR) LOSS PER HA (KG/YR)
Nitrogen 10,839 28
Phosphorus 14 0.3
NUTRIENTS ADDED (KG/HA/YR) N P K S CA MG
Foliar sprays 0 0 0 0 0 0
Fertiliser, lime and other v 200 35 7 50 65 0
Irrigation 10 0 6 10 37 9
Supplements v 34 5 32 4 8 3
Rain/clover fixation v 99 0 2 4 2 4
NUTRIENTS REMOVED (KG/HA/YR) N P K S CA MG
Leaching, runoff and direct losses v 28 0.3 9 59 31 1
As product 45 1 3 5 23 1
As prunings 0 0 0 0 0 0
Transfer v 0 0 0 0 0 0
Effluent exported 0 0 0 0 0 0
To atmosphere v 93 0 0 0 0 0
As supplements and crop residues v 17 2 16 2 4 1
CHANGE IN POOLS (KG/HA/YR) N P K ) CA MG
Organic pool v 113 0 3 -5 1 0
Standing plant material 19 2 12 1 2 1
Inorganic mineral v 0 2 -21 0 -1 -2
Crop framework 0 0 0 0 0 0
Inorganic soil pool 5 20 24 0 53 13
Change in supplement storage 0 0 0 0 0 0
Root and stover residuals 25 2 0 5 0 0

NA

38

18

NA

o o o o

NA



Blocks

Lism_1a.1 Pivot “ 28 kg/ha | 5,646 kg u 0.1 kg/ha | 21 kg
Pasture - Flat, 200 ha
BLOCK DETAILS
Area 200 Average Using farm Average Using farm climate Annual Using farm climate
ha temp climate (11.9 °0) rainfall (667 mm/yr) PET (917 mm/yr)
Distance from 29
coast km
SOILS

100% LISM_1A1
200ha Brown

PASTURE

Pasture growth 25,550 kg DM/ha/yr Removed 985 kg DM/ha/yr

Utilisation 70 % Beef 30.88 rsu/ha

Intake 17,196 kg DM/ha/yr
SUPPLEMENTS

Harvested (DM) 197 tonnes
CROP MANAGEMENT

Block type Pasture Hydrophobic condition Use default

Topography Flat Susceptibility to pugging Occasional

Pasture type Ryegrass/white clover Is compacted No

Cultivated in last 5 years No Naturally high water table No

Animals present Yes

JuL AUG SEP ocT NOV DEC JAN FEB MAR APR MAY JUN

RSU/HA

Beef 1.93 274 273 255 224 364 374 3.81 4m 2.81 0.27 0.31

FERTILISER APPLIED (KG/HA)

N - 31 2 2 25 25 2 2 25 - - -
P - - 2 28 - - - , - - - -
K _ - _ - _ _ _ - _ _ _ -
s . 14 3 34 . . . . . . . .
IRRIGATION APPLIED (MM)

?ﬁn‘;'pp“e‘j - . . 60 65 75 95 70 35 . . .

LINEAR AND CENTRE PIVOT 1 (LINEAR AND CENTRE PIVOT): OVERSEER DEFAULT (FIXED) | N:2.5 P:0.1K:1.6 5:2.5 CA:9.3 MG:2.2 NA:9.5

Supplied

- - - 63 68 79 100 74 37 - - -
(mm)
Applied (mm) - - - 60 65 75 95 70 35 - - -
Depth (mm) - - - 5 5 5 5 5 5 - - -

Return (days) - - N 1 1 1 1 ] ] B B -



NUTRIENT BUDGET

LOSSES FROM ROOT ZONE

Nitrogen

Phosphorus

NUTRIENTS ADDED (KG/HA/YR)
Effluent added

Fertiliser, lime and other
Irrigation

Supplements fed on blocks

Rain/clover fixation

NUTRIENTS REMOVED (KG/HA/YR)
Leaching, runoff and direct losses
As product

Transfer

Effluent exported

To atmosphere

As supplements and crop residues

CHANGE IN POOLS (KG/HA/YR)
Organic pool
Inorganic mineral

Inorganic soil pool

TOTAL LOSS (KG/YR)
5,646
21
N
v 0
v 208
10
v 32
v 123
N
v 28
48
v 7
0
v 100
18
N
7
v 0
0

0.1

N O o =

o

~N O o X

-20
22

LOSS PER HA (KG/YR)

28
01

51
10

N O o o o

o o o wn

CA

67
39

A1
57

w v o o

£~

NA

40

18



@ Lism_1a.1 Spinners “ 28 kg/ha | 2,932 kg ﬂ 0.1 kg/ha | 1 kg
Pasture - Flat, 105 ha

BLOCK DETAILS

105 Average Using farm Average Using farm climate Annual Using farm climate
ha temp climate (11.9 °0) rainfall (667 mm/yr) PET (917 mm/yr)

Distance from 29

Area

coast km

SOILS

100% LISM_1A1
105ha  Brown

PASTURE
Pasture growth 25,550 kg DM/ha/yr Removed 1486 kg DM/ha/yr

Utilisation 70 % Beef 30.27 rsu/ha

Intake 16,845 kg DM/ha/yr

SUPPLEMENTS
Harvested (DM) 156 tonnes

CROP MANAGEMENT

Block type Pasture Hydrophobic condition Use default
Topography Flat Susceptibility to pugging Occasional
Pasture type Ryegrass/white clover Is compacted No
Cultivated in last 5 years No Naturally high water table No

Animals present Yes

JuL AUG SEP ocT NOV DEC JAN FEB MAR APR MAY JUN
RSU/HA
Beef 1.89 268 2567 25 22 357 366 374 4.03 276 0.27 03
FERTILISER APPLIED (KG/HA)
N - 3 25 25 25 25 25 25 25 - - -
P - - 2 28 - - - - - - - -
K N N N - _ . N - _ N - -
s - 14 3 34 - - - - - - - -
IRRIGATION APPLIED (MM)

Avg applied

- - - 60 65 75 95 70 35 - - -
(mm)

SOLID SET 2 (SOLID SET): OVERSEER DEFAULT (FIXED) | N:2.5 P:0.1K:1.6 S:2.5 CA:9.3 MG:2.2 NA:9.5

Supplied

uPPie . . . 63 68 79 100 7 37 . . :
(mm)
Applied (mm) : . . 60 65 75 95 70 35 . . .
Depth (mm) - - - 5 5 5 5 5 5 - - -

Return (days) - - N 1 1 1 1 ] ] B B -



NUTRIENT BUDGET

LOSSES FROM ROOT ZONE

Nitrogen

Phosphorus

NUTRIENTS ADDED (KG/HA/YR)
Effluent added

Fertiliser, lime and other
Irrigation

Supplements fed on blocks

Rain/clover fixation

NUTRIENTS REMOVED (KG/HA/YR)
Leaching, runoff and direct losses
As product

Transfer

Effluent exported

To atmosphere

As supplements and crop residues

CHANGE IN POOLS (KG/HA/YR)
Organic pool
Inorganic mineral

Inorganic soil pool

TOTAL LOSS (KG/YR)
2,932
n
N
v 0
v 208
10
v 32
v 126
N
v 28
48
v 7
0
v 98
28
N
167
v 0
0

0.1

& O o =

o

~N O o X

-22
16

LOSS PER HA (KG/YR)

28
01

51
10

w o o o o

o o o wn

CA

67
39

A1
56

w v o o

s

N O o o

MG

14

NA

40

18



Kale to Pasture
Crop - 35ha
BLOCK DETAILS

35 Average

n

9 Average

667

Annual

“ 24 kg/ha | 848 kg n 0.2 kg/ha | 7 kg

917

Area Latitude
ha temp C rainfall mm/yr  PET mm/yr
Distance
from 29
km
coast
SOILS
100% LISM_1A1
35ha Brown
PASTURE
Pasture growth 25,550 kg DM/ha/yr Removed 0 kg DM/ha/yr
Utilisation 70 % Beef 3215rsu/ha
Intake 17,885 kg DM/ha/yr
ARTIFICIAL DRAINAGE
Drainage method None
CROP MANAGEMENT
Block type Crop Crop rotation final month September
Cultivated area 100 % Years in pasture 8
Headlands and tracks 0% Prior land use Grazed pasture
Other areas 0%
CROPS
¥ Kale «m Pasture
Category Fodder Category
Crop type Kale Crop type
Sown November - Year 1 Sown
Yield 525T Cultivation practice at sowing
Cultivation practice at sowing Direct drilled Defoliation management
ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC JAN FEB
L 2L BEER 2R AR A I I . R R P R R P R P Ry
Grazed
Kale Pasture
pasture
RSU/HA
Beef - - - - - - - - - - - - 265 233 | 379 | 389 | 397
FERTILISER APPLIED (KG/HA)
N - 53 46 | 46 - - - - - - - - 25 25 25 25 25
P - 60 - - - - - - - - - - 28 - - - -
K - 75 - - - - - - - - - - - - - - -
s - 3 - - - - - - - - - - 34 - - - -
IRRIGATION APPLIED (MM)
Avg
applied - - - - - - - - - - - - 60 65 75 95 70
(mm)

PIVOT (LINEAR AND CENTRE PIVOT): OVERSEER DEFAULT (FIXED) | N:2.5 P:0.1K:1.6 S:2.5 CA:9.3 MG:2.2 NA:9.5

Supplied
(mm)

63 68 79 100 74

-43.603552

MAR

ok

-

4.28

25

35

37

Longitude

Permanent pasture
Pasture

July - Year1
Minimum till

Grazing only

APR MAY JUN
| s
293 0.29 0.32

172.29126

JuL

201

AUG

2.85

31

SEP

2.84

25



- | | k| o P o
- - - - =™ ™ - Lo -
NUTRIENT BUDGET
LOSSES FROM ROOT ZONE
TOTAL LOSS (KG/YR) LOSS PER HA (KG/YR)

Nitrogen 848 24

Phosphorus 7 0.2

NUTRIENTS ADDED (KG/HA/YR) N P K S CA MG NA
Effluent added v 0 0 0 0 0 0 0
Fertiliser, lime and other v 208 30 0 51 67 0 0
Irrigation 10 0 7 10 39 9 40
Supplements v 32 4 30 3 8 3 2
Rain/clover fixation v 2 0 2 4 2 4 18
NUTRIENTS REMOVED (KG/HA/YR) N P K S CA MG NA
Leaching, runoff and direct losses v 24 0.2 4 162 27 1 6
As product 50 12 3 6 25 1 1
Transfer v 7 1 5 0 1 0 0
To atmosphere v 102 0 0 0 0 0 0
As supplements and crop residues v 0 0 0 0 0 0 0
CHANGE IN POOLS (KG/HA/YR) N P K S CA MG NA
Organic pool v -184 -49 0 -66 0 0 0
Standing plant material 231 21 184 14 23 15 8
Inorganic mineral v 0 2 -47 0 -1 -2 -2
Inorganic soil pool 23 56 -56 0 76 6 54
Root and stover residuals -2 -8 -55 -48 -35 -5 -8




Pasture to Kale “ 40 kg/ha | 1,393 ke ﬂ 0.3 kg/ha | 12 kg
Crop - 35ha

BLOCK DETAILS
35 Average 1.9 Average 667 Annual 917 . .
A Latitud -43.603552 L tud 172.29126
red ha temp C rainfall mm/yr PET mm/yr attude ongftuae
Dist
e
km
coast
SOILS

100% LISM_IA1

35ha Brown

PASTURE

Pasture growth 3,964 kg DM/ha/yr Removed 0 kg DM/ha/yr
Utilisation 70 % Beef 512 rsu/ha
Intake 2,775 kg DM/ha/yr

ARTIFICIAL DRAINAGE

Drainage method None

CROP MANAGEMENT

Block type Crop Crop rotation final month September

Cultivated area 100 % Years in pasture 8

Headlands and tracks 0% Prior land use Grazed pasture

Other areas 0%

CROPS

¥ Kale «m Pasture

Category Fodder Category Permanent pasture
Crop type Kale Crop type Pasture
Sown November - Reporting year Sown July - Reporting year
Yield 525T Cultivation practice at sowing Minimum till
Cultivation practice at sowing Direct drilled Defoliation management Grazing only

ocT NoV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP

L A ZEEE JNER AL L JRER AN . P R

Grazed pasture Kale Pasture

- - -
RSU/HA
Beef - - - - - - - - - - - - 247 - - - - - - - - - - 2.65
FERTILISER APPLIED (KG/HA)
N 28 26 26 26 26 26 28 - - - 31 - - 53 46 46 - - - - - - 31 28
P - - - - - - - - - - - - 28 60 - - - - - - - - - 2
K - - - - - - - - - - - - - 75 - - - - - - - - - -
S - - - - - - - - - - 4 . 34 3 - - - N - - - - 14 3
IRRIGATION APPLIED (MM)
Avg
applied - - - - - - - - - - - - 60 45 75 95 70 35 - - - - - -
(mm)

PIVOT (LINEAR AND CENTRE PIVOT): OVERSEER DEFAULT (FIXED) | N:2.5 P:0.1K:1.6 S:2.5 CA:9.3 MG:2.2 NA:9.5

Supplied
- - - - - - - - - - E - 63 47 79 100 74 37 - - - - - -
(mm)



- ik
Lo
NUTRIENT BUDGET
LOSSES FROM ROOT ZONE
TOTAL LOSS (KG/YR) LOSS PER HA (KG/YR)

Nitrogen 1,393 40

Phosphorus 12 0.3

NUTRIENTS ADDED (KG/HA/YR) N P K S CA MG NA
Effluent added v 0 0 0 0 0 0 0
Fertiliser, lime and other v 203 90 75 54 67 0 2
Irrigation 10 6 10 37 9 38
Supplements v 32 4 30 3 8 3 2
Rain/clover fixation v 20 0 2 4 2 4 18
NUTRIENTS REMOVED (KG/HA/YR) N P K S CA MG NA
Leaching, runoff and direct losses v 40 0.3 7 8 50 2 8
As product 30 7 2 4 15 0 1
Transfer v 3 0 3 0 1 0 0
To atmosphere v 62 0 0 0 0 0 0
As supplements and crop residues v 0 0 0 0 0 0 0
CHANGE IN POOLS (KG/HA/YR) N P K S CA MG NA
Organic pool v -149 -20 0 -39 0 0
Standing plant material -24 -4 -50 -4 4 -3 -3
Inorganic mineral v 0 4 -9 0 -1 -2 -2
Inorganic soil pool 27 72 104 0 8 12 48
Root and stover residuals 275 35 57 102 36 5 8
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Executive Summary

This document is intended to be used by Winstone Aggregates for the
management of soils on Burnham Farm that are affected by their quarrying
activity.

The purpose of this report is to provide a description of the soil management
strategy to rehabilitate the soils to an equivalent standard following gravel
extraction so as to:

a) Ensure that the removal, management, and placement of soil avoids or
minimises impacts on the soil properties prior to and following
placement, and that the re-established soil retains the versatility of the
original soil on the site, and

b) Ensure that soil management activities avoid potential adverse effects on
the surrounding environment.

Key points

Soil placement is the single most important operation in the restoration
process. The soil must be placed under optimal conditions to specified
depths on a platform graded to design levels.

The aim of the soil rehabilitation is to provide a soil that has similar or
better (less stones) physical properties as the soil before quarrying.
These physical properties include: well drained, moderate over rapid
permeability suitable for irrigated pasture production.

The reinstated soil will have at least 200mm depth of subsoil and at least
200mm depth of topsoil providing a soil profile depth of at least 400 mm
with no significant barriers to plant roots.

The site is to be progressively stabilised i.e.; each active stage must be
remediated as the excavation commences for the next stage. The area of
irrigation at the bottom of the pit will also progressively expand.

Within three years following full establishment of the pasture vegetation,
the soil should be capable of production similar to land that has been
cultivated for cropping and re-grassed.

A monitoring programme will be included as part of this plan and if the
above are not achieved the Soil Management Plan will be adapted.

This soil management plan is intended to be a living document that will be
updated as knowledge of the site increases and as technologies and practices
evolve. Annual soil quality (soil condition) monitoring is recommended for the
newly rehabilitated soil areas, to ensure soil quality is maintained for agricultural
production. This information from this monitoring will be used to adapt this Soil
Management Plan if needed.

€04096500_Draft soil management plan.docx PATTLE DELAMORE PARTNERS LTD
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1.0 Soil Management Plan

1.1 Introduction

This soil management plan is intended to be a living document that will be
updated as knowledge of the site increases and as technologies and practices
evolve.

The purpose of the Soil Management Plan is to:

a) Ensure that the removal, management, and placement of soil avoids or
minimises impacts on the soil properties prior to and following
placement, and that the re-established soil retains or exceeds the soil
versatility of the original soil on the site, and

b) ensure that soil management activities avoid potential adverse effects on
the surrounding environment.

1.2 Key Concepts for Restoration

Key to the effective reestablishment of the soil on the gravel extraction site
are careful pre-planning, adherence to the guidance provided in the
Soil Management Plan, and the training of all staff involved.

The main on-ground factors that achieve successful land restoration and retain
productive value of the land are preparation of the existing surface to ensure it
has the appropriate contour, and careful removal and placement of the soil
material and silt so they are not degraded or compacted.

Soil carbon is critical for soil health, it feeds the soil biology and helps retain soil
moisture and nutrients. Average soil carbon stocks in New Zealand’s agricultural
soils are estimated at about 100 tonnes per hectare in the top 300mm. It is
important that the topsoil is retained and applied back onto the rehabilitated
areas, particularly as the reinstated subsoil (washed silt, pea gravel and other
products) will be very low in soil carbon.

The reinstated soil will have at least 200mm depth of subsoil and at least 200mm
depth of topsoil providing a soil profile depth of at least 400 mm with no
significant barriers to plant roots.

Under the lease agreement with the farmer running the stock on the property,
the soil Olsen P will need to be returned to the levels prior to quarrying. Pasture
soil testing is normally to 60 cm. The reinstated subsoil will have very low levels
of nutrients, and this is likely to make up 50 percent of the top 60cm of soail,
therefore fertiliser will be required before or during pasture establishment.

€04096500_Draft soil management plan.docx PATTLE DELAMORE PARTNERS LTD
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Pasture is the best vegetation for preparing the soil for future agricultural use.
The fine roots of pasture create soil structure and grow into the new subsoil to
coat cracks and pores. Generally, after three years in pasture (post quarrying)
and with careful stock management to avoid compaction, the new soil is suitable
for a range of agricultural uses. The addition of deeper rooting pasture species
for example plantain and chicory will help to increase the soil porosity and add
organic material.

Temporary or permanent irrigation will be reinstalled on the rehabilitated areas,
and pasture will be established as soon as possible after the soils are reinstated.
Limitations for arable use should remain the same as the current land-use as the
majority of the site will have slopes that are less than five degrees and be
irrigated.

1.3  Gravel Extraction Staging

The site will be extracted and rehabilitated in stages. Timeframes are estimated
based on projected demand and are subject to change:

e Years 1-6. Initial extraction. These areas will be used to set up the processing
plant area, stockyard, and amenities for the life of the quarry — as a result they
will not be rehabilitated until the site’s end of life.

e Years 7-10. Extraction towards the SE corner of the site. From the start of this
stage the quarry will be progressively rehabilitated.

* Years 10+. Extraction and rehabilitation in a clockwise direction around pivot
#1, then into pivot #2 and finally pivot #3, as shown in Figure 1. Areas between
and beside pivots will be extracted and rehabilitated with each move into new
areas enabling reinstatement behind the leading edge.
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Figure 1: Quarry layout

The gravel extraction will be staged with removal of topsoil and subsoil (referred
to as overburden in other reports for the site) undertaken incrementally. Staging
the gravel extraction reduces the short term loss of productive land on the site
and reduces the volume of soil requiring stockpiling and the time the soil is
stockpiled. This in turn reduces the potential for soil degradation and soil loss
(by overland flow runoff or wind).

1.3.1 Soil Removal and Placement

Before any soil removal (also referred to as lifting or stripping) activities are
carried out, existing vegetation should be killed or reduced through mowing or
grazing, to reduce green vegetative materials being incorporated into the soil
that will be stockpiled and used to rehabilitate the site.

All topsoil material must be removed from all land prior to the commencement
of any trafficking of the area and stockpiled in a secure predesignated area or
applied directly to the area being rehabilitated. Where practicable, subsoil and
topsoil layers are to be kept separate to enhance utilisation of this material for
future rehabilitation works.

Topsoil should be recovered to the full width of the strip without mixing with the
underlying subsoil (not more than 20% of the lower horizon should be exposed at
the layer junction within the strip). The thickness and identification of the
horizon junction must be verified before and during stripping. The full thickness
of the topsoil horizon should be stripped progressively along the strip before the
underlying subsoil horizon.
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Topsoil is removed using an excavator and trucks or it could be removed using
scrapers. The early face extraction will be excavators and later extraction is
likely to include a loader conveyor. Extreme care needs to be taken to avoid
shearing and compressive force on the soil (i.e., the inherent structure of the
topsoil should be maintained as much as possible). New technology is likely to
aid extraction but this maybe more than ten years away.

Light track-driven machinery (e.g., tracked excavators and dozers) are required
for the soil removal and placement to avoid the considerable compaction and
shearing of soil by large heavy rubber tyred machines (this does not preclude the
use of cropping machinery, as long as any machinery does not have a detrimental
compacting effect on the soil). Alternatively, flotation tyred machines could be
used. Short hauls should be aimed for with minimal handling of all soil materials.
This can be achieved using a designated centralised storage and service area.

All areas that are not being actively quarried will be maintained in vegetation.

There is approximately 400mm of top soils and horizon layers above the gravels
and the gravels have a stone size of up to 150mm. Some of these stones are
present in the topsoil and will remain in the rehabilitated soil. Trees and
vegetation including large root systems, timber from the historical pine tree
plantation, old fences, large stones (>150mm diameter), debris, and all
obstructions of whatever kind, whether natural or artificial, encountered within
the area of the works need to be removed and disposed of on-site or transported
off site to an approved fill.

Avoiding soil compaction

For a soil to be returned to productive agricultural use, compaction needs to be
minimised. Compacted soils have less porosity and hence lower drainage and
aeration, lower plant available water (more prone to drought) and more resistant
to plant root growth. To minimise compaction?:

The dump trucks should normally only operate on the ‘basal’/non-soil
layer, and their wheels must not run on to the soil layers;

The excavator should normally operate on the topsoil layer;

The adoption of a bed/strip system avoids the need for the trucks to
travel on the soil layers;

Soil moisture is between 50% and 75% of field capacity when moved.

Cultivation should aim to minimise the number of passes over the site to
avoid soil compaction.

If possible, cultivation and levelling of the soil surface should be along
the contour.

1 Good Practice Guide for Handling Soils in Mineral Workings Part One: Introduction July 2021
Institute of Quarrying
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As an overarching principle, the handling of the topsoil material should only be
undertaken when soil moisture is between 50 — 75% of the field capacity to avoid
soil compaction (soil too wet) or loss of soil by wind erosion (soil too dry).
Compaction is the main risk to being able to return the soil to a usable condition.
Soil moisture levels can be determined by either the probes/tapes installed in the
existing pasture areas on the property or using the soil plasticity test2.

1.3.2 Soil Storage

1.3.2.1 Phase 1 (Years 1-6)

These areas will be used to set up the processing plant area, stockyard, and
amenities for the life of the quarry — as a result they will not be rehabilitated
until the site’s end of life Initially topsoil and overburden will be used to create
permanent bunding. Excess topsoil stripped from the processing and stockpile
areas will be stockpiled in windrows along the boundary of the first extraction
area. The topsoil should be stored in separate stockpiles from any soil taken
from lower down in the profile (referred to as subsoil).

1.3.2.2 Phase 2 (Years 7 — 10 start of rehabilitation)

Where possible topsoil will be moved directly from the areas that are about to be
quarried to the rehabilitated areas to avoid double handling and storage of
topsoil. Where the soils are to be directly replaced (without storage in mounds),
the initial strip of the topsoil will have to be stored temporarily to access the
lower subsoil layer and enable the sequential movement of materials. The
stored topsoil material would normally be placed on top of the subsoil layer.

If there is additional topsoil, areas that are suitable for the temporary stockpiling
of topsoil materials need to be identified as part of pre-planning and scheduling.
Stockpiles should be kept for as short a period as possible to minimise loss of soil
structure and soil biology. Soils in the temporary stockpile areas will also need
to be protected from compaction, degradation, and soil loss (as dust).

Monitoring of stockpiles will be required to ensure wind is not creating dust
plumes. This can be managed by wetting the soil surface using a water cart or
sprinklers. For any longer term topsoil stockpiles, the stockpile should be
covered or vegetated with grass to reduce soil damage and loss caused by wind
and rain.

2 A useful field method of deciding whether a soil is sufficiently dry to be moved safely is the spade
test: plasticity is determined by hand-rolling a sample from the relevant horizon on the back of a
spade to see if a thread of 3 mm diameter can be formed without crumbling. If a thread can be
formed the soil is too wet for working (Ramsay, 1986).
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Where possible soil used to re-establish soil structure on rehabilitated extraction
faces will be used from nearby bunds, to minimise material handling. However,
any appropriate soils may be used provided that the re-established soil structure
is equivalent to the soil structure on the site before quarry activities occurred.

1.3.3 Phase 3 (Years 10+)

Extraction and rehabilitation in a clockwise direction around pivot number 1,
then into pivot 2 and finally pivot 3. Areas between and beside pivots will be
extracted and rehabilitated as the quarry moves past them. (Figure 1)

1.4 Soil Rehabilitation

1.4.1 Preparation of the Receiving Surface

The receiving soil surface should be levelled to provide an even surface. Light
track-driven machinery (e.g., tracked excavators and dozers) or flotation tyred
machinery should be used to prepare the receiving surface to minimise soil
compaction.

Cultivation should avoid creating concentrated areas of compaction (e.g., wheel
track lines up and down the slope), and aim to minimise the number of passes
over the site.

Soil removal and placement is not to take place during heavy rainfall (50mm in
24 hours) or if there is ponding of rainfall.

1.4.2 Boundary slope

Quarry extraction cut faces will be pulled back to a maximum 1:2 batter slope,
the soil structure reinstated, and vegetated with native plantings, which will be
fenced to exclude stock. Temporary irrigation may be provided over these areas
to establish plantings. Vegetation is intended to provide an ‘ecological’ ring
around the perimeter of the Site.

1.4.3 Subsoil

The subsoil is permitted up to within 200mm of the final land surface and a
minimum soil thickness (topsoil and subsoil) of 400mm is required over the
quarry base. The final re-established subsoil profile should be predominantly
fine matrix soil materials, free of rocks and other coarse materials. The depth of
subsoil will vary across the site. The deeper the quarry the more silt will be
available for rehabilitation, therefore the depth of the subsoil will be greater in
the northern corner where groundwater is deeper.

The following properties are required for the subsoil material:

Silts either in slurry form or placed using dump trucks and earthworks
machinery.
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The subsoil may include organic forestry residue and dead pasture
material that was in the soil from the extraction site and stockpiled sub
soil. This site came out of forestry in 2008/2009 and some forestry
residues remain, large logs/roots will be removed.

The subsoil material will not contain rocks.

The subsoil material can include up to 35% by volume of gravels
(moderately gravelly)3 of 6-20 mm diameter® with fine soil matrix
materials. The current subsoil predominately has 10 % or less stones in
the top 400mm with about 10% of the soil having up to 35% stones. The
intention is to replicate this in the rehabilitated soil with the majority of
the soil having 10% or less stones.

In areas where the depth of the rehabilitated soil is deeper than 400mm
additional small stones and gravel can be added as a layer over the base
if there is no alternative use for them.

1.4.4 Topsoil properties

The topsoil should occupy the upper 200-400 mm of the final re-established soil
profile. This is to ensure the final re-established soil profile has a topsoil that has
organic matter, nutrients, and fine matrix soil materials similar to the original soil
profile.

The following properties are recommended for the topsoil material:
Topsoil removed from the extraction site and stockpiled should be used.

Coarse organic materials are not permitted in the topsoil (tree roots and
forestry residues).

The topsoil may include up to 10% (by volume) of organic material
provided it is thoroughly mixed with the other soil material. If the topsoil
is stripped from one area and immediately applied to a rehabilitation
zone it may contain organic material from the pasture.

The topsoil material may have some stones and gravels present in the
topsoil that was stockpiled/removed from the extraction site or from
contamination from the subsoil or storage of silt, however no
stones/gravel should be intentionally added.

3 Milne JDG, Clayden B, Singleton PL, Wilson AD. 1995. Soil Description Handbook. Lincoln,
New Zealand, Manaaki Whenua Press. 157p. (p46).

4 Milne JDG, Clayden B, Singleton PL, Wilson AD. 1995. Soil Description Handbook. Lincoln,
New Zealand, Manaaki Whenua Press. 157p. (p45).
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The restored topsoil and sub soil combined should ideally achieve the following
outcomes:

i. A minimum of 400 mm of plant growth medium with little or no
limitations to root penetration.

ii. Soil strength to be such that there is no serious limitation to cultivation
and movement of machinery, i.e., no visually obvious contrasting
compacted layers within the restored soil profile, especially between the
subsoil and the topsoil, and no visually obvious compaction or sealing
between the topsoil and subsoil.

iii. Be at least moderately well or well drained where the inherent soil
drainage characteristics of the land allow.

1.5 Sequence of soil placement

Soil placement is the single most important operation in the restoration process.
The soil must be placed under optimal conditions to specified depths on a
platform graded to design levels.

The platform design determines the future landform and must consider materials
available, groundwater levels, erosion hazard, slope criteria for restored land
use, aspect, microclimate, aesthetics, and most importantly, drainage (Ramsay,
1986). Final slopes of five or less degrees are considered optimal for cropping
and horticultural purposes. Due to the scale of the property the new floor will
have a less than five degree slope.

Once the shape of the existing land surface has been attained, the soil materials
need to be placed using light track-driven machinery or flotation tyred
machinery.

Between the placed subsoil and topsoil, the surface needs to be ripped along the
contour (if any) or otherwise treated to reduce any subsurface compaction and
eliminate slippage surfaces and root restricting or water perching layers. Sharp
interfaces between texturally contrasting materials must be avoided.

Topsoil placement operations need to be carried out when the soil materials are
in a dry condition. Vehicular traffic and soil handling should be kept to a
minimum and all soil compaction needs to be rectified by appropriate
tillage/ripping treatments prior to establishment of a plant cover. Special care is
required to avoid continually using the same vehicle tracks when redistributing
the soil materials, or if this is not possible then the excessively tracked areas
should be ripped.

The topsoil material needs to be distributed in such a way as to achieve an
approximately uniform stable thickness over the whole area.

€04096500_Draft soil management plan.docx PATTLE DELAMORE PARTNERS LTD



poo

BURNHAM 2020 LTD - DRAFT SOIL MANAGEMENT PLAN

Any exposed soil surfaces require protection from wind erosion. Light surface
wetting of the soil topsoil via irrigation is an acceptable method. All areas that
are not being actively quarried will be maintained in vegetation.

1.6 Irrigation and Pasture Establishment

The farm currently is fully irrigated by three centre pivots, single span towable
pivots and set sprinklers. The existing centre pivots will remain in place for as
long as possible. Irrigation will be installed at the bottom of the pit prior to the
soil and grass rehabilitation.

The newly formed boundary slopes will not be irrigated by centre pivots’ end
guns to avoid topsoil being washed off. Low application rate irrigation (either
temporary or permanent) will be installed to establish and maintain newly sown
pasture.

The irrigation water is available from CPWL from September to April, this water
will extend the timeframe when soil conditions are suitable for rehabilitation and
allow new grass to be sown as soon as possible following the topsoil placement.
This will prevent dust and soil cracking.

The site is to be progressively stabilised i.e.; each active stage must be
remediated as the excavation commences for the next stage. The area of
irrigation at the bottom of the pit will also progressively expand.

1.7 Soil health

The aim of the restoration is to have a healthy well-functioning soil. There are a
number of indicators for a healthy soil including good soil structure, appropriate
water storage and drainage, readily available plant nutrients and a populations of
earthworms and microorganisms.

Storage of topsoil in bunds over a number of years is likely to reduce the soil
biology. Topsoil that is not required for bund development will require storage
in Phase 1. The introduction of specific microorganisms into soils has been
performed for many decades. There is a range of commercially available
products that enhance the soil biology and should aid the soil rehabilitation
process if soils do need to be stored. The use of these products will be assessed
before the first stage is rehabilitated.

From Phase 2 onwards soil will be moved from the areas about to be quarried to
the rehabilitated site as soon as possible, minimising the storage time and
protecting the soil biology.

1.8 Nutrient and Pasture Management after Soil Rehabilitation

Following the placement of the new soil profile, a nutrient management
specialist should advise on fertiliser and lime applications, as determined by soil
tests, to ensure the Olsen P and soil pH are the similar to before extraction.
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Phosphorus leaching can occur after phosphate fertiliser is applied to pasture
and crops. To reduce the risk of P loss the farm will use the following good
management practices:

The farm will have a soil testing and monitoring programme to ensure
phosphate fertiliser is applied at optimal rates to minimise leaching.

Only irrigate to meet the moisture needs of the plant and avoiding drainage.
Varying the depth of irrigation on a daily basis can minimise the quantity of
drainage, which are minimised further by adjusting applications according to
weather forecasts. Compared to uniform rate irrigation, the use of variable
depth has been shown to decrease P losses by up to 80% (McDowell, 2017)

The timing of fertiliser or effluent P application to soil can influence P loss,
mainly because of the effect soil moisture can have on the propensity for the
generation of P leaching. P fertiliser will not be applied to soil at or close to
field capacity or if heavy rain is predicted, or in the months of May to
September included.

The use of lower water soluble P fertilisers if higher rates of phosphate
fertiliser are required.

The rehabilitated pasture area will use deeper rooting pasture species to
take up phosphorous in the subsoil.

Suitable pasture species for the local conditions should also be sown. Pasture
roots help create soil structure and penetrate the subsoil. This helps ensure the
cracks needed for drainage and air supply in the soil are kept open. ldeally
deeper rooting species such as plantain and chicory should be included with a
mixture of grass and clover species to help build soil structure.

Re-vegetation to pasture should be undertaken as soon as practicable after
topsoil placement. This will minimise possible deterioration of soil structure and
development of erosion problems on bare cultivated soils. Weather permitting,
seeding should occur within two weeks following topsoil placement.

To improve the soil structure a mixture of pasture species is recommended,
including grasses, clovers and deeper rooting plantain and chicory.

Pasture establishment may be required outside the irrigation season to minimise
dust If pasture is established in winter months cool season active species will be
used (for example Italian Ryegrass) and permanent species may need to be
drilled into the area later.

To encourage the rapid recovery of the soil structure, only light weight stock
such as sheep and Calves/Rising 1 year cattle will be grazed on the pastures and
no stock grazed in July and August in the first year after sowing the new
pastures. A management system which promotes grass harvesting (hay and/or
silage) over the first two years after rehabilitation is to be encouraged. This
helps prevent recompacting the soil. Across the grazed area of the property the
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stocking rate will remain at the same level as the current stocking. Good
management of wet soil to avoid degradation of soil structure will be important,
especially managing stock movement on the soils during wet periods when the
soil is saturated and susceptible to pugging and compaction.

Areas of obviously impeded drainage, which show by way of surface ponding,
should be examined to establish if any moisture restricting layer exists and
appropriate ripping or subsurface aeration undertaken to shatter such
compacted layers.

1.9 Reducing dust

Soil management related potential for dust is associated with soil removal and
placement, soil storage, transport, and post placement management.
Mitigations are provided in the dust mitigation section of the Air Quality
Assessment for storage and transport. This property has existing irrigation and
will re-establish irrigation for the final placement of soil and to establish pasture,
reducing the risk of dust problems.

The existing shelter belts will be retained, and any gaps planted and there will be
a 120m setback, planted in native vegetation, from neighbouring housing.

Table 1: Summary of mitigations to reduce dust during soil removal and

placement

Soil removal and placement

All exposed areas are monitored, stabilised, and wetted to ensure dust is not
objectionable beyond the property boundary.

Irrigation will be used in dry conditions to reduce the dust levels before removal
and after soil placement (rehabilitation)

Areas are incrementally backfilled at regular intervals and re-grassed with
suitable grass species as soon as possible, or the soil stabilised until ready to be
re-grassed. This will limit potential for dust generation by minimising exposed
surfaces.

Post placement management

Revegetation using grass to prevent bare soil and sheet (surface) erosion.

Addition of nutrients (fertiliser) to increase fertility and promote and maintain
even revegetation and to return the soil fertility to the levels prior to quarrying.

Soil moisture management via irrigation and soil moisture monitoring to
promote and maintain revegetation.
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2.0 Summary of Soil Disturbance Activities

Any soil disturbance (as part of any activity) is likely to result in disruption to soil
properties. Soil disturbance or disruption can occur with any land use practice
(e.g., cultivation for cropping). Adherence to the Soil Management Plan (most
importantly during the removal and placement of the subsoil and topsoil
materials) will ensure the effects are minimised and are no more than the soil
disturbance effects resulting from land use practices such as cultivation for
cropping, forest harvesting and intensive pastoral use.

The effects on soil properties are likely to be predominantly soil physical effects
related to soil compaction, loss of soil structure and degradation of soil
aggregates during removal, transport and storage, and compaction of the soil
material during placement. In turn, these can lead to impeded soil drainage
(reducing air and water flow pathways in the soil), reduced soil water storage
capacity, and reduced soil pores for biological activity. Soil fertility is not
considered to be of primary concern as this can be remedied with the addition of
fertiliser. If the steps set out in the Soil Management Plan, summarised in Table
2 below are followed, then effects on soil properties following restoration will be
minimised.

A summary of the key aspects of the soil management plan is provided in the
table below.

Table 2: Summary of Soil Disturbance Activities

Soil Removal

Where practicable, subsoil and topsoil layers are to be kept separate to enhance
utilisation of this material for future rehabilitation works.

Handling of the topsoil material when soil moisture is 50 -75% of field capacity.
This helps maintain soil aggregates and avoid soil smearing and compaction. Soil
moisture content can be determined by either soil moisture probes/tapes or
hand held device or plasticity test (hand rounding soil to see if a thread of 3 mm
diameter can be formed without crumbling or is too wet to form easily)

This site came out of forestry in 2008/2009 and some forestry residues remain,
large logs/roots will be removed.

Soil placement

Handling of the topsoil material when soil moisture is 50 -75% of field capacity.
This helps maintain soil aggregates and avoid soil smearing and compaction.

Sequential replacement of the soil material to approximate the original subsoil
and topsoil. This will maintain air and water flow pathways similar to an
undisturbed soil profile.
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Table 2: Summary of Soil Disturbance Activities

Minimise soil handling and where possible in phase 2 onwards move soil directly
from the newly stripped areas to the area to be rehabilitated.

The dump trucks should operate on the ‘basal’/non-soil layer, and their wheels
must not run on to the soil layers

The excavator should operate on the topsoil layer

The adoption of a bed/strip system avoids the need for the trucks to travel on
the soil layers

Soil storage

If soil needs to be stored, minimise the time stored to protect the soil structure
and soil biology.

Vegetation of long term soil stockpiles with grass to protect from wind and water
(rain).

Transport

Short hauls should be aimed for with minimal handling of all soil materials to
help retain soil aggregates.

Whether possible the transport of soil using vehicles is minimised, by using
conveyors and by locating silt ponds and storage areas close to where the
silt/soil will be used for rehabilitation.

Preparation of receiving surface

The receiving soil surface should be levelled to provide as even a surface as is
possible. .

Use of light track-driven machinery or flotation tyred machinery should be used
to minimise soil compaction.

Cultivation for pasture establishment should avoid creating concentrated areas
of compaction (e.g., wheel track lines up and down the slope).

Cultivation should aim to minimise the number of passes over the site to avoid
soil compaction.

Fill and soil properties

Coarse organic materials should be avoided or removed from the soil material
before placement.

If soil is stored minimise the inclusion of organic material (<10% by volume) to
minimise anaerobic conditions in the soil from decomposition.
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Table 2: Summary of Soil Disturbance Activities

Soil placement

Sequential placement of fill, subsoil, and topsoil to approximate an undisturbed
soil profile

Use of light track-driven machinery for soil placement to minimise soil
compaction and degradation of soil aggregates.

Post placement management

Revegetation using grass to develop soil structure. This will increase the ability
of the soil to store air and water, improve moisture movement and improve soil
biological activity.

Addition of nutrients (fertiliser) to increase fertility and promote and maintain
even revegetation.

Soil moisture management via irrigation to promote and maintain revegetation.

3.0 Soil Management Training

Soil management training of all staff involved, and activities monitoring is
undertaken to ensure the effective reestablishment of the soil on the gravel
extraction site.

3.1 Soil removal

Operator performance in the lifting phase is important, and on-site guidance on
soil horizon recognition and on machine routing, is required.

3.2  Soil placement

Operator performance in the placement phase is crucial, and additional details
will be provided in the Soil Management Plan

The staged and incremental reinstatement of the excavated area allows for
iterative checking and refinement of placement procedures to ensure the quality
of the replaced soil profile. Annual inspection in the first three years following
the start of the Phase 2, of by a Soil Scientist or Rural Professional.

Assessment should include (but is not limited to) the following:

Visual assessment of the placed soil profile, examining for abrupt horizon
boundaries, compacted layers, smeared layers, visual evidence of
restricted water movement. Additionally, confirmation of the presence
and % content of gravels and soil colour (using a Munsell soil colour
chart) should be recorded for the fill (if feasible), the subsoil, and topsoil.

Topsoil and subsoil samples for soil chemical analysis.
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4.0 Monitoring and Recording

Monitoring is undertaken to ensure the effective reestablishment of the soil on
the gravel extraction site.

4.1  Fill and soil material
Fill and soil material details are logged and include:

Class of material
Name of supplier
Name of the transporter
Vehicle type and registration number
Weight
Fill/soil material inspector and approver name(s)

Date

4.2  Soil storage
Soil storage (soil stockpile) details are logged and include:
Date stockpiled
Class of material

Stockpile maximum height

4.3  Soil placement

Assessment should include (but is not limited to) the following:

Visual assessment of the placed soil profile, examining for abrupt horizon
boundaries, compacted layers, smeared layers, visual evidence of
restricted water movement. Additionally, confirmation of the presence
and % content of gravels and soil colour (using a Munsell soil colour
chart) should be recorded for the fill (if feasible), the subsoil, and topsoil.

Topsoil and subsoil samples for soil chemical analysis.

4.4 Post placement soil monitoring

Within three years following full establishment of the pasture vegetation, the soil
should be capable of production similar to land that has been cultivated for
cropping and re-grassed. As the pasture establishes over the first year, soil
properties will improve due to the positive impacts of the pasture cover. These
will include development of soil aggregates and soil biological activity.
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In general, soil properties are likely to change more rapidly in the first few years
following re-establishment, and then slow as the soil settles towards longer term
equilibrium conditions.

Under established land use, soil quality changes commonly occur over decades
depending on the intensity of land use, at which point contemporary land
management practices are likely to have a greater impact on the soil rather than
the soil property changes associated with the reestablishment of the soil.

Annual soil quality (soil condition) monitoring is recommended for newly
rehabilitated soil areas for the first three years following the completion of the
rehabilitation areas, to ensure soil quality is maintained for agricultural
production. This information from this monitoring will be used to adapt the Soil
Management Plan if needed.

The assessment of soil, beyond indicators of soil fertility, provides greater insight
into the health of the soil and can help to guide management for improved soil
performance. A ‘miniVisual Soil Assessment’ (VSA) has been adapted for

New Zealand farmers and is based on the visual assessment of key soil ‘state’ and
plant ‘performance’ indicators of soil quality, presented on a score card. VSA has
been selected as an appropriate monitoring tool for this site for the following
reasons:

monitors soil structure, turbidity and porosity;

includes soil biology (earthworm count);

is simple to do and can be carried out by a farmer or Rural Professional;
is usually carried out annually in spring for pasture farming.

To allow comparative assessment of the soil quality of the re-established soil
following extraction, soil monitoring should include baseline sampling and
analysis of the original soils on the site. Additionally, a control site in a paddock
on an undisturbed site will be included in ongoing soil monitoring to differentiate
between the effects of contemporary land use management and effects
associated with the reestablishment of the soil.

Annual monitoring using VSA of selected soil properties in the topsoil and subsoil
in the areas rehabilitated within the last three years is planned, from the start of
Phase 2.

A detailed soil monitoring schedule/plan should be developed, and assessment
undertaken by a suitably qualified person. The following provides guidance for
inclusion in a soil monitoring plan.

To allow comparative assessment of the soil quality of the re-established soil
following extraction, soil monitoring should include baseline sampling and
analysis of the original soils on the site. Additionally, a control site in an
adjoining undisturbed site that will not be quarried (suggest under pivot 3 in area
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that will be last to be quarried) should be included in ongoing soil monitoring to
differentiate between the effects of contemporary land use management and
effects associated with the reestablishment of the soil.

Initially, annual monitoring of selected soil properties in the topsoil and subsoil
following re-establishment is recommended. This should be undertaken by a
rural professional for the first three years following re-establishment and then
every 3 to 5 years.

The suggested soil properties are commonly used to assess the impacts of land
management on soils under a given land use. They should not be considered
definitive (i.e., alternative soil properties for monitoring can be considered) but
do provide a research based representation of soil chemical, biological and
physical condition (soil quality). There are a range of soil properties that could
be monitored, Winstone propose to monitor the following:.

Table 3 : Suggested Soil Properties to Monitor

Target range for
Agricultural
Term Definition production Timing

See score card includes
soil biology, soil Spring after
miniVSA structure and porosity Score >3 rehabilitation

A measure of the acidity Before
pH* or alkalinity of a soil. 5.5-6.31 regrassing

A measure of the total
amount of all forms

(organic and inorganic)
Total carbon of carbon in the soil. >2.5%

A laboratory measure of
the amount of nitrogen
that can readily be
supplied to plants
through the
decomposition of soil
Anaerobically organic matter. An
mineralisable indicator of soil
nitrogen biological activity. 50 — 250 ug/N/g?*

A measure of the amount Spring before
of phosphorus available 20 - 30 and equal | quarrying
for plant and microbial or better than and after
Olsen P? uptake. before quarrying | rehabilitation
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Table 3 : Suggested Soil Properties to Monitor

Target range for
Agricultural
Term Definition production Timing

Bulk density gives a
measure of how densely
a soil is packed. Soils
typically have about half
of their volume
comprised of voids (pore
spaces). If these voids
are lost through

compaction, bulk density Before
Bulk density increases. 0.6 - 1.4 Mg/m3 regrassing
Notes
1. Provisional Targets for Soil Quality Indicators in New Zealand

2. Required in the lease agreement for the rehabilitated area to be the same as prior to quarrying.
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