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1. INTRODUCTION

This report presents the results of infiltration testing and acid sulfate soil assessment carried
out at the Sector 8, Macpherson Street, Warriewood. The investigation was commissioned
by Mr R.A Blancato of Australand Holdings Ltd in his letter dated 22" May 2002 following
our fee proposal Ref JC00010-L2 dated 10" May 2002.

The investigation was in response to Pittwater Council’s letter dated 13" March 2002. The

purposes of the investigation were to;

« Assess the permeability of the natural subsurface soil profile for water management

of the proposed development.
¢ Assess the presence of potential acid sulfate soils or acid sulfate soil.
3. SITE DESCRIPTION

Sector 8 is located at the south western corner of Macpherson Street and Garden Street at
Warriewood. The overall site which contains 9 lots (Lot 1 & 2 DP 18303, Lots A, B& C DP
328260, Lot 1 DP 593363, Lot B DP 334543, Lot 12 DP 659528 and Lot 11 DP 5464)
measures about 550m east-wesl and 360m north-south. Refer to Drawing No 1 for site

locality plan.

The western portion of Sector 8 (eg. Lot 1 DP 18303) and southern portion of Lot 2 DP
18303 is located near the foothili of a gentle hill with ground surface sloping to the cast at
angles less than 6 degrees. On the remaining major portion of Sector 8, ground surface is
approximately level. Based on the survey plan provided, ground surface level of the site
ranges from about reduced level (RL) 28m Australian Height Datum (AHD) on the western

extremities to about RL 12m AHD on the eastern extremities of the site. '

Fern Creek transects Lots 1 and 2 in the middle and runs along the rear boundary of Lots A to

-

The 1:100,000 Scil Landscape of Sydney Series 9130 prepared by the Soil Conservation
Services of NSW indicates the site 1o be underlain by swamp soil belonging to the

Warriewood landscape grouping. Typically soil profile in the general area is deep and

GeoEnviro Consultancy
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consists of sandy humus Podzols and dark mottled Siliceous sands overlying acid peats in

depression and pale siliceous sands.

The 1:100,000 geological map of Sydney indicated the major portion of the site to be
underlain stream alluvial and estuarine sediments consisting of silty to peaty quartz sand, silt
and clay with ferruginous and humic cementation in places. On the western portion of Sector
8 (eg. Lot 1 DP 18303) and southern portion of Lot 2 DP 18303, interbedded laminite shale

and quartz to lithic quartz sandstone underlies the site.
3. INVESTIGATION PROCEDURE

Fieldwork for the investigation included excavation of test pits at 12 locations (TP 101 to
112) as shown on the attached Drawing No 1. The test pits were excavated using a rubber
tyred backhoe on the 27® May 2002. Two locations (TP 101 and 105) along the creek line
were nominated by Gutteridge Haskins & Davey Pty Ltd. TP-101 had to be relocated slightly

to the west due to inaccessibility of the site to 2 backhoe.

The test pits were initially excavated to a depth of about 0.8m below existing ground surface
using a smooth bucket to prepare infiltration test pads. The double-ring infiltrometer test
involve installation of inner (100mm diameter) and outer rings (300mm diameter), embedded
nto the pads. The pad around the rings was compacted to avoid water from infiltrating
through the disturbed areas. Following installation of the rings, the outer ring was filled with
water to saturate the surrounding soil, followed by filling of the inner ring with water. The
height difference between the water levels of the inner and outer rings was measured with
time. Upon completion of the infiltration testing, manual excavation of the pads were carried

out in order to check the wetting zone.

Following the infiltration testing, the test pits were excavated to depths varying from 1.5m to
3.7m below existing ground surface. Soil samples were taken from the test pits for
assessment of acid sulfate soil. The samples were preserved in cooled containers and sent to
Sydney Analytical Laboratories (SAL), a NATA accredited laboratory for pH and Peroxide
pH Test to provide an initial screen to determine soils acid sulfate potential. The tests
involved the measurement of pH and the pH after oxidation (pH,,) with a 30% hydrogen
peroxide solution. Following the pH and Peroxide pH test, Peroxide Oxidation Combined

Acidity and Sulfate (POCAS}) tests on two samples were performed.

GeoEnvire Consultancy
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Details of the subsurface profile encountered are presented on the test pit reports in Appendix
A of this report. The laboratory ftest reports are attached in Appendix B. Explanatory notes

defining terms and symbols used in the report are attached in Appendix C.
4.  SUBSURFACE CONDITIONS

For details of the subsurface profile encountered, refer to the test pit reports. The following

is a summary of the subsurface profile encountered.

Fill

Fill was encountered in TP 101 to a depth of about 0.7m below existing ground surface and is
overlain by a layer of topsoil. The fill consists of silty sand with a significant amount of

rubbish fill such as steel pieces, wires, ash, bricks, etc.

Topsoil/lF ill

Topsoil and topsoil/fill was encountered in the remaining test pits with thickmess ranging
from 300mm to 600mm. The topsoil and topsoil/fill consists predominantly of clayey sandy

silt and clayey silty sand.
Natural

Natural soil beneath the fill and topsoil was found to consist predominantly of sand and silty
clayey sand. A relatively more clayey stratum was encountered in TP 107, 111 and 112. The

natural soil profile tends to become more clayey and gravelly at lower depths.
Bedrock

Bedrock was not encountered in all test pits except TP 112 where sandstone was encountered

at about 1.2m below existing ground surface.
Groundwater

Some ground water seepage was encountered in TP 101, 102, 103, 105, 108, 109 and 110 at
depths varying from l.4mto 3.3m.

GeoEnviro Consultancy
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5. INFILTRATION RATES

The following are calculated permeability rates for natural soil profile at the various locations

based on double-ring infiltrometer testing;

Test Pit No Soil Stratum Tested Calculated
Permeability Rate
101 Sand 2.5 x 107 emv/s
102 Sand 1.9x 107 cv/s
103 Sand 7.1 x 107 emy/s
104 Silty Sand 2.1x 10" cnv/s
105 Sand 7.0x 10* cmfs
106 Siity Clayey Sand 6.3x 10" cm/s
107 Sandy Silty Clay 2.3x 10* cm/s
108 Sand 1.6 x 107 cm/s
109 Sand 1.2 x 107 er/s
110 Sand 1.5 x 107 cmv/s
111 Clayey Sard/Sandy Clay T 3.2x10%emfs
112 Silty Clay Sand/Sandy Clay 8.1 x 10”° cm/s

GeoEnviro Consultancy
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6. ACID SULFATE SOIL ASSESSMENT

For details of the laboratory test results, refer to Appendix

the test results;

B. The following is a summary of

pH and Peroxide Tests

Test Pit Depth (m) pH (H,O) pH (H;0y)

TP 101 0.7-1.0 7.1 5.4

1.8-2.0 7.3 5.2

TP102 0.83-1.0 7.3 6.2

1.8-2.0 6.9 6.1

TP103 0.5-0.8 6.8 4.4

2.0-2.3 6.5 4.4

TP104 0.6-0.9 6.5 4.3

1.7-2.0 5.2 4.7

TP105 0.6-1.0 6.1 4.2

1.8-2.2 5.3 4.5

TP106 0.4-0.7 6.0 4.0

1.8-2.1 5.7 4.9

TP107 0.5-0.8 5.8 4.2

1.8-2.0 5.7 4.8

TP108 0.3-0.7 7.4 5.7

' 1.7-2.0 6.3 5.1

3.0-3.5 5.0 4.4

TP109 0.8-1.1 5.9 4.2

1.7-2.0 5.8 4.4

3.0-3.5 4.9 4.0

TP110 0.7-1.0 5.7 3.9

1.7-2.0 5.7 4.1

2.6-3.0 4.9 43

TPL11 0.6-0.9 5.7 4.4

19-2.2 5.1 4.6

TP112 0.3-0.8 5.2 3.9

L 1.2-1.5 4.6 4.0

Three factors are considered to show a positive indication of potential acid sulfate soils.

These factors are:

1. The strength of the reaction with peroxide (it can not be used alone as

organic matter and other soil constituents such as manganese oxides can also

cause a reaction);

2. A pH., value less than 3 indicates potential acid sulfate soils (the more the

pH,, values falls below 3, the more positive the results); and

3. The difference between field pH and pH,, (a large difference gives a more

definite indication of potential acid sulfate soils).

GeoEnviro Consultancy
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POCAS
TP | Depth | TAA | TPA Sic Sp S pes TSA |
(m) | (moVt) | (molit) | (%) | (%) (%) | (molit)
110 [ 0710 | <5 <§ | <001 | <0.01 | <0.01 <5
112 [ 03-08 | <5 <5 | <0.01 | <0.01 ] <001 <5
Note: J

TAA - KCI Extractable Acidity
TPA - Total Potential Acidity
Sker— KCI Extractable Sulfur
Sy- Peroxide Suifur

Spas ~ Peroxide Oxidisable Suifur
TSA - Total Suifidic Acidity

The pH and Peroxide Tests did not have any indication of potential acid sulfate soil or acid
sulfate soil. The POCAS analysis indicates all parameters to be below detection limits.

Based on the laboratory test results, potential acid sulfate soil or potential acid sulfate soil
was not encountered. As the results of the analysis were below the ASSMAC action criteria,

acid sulfate management plan is not required,
7. CLOSURE

The interpretation and recommendations submitted in this report are based in part upon data-
obtained from a limited number of testpit. The nature and extent of variations between test

locations may not become evident unti] construction.,

Groundwater conditions are only briefly examined in this investigation. Due to the proximity
of the site to the creek, ground water may be encountered during pier excavation. The
groundwater conditions may vary seasonally or as a consequence of construction activities on

or adjacent to the site,

In view of the above, the subsurface soj] and rock conditions between the tegt locations may
be found to be different or interpreted to be different from those expected. If such

differences appear to exist, we recommend that this office be contacted without delay.

The statements presented in this document are intended to advise you of what should be your

minimise the risk associated with groundworks for this project. The document is net

intended to reduce the level of responsibility accepted by GeoEnviro Consultancy Pty Ltd,

GeoEnviro Consultancy




Proposed Residential Development 7 JC60010D
Sector 8, Warriewood July 2002

but rather to ensuie that all parties who may rely on this report are aware of the

responsibilities each assumes in to doing.

Attached in Appendix C are documents entitled Explanatory Notes which should be read in

conjunction with this report as it details important limitation regarding this report.

C:l!DDJOBIWOUCMﬂIGD
3/7/02 6:38 PM
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APPENDIX A
Test Pit Reports
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GeoLnviro Consultancy Pty Ltd

_Test Pit Report

Test Pit No: 101,

Client: Australand Heldings Limited Job no: JCO0010D
_JPro}ect: Infiltration Testing and Acid Sulphate Soil Testing Date: 27. 5. 2002
iLocation: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment; Rubber Tyred Backhoe R.L.Surface:
—lPH Dimensions: Datum: AHD
| |2 L2
J £e 5| Material Descripti R
sl s | [ER E |28 aterial Description c| 2|8 "
% 812 |s g £ 2 | © | Soil Type, Plasticity or Parlicle Characteristic, colour, 3 % £ Struclgge;:rrlc;{:\odndsmcnal
Ela|® FR £ | 8 secondary and minor component £ 815
_J 2 213 s|lels
©15 3|
] Fill: Silty Sand, fine to medium grained, M B
__' o ] with some steel pieces, wires, ash, ' B
a | w ] bricks and tin cans, dark grey and B
s | < _ brown |
x o 0.5 —
-4 @ -4 - —
o -3 |SP [Sand: fine to medium grained, grey with Mo fvL | Doubie Ring Infiltrometer
__I DG :-f o some silt | _Test Depth at 0.6m
! 1o |7, -
4 P / SM/|Silty Sandy Clay/Clayey Silty Sand: M B
|-/ '|SC {fine to medium grained, grey brown B
4 15 / ", with some gravels |
DG N ) :
= 2.0 // -
. 2.5— :-‘/ :
- 6] / -
g _
| End of TP 101 at 3.3m N
! 15 B
— -

c\Labireport\RO0S

Form no. RO0B/NVer02/06/99




GeoEnviro Consultancy Pty Litd

Test Pit Report

Test Pit No: 102

Client: Australand Holdings Limited Job no: JCO0010D
Project: infiltration Testing and Acid Sulphate Soil Testing Date: 27.5.2002
l_ocation: Sector 8 - Warriewood Logged by: LM
Checked By: SL
£quipment: Rubber Tyred Backhoe R.L.Surface:
Pit Dimensions: Daturn: AHD
N £ g
. £ m - £ x
‘ g E | & §|l21%®
ag = ) @ ; et = R
BlelelEs % 3 s ‘ Mgterlal D?Scrlpnon o 3 g’ g Structure and Agditional
£ gl ®E |0 7 = 9 | Soil Type, Plasticity or Particle Characteristic, colour, | @ | 5] & Observations
23| % |58 & g1 8 secondary and minor component 21215
° - kel =} =2
zZ ® 2 2|l E5l=
L | E | &
s} S| =
] Topsoil/Fill: Clayey Siit Sand, fine to M B
o ] medium grained, with some gravel
o | = . brown
= .
o a5 |-1° 1SP [Sand: fine to medium grained, grey
z ] J : with some silt.
© I R -
m _ ‘l . Double Ring Infiltrometer
oG | " | Test Depth at 0.8m
1w |-
L CL ISilty Sandy Clay: low plasticity, grey M
[ brown and yellow brown, with some
] gravel.
> —r -
1.5
- —
= :% B
2.0 %
] End of TP 102 at 2.2m
2.5— B
30 -
15 | I
c\Labireport\R008 Form no. RO08/MNVerQ2/06/9%




GeoEnviro Consultancy Pty Ltd

Test Pit Report Test Pit No:  103.
Client: Australand Holdings Limited Job no; JCO0010D
Project: Infiltration Testing and Acid Sulphate Soil Testing Date: 27. 5. 2002
Location: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment: Rubber Tyred Backhoe R.L.Surface:
"'lPit Dimensions: Datum: AHD
| £ R
—l £ ¢ "g" 7 Material Description % 2 %
Bl E | 5les E 3 S1&¢& i
% S 218 £ g © | Soil Type, Plasticity or Particle Characteristic, colour, 3 é £ StruciouLe and Additianal
S1a{% g8 & i secondary and minor t F1el35 servations
sF] O Ela ry and minor cemponen i15|0
'4 z 8|2 21z
5] ‘E 5 &
D o I
] Topsoil/Fill: Clayey Sandy Silt, with M B
JUN | some gravel, dark brown B
« | o es |5 +{SP [Sand: fine to medium grained, grey Mo|vL B
B SR I R with some gravel 4L B
a oG 1. . =
© _ e -
) N | Double Ring Infiltrometer
1.0 - Test Depth at 0.8m
" ‘o —
= | _
- /1~ [CI7 [Silty Sandy ClayiClayey Sand: fine 1o B
-+ {SC [medium grained, brown, grey with some M B
A4 |gravet B
- £n -
- gy _
w0 B
DS ' B
- —. L
- —' V] -
] i
25 '
] End of TP 103 at 2.5m B
- 10 | :
— —
35 |
I —

c\\Labrepor\RO08

Form no. ROO&/Ver02/06/99




GeoEnviro Consultancy Pty Ltd

Test Pit Report Test Pit No: 104,
Client: Australand Holdings Limited Job no: JC00010D
Project: infiltration Testing and Acid Sulphate Soil Testing Date: 27.5.2002
[_ocation: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment: Rubber Tyred Backhoe R.L.Surface:
it Dimensions: Datum: ARHD
g I ey
21% -
3|5lslE® £ |58 : Material Description 3l&|& Structure and Additional
5 g | 5 v g 2 = © 1 Soil Type, Plasticity of Particle Characteristic, colour, | o | S | % Observations
2l 3| %58 & |3 secondary and minor component 2121 g @
o+ [ai] E (5] Yy m componen @ 5 w
2 213 2z|3
°15 SlE
] — | Topsoil/Fill: Clayey Silty Sand, fineto B
© | medium grained, dark brown B
el e | = |+ ~|SP |Sand: fine to medium grained, grey M |iSH B
« o]~ o5 | with some gravel 3
1} 4 - | - '_ N |
@ DS : - :
L= Double Ring Infiltrometer
o |- [CL/[Sandy Gravelly Clay/Clayey Sand: o | oy fovsy | TestDepth al 0.6m
|7 |SC |fineto medium grained, low plasticity MG B
] / yellow brown =pL B
15_.% -
oS 1. B
20 / B
25—/ :
| End of TP 104 at 2.6m
30 | I
15 | B

I -

cWLablireporiR0OCS Form no. RC08MNer02/06/99




GeoEnviro Consultancy Pty Ltd

Test Pit Report Test Pit No:  105.
Client: Australand Holdings Limited Job ne: JC00010D
Project: Infitration Testing and Acid Sulphate Soil Testing Date: 27.5.2002
Location: Sector 8 - Warriewood Logged by: LM
Checked By: SL
JEquipment: Rubber Tyred Backhoe R.L.Surface:
\Pit Dimensions: Datum: AHD
= é =
3% - 2lg
g E | s 8|28
‘sl 5188 E | €8 Material Description S|E1E "
£ | & 3 13 ;‘: £ 2 § Soil Type, Plasticity or Particle Characteristic, colovr, 3 Sl £ Structou;z:rr:’c;&dntmnal
- I s & é & secondary and minor component z g £
_J 5 21 g el g|a
F4 [ & 2 | g
' °ls AR
. Topsoil: Clayey Sandy Silt, low tiquid M N
_.I P ] limit, with some gravel, dark brown B
‘4 s o 0.5—— :
3} -4
© -7 JSP Sand: fine to medium grained, Mo (o) B
@ 0s 1. grey with some gravel B
-l 1 . | _ Double Ring Infiltrometer
10 |' | _Test Depth at 0.8m
. 3 -
[CL [Silty Sandy Clay: low plasticity, yeliow ™) B
.l {/SC|brown and brown with some gravel MG |(vst) B
<=
PL B
s —
Ds _
1 CI |Gravelly Silty Clay: medium plasticity, MC TiH) B
brown and orange, with some gravel <= |
PL B
] Endof TP 105 2t 3.1m R
i 35 | B

——

cMLabireporfiR008

Form no. ROD8/Ver02/06/99




Test Pit Report

GeoEnviro Consultancy Pty Ltd

Test Pit No:  106.

Zlient: Australand Holdings Limited Job no: JCO0010D
Project: Infiltration Testing and Acid Sulphate Soil Testing Date: 27.5. 2002
Location: Sector 8 - Warriewood Logged by: LM
: Checked By: SL
Equipment: Rubber Tyred Backhoe R.L.Surface:
Pit Dimensions: Datum: AHD
512 318
g g é HEIR
o lel. 128 € {2 & Material Description ele]e "
% % 3 bt '?1 £ -55 : Soil Type, Plasticity or Particle Characteristic, colour, (?)9 é % Sirucgrbes:rr:/da?::;honal
Sia|% |58 8 |8 secondary and minor component ARAN:
B @ =] o % [
= 2| £ =128
°i5 LR
| Topsoil: Clayey Silty Sand, fine to medium M |
w ] grained, brown and grey with some |
c | w ] gravel B
| o 05 [:v1:ASM Silty Clayey Sand: fine to medium grained (M B
o | = DS ] // grey and brown with some gravel B
o Y B
| Doubte Ring Infiltrometer
Test Depth at C.8m
Sandy Silty Clay: fow plasiticty, brown MC |iSt- B
with some gravel <= lvst) B
PL B
0% :
Gravelly Silty Clay/Sandy Clay: medium MC B
plasticity, orange brown <=
PL :
| End of TP 106 at 2.5m
a0 | B
35 | -

c:MLabvreportROCE

Form no. RO08MNMer02/06/99




GeoEnviro Consultancy Pty Ltd

_ Test Pit Report Test PitNo: 107,
Client: Australand Holdings Limited Job no: JCO0010D
Project: Infiltration Testing and Acid Sulphate Soit Testing Date: 27. 5. 2002
Location: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment; Rubber Tyred Backhoe R.L.Surface:
Pit Dimensions: Datum: ARHD
5 ilw
=1 & 2
g 2|8 5150
sle| . (B8 E |28 Material Description s|2|¢e "
% % s |3 g = g § Soil Type, Plasticity or Particle Characteristic, colour, g é: % Structougi:rr:{c;:\:ndsmonal
z|a|% 8ol & 2| & secondary and minor compaonent 212§
3 £13 2zl
°|s 3|£
] Topsoil: Clayey Sandy Silt, low tiquid M N
v ] limit. Grey and brown, with some gravel -
« 1ol = os_ ¥V 4CL |Sandy Silty Clay: low plasticity, yellow M) |
o | =z __// brown with some gravel MG |(vst) B
° Ds __// ’ <= B
1 H 7 |1
| _Double Ring Infilttrometer
1.0 ﬂ% | _TestDepth at 0.8m
W B
W
o A -
__/// CL |[Gravelly Sandy Clay: low to medium B
__/e/]-Ci |plasticity, orange brown and brown MC [+ B
e <PL B
Bs | o/ -
20 / B
m7 -
] End of TP 107 at 2.2m B
25| B
30 | B
3.5~ :
— -

c:\\Lab\report\R0O08

Form no. RO08/Ver02/06/99




GeoEnviro Consultancy Pty Ltd

Test Pit Report Test Pit No:  108.
Client: Australand Holdings Limited Job no: JCO0010D
Proiect: infitration Testing and Acid Sulphate Soil Testing Date: 27.5. 2002
Location: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment: Rubber Tyred 8ackhoe R.L.Surface:
M[)imensions: Datum: AHD
; £1 8 =2
8 U - £ = . L. g %; %
2188 £e| £ Sl 3 Material Description 8158 ¢% Structure and Additiona!
EV 8| & &8l & S | © | soil Type, Plasticity or Particle Characteristic, colour, | » | & £ Ob .
213 3 o 813 . Slgle servations
=l o §& o €l n secondary and mincr compenent 21518
2 2|8 AR
°i5 LAE:
] Topsol/Fill: Clayey Silty Sand, fine to B
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Test Pit Report Test Pit No: 109,
Client: Australand Holdings Limited Job no: JCO0010D
Project: Infiliration Testing and Acid Sulphate Soii Testing Date: 27.5.2002
~ {Location: Sector 8 - Warriewood Logged by; LM
Checked By: SL
Eguipment; Rubber Tyred Backhoe R.L.Surface:
™ |Pit Dimensions: Datum: AHD
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] End of TP 108 at 3.7m B
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Test Pit Report

Test Pit Na: 110,

‘Client: Australand Haldings Limited Job no: JCO0O10D
Project: Infittration Testing and Acid Sulphate Soil Testing Date: 27.5.2002
Location: Sector 8 - Warriewood Logged by: M
Checked By: SL
Equipment: Rubber Tyred Backhoe R.L.Surface:
Pit Dimensicns: Datum: AHD
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Test Pit Report Test Pit No: 111,
[Client: Australand Holdings Limited Job no: JCO0010D
Project: Infiltration Testing and Acid Sulphate Soil Testing Date: 27. 5. 2002
"{Location: Sector 8 - Warriewood Logged by: LM
Checked By: SL
Equipment: Rubber Tyred Backhoe R.1.Surface:
“*1Pit Dimensions: Datum:; AHD
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Test Pit Report

Test Pit No:  112.

Client: Australand Holdings Limited Job no: JCOQ010D
Project: infiltration Testing and Acid Sulphate Soil Testing Date: 27.5.2002
Location: Sector 8 - Warriewood Logged by: LM
Chnecked By: SL
Equipment: Rubber Tyred Backhog R L.Surface:
Pit Dimensions: Datum: AHD
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Office:
PO BOX 48
ERMINGTON NSW 2115

Laboratory:

1/4 ABBOTT ROAD

SEVEN HILLS NSW 2147
Telephone: (02) 9838 8903

Fax: (02) 9838 8919
A.C.N. 003 614 695
A.B.N. 81 829 182 852
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ANALYTICAL, REPORT for:

GEOENVIRO CONSULTANCY PTY LTD

PO BOX 1543
MACQUARIE CENTRE 2113

ATTN: SOLERN LIEW

JOB NO: SAL11983

CLIENT ORDER: JC00010D

DATE RECEIVED: 30/05/02

DATE COMPLETED: 16/06/02

TYPE OF SAMPLES: SOILS

NO OF SAMPLES: 27

NATA Accredited Laboratory

| 828

Number:

R

NATA ENDORSED TESY REIPORY

This document stsll pot be reproduced.
except in fnll

Issued on 20/06/02
Lance Smith
(Chief Chemist)



YDNEY .
ANALYTICAL page 2 of
L ABORATORIES

ANALYTICAL REPORT

JOB NO: SAL11983
CLIENT ORDER: JC00010D

SAMPLES pH pH TAA TPA *S(KC1)
1:5 H202 mol/T mol/T %
1 TPLO1/0.7-1.0 7.1 5.4
2 TP101/1.8-2.0 7.3 5.2
3 TP102/0.8-1.0 7.3 6.2
4 TP102/1.8-2.0 6.9 6.1
5 TP103/0.5-0.8 5.8 4.4
6 TP103/2.0-2.3 6.5 4.4
7 TP104/0.6-0.9 6.5 4.3
8 Tp104/1.7-2.0 5.2 4.7
9 Tp105/0.6-1.0 6.1 4.2
10 TP105/1.8-2.2 5.3 4.5
11 Tp106/0.4-0.7 6.0 4.0
12 TP106/1.8-2.1 5.7 4.9
13 TP107/0.5-0.8 5.8 4.2
14 TP107/1.8-2.0 5.7 4.8
15 TP108/0.3-0.7 7.4 5.7
16 TP108/1.7-2.0 6.3 5.1
17 TP108/3.0-3.5 5.0 4.4
18 TP109/0.8-1.1 5.9 4.2
19 TP109/1.7-2.0 5.8 4.4
20 TP109/3.0-3.5 4.9 4.0
21 TP110/0.7-1.0 5.7 3.9 <5 <5 <0.01
22 Tp110/1.7-2.0 5.7 4.1
23 Tp110/2.6-3.0 4.9 4.3
24 TP111/0.6-0.9 5.7 4.4
25 TP111/1.9-2.2 5.1 4.6
26 7p112/0.3-0.8 5.2 3.9 <5 <5 <(0.01
27 TP112/1.2-1.5 4.6 4.0
DUPLICATES:
20 TP109/3.0-3.5 4.8 4.1
MDL 0.1 0.1 5 5 0.01
Method Code WAl C27 C31 c30 C41

Preparation Pl Pl P12 P12 P12
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|l CAL
ATORIES

JOB NO: SAL11983
CLIENT ORDER: JCOGO10D

SAMPLES

21 TP110/0.7-1.0
26 TP112/0.3-0.8

MDL
Method Code
Preparation

RESULTS ON DRY BASIS

ANALYTICAL REPORT

*S(P)

<0.01
<0.01

0.01
c41
P12

*S(POS)

<0.01
<0.01

0.01
Cél
P12
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LABORATORY DUPLICATE REPORT

JOB NO: SAL11983 :
CLIENT ORDER: Jcoo010D

Sample Analyte Units MDL Sample Duplicate
Number Result Result
TP109/3.0-3.5 pH 0.1 4.9 4.8
TP109/3.0-3.5 pH H202 0.1 4.0 4.1

Acceptance criteria:

rRPD <50% for low level (<20xMDL)

RPD <30% for medium jevel (20-100xMDL)
RPD <15% for high level {>100xMDL}

No limit applies at <2xMDL

MDL = Method Detection Limit

All results are within the acceptance criteria

Page 4 of 5
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SYDNEY Page 5 of 5
~ANALYTICAL
LABORATORIES
- ANALYTICAL, REPORT
JOB NO: SAL11983
CLIENT ORDER: JC00010D
METHODS OF PREPARATION AND ANALYSIS
— The tests contained in this report have been carried out on
the samples as received by the laboratory.
- Pl Analysis performed on sample as received
Pl2 Sample dried, jaw crushed and sieved at 2mm
Visible shell removed prior to crushing
- WAl pH - 1:5 soil/water extract
Determined by APHA 4500B
Cc27 Nett Acid Generation pH - H202 Extract
-— ASSMAC Manual - Appendix 1
C31 Total Actual Acidity - RTA T1030
Cc390 Total Potential Acidity - RTA T1031
*C41 ‘peroxide Oxidation - Combined Acidity & Sulphate (POCAS)
ASS Method 21 (Draft 1.63 for ASSMACTC May 1997)

- c42 Total Sulphidic Acidity -~ Calculation (TPA-TAA)

2 laboratory's NATA registration does not cover'performance of this service

=

A preliminary report was faxed on 16/06/02



66/90/2042 161 0M TON WiCH

e|dwes pieosip N
eidweg deay A

o[ljoq anseld "odwes JOlEM  dM

el sov)8 Jpgury "eidwes Je1ep DM
oaqm wingy "eidwes paglmisipun SN
eqm wiupg ‘eidwes paqnisipun oSN

L -ELOMIBYSWOMGETN D

sidweg 159} VoAU PICPURIS dLS
(= sse10) aidwes peamisia 90

{5vq onseid ews) adwes paqunisig 50
(6uq ansely "¥ing} siduweg ppnsia 80

pusdien

| | |
2 — ; P .. N~ o oy , ~. rd/.Ab,\.v.u..V.u
g W D e R P 2 S0 Bl G € PTG N D oD
\\\. /28 aleg \v\m_wﬂcm_m ¢ awepN fojeioge 2jEe() - ) m_am:m_m_ EENE AJoyeIoge
kg paapoay £q pausinBuyay
aG P kN A0\ A
RV [0 SIES
~ ESINREE 0N 2
Ny % 30 60 | QN sy
N STV %N | 99\ B>
De 1D D RIS
S~ R A SON ax
™~ 6 10N [0 SON 2%
~ Ay L AN O\ M
1 P 1@ D B MO on
_— SE e v NS
S~ ENIEEEESS GO\ AL
~ = [0 |R0N TLON DY
- S6 O |20 | TLO\ 5y
~~ Q6 Jow e 30N v
& |0 [ W ey
] 3] LY
o T . IE IS L 3
14 2 s |2 |a
A H 2 |a |8
3 ,mv i 2 e o - M! 0 w
3 v i g B 2 |3 2 ol je
© a Mo, M h] W
3 w [ b
©v Fa i
| i g 5 B
‘ ¥ BEMm | 105 {w) wideg UoKEA0T
(¥)pswiopadise] {\) padinbayyisalL adA] aidweg , siejaq buydwes
I Y plal:HileLg] ﬂﬂ?ﬂ%bé\/@ 1U01BDOT 3J01S QOO VRIONG N, nﬁ THoVYRE UONEI0T
A< uabeuew 10afold QLT3 05 B ruvIan Svagesford
: Ssalppy A\ Ag pejdwes uanD
M.wmu: )/n&.w :gwelu Alojei0geT LU S AL, eleq dduwes A/O/OOQ\.UA\ JaquinN got
rsiieya AlojelogqeT] [BUIaIXT :s|=:eqg gor
\N\/

p1038y ADOISND JO UlBRYDAsanhay 3sal Alojeiogen

pr1 &1d ADNVITASNOD QUIANTQOID




SOFIUICUIBANL B LU ON W0y

edwes pJeasp N

eI10g J)Iseid "ejdwes JB1Epn  dpy

Ie[ ssi0 Jogury ‘ejdwes Jejep

adwesg 52 Uonensusy prepuels 41§

LG OMIDIYSHIOMQE WD

oM (er ssei0) eidwes peanisig 90
oidweg dooy A 90N Wwg! ‘eidwes poqinisipun g0 {Beg opseig “gews) odweg penisIq 8Q
QN Wwpg ‘eidwes Pequnisipun  osn {6eg anseld “wing) pidwes peamisia 8o
puelen
, [ . . . " S 1y ]
YIS OL A 226947 S D A T B N T G NrEN /> 0 RS oy
=77 aeq _gimeubig EIEIN Aojeroqe siegf " simeubig awepn Aojeiogqer
AQ DaAl0saY AqQ paysmbuiiay
™~ ] ST S S EIES
. Pe 1% o [T SN
2 O RSN I N SS
2% &0 [ WA N ]
=S 0w [ = GV T Ay
N SETIOTU [ OVy 3%
~ & Jo-n [WO Qv A%
— D8 J1e7e [0 o GO\ BY
N PR NEET EEN SON s
N Rl S GO 2\
~. 98 5% 10 ¢ | B0\ i
[4] "
FS x . m ¢ O] woiy
© 2 s e
w H =g
m § w m m by m 4 m m 3
2 § : R
w W B £l |z
32 ? [y h
¢ B
Jus RIEM | 105 Wy qdsg UoNesoT
(X)pawiopa 159 (U pannbay isa] adi| aidweg siielag buydweg
Qi i, ) CERA Y ANINE, Jaolea0T alolg n.uooz/\vjva,vﬁ} ) R TDowrnguoneso]
i NS usbeuepy 1aloig A e T e T, L ey QN L
i SsaIppy Lan kg padweg RITET g}
AN m ‘aweu Aoyeloqen TLOUL A Ay, tejeq adweg @O/OOO V. usquny qor
‘Slielag Adojesoqe jeulayxy 's[iejaq qor
e plooay Apoisny jo uteyonasanbey 3sa) Atojetoqge
PI'T 8d AONVITIASNOD OUIANTOTO
! { ! { i i i ¥ i




Proposed Residential Development
Sector 8, Warriewood

JCOOR10D
July 2002

Appendix C
Explanatory Note and Graphical Symbols
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GeoEnvire Consultancy Pty Ltd

EXPLANATORY NOTES

Intreduction

These notes have been provided 1o amplify the
geotechnical report with regard 1o investigation
procedures, classification methods and certain matlers
relating to the Discussion and Comments section. Not
all notes are necessarily relevant to ali reports.

Geotechnical reporls are based on infarmation gained
from finite sub-surface probing, excavaticn, boring,
sampling or other means of investigation,
supptemented by experience and knowledge of local
geolegy.  For fhis reason they must be regarded as
inlerpretative rather than factual documents, limited to
some extent by the scope of infermation on which they

rely.

Description and Classification Methods

The methods of descripticn and classification of soils
and rocks used ini this report are based on Australian
Standard 1726, the SAA Site investigation Code, in
general descriptions cover the following properties -
strength or density, colour, structure, soil or rock type
and inclustons. ldentification and classification of soil
and rock involves fo a large extent, judgement within
the acceptabie level commonly adopted by current
geotechnical practices.

Soil types are described according ta  the
predominating particle size, qualified by the grading or
other particles present {eg sandy clay) an the following
bases:

Soil Classification Particle Size
Clay less than 0.002mm
Silt 0.002 to 0.06mm
Sand 0.06 to 2.00mm

Gravel 2.00mm te 60.00mm

Cohesive soils are classified on the basis of strength,
eilher by laboratory testing or engineering examination.
The strength terms are defined as follows'

Classification Undrained Shear Strength kPa

Very Soft less than 12
Soft 12-25
Firm 25 - 50
Stiff 50 - 100

Very Stiff 100 - 200
Hard greater than 200

Non-cohesive soils are classified on the basis of
refative density, generally from the resuits of standarg
penetration tests (SPT) or Dutch cone penetrometer
tests {CPT), as below.

Relative Density SPT'N'Value CPT Cone
{blows/300mm} Value (gq.-MPA)
Very Loose less than 5 less than 2
Loose 5-10 2-5
Medium Dense 10 - 30 5-15
Dense 30-50 15-25
Very Dense >50 >25

Rock types are classified by their geological names,

together  with  descriptive terms on  degrees of
weathering, strength, defects and other minor
components Where relevant, further nformation

regarding rock classification, is given on the following
sheet

C WabvcponsieQ16-1

i
Sampling :
Sampiing is carried out during drilling to aftow
engineering examinaticn (and laboratory testing where
required) of the soil or rock.

Disturbed samples taken during drilling  provide
information on plasticity, grain size, colour, type,
moisture content, inclusions and depending upon the
degree of disturbance, some information on strength
and structure,

Undisturbed samples are taken by pushing z thin
wzlled sample tube (normally known as Usg) into the
soi! and withdrawing a2 sampte of 1he soil in a relatively
undisturbed state. Such samples yield information en
slructure and strength and are necessary for laborzlory
determinalion of shear strength and compressibility.
Undisturbed sampling is generally effective only in
cohesive soils. Deiails of the lype and method of
samgling are given in the report.

Field Investigation Methods

The following is a brief summary of investigation
methods currently carried out by this Company and
comments on their use and application.

Hand Auger Drilling

The borehole is advanced by manually operated
equipment. The diameter of the borehale ranges from
50mm to 100mm. Penetration depth of hand augered
boreholes may be limited by premature refusal on a
variety of materials, such as hard clay, gravels or
ironstone

Test Pits

These are excavated with a tractor mounted backhoe
or a tracked excavator, allowing close examination of
the insitu soils if it is safe to descend into the pit. The
depth of penetration is limited to about 3.0m for a
backhoe and up to 6.0m for an excavator. A potential
disadvaniage is the disturbance caused by the
excavation

Care must be tzken if conslruclion is to be carried out
near, or within the test pit focations, to either
adequately recompact the backfill during construction,
ar 1o design the structure 1o accommodate the poorly
compacted backfilt

Large Diameter Auger {eg Pengo)

The hole is advanced by a rotating plate or shor spiral
auger, generally 300mm or larger in diameter. The
cuttings are relurned to the surface at intervals
(generally of not more than 0.5m) and are disturbed,
but usually unchanged in moisture content
Identification of soil strata is gererally much more
refiable than with continuous spiral fight augers and is
usually supplemented by accasional undisturbed tube
sampling

Continuous Spiral Flight Augers

The hale 1s advanced by using 80mm-115mm diameter
continucus sprral flighl augers, which are withdrawn al
intervals to allow sampling or insitu testng  This is a
relzlively economica! means of drilling in clays and in
sands above the water table. Samples are returned to
the surface, or may be collected afer withdrawal of the
auger flights, bul they are very disturbed ang may be
fighly mixed with soil of other stratum

Farm No RGI&-1/VerD1/1198



Continuous Spiral Flight Augers(continued)
Information from the drilling (as distinet from specific
sampling by sPT or undisturbed samples) is of
relatively lower reliability due to rzmoulding, mixing of
softening of samples by groundwater, resulting in
uncertainties of the origina! sample depth.

The spiral augers are usually advance by using a V-bit
through the seil profile to refusal, followed by Tungsten
Carbide {TC) bil, 10 penetrate into bedrock. The quality
and continuity of the bedrock may be assessed by
examination of recovered rock fragments and through
observation of the drilling penetration resistance

Non-core Rotary Drilling (Wash Boring]

The hole is advanced by & rotary bit, with water being
pumped down the grill rod snd ¢eturned up the
annulus, carrying the drilt cutiings. Only major
changes in slratification ca™ be detarmined from the
cuttings, together with some information from the "feel”
and rate of penetration.

Rotary Mud Stabilised Drilling

This is similaf to rotary drilling, but uses drilling mud
as a circulating fluid, which may consist of a range of
products, from benlonite to polymers such as Revert or
Biogel. The mud tends lo mask the cuttings and
reliable identification is again onty pessible form
separate intact sampling {eg SPT and Uso samples).

continuous Core Drilling

A continuous core sample is cbtained using a diamond
tipped core barrel. Providing full core recovery is
achieved (which is not always possibie in very weak
rocks and granular sils) this technique provides a very
reliable  (but  relatively expensive) method of
investigation.  In focks, an NMLC triple tube core
barrel, which gives a core of about 50mm diameter, is
usually used with water flush

Portable Proline Drilling

This is manually operated equipment and is only used
in sites which regquire bedrock core sampling and there
s restricted sile access Lo truck mounted drill rigs. The
noreholes are usuzlly advanced iitially using a iricone
roller bit and water circulation 10 penetrate the upper
sail profile. In some inslances, & hand suger may De
used lo penetrale the soill profile  Subsequent drilling
into bedrock involves the use of NMLC triple tube
equipment, using water as 3 lubncant

standard Penetration Tests

Standard penetration lests are used mainly In non-
cohesive soils, but occasicnally also in cohesive soils,
as a means ol determining density or strength and of
obtaining a relatively undisturbed sample.  The test
procedure is described in Australian Standard 1289
“Methods of Testing Soils for Engineering Purposes’™
Test F31.

The tesl is carned out in @ borehole by driving & 50mm
diameter split sample tube under 1he impact ol a 63kg
nammer with a free fall of 768mm N is normal for the
tube to be dnven n three successive  150mm
increments and the 'N” value 15 iaken as the number of
plows for the last 300mm In dense sands, very hard
clays or weak fock, ihe tull 450mm penetration may
not be practicable and the tesl is discontinued

C Wabveportswd16-7

The test results are reporied in the following form: "
" In a case where {ull penetration is obtained
with successive blow counts for each 150mm of, say 4,
6 and 7 blows

as 4,6, 7
N=13

In 2 case where the test is discontinued short
of full penetration, say after 15 blows for the first
150mm and 30 blows for the next 40mm

as 15,20/40mm

The results of the tesls can be related empiriczlly to the
engineering properties ol the soil Occasionally the
test method is used lo obiagin samples in 50mm
diameter thin walled sample lubes in clays. In these
circumstances, the lest results are shown on the
boreiogs in brackels

Dynamic Cone Penetration Test

A modification to the SPT test is where the same
driving system is used with a solid 60° tipped steel
cone of the same diameter as the SPT hollow sampler.
The cone can be continuously driven into the borehole
and is normally used in areas with thick layers of sofl
clays or loose sand. The results of this test are shown
as ‘N¢ on the borelogs, together with the number of
plows per 150mm penetration.

Cone Penetrometer Testing and Interpretation
Cone penetrometer testing (sometimes referred 1o as
Dutch Cone-CPT) described in this report, has been
carried out using an electrical friction cone
penetrometer and the iest is described in Australian
Standard 1289 Test F3.1.

In the test, a 35mm. diameter rod with cone tipped end
i pushed continuously into the soil, the reaction being
provided by a specially designed truck or rig, which is
fited with an hydraualic ram system. Measurements
are made of the end bearing resistance on the cone
and the friction resistance on 2 separate 130mm long
sleeve, immediately behind the cone. Transducers in
the tip of the assembly ars connected by eiectrical
wires passing through the cealre of the push rods to an
amplifier and recorder uni mounted on the cantrol
truck

As penetration occuis {al 4 rate of approximately
20mm per second) the information is output on
continuous chart recorders The plotted results given
in this report have been lraced from the origina
records. The information provided on the charts
comprises:

Cene resistance - the actual end bearing force
divided by the cross seclional area of the cone,
expressed in Mpa

' Sleeve friction - the frictional force on the
sleeve divided by the surtace area, expressed in kPa
* Friction ratio - the ratic of sleeve friction to

cone resistance, expressed n percentage

There are two scales available ior measurement of
cone resistance. The lower "A" scale (0-5Mpa) is used
in very soft soils where increased sensitivity is required
and is shown in the graphs as a dotted line The main
“B" scale (0-50Mpa) s less sensilive and is shown as a
full line
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Cone Penetrometer Testing and Interpretation
continued )

The ratios of the steeve resistance o cone resistance
will vary with the type of soil encountered, with higher
relative friction in ctays than in sands. Friction ratios of
1% 1o 2% are commonly encountered in sands and
very soft clays, rising 10 4% to 10% in stiff clays.

i'n sands, the relationship between cone resistance and
SPT value is commonly in the range:

e {Mpa) = (0.4 10 0 8) N (blows per 300mm)

in clays, the relationship between undrained shear
strength and cone resistance is commonly in the

range:
g = {1210 18) ¢,

{nterpretaiion of CPT values can also be made to 2llow
estimate of madulus or compressibility values to allow
calculation of foundation seftlements. Infarred
stratification, 2s shown on the attached report, is
assessed from the cone and friction traces, from
experience and information from nearby boreholes etc.

This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test method provides a continuous profiie of
engineering properties and where precise information
or soil classification is required, direct driling and
sampling may be preferable.

Portable Dynamic Cone Penetrometer (AS1289)
Portable Dynamic Cone Penetrometer tests are carried
out by driving a rod inte the ground with a falling
weight hammer and measuring the blows per
successive 100mm increment of penetration.

There are two simifar tests, Cone Penetrometer
{commanly known s Scalz Penetrometer) and the
Perth Sand Penetrometer.  Scala Penetrometer is
commonly adepted by this company and consists of a
i6inm red with a 20mm diameter cone end, driven with
a 9kg harmnmer, dropgping 510mm (As12B89 Test F3 2)

Laboratory Testing

Laboratery testing 15 carried out in accordance with
Auslralian Slandard 1289 "Methods of Testing Soil for
Engineering Furpases™  Details of the test procedures
are gwven on ihe individual report forms

Engineering Logs

The engmeenng 10gs presented herein are an
engineenng and/or geological interpretation of the sub-
surface conditons and their reliability will depend to
some extent on frequency of sampling and the method
of driling. Ideally, continuous undisturbed sampling or
core drifling will provide the most reliable assessment,
however, 1this 1s not always practicable or possible to
justify economically As it is, the borehcles represent
only a small sampie of the total sub-surface profile
Interpretation of the information and its application to
design and construclen should take into accounl the
spacing ol boreholes, frequency of sampling and the
possipity of other than “straight line” variatians
between the boreholes

Groundwater

Where groundwater levels are measured in boreholes,
there are several polential problems

C Wabveponsirfiif. 3

iif
* in low permeability soils, groundwater
although present, may enter the hole slowly, or
perhaps not at all, during the investigation period.

- a localised perched water table may lead 1o
an erroneous indication of the true water table.
. weler table levels will vary from time to time,

due o the seasons or recent wealher changes. They
may not be the same al the time of construction as
indicaled in the reporl.

’ the use of waler or mud as a drilling fluid wil!
mask any groundwaler inflow Waler has to be blown
out of the hote and drilling mucd must be washed out of
the hole if waler observations are to be made

Mare relisble measurements can be made by installing
slendpipes, which are read at intervzls over severzal
days, or weeks for low permeability soils. Piezometers
segted in z particular stratum may he advisable in low
permeability soils, ¢r where there may be intedersice
[rom 2 perched water table or surface water.

Engineering Reports

Engineering reports are prepared by qualified
personnel and are based on the information obtained
and on current engineering standards of interpretation
and analysis. Where the report has been prepared for
a specific design proposal, perhaps a 3 storey building,
the information and interpretation may not be relevant
if the design proposal is changed, say to a 20 storey
building. ! this occurs, the Company will be pleased to
review the report and sufficiency of the investigation
work.

Every care is taken with the report as it relates to
interpretation of sub-surface conditions, discussions of
gectechnical aspects and recommendations or
suggestions for design and construction. However, the
Compeny cannot always anticipate or assume
responsibiiity for
- Unexpected variations in ground conditions
The poiential for this will depend partily on bore spacing
and sampling [requency
) Changes in policy or interpretation of policy by
stalutcry guthoribes

The =zctions of coniractors responding to
commercig! pressures

If these occur, the Company will be pleased to assist
with investigation or advice to resolve the matter.

Site Anomalies

In the event thal conditions encountered on site during
construction appear to vary from those which were
expected fram the information contained in the report,
the Company requests immediate notification.  Most
problems are much more readily resolved when
condiions are exposed than at some later siage, well
after the event

Reproduction of Informaticn fer Contractual
Purposes

Atention 15 drawn to the document "Guidelines for the
Provision of Geotechnical Informabon m Tender
Documents”. pubhshed by the Institute of Engineers
Auslralia Where Information obtained from this
investigalion 1= prowded for tendering purposes, it is
recornmended that all information, including the written
report and discussion, be made avatable
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In circumstances where the discussion or comments
section is not relevant to the contractuat situation, it
may be appropriate to prepare a specially edited
document. The Company would be pleased to assist
in this regard and/or make additional copies of the
report available for contract purposes, at a nomina

charge.

Site Inspection
The Company wil always be pleased to provide

engineering  inspection services for geotechnical
aspects of work {o which this report is reisted. This
could range from a site wvisit 1o confirm that the
conditions exposed are as expected, to full time

engineering presence on site.

Review of Design

Where major civil or structural developments are
proposed, or where only a limited investigation has
been completed, or where the geotechnical conditions
are complex, it is prudent to have the design reviewed
by a Senior Geotechnical Engineer.
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Australand Holdings Limited
Australand House

242 Beecroft Road

EPPING NSW 2121

Attention; Mr Ross Blancato
Dear Sir

Re:  Lot2 DP 18303 & Lots A to C DP 328260
Sector 8, Macpherson Street, Warriewood
Preliminary Contamination and Geotechnical Investigation.

We are pleased to submit our report on preliminary contamination assessment and
geotechnical investigation for the proposed residential development to be located at the
above address. The following is a summary of our conclusions;

Preliminary Contamination Assessment

The investigation consisted a review of site history, a site inspection and soil sampling and
analysis program. Sampling was carried out at forty-two locations at surface and at depth.
Selected samples were analysed for a range of potential contaminants consisting of heavy
metals, organochlorine pesticides, organophosphorus pesticides and soil pH. The results
were interpreted by comparison with guideline Criteria recommended by the NSW EPA.

The concentrations of heavy metals were reported to be below the ANZECC/NHMRC and
proposed NSW EPA phototoxicity Criteria in all samples analysed except zinc in the
following test locations;

Sample Zinc Concentration (mg/kg)
TP 10 (6-0.2m) 230
TP 21 (0-0.2m) 970
TP 23 {0-0.2m) 370
TP 33 (0-0.2m) 250
TP 39 (¢-0.2m) 360

We note that the elevated concentrations of zinc encountered in TP 10 and 33 was probably
due to corrosion of metal pieces in the fill material. Elevated concentrations in the other test
pits could be due to corrosion of corrugated metals from sheds and glass houses.

All concentrations of heavy metals were found to be well below the NEHF *A’ guidelines.
The laboratory test results indicated all concentrations of organochlorine and
organophosphorus pesticides to be below the detection limits.

Within the context of the scope of work carried out, the results of the preliminary
contamination assessment indicate that the likelihood of gross ground contamination on the
site is generally considered low for the purpose of the proposed residential development.

Foundation Design, Dam and Slope Stability, Pavement Design, Retaining Wall Design, Enginsering Geology
Site Contamination Studies, On-Site Wasie Water Disposal, Soll and Water Management
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Some buried fill material containing building rubble, metal pieces and car parts were
encountered in TP 10, 17 and 33 which were located near the creek. For residential
development, the buried fill material should be removed off site to an EPA approved landfill.
Though asbestos was not encountered in the test pits, it may exist elsewhere within the fill as
asbestos was commonly used in butldings in the past. Should asbestos be encountered in the
fill, all asbestos should be appropriately disposed of in accordance with regulatory
requirements.

Some elevated concentrations of zinc were encountered in TP 21, 23 and 39 encountered in
the vicinity of sheds and glasshouses. We recommend that additional soil sampling and
laboratory analysis in these areas be carried out after removal of sheds and buildings to
further assess concentrations of zinc. If similar concentrations are encountered, site
remediation by on-site capping with topsoil may be required. Higher concentrations of zinc
(ie. concentration three times above phototoxicity levels) will require disposal to an EPA
landfill.

Excavated soil to be disposed off site will need to be categorised in accordance with the
NSW EPA guidelines.  Validation sampling and testing of soil beneath existing
buildings/structures after removal of floor slabs should be carried out,

Preliminary Geotechnical Investigation

The field investigation indicated that the Subject Site is generally underlain by sandy profile
with variable relative density at the upper 2.0m ranging from very loose to medium dense.
The subsurface profile was found to be more clayey at lower depths. The investigation infers
medium dense sand or very stiff clay at lower depths. At the rear of Lot 2, residual soil
profile consisting of silty clay was encountered.

Based on information from the preliminary investigation, we assessed that the major portion
of the Subject Site as it currently exists would be classified as Class ‘P’ in accordance with
AS2870, “Residential Slabs and Footings”. Suitable footings for the site would be pier and
beam or pier and slab footings taken through loose sand and into medium dense sand or very
stiff clay founded at least 2.0m below ground surface. Additional geotechnical investigation
by borchole drilling using truck mounted drill rigs would be required to provide
recommendations on depths of piers required and allowable bearing capacities.

At the rear of Lot 2 where residual silty clay was encountered, typical site classification
would be Class ‘M’ and shallow footings may be suitable. From the test pit investigation
and judging from the site topography, the area suitable for Class ‘M’ site is anticipated to
be restricted to a relative small area with respect to the Subject Site.

Upgrading of the site classification to allow shallow footings may be possible by
densification of the upper loose sand. This may be more difficult to achieve in areas if
ground water table is found to be higher than those encountered in the current investigation.
There is a potential for ground water table level to fluctuate depending on weather

conditions and drainage improvement.

GeoEnvire Consultancy
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Pavement construction will require the upper 1.0m to 1.5m of the sandy soil to be
adequately compacted.

Should you have any queries, please contact the undersigned.,

Solern Liew CPEng (NPER-3)
Director

Enclosed: 3 copies of Report.

C:AOOIORWLOVCO00L0A-L1.DOC
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1. INTRODUCTION

This report presents the results of a geotechnical and preliminary contamination assessment
at the property identified as Lot 2 DP 18303 & Lots A, B and C DP 328260 located within
Sector 8 Macpherson Street, Warriewood, as shown on Drawing No 1. The investigation
was commissioned by Mr Ross Blancato of Australand Holdings Ltd in his letter dated 9"

June 2000, following our proposal Ref PC00219A dated 5% June 2000.

We understand that the proposed development is to subdivide the site for residential
purposes. A contamination assessment is required as a prerequisite to the processing of a
Development Application for subdivision of the site. The objective of this preliminary
contarmnination assessment was to determine if significant subsurface contamination is likely
to exist on site. The objective of the geotechnical investigation was to provide general

recommendations on geotechnical issues for the proposed development.
General comments on the remainder of Sector 8 are also provided in this report.

2. SCOPE OF WORK

2.1 Preliminary Contamination Assessment

The preliminary contarnination assessment was performed in general conformance with our
understanding of the guidelines by the Australian and New Zealand Conservation Council

(ANZECC) and the NSW Environment Protection Authority (NSW EPA).

The scope of work conducted consisted of:

s obtaining available information on the site history from, NSW Land Information
System, Department of Lands, Aerial Photographs and personnel familiar with
the site,

e an inspection of the site to identify apparent or suspected areas of
contamination,

e a review of published information on the subsurface conditions in the general
area,

» conducting a limited sampling and analysis program to detect the presence or

otherwise of the contaminants of concern,
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» screening of the soil samples for volatile ionisable compounds using a
photoionisation detector (PID),

* preparing a report containing the results of the investigation.

2.2 Geotechnical Investigation
The scope of work for geotechnical investigation included;

¢ [Excavation of some deeper test pits, in particular in the proposed pavement
areas.

» Dynamic Cone Penetrometer testing to assess the strength of the subsurface
profile,

* Preparing a report providing comments and general guidelines on issues such as
earthworks, site preparation, suitable foundation systems, allowable bearing
capacities and indicative site classifications to AS2870.

3. SITE INFORMATION

3.1 Site Location

Sector 8 is located at the south western corner of Mapherson Street and Garden Street at
Warriewood. The overall site which contains 9 lots (Lot 1 & 2 DP 18303, Lots A, B&C
DP 328260, Lot 1 DP 593363, Lot B DP 334543, Lot 12 DP 659528 and Lot 11 DP 5464)
measures about 550m east-west and 360m north-south. Refer to Drawing No 1 for site

locality plan.

The Subject Site which is accessible to the current site investigation consists of Lot 2 DP
18303 & Lots A, B and C DP 328260. Total site area of the subject site is about 4

hectares,

The site is within the jurisdiction of Pittwater Council, Parish of Narrabeen and County of

Cumberland and is located in a mixed residential and commercial area.

32 Geological Setting

The western portion of Sector & (eg. Lot 1 DP 18303) and southern portion of Lot 2 DP
18303 is located near the foothill of a gentle hill with ground surface sloping to the east at
angles less than 6 degrees. On the remaining major portion of Sector 8. ground surface is

approximately level. Based on the survey plan provided, ground surface level of the site

GeoEnviro Consultancy
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ranges from about reduced level (RL) 28m Australian Height Datum (AHD) con the western

extremities to about RL 12m AHD on the eastern extremities of the site.

Fern Creek transects Lot 2 in the middle and runs along the rear boundary of Lots A to C.
At the time of the site investigation, Fern Creck water level was about 2.0m below the top

of banks.

The 1:100,000 Soil Landscape of Sydney Series 9130 prepared by the Soil Conservation
Services of NSW indicates the site to be underlain by swamp soil belonging to the
Warriewood landscape grouping. Typically soil profile in the general area is deép and
consists of sandy humus Podzols and dark mottled Siliceous sands overlying acid peats in

depression and pale siliceous sands.

The 1:100,000 geological map of Sydney indicated the major portion of the site to be
underlain stream alluvial and estuarine sediments consisting of silty to peaty quartz sand,
silt and clay with ferruginous and humic cementation in places. On the western portion of
Sector 8 (eg. Lot 1 DP 18303) and southern portion of Lot 2 DP 18303, interbedded

taminite shale and quartz to lithic quartz sandstone underlies the site.

Permanent groundwater table on the low lying flats is expected to be at relatively shallow

depths.
3.3 Site Inspection and Description

A site visit was carried out on the 26" June 2000 by a senior engineer to observe existing

site features and identify obvious or suspected areas of potential contamination.

Refer to Drawing No 1 for existing site features. The following is a summary of our site

observation of the Subject Site.

GeoEnviro Consultancy
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Lot 2 DP 18303

Lot No 2 is located on the western extremity of the Subject Site. At the time of the site
investigation, there was no specific landuse other than residential. There were a number of
buildings and structures at the front portion of the property. The buildings and site features

may be described as follows;

Site Feature No Description

1 A timber house in fair condition and is currently occupied by
tenants.

2 Metal shed with corrugated roofing for storage of feeds and
equipment.

3 Breeding ground for chickens with two metal sheds for
shelters.

4 A trailer used for storage of building material.

5 A metal shed which was locked. A number of building
material was stored around the shed.

The remaining portion of Lot 2 consisted of open grassed areas. There were no obvious

signs of gross ground contamination in the form of oil staining, discolouration, and odour.

Lot A DP 328260

Lot A is located immediately to the east of Lot 2. At the time of the site investigation, the
lot was mainly used for residential. There were a number of glass houses and sheds at the

rear of the houses. The buildings and site features may be described as follows;

Site Feature No Description

6 A fibro and timber house currently being tenanted.

7 A metal shed.

8 A fibro and timber garage.

9 A metal shed.

10 A number of disused glass houses in very poor condition.

Some with glass panels removed.

11 A vacant metal shed.

GeoEnviro Consultancy
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The rear portion of Lot A consists of vacant Jand which was covered with grass. There
were no obvious signs of gross contamination in the form of oil staining, discolouration and

odour.
Lot B DP 328260

Lot B is located immediately to the east of Lot A. At the time of the site investigation, the
lot was used for cultivation of ornamental plants for nurseries. There were a number of

buildings and site features which may be described as follows;

Site Feature No Description

12 A timber and corrugated metal shed.

13 A brick house with tenants.

4 A double garage.

15 Glasshouses used for cultivation of ornamental plants.

16 Glasshouses used for cultivation of ornamental plants.

17 Glasshouses used for cultivation of ornamental plants.
g Glasshouses used for cultivation of ornamental plants.

Away from the glass houses, there were numerous potted plants stored on the Lot. At the
rear portion of the site, there was an area used for storage of roof tiles. There were no

obvious signs of gross contamination in the form of oil staining, discolouration and odour.
Lot C DP 328260

Lot C is located on the eastern extremity of the Subject Site. At the time of the site
investigation, the front portion of the site was used for residential. There were a number of

buildings and site features on site as described below;

| Site Feature No Description
19 Open sandy area used for cultivation of plants.
20 House which was occupied by tenants.
21 Garage.
22 Open sandy area used for cultivation of plants.
23 Glass houses. Some in very poor condition. Only about three
glass houses were used for cultivation of vegetable plants.
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There were no obvious signs of gross contamination in the form of oil staining,
discolouration and odour.

3.4 Site History

We understand from a tenant of Lot 2 that he lived on the lot for about 17 years and the
whole of Sector 8 was originally used for cultivation tomatos and cucumbers for many
decades. Cultivation of tomatos and cucumbers on Lot 2 ceased in about 1983 and was

used as semi-rural residential since.

Historical information on the previous owners of the site was obtained from the Department
of Lands. The information can often be linked to possible land uses and provides and

indication of potential contamination on the site.

Title Dealing Registered Registered Proprietor
Reference Na

Lot 2 DP 18303

Vol 3348 Fol | D116065 16/3/1642 Mattel Tanzabel, a farmer

178

Vol 5325 Fol | K990204 4/4/1968 Josippa Tanzabel, a widow

173

Vol 5325 Fol | 1890796 29/6/1970 Mattsons Pty Ltd

173

Vol 5325 Fol | Q153610 18/4/1977 Kulnamock Pastoral Pty Ltd
173

Vol 5325 Fol | T83696 17/11/1983 lija Lakajev and Gloria Lakajev
173

F.1.2/18303 03612 8/2/1995 liia Lakaev and Gloria Lakaev
Title Dealing Registered Registered Proprietor
Reference No

Lot A DP 328260

Vol 2045 Fol 19/3/1910 Warriewood Limited

47

Vol 3483 Fol | A569542 18/7/1923 Rita Charlotte Farrand wife of William

30 Oscar Farrand, farmer

Vol 4553 Fol | No intervening transfers

200

Vol 4680 Fol | C314950 29/3/1935 Edward McDonald , a gardener
65

Vol 4680 Fol | G11685 21271954 Nikola Fabrio , a farmer

65

F.I.A/328260 No further transfer
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Title Dealing Registered Registered Proprietor

Reference No

Lot B DP 328260

Vol 2045 Fol 19/3/1910 Warriewood Limited

47 , :

Vol 3483 Fol | A969542 18/7/1923 Rita Charlotte Farrand wife of William
30 Oscar Farrand, farmer

Vol 4553 Fol | C314950 12/3/1935 Joseph Parnell, an engineer

200

Vol 4680 Fol | J59776 11/5/1962 Nikola Grbic , a market gardener and
54 Miolka Grbic

F.I.A/328260 No further transfer

Title Dealing Registered Registered Propriefor
Reference No

Lot C DP 328260

Vol 2045 Fol 19/3/1910 Warriewood Limited

47

Vol 2483 Fol | A969542 18/7/1923 Rita Charlotte Farrand wife of William
30 Oscar Farrand, farmer

Vol 4553 Fol | C143360 11/11/1932 Milton Marshall , a gardener
190

Vol 4553 Fol | D209519 15/6/1943 Nicholas Rogley, carrier

190

F.1.C/328260 No further transfer
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3.5 Aerial Photographs

A review of aerial photographs from 1951 to 1982 was carried out. The following is a

summary of the observations made from the review;

Year

Reference

Description

1951

471-13, Run
27, May
1951

The residential dwelling (Site Feature 1) and metal shed (Site
Feature 2) were constructed in Lot 2. Between the buildings and
Fern Creek, the area was fully occupied with glass houses.
Further to the rear of Lot 2, on the south side of the creek, the
area was extensively used for agricultural activities with a number

of glass houses constructed close to the creek.

In Lot A, the house (Site Feature 6), the garage (Site Feature 8)
and the metal shed (Site Feature 7) were constructed. The rear
portion of Lot A was occupied by a number of glass houses.

The whole of Lot B was occupied with glass houses.

In Lot C, the house (Site Feature 20) and garage (Site Feature 21)
were constructed. The remaining portion of Lot C was vacant
with no obvious signs of agricultural activities.

Surrounding sites were extensively used for agricultural activities

with a lot of glass houses built in the area.

1961

NSW 1052-
5158, Run
22E, 1961

A number of glasshouses were removed from Lot 2. Some land

cultivation appears to have occurred at the front portion of Lot 2.

There appeared no significant changes in the building and
glasshouses layout in Lots A and B. In Lot C, the glasshouses

which currently exist were constructed.

1982

NSW 3260
108, Run 14,
27/10/82

The site layout appeared similar to current. Agricultural activities
in Lot 2 appeared to have ceased. There was a general decline in
agricultural activities in the Warriewood valley. Properties to the
into residential

north of site were extensively developed

subdivision.
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3.6 Current Status

Verification certificates obtained from the NSW Land Information System, Central Register
of Restrictions for the site state that there are no statutory notices under the provisions of
the Unhealthy Building Land Act issued by the NSW Environment Protection Authority.

Copies of the certificates are presented in Appendix A.
4. FIELDWORK

The fieldwork for the investigation was carried out on the 26" June 2000 and consisted of
excavation of 42 test pits (TP 1 to TP 42) using a tractor mounted backhoe. The test pit

locations are shown on Drawing 2.

The test pits were generally excavated through topsoil and into natural soil profile to depths

varying of about 0.4m to 2.9m below existing ground surface.

To assess the strength of the subsurface soil, eight Dynamic Cone Penetration (DCP) tests
were carried out adjacent to TP 1, 5, 8, 11, 13, 16, 30 and 38 to depths varying from 3.0m

to 4.3m below existing ground surface.

The test pits were observed for groundwater during and upon completion of the excavation.
The ficld results together with details of the strata encountered are presented in Table 1.

The DCP test results are attached in Appendix D.

Environmental samples were collected in duplicate from surface and at intervals of depth.
GeoEnviro Consultancy 's standard procedures were used for sarﬁpling and field screening.
This included using a phoioionisation detector (PID) in the field to identify the presence of
volatile tonisable compounds in the samples collected. More information on the procedures

used and the PID are provided in Appendix B.

A number of samples were composited in groups of three for the purpose of laboratory
analysis. Care was taken to ensure that the samples composited were similar in geology.
Deeper composite samples were prepared in the fill near the creek. A composite schedule

is presented in Table 2.
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5. LABORATORY ANALYSIS

Selected soil samples were analysed for the contaminants of concern consisting of;

o Heavy metals - Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu),

Mercury (Hg), Lead (Pb), Nickel (Ni) and Zinc (Zn).

s Organochlorine Pesticides (OCP’s).

o Organophosphorus Pesticides (OPP’s)

¢ pH.
The above contaminants include those which are commonly encountered on agricultural
sites. The analytical program is presented in Table 2. Laboratory results are summarised

in Table 3 to 6.

Analysis for heavy metals and pH were performed by Sydney Analytical Laboratories
(SAL) and for OCP’s and OPP’s, by Australian Environmental Laboratories (AEL). Both
laboratories are accredited by the National Association of Testing Authorities (NATA) for
the tests performed. The analytical results and methods employed are presented in the

laboratory certificates in Appendix C.
6. RESULTS OF THE INVESTIGATION
6.1 Subsurface Conditions

With the exception of one test pit TP 14 excavated at the rear of Lot 2, a typical subsurface
profile consisting of topsoil overlying a silty sand profile was encountered. TP 14 which
was excavated on the lower foothills of a gentle hill encountered topsoil overlying silty clay

overlying sandstone bedrock.
The following is a summary of soil profile encountered excluding TP 14.

Eill

Fill was encountered in TP 10, 17 and 33 which were excavated near Fern Creek.
The fill consists predominantly of fine to medium grained silty sand with topsoil
mixture. In TP 10, some buried car parts, glass and ropes were encountered mixed
in the fill. In TP 17 and 33, the fill contained a significant amount of glass and

ceramic pieces, timber, steel pieces and rubbish.
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Topsoil

Topsoil was encountered in most test pits consisting mainly of fine to medium

grained silty sand.
Natural Soil

Underlying the topsail, typical natural soil consists of a layer of fine to medium
grained light grey silty sand with thickness ranging from about 300mm to 1.5m

overlying yellow brown and dark brown slightly cemented silty sand/clayey sand.

The soil profile appears to become more clayey at lower depths.  Sandy
Clay/Clayey Sand of medium plasticity was encountered in the deeper test pits (ie.
TP L to 5, 8, 12, 13, 15 to 17, 30 and 38) at depths varying from 1.0 to 2.0m

below existing ground surface.

From the DCP test results, the upper 1.8m of the subsurface profile was found to
be variable. Based on empirical correlation of strength for cohesionless soil with
DCP blow counts, the upper 1.8m of the sandy profile was assessed to have relative

density ranging from very loose to medium dense.

The DCP blow counts were found to be more consistent and relatively higher at
depths below 2.0m. The higher blow counts obtained at lower depths infer medium

dense sand or very stiff clay.

In general, the moisture content of the upper 1.0m of the subsurface soil profile was
found to be dry to moist. At lower depths of between about 1.0m to 2.0m,
moisture content of the sandy profile increases to moist and at lower depths below

2.0m, the soil profile becomes moisi to wet.
Groundwater

Ground water was encountered in TP 4, 10, 17 and 30 at depths typically about
2 Om to 2.4m below existing ground surface. In TP 4 and 30, the ground water
table was only apparent after a few hours due to very slow ground water seepage
inflow. TP 17 and 33 which were excavated near Fern Creek encountered

instantaneous groundwater seepage during test pit excavation.
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Reference should be made to Table 1 for details of the subsurface profile

encountered.
6.2 Field Screening for Volatile Ionisable Compounds

The PID results in all samples were less than 10ppm and do not indicate significant
presence of volatile ionisable compounds in the samples screened. This is consistent with

the absence of odour in any of the samples collected.
The PID results are summarised on Table 1.
7. RESULTS OF LABORATORY ANALYSIS

7.1 Assessment Criteria

The results of laboratory analyses for this investigation were compared with published
Australian contamination assessment criteria. These Criteria are presented in the Australian

and New Zealand Guidelines for the Assessment and Management of Contaminated Sites,

January 1992 (ANZECC/NHMRC Guidelines, Reference 1). The guidelines recommend

the use of Dutch Level B criteria for parameters for which an Australian criterion is not
published. The NSW EPA endorses the use of these guidelines for the assessment of

contaminated sites.

Other guidelines such as those published by the National Environmental Health Forum
(NEHF) and the NSW EPA guidelines are commonly used to assess contaminant
concentrations. The NEHF criteria are recently published (Reference 2) health based soil
investigation levels for different exposure settings. In the present case, the criteria adopted
are those for a standard residential setting with garden/accessible soil and are considered
appropriate for the present investigation. The NSW EPA “Guidelines for Assessing Service

Station Sites” (Reference 3) are used for assessing hydrocarbon related contamination.

The NSW EPA (Reference 4) recommends the use of these criteria and in addition, the
analysis of surface soil should be compared with the provisional phytotoxicity-based
investigation levels. These criteria assure plant growth (as well as protecting human
health). We have used the NSW EPA and NEHF criteria as further references to assess the

laboratory resuits.
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The results of laboratory analysis of individual samples have been directly compared with
the Criteria. The results of laboratory analysis for the composites have been compared with
‘modified criteria’ by dividing the Criteria by the number of subsamples forming the
composite. The relevant criteria are presented in the summary table of results (Table 3 to

6).

7.2 Metals

Fourteen composite samples (C1 to C14) and five individual samples (TP11 [0-0.2m], TP11
{0.4-0.6m], TP16 [0.0-0.2m], TP32 [0.0-0.2m] and TP40 [0-0.2m] were initially analysed
for a range of heavy metals consisting of Cu, Pb, Zn, Cd, Cr, Ni, As and Hg. The initial
laboratory test results indicated all concentrations of heavy metals in composite samﬁles
analysed to be within the modified ANZECC Criteria except the following which were

found to be above the criteria;

e 7Zn encountered in C5, C7 to Cl11 and Cl4 with concentrations ranging from
100mg/kg to 425mg/kg, above the modified ANZECC criteria and Proposed NSW
EPA phototoxicity criteria of 67mg/kg. All the concentrations were found to be
below the NEHF ‘A’ Guideline.

+ Copper in C9 with a concentration of 21mg/kg, marginally above the modified
ANZECC criteria of 20mg/kg. Such a concentration was found to be below the
modified proposed NSW EPA phototoxicity criteria of 33.3mg/kg and NEHF ‘A’
Guideline of 333mg/kg.

Laboratory analysis of individual samples indicated all the heavy metals of concern to be
within the ANZECC criteria and proposed NSW EPA phototoxicity criteria except for zinc

in the following samples;

Sample Zinc Concentration (mg/kg)
TP 10 (0-0.2m) 230
TP 21 (0-0.2m) 970
TP 23 (0-0.2m) 370
TP 33 (0-0.2m) 250
TP 39 (0-0.2m) 360

GecEnvire Consultancy
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The above concentrations of zinc were all found to be well below the NEHF ‘A’ criteria.

The results are summarised in Table 3 and 4.

7.3 Organochlorine Pesticides

Seven composite samples (C2, C4, C6, C8, Cl11, Ci3 and Cl4) and four individual
samples (TP11 [0-0.2m], TPi1 [0.4-0.6m], TP16 [0.0-0.2m] and TP32 [0.0-0.2m]) were
analysed for a range of organochlorine pesticides. All concentrations were reported to be
below laboratory detection limits and therefore within acceptable limits. The results are

summarised in Table 5.

7.4 Organophosphorus Pesticides

Seven composite samples (C2, C4, C6, C8, CIl, CI13 and C14) and four individual
samples (TP11 [0-0.2m], TP11 [0.4-0.6mj, TP16 [0.0-0.2m] and TP32 [0.0-0.2m]) were
analysed for a range of organophosphorus pesticides. All concentrations were reported to
be below laboratory detection limits and therefore within acceptable limits. The results are

summarised in Table 6.

7.5 pH

Fourteen samples were tested for soil pH. The results which range from 4.9 to 6.7 (Table
4). A pH of 4.9 is considered mildly acidic but conld be commonly encountered in natural

soil,

7.6 Quality Assurance/ Quality Control (QA/QC)

The fieldwork for this investigation was carried out in accordance with GeoEnviro
Consultancy Standard procedures. This included collection of samples in new glass jats,
preservation of samples in ice chests and transport of samples to the contract laboratory

under chain of custody documentation.

Two duplicate samples (Duplicate Al and B1) were prepared from TP 11(0-0.2m) and TP
20(0-0.2m) respectively for analysis of metals by SAL. Duplicate A2 was prepared from
TP 11 (0-0.2m) for analysis of OCP’s and OPP’s by AEL.

The Relative Percentage Difference (RPD) values between primary and duplicate samples

were calculated to assess the results. A zero RPD means perfect agreement of results
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between the primary and duplicate sample whilst an RPD above 200% indicates total

disagreement in results.

For heavy metals , the maximum RPD obtained was 40% (for Ni) in Duplicate A1, which
is below the targeted 50% and is considered to be acceptable. The RPDs for OCP’s and
OPP’s could not be calculated because the results were below laboratory detection limits in

both primary and duplicate samples. Refer to Table 7 for details.

The internal laboratory QA/QC results are presented with the laboratory certificates
(Appendix C) and are considered acceptable based on the duplicate and control samples
analysed. The overall results suggest that the laboratory analysis carried out for this

investigation were reliable.
8. ASSESSMENT AND RECOMMENDATIONS

8.1 Preliminary Contamination Assessment

This preliminary contamination assessment of the property referred to as Lot 2 DP 18303 &
Lots A. B and C DP 328260, Sector 8 Macpherson Street, Warriewood was performed by
GeoEnviro Consultancy in order to investigate the likelihood of ground contamination on
the site. The investigation consisted a review of site history, a site inspection and soil

sampling and analysis program.

Sampling was carried out at forty-two locations at surface and at depth. Selected samples
were analysed for a range of potential contaminants consisting of heavy metals,
organochlorine pesticides, organophosphorus pesticides and soil pH. The results were

interpreted by comparison with guideline Criteria recommended by the NSW EPA.
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The concentrations of heavy metals were reported to be below the ANZECC/NHMRC and
proposed NSW EPA phototoxicity Criteria in all samples analysed except zinc in the

following test locations;

Sample Zinc Concentration (mg/kg)
TP 10 (0-0.2m) 230
TP 21 (0-0.2m) 970
TP 23 (0-0.2m) 370
TP 33 (0-0.2m) 250
TP 39 (0-0.2m) 360

We note that the elevated concentrations of zinc encountered in TP 10 and 33 was probably
due to corrosion of metal pieces in the fill material. Elevated concentrations in the other

test pits could be due to corrosion of corrugated metals from sheds and glass houses.
All concentrations of heavy metals were found to be well below the NEHF ‘A’ guidelines.

The laboratory test results indicated all concentrations of organochlorine and

organophosphorus pesticides to be below the detection limits.

Within the context of the scope of work carried out, the results of the preliminary
contamination assessment indicate that the likelihood of gross ground contamination on the

site is generally considered low for the purpose of the proposed residential development.

Some buried fill material containing building rubble, metal pieces and car parts were
encountered in TP 10, 17 and 33 which were located near the creek. For residential
development. the buried fill material should be removed off site to an EPA approved
landfill. Though asbestos was not encountered in the test pits, it may exist elsewhere within
the fill as asbestos was commonly used in buildings in the past. Should asbestos be
encountered in the fill, all asbestos should be appropriately disposed of in accordance with

regulatory requirements.

Some elevated concentrations of zinc were encountered in TP 21, 23 and 39 encountered in
the vicinity of sheds and glasshouses. We recommend that additional soil sampling and
laboratory analysis in these areas be carried out after removal of sheds and buildings to

further assess concentrations of zinc. If similar concentrations are encountered, site
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remediation by on-site capping with topsoil may be required. Higher concentrations of zinc
(ie. concentration three times above phototoxicity levels) will require disposal to an EPA

landfill.

Excavated soil to be disposed off site will need to be categorised in accordance with the

NSW EPA guidelines (Reference 6).

Validation sampling and testing of soil beneath existing buildings/structures after removal of

floor slabs should be carried out.
8.2 Preliminary Geotechnical Recommendations

8.2.1 Drainage Improvement

In general, the moisture content of the upper 1.0m of the subsurface soil profile was found
to be dry to moist. At lower depths of between about 1.0m to 2.0m, moisture content of
the sandy profile increases to moist and at lower depths below 2.0m, the soil profile

becomes moist to wet.

Ground water was encountered in some test pits at depths typically about 2.0m to 2.4m

below existing ground surface.

We recommend that prior to residential subdivision development, drainage improvement by

construction of drains and upgrading of the creek should be carried out.

8.2.2 Foundation

The field investigation indicated that the Subject Site is generally underlain by sandy profile
with variable relative density at the upper 2.0m ranging from very loose to medium dense.
The subsurface profile was found to be more clayey at lower depths. The investigation
infers medium dense sand or very stiff clay at lower depths. At the rear of Lot 2, residual

soil profile consisting of silty clay was encountered.

Based on information from the preliminary investigation, we assessed that the major portion
of the Subject Site as it currently exists would be classified as Class ‘P’ in accordance with
AS2870, “Residential Slabs and Footings”. Suitable footings for the site would be pier and
beam or pier and slab footings taken through loose sand and into medium dense sand or

very stiff clay founded at least 2.0m below ground surface. Additional geotechnical

GeoEnviro Consultancy




ey

Proposed Residential Development 18 JCO00104
Sector 8, Macpherson St, Warriewood July 2000

investigation by borehole drilling using truck mounted driil rigs would be required to

provide recommendations on depths of piers required and allowable bearing capacities.

At the rear of Lot 2 where residual silty clay was encountered, typical site classification
would be Class ‘M’ and shallow footings may be suitable. From the test pit investigation
and judging from the site topography, the area suitable for Class ‘M’ site is anticipated to

be restricted to a relative small area with respect to the Subject Site.

Upgrading of the site classification to allow shallow footings may be possible by
densification of the upper loose sand. This may be more difficult to achieve in areas if
ground water table is found to be higher than those encountered in the current investigation.
There is a potential for ground water table level to fluctuate depending on weather

conditions and drainage improvement

Densification works would involve excavation of the loose material to depths in the order of
1.5m and rolling with a heavy roller. We note that depending on ground water table level
at the time of compaction, rolling with vibration may result in moisture pumping up into the

zone of filling resulting in difficulty in achieving the required density.

All backfil] material should be compacted to a minimum 70% density index. The insitu
sand material will be suitable for reuse as compacted fill. Due to high ground water table
present on site, clayey fil] is not recommended. All structural fill should be controlled and
compacted in layers not exceeding 250mm thickness compacted to the above specified
compaction level. Any imported fill should be of good quality material such as ripped shale

or sandstone with a maximum particle size of 75mmn.

Earthworks should be closely monitored by a geotechnical consultant and should include
field density testing of fill at an appropriate frequency and level of supervision as detailed in

AS3798 -1996.
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8.2.3 Pavements
Pavement construction will require the upper 1.0m to 1.5m of the sandy soil to be
adequately compacted. It is anticipated that pavement subgrade preparation will include:

* Excavation of the loose sand to a depth of about 1.0m below proposed subgrade
level.

* Rolling of the base of the excavation with a minimum 8 passes of a roller
(minimum 10 tonne). Vibration from roller may result in rising of water table
and therefore should be carried out under strict supervision.

* Any soft areas identified during rolling should be further excavated and
replaced with ripped sandstone fill. Geotextile may be used to provide a stable
working platform for subsequent filling.

* The excavated sandy material may be reused as filling beneath pavements.
Some moisture reconditioning of the material by drying will be required. The
sandy material should be compacted in layers not exceeding 250mm loose
thickness compacted to a minimum 70% density index. The upper 300mm of
fill forming the subgrade should be compacted to a minimum 90% density
Index,

8.3 Remaining Portion of Sector 8

8.3.1 Contamination Issues

The current investigation did not encounter significant contamination as a result of previous
agriculturaf landuse. As the remaining portion of Sector 8 consisted of similar landuse, it is
anticipated that similar conclusions to that of the Subject Site may be drawn for the

remaining part of Sector 8.
8.3.2 Geotechnical Issues

The geological maps indicated that the major portion of the site is underlain by stream
alluvial and estuarine sediments with the western portion of Sector 8 (eg. Lot 1 DP 18303)

and southern portion of Lot 2 DP 18303 underlain by residual soil over sandstone,

From our local knowledge of the area, we expect the subsurface ground conditions on the
eastern portion of Sector 8 (Lot 1 DP 593363, Lot 12 DP 659528 and Lot 11 Section CDP
5464) to be underlain deep aliuvial soil with more significant profiles affected by soft

ground. We recommend that additional investigation using a truck-mounted drill be carried
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out to assess the subsurface ground condition. The investigation should include monitoring

of groundwater table by installation of PVC standpipes.

Suitable footings for residential dwellings on residual site may consist of shallow footings.
On alluvial site, deep footings will be suitable. For alluvial site, densification of the upper
loose sandy material may be carried out but the feasibility of such works will be governed

by the depths of loose soil and the height of ground water.

9. CLOSURE

The findings contained in this report are the results of discreet/specific sampling

methodologies used in accordance with normal practices and standards.

There is no investigation which is thorough enough to preclude the presence of material
which presently, or in future, may be considered hazardous to the site, As regulatory
evaluation criteria are constantly updatéd, concentrations of contaminants presently
considered low, may in the future fall short of regulatory standards that require further

investigation/redemption.

The statements presented in these documents are intended to advise you of what should be
your realistic expectations of this report, and to present you with recommendations on how
to minimise the risks associated with the groundworks for this project. The document is not
intended to reduce the level of responsibility accepted by GeoEnvire Consultancy Pty Ltd,
but rather to ensure that all parties who may rely on this report are aware of the

responsibilities each assumes in so doing.

Attached in Appendix F are documents entitled “Important Information about Your
Environmental Site Assessment” in conjunction with which this report must be read, as it

details important limitations regarding the investigation undertaken and this report.
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Proposed Residential Development JCO00104
Sector 8 , Macpherson St, Warriewood July 2000

APPENDIX A

NSW Land Information System Certificates

GeoEnviro Censultancy
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NetBroker Online Information System

NSW Central Register of Restrictions

Date 21 Jun 2000
Qur Reference 1262770
Receipt Number E35876
Your Reference 200638
Farel o A/328260 Local Govt. Area - PITTWATER
Parish NARRABEEN County CUMBERLAND

Proprietors NIKOLA FABRIO

THE FOLLOWING AUTHORITIES HAVE NO INTEREST RECORDED IN THE ABOVE
PROPERTY.

Environment Protection Agency { $10.00 ) GST Exempt

The Environment Protection Authority currently
has no statutory notices issued under the
provisions of the Unheaithy Building Land Act.

THE FOLLOWING AUTHORITIES HAVE A POSSIBLE OR ACTUAL
INTEREST IN THE ABOVE PROPERTY.
EACH OF THESE SHOULD BE APPROACHED FOR A DIRECT RESPONSE.

http://www.netbrokers.com.aw/index.cgi?’KTwIRT LlodGx0.../RUSEPDwmcG49Mjk00Dk  21/06/00
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NetBroker Online Information System

NSW Central Register of Restrictions

Date 21 Jun 2000
Our Reference 1262755
Receipt Number E35875
Your Reference 200638
FParcel
Referance 2/18303 Local Govt. Area PITTWATER
Parish NARRABEEN County CUMBERLAND
Proprietors ILIA LAKAEV
GLORIA LAKAEY
AS JOINT TENANTS
THE FOLLOWING AUTHORITIES HAVE NO !NTEREST RECORDED IN THE ABOVE
PROPERTY.
Environment Protection Agency { $10.00 ) GST Exernpt

The Environment Protection Authority currently
has no statutory nofices issued under the
provisions of the Unhealthy Building Land Act.

THE FOLLOWING AUTHORITIES HAVE A POSSIBLE OR ACTUAL
INTEREST IN THE ABOVE PROPERTY.
EACH OF THESE SHOULD BE APPROACHED FOR A DIRECT RESPONSE.

. /index.cgi?rRIORT 1odGx0b2VueSZIRD 1uZXRiJk9QVD 1DUIZDUmVmPTEYN]I3NTIm21/06/00
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NetBroker Online Information System

NSW Central Register of Reslrictions

Date 21 Jun 2000
Cur Reference 1262780
Receipt Number E35877
Your Reference 200638
Parcel B/328260 Local Govt. Area PITTWATER
Reference
Parish NARRABEEN County CUMBERLAND
Proprietors NIKOLA GRBIC
MIOLKA GRBIC
AS JOINT TENANTS
THE FOLLOWING AUTHORITIES HAVE NO INTEREST RECORDED IN THE ABOVE
PROPERTY.
Environment Protection Agency ( $10.00) GST Exempt

The Environment Protection Authority currently
has no statutory notices issuéd under the
provisions of the Unhealthy Building Land Act.

THE FOLLOWING AUTHORITIES HAVE A POSSIBLE OR ACTUAL
INTEREST IN THE ABOVE PROPERTY.
EACH OF THESE SHOULD BE APPROACHED FOR A DIRECT RESPONSE.

http://www.netbrokers.com.au/index.cgi?MDcORT10dGx0.. /RUSEPDwmcG49IMjk0ODk - 21/06/00
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NetBroker Online Information System

NSW Central Register of Restrictions

Date 21 Jun 2000

Our Reference 1262793

Receipt Number E35878

Your Reference 200638
Parcel €/328260 Local Govt. Area PITTWATER
Reference

Parish NARRABEEN County CUMBERLAND
Propriefors NICHOLAS ROGLEY '

THE FOLLOWING AUTHORITIES HAVE NQ INTEREST RECORDED IN THE ABOVE
PROPERTY. ’

Environment Protection Agency { $10.00) GST Exempt

The Environment Profection Authority currently
has no statufory notices issued under the
provisions of the Unhealthy Building Land Act.

THE FOLLOWING AUTHORITIES HAVE A POSSIBLE OR ACTUAL
INTEREST IN THE ABOVE PROPERTY.
EACH OF THESE SHOULD BE APPROACHED FOR A DIRECT RESPONSE.

http://www netbrokers.com.au/index.cgi?vkoIRT 1odGx0b.../RUSEPDwmcG49Mjk0ODk 21/06/00
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APPENDIX B

Sampling Procedures and PID Headspace Screening

GeoEnviro Consultancy



Proposed Residential Development JCO0010A4
Sector 8 , Macpherson St Warriewood July 2000

SOIL SAMPLING

Soil samples recovered from the testpits were collected directly from the backhoe bucket.
Immediately after collection, samples were placed in new jars and stored in cooled
conditions while in the field and in transit to the laboratory.

Samples were collected in duplicate at all intervals of depth. The primary sample was
retained for selection of samples for laboratory analysis whilst the duplicate samples were
used for PID screening for volatile compounds. The instrument used was MiniRae fitted
with a 10.6 ¢V lamp supplied by Envirorent Pty Ltd. The instrument was calibrated by
Envirorent Pty Ltd prior to use. ‘

HEADSPACE SCREENING USING THE PHOTOIONISATION DETECTOR (PID)
GENERAL PRINCIPLES

The photoionisation detector (PID) is used to detect the presence of volatile compounds
especially hydrocarbons and chlorinated solvents which are commonly encountered as
contaminants.

Although the PID is useful in detecting ‘hot spots’ and provides qualitative information on
the potential for contamination with volatile compounds, the technique has the following
limitations:

e The PID works on the principle of ionisation of a compound using an ultraviolet lamp.
It is important for the lamp to have an energy higher than the ionisation potential of the
compound to be detected. The ionisation potential of a compound is the minimum
energy that the compound needs to be jonised. Hence if the PID is fitted with a lamp
with an energy of 10.6 eV, it will ionise compounds with ionisation potentials less than
this value. Therefore it is important to have some prior indication of the contaminants
of concern on the site to interpret the PID readings.

e The PID will respond cumulatively to several compounds simultaneously which means
that the reading is the additive concentrations of all the compounds present. Hence
even if the PID reading is relatively high, the concentrations of the several individual
compounds which have contributed to the reading may be relatively low.

¢ Each compound will have what is termed a ‘response factor’ which is the response
obtained per mole of the compound being detected. Depending upon the degree of
ionisation, the number of ions produced and hence the response of the PID will vary for
different compounds. The PID used on this site was calibrated with isobutylene at 92

e The geology of the soil is and important factor in the process of partitioning the
‘contaminant between the soil matrix and the headspace. For example the concentration
of a contaminant in the headspace will be much higher in a sample of contaminated
sand from which the contaminant is easily released compared with the concentration of
the contaminant in a clay to which the contaminant may be more strongly adsorbed.

¢ The method of screening varies and there is currently no standard established. The

method used for the present assessment is presented below and has been found to
provide results that are appropriate for the information required from screening.

GeoEnviro Consultancy
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Sector 8, Macpherson St, Warriewood July 2000

INSTRUMENT AND METHODOLOGY

The PID instrument used was a HNU DL 101-4 fitted with a 10.6 eV lamp. Prior to use
the instrument was calibrated by Envirorent Pty Ltd

The soil sample was collected in a 250 ml glass jar to half its capacity. The jar was
immediately covered with aluminium foil and capped. The jar was then shaken and was
allowed to stand for at least 15 minutes. The lid of the jar was unscrewed and the inlet of
the PID nose tube introduced through a small hole made in the aluminium foil. The
maximum reading on the display was then recorded.

GeoEnviro Consultancy
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APPENDIX C
Environmental - Laboratory Certificates
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TICAL
RATORIES
Office:

PO BOX 48

ERMINGTON NSW 2115

Laboratory:

1/4 ABBOTT ROAD

SEVEN HILLS NSW 2147
Telephone: (02) 9838 8903

Fax: (02) 9838 8919
A.C.N. 003 614 695
A.B.N. 81 829 182 852

Page 1 of 7

ANALYTICAL REPORT for:

GEOENVIRQO CONSULTANCY PTY LTD

PO BOX 1543
MACQUARIE CENTRE 2113

ATTN: SOLERN LIEW

JOB NO: SAL8972
CLIENT ORDER: JC00010A
DATE RECEIVED: 28/06/00 ¢

DATE COMPLETED: 04/07/00

TYPE OF SAMPLES: SOILS

NO OF SAMPLES: 46

.National Association of Testing
Authorities, Australia _~ "~
NATA Endorsed Test Report
This document may not be
reproduced except in full,

--------------------

Issued on 08/07/00
Lance Smith
(Chief Chemist)
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JOB HNO:
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SAL8972

AL
ORI ES

CLIENT ORDER: JC00010A

O 00~ CN U R L N

MDL

SAMPLES

TP9/0-0.

NNNNDNDNDNIND

TPL1/0~-0.2

TP11/0.4-0.

TP13/0-0.2
TP16/0-0.2

TP17/1.0-1.

TP19/0-0.
TP24/0-0.
TP29/0-0.
TP32/0-0.
TP34/0-0.
TP38/0-0.
DUPLICATE Al
DUPLICATE Bl
TP10/1.0-1.2
TP33/1.0-1.2
TP23/0-0.
TP25/0-0.
TP20/0-0.
TP21/0-0.
TP22/0-0.
TP15/0-0.
TP18/0-0.
TP26/0-0.

Method Code
Preparation

PN MNMNMNN

BB B BRI B BRI B B

ANALYTICAL REPORT

pPH Cu
1l:5 mg/kg

10
12
11
8.0
13
11
20
19
21
15
17
10
16
25

14
1.5

19

27

17

(SR e W r I N WerWerWey e sy ey IS,
WO~ W WL O W= oW

21
16
19

17
26

0.1 0.5
WAL M1
P3 P3

Pb
mg/kg

21
26
28
40
62
19
46
55
52
17
27
20
33
55

1.0

41

34

30
37

6.5
M1
P3

Page 2 of 7

in
mg/kg

36
58
61
41
165
35
145
425
115
100
110
40
53
200

81
10

85

135

26
180
135

78
85
145
230
250
370

105
870
180
85
110
52

0.5
M1
P3

Ccd

mg/kg

<0.
<0.
<0.
<Q.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<Q.
<{.
<0.

<0.
<0.

<Q.

<Q.

<0.
<0.

ttnunonnornnnn R

(S, 8]

0.5

M1
P3
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JOB NO: SAL8972
CLIENT ORDER: JCO0010A

SAMPLES
41 TP27/0-0.
42 TP28/0-0.
43 TP39/0-0.
44 TP40/0-0.
45 TP30/0-0.
46 TP31/0-0.
DUPLICATES:
21 TP16/0-0.
40 TP26/0-0.
BCSS-1/1
BCSS-1/2
MDL

Method Code
Preparation

BN DN NN

By I

AL
ORIES

ANALYTICAL REPORT

pH

0.1

WAL
P3

Cu
mg/kg

30
26

20

18
18

0.5
M1
P3

Pb
mg/kg

42

22

0.5
M1
P3

Page 3 of 7

Zn
mg/kg

140
130
360
150
93
84

90
55
130
125

0.5
M1
P3

cd
mg/kg

<0.5

<0.5

0.5
M1
P3
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ANALYTICAL REPORT

1
A

JOB NO: SAL8972
CLIENT ORDER: JC00010A

SAMPLES Cr Ni As Hg

ng/kg ng/kg mg/kg mg/kg

1 €1/0-0.2 6.0 4.5 4.0 0.025

2 (C2/0-0.2 6.5 2.5 4.5 0.040

3 C3/0-0.2 8.0 2.0 4.5 0.060

4 C4/0-0.2 7.0 2.5 5.0 0.040

5 (C5/1.0-1.2 10 3.0 5.5 0.030

6 C6/0-0.2 4.0 1.5 4.5 0.020

7 C7/0-0.2 8.0 2.5 6.0 0.020

8 (C8/0-0.2 9.0 3.0 7.0 0.065

9 (€9/0-0.2 16 4.0 4.5 0.080

10 C€10/0-0.2 7.5 3.0 5.5 0.030

11 C11/0-0.2 11 3.5 6.0 0.060

12 C12/0-0.2 5.0 3.0 3.5 0.015

13 €13/0-0.2 5.0 3.5 4.0 0.020

14 C14/0-0.2 7.0 2.5 4.0 0.035

18 TP11/0-0.2 11 3.0 3.0 0.030

19 TP11/0.4-0.6 2.0 1.5 3.0 0.010

21 TP16/0-0.2 18 3.0 4.0 0.035

26 TP32/0-0.2 10 2.5 5.0 0.045

29 DUPLICATE Al 10 2.0 3.0 0.025

30 DUPLICATE Bl 12 3.0 5.5 0.050
DUPLICATES:

21 TP16/0-0.2 20 4.0 4.5 0.045

BCSS-1/1 90 52 12 0.13

MDL 0.5 0.5 0.5 0.005

Method Code M1 M1 M7 M3

Preparation P3 P3 P3 Pl

RESULTS ON DRY BASIS
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JOB NO: SALB972
CLIENT ORDER: JCO00010A

LABORATORY DUPLICATE REPORT

Page 5 of 7

Sample Analyte Units MDIL Sample Duplicate 3RPD
Number Result Result

TP16/0-0.2 pH 0.1 6.2 6.2 0
TP16/0-0.2 Copper mg/kg 0.5 19 20 5
TP16/0-0.2 Lead mg/kg 0.5 41 42 2
TP16/0-0.2 Zinc mg/kg 0.5 85 90 6
TP26/0~-0.2 Zinc mg/kg 0.5 52 55 6
TP16/0-0.2 Cadmium mg/kg 0.5 <0.5 <0.5 0
TP16/0-0.2 Chromium mg/kg 0.5 18 20 11
TP16/0-0.2 Nickel mg/kg 0.5 3.0 4.0 29
TP16/0-0.2 Arsenic mg/kg 0.5 4.0 4.5 12
TP16/0-0.2 Mercury mg/kg 0.005 0.035 0.045 25

Acceptance criteria:

RPD <50% for low level (<20xMDL)

RPD <30% for medium level (20-100xMDL)
RPD <15% for high level (>100xMDL)

No limit applies at <ZxMDL

MDL = Method Detection Limit ‘

All results are within the acceptance criteria
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ANALYTICAL
LABORATORIES

CERTIFIED REFERENCE MATERIAL

JOB NO: SAL8972
CLIENT ORDER: JCO00010A

CRM Analyte Units CRM Cextified $Recovery Acceptance
Number Result Value Criteria %
BCSS-1/1 Copper mg/kg 18 i8.5 97 90-115
BCSS-1/2 Copper mg/kg 18 18.5 97 90-115
BCSS-1/1 Lead mg/kg 22 22.7 97 90-110
BCSS-1/1 Zinc mg/kg 130 119 109 90-110
BCSS-1/2 %inc mg/kg 125 119 105 90-110
BCSS-1/1 Cadmium mg/kg <0.5 0.25 - -
BCSS-1/1 Chromium mg/kg 90 123 73 60-80
BCSS-1/1 Nickel ng/kg 52 55.3 94 90-110
BCSS-1/1 Arsenic mg/kg 12 11.1 108 90-120
BCSS-1/1 Mercury mg/kg 0.13 0.129 101 85-110

All results are within the acceptance criteria

Note: The hot acid digest does not always determine ‘total’ metals.
Refractory elements such as Iron and Aluminium and some base metals
(particularly Chromium) show lower recoveries depending on their form
within the sample matrix. Silicates and oxides are normally less soluble
than elements in metallic or salt forms. The acceptance criteria for this
reference material is based on historiies of analyte recoveries using the
nitric acid based digestion procedures.
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~ANALYTICAL
LABORATORIES
- ANALYTICAL REPORT
JOB NO: SAL8972
CLIENT ORDER: JC00010A
METHODS OF PREPARATION AND ANALYSIS
- The tests contained in this report have been carried out on
the samples as received by the laboratory.
P3 Sample dried, jaw crushed and sieved at Zmm
Pl Analysis performed on sample as received
- WAl pH - 1:5 soil/water extract
Determined by APHA 4500HB
M1 Base Metal - Digestion Method 3050 (HNO3/H202)
_ Element determined by APHA 3111B (Flame AAS)
M7 Hydride Element - Digestion Method 7061 (HNO3/H2504)
Element determined by APHA 3114B (Hydride Generation AAS)
M3 Mercury -~ Digestion Method 7471 (HNO3/HC1)

Determined by APHA 3112B (Cold Vapour AAS)

A preliminary report was faxed on 04/07/00
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Australian
Environmental
Laboratories

7 July 2000

Geo Enviro Consultancy

PO Box 1543

Macquarie Centre

NORTH RYDE

NSW 2113

Your Reference: JCO00010A Warriewood

Report Number: 13941

Attention: Solern Liew

Dear Solern

The following samples were received from you on the date indicated.
Samples:  Qty. 12 Soils
Date of Registration 29/06/00
Date of Receipt of Samples: 29/06/00

Date of Receipt of Instructions: ~ 29/06/00
Date Preliminary Report Faxed:  7/07/00

These samples were analysed in accordance with your written instructions.
A copy of the instructions is attached with the analytical report.

QualF
Endorsu‘g
Company
IS0 9002 Lkc 1007
Sandards Austeelin

The results and associated quality control are contained in the following pages of this report.

Unless otherwise stated, solid samples are expressed on a dry weight basis (moisture has
been supplied for your information only), air and liquid samples as received.

Should you have any queries regarding this report please contact the undersigned.

Yours faithfully
AUSTRALIAN ENVIRONMENTAIL LABORATORIES

POl . Aponse D it r

. National Association of Testing 4 .
Tania }{ otaras ' Authoritics, Australia Yvonne Dickson

Laboratory Manager NATA Endorsed Test Report Operations Manager
This document may not be
reproduced except in full.

(Analabs Pty. Lid.) ACN (04 591 664
Botany Industeial Park, Gate 3, Denison St. Matraville NSW 2036
P.O. Box 256, Matraville NSW 2036

Telephone: {61 2) 9666 1126 Faesimile: (61 2) 2666 1361 Page | of 9
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Proposed Residentinl Development JCO0DI0A
Sector 8, Macpherson St, Warriewood July 2000

APPENDIX D
Geotechnical - Field Results

GeoEnviro Consultancy



GeoEnviro Consultancy Pty Ltd

Dynamic Cone Penetration Test Report JobNo:  JCOOO10A
Client: Australand Holdings Ltd Date: 14-07-00
Project: Proposed Residential Subdivision _ Tested By: AF
Location: Sector 8 , Macpherson Street, Warriewood Checked By: SL
Test Procedure: AS 12896.3.2
Test Data
Test No:1 Test No:2
Test Location: Test Location:
TP 1 (See Drawing No 1} TP 5 (See Drawing No 1)
RL: - ' RL: -
Soil Classification: Soil Classification:
Refer To Table 1 Refer to Table 1
Depth {m) Blows Depth (m) Blows Depth {m) Blows Depth (m) Blows
0.0-0.1 - 3.0-3.1 12 0.0-0.1 - 3.0-31 7
0.1-0.2 2 3.1-3.2 S 0.1-0.2 1 3.1-3.2 8
0.2-0.3 1 3233 10 0.2-0.3 2 3.2-3.3 15
0.3-0.4 5 3.3-34 12 0.3-0.4 2 3.3-34 15
0.4-0.5 9 3.4-35 12 0.4-0.5 2 3.4-3.5 12
0.5-0.6 13 3.5-36 12 0.5-0.8 g 3536 8
'0.6-0.7 7] 3.8-3.7 Terminated 0.6-0.7 10 3.6-3.7 9
0.7-0.8 -2 3.7-3.8 0.7-0.8 2 3.7-3.8 12
0.8-0.9 3 3.8-3.9 0.8-0.9 2 3.8-3.9 12
0.9-1.0 3 3.84.0 0.9-1.0 5 3.94.0 15
1.0-1.1 2 4.0-4.1 4.0-1.1 4 4,0-4.1 Terminated
1.1-1.2 4 4.1-4.2 1.4-1.2 2 4142
1.2-1.3 7 4.2-43 1.2-1.3 2 4243
1.3-1.4 14 4.3-4.4 1.3-1.4 2 4344
1.4-1.5 17 4.4-45 1.4-1.5 1 4.4-4.5
1.5-1.6 10 45-46 1.5-1.8 1 4.5-4.6
1.6-1.7 5 4.6-4.7 1.68-1.7 2 4647
1.7-1.8 5 47-4.8 1.7-1.8 4 47-4.8
1.8-1.9 4 4.8-4.9 1.8-1.9 4 4.8-4.9
1.8-2.0 6 4.9-5.0 1.8-2.0 4 4.9-5.0
2.0-2.1 7 5.0-5.1 2.0-2.1 2 §.0-5.1
21-2.2 7 51-5.2 2.1-2.2 3 5.1-5.2
2.2-2.3 10 5.2-5.3 2.2-2.3 3 5.2-56.3
2.3-2.4 12 5354 2.3-2.4 4 5.3-5.4
2.4-2.5 12 5.4-5.5 2425 4 5.4-55
2.5-26 13 5.5-5.6 2.5-2.6 4 5.5-5.6
2.6-2.7 10 5.6-5.7 2.6-2.7 6 56-5.7
2.7-2.8 g 5.7-5.8 2.7-2.8 4 5.7-5.8
2829 10 5.8-5.9 2.8-2.9 4 5.8-59
2.9-3.0 11 5.8-8.0 2.9-3.0 8 5.9-6.0
Remarks: Weight: Skg
Drop: 510mm
Rod Diameter: 16mm

c:\Nab\reportr008 Form No. RDO09/Ver02/06/99



GeoEnviro Consultancy Pty Ltd

Dynamic Cone Penetration Test Report JobNo:  JC00010A
Client: Australand Holdings Ltd Date: 14-07-00
Project: Proposed Residential Subdivision Tested By: AF
Location: Sector 8 , Macpherson Street, Warriewood Checked By: SL

Test Procedure: AS 1288 6.3.2

Test Data
Test No: 3 Test No:4
Test Location: Test Location;
TP 8 (See Drawing No 1) TP 11 (See Drawing No 1)
RL. - RL; -
Soil Classification: Soil Classification:
Refer to Table 1 Refer to Table 1
Depth (m) Blows Depth (m) Blows Depth (m) Blows Depth (m) Blows
0.0-0.1 - 3.0-3.1 20 0.0-0.1 - 3.0-3.1 12
0.1-0.2 1 3.1-3.2 Terminated 0.1-0.2 2 3.1-3.2 12
0.2-0.3 2 3.2-3.3 0.2-0.3 2 3.2-3.3 10
0.3-0.4 3 3.3-3.4 0.3-0.4 4 3.3-34 12
0.4-0.5 2 3.4-3.5 0.4-0.5 5 3.4-35 12
0.5-0.6 3 3536 0.5-0.6 4 3.5-386 16
0.6-0.7 2 3.6-3.7 0.6-0.7 4 3.6-3.7 Terminated
0.7-0.8 7 3.7-3.8 0.7-0.8 4 3.7-3.8
0.8-0.9 10 3.8-3.9 0.8-0.9 12 3.8-3.9
0.9-1.0 3 3.9-4.0 0.9-1.0 2 3.9-4.0
1.0-1.1 2 4,0-4.1 1.0-1.1 1 4.0-4.1
1.1-1.2 4 4.1-4.2 1.1-1.2 1 4.1-4.2
1.2-1.3 5 4.2-4.3 1,2-1.3 1 4,243
1.3-1.4 2 4.3-4.4 1.3-1.4 2 4.3-4.4
1.4-1.5 1 4.4-4.5 1.4-1.5 3 4.4-4.5
1.5-18 2 4.5-46 1.5-1.86 3 45-46
1.6-1.7 1 4647 1.6-1.7 8 4.6-4.7
1.7-1.8 1 4748 1.7-1.8 6 4.7-4.8
1.8-1.9 2 4,8-4.9 1.8-1.8 5 4.8-4.9
1.9-2.0 2 49-5.0 1.9-2.0 5 4.9-5.0
2.0-2.1 3] 5.0-5.1 2.0-2.1 5 5.0-5.1
2122 5 5.1-5.2 2.1-2.2 5 5.1-58.2
22-2.3 4 52-53 2.2-2.3 7 5.2-53
2324 8 5.3-5.4 2324 7 5354
2425 8 5.4-55 2425 8 5.4-5.5
2.5-26 8 5.5-5.6 2.5-26 8 5558
2.6-2.7 8 5.6-5.7 2827 8 5.8-5.7
2728 12 5758 2.7-2.8 8 57-5.8
2.8-2.9 12 5.8-59 2.8-2.9 12 5.8-5.9
2.8-3.0 16 5.8-6.0 2.8-3.0 11 5.9-6.0
Remarks: Weight: 9kg
Drop: 210mm
Rod Diameter; 16mm

c:Mabvreport\r009
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GeoEnviro Consultancy Pty Ltd

Dynamic Cone Penetration Test Report JobNo:  JGOOO10A
Client: Australand Holdings Ltd Date: 14-07-00
Project: Proposed Residential Subdivision Tested By: AF
Location: Sector 8 , Macpherson Street, Warriewood Checked By: SL

Test Procedure: AS 1289 6.3.2

Test Data
Test No: 5 Test No: 6
Test Location: Test Location:
TP 13 (See Drawing No 1) TP 16 (See Drawing No 1)
RL: - RL: -
Soil Classification: Soil Classification:
) See Table 1 See Table 1
Depth (m} Blows Depth {m} Blows Depth (m) Blows Depth {m) Blows
0.0-0.1 - 3.0-3.1 6 0.0-0.1 - 3.0-3.1 12
0.1-0.2 1 3.1-3.2 8 0.1-0.2 1 3.1-3.2 18
0.2-0.3 1 3.2-3.3 7 0.2-0.3 + 3.2-3.3 Terminated
0.3-0.4 1 3.3-3.4 8 0.3-0.4 1 3.3-3.4
0.4-0.5 1 3.4-35 9 0.4-0.5 2 3.4-3.5
0.5-0.8 2 3.5-3.8 B 0.5-0.6 2] 3.5-3.8
0.6-0.7 4 3.6-3.7 B8 0.6-0.7 2 3.6-3.7
0.7-0.8 B8 3.7-3.8 B 0.7-0.8 2 3.7-3.8
0.8-0.9 2 3.8-3.9 10 0.8-0.9 1 3.8-3.9
0.9-1.0 1 3.9-4.0 10 0.9-1.0 v 3.8-4.0
1.0-1.1 1 4.0-4.1 8 1.0-1.1 1 4,0-4.4
1.1-1.2 4 4.1-4.2 14 1.1-1.2 1 4,1-4.2
1.21.3 5 42-4.3 17 1.21.3 v 4243
1.3-1.4 4 4.3-4.4 Terminated 1.3-1.4 1 4344
1.4-1.5 4 4.4-4.5 1.4-1.5 1 4.4-4.5
1.5-1.8 5 4.5-4.6 1.5-1.6 1 4.5-4.6
1.6-1.7 i2 4.6-4.7 1.6-1.7 1 4.6-4.7
1.7-1.8 13 4.7-4.8 1.7-1.8 v 4748
1.8-1.9 14 4,8-4.9 1.8-1.9 1 4.8-4.9
1.920 8 4.8-5.0 1.8-2.0 2 4.8-5.0
2.0-2.1 7 50-5.1 2.0-2.1 2 5.0-5.1
2.1-22 8 51-5.2 2122 3 51-5.2
2.2-2.3 5 52-513 2.2-2.3 3 5253
2.3-2.4 &} 53-54 2.3-2.4 4 5354
24-25 5 5.4-5.5 2425 6 5.4-5.5
2.5-2.6 5] 55-5.6 2.5-26 8 55-5.8
2.6-2.7 6 5.6-5.7 2.6-2.7 7 5.6-5.7
2.7-2.8 6 57-5.8 2.7-2.8 g 5.7-5.8
2829 7 5.8-5.9 2.8-2.9 10 5.8-5.9
2.89-3.0 5 5.8-6.0 2.8-3.0 16 5.9-6.0
Remarks: Waeight: Skg
Drop: 510mm
Rod Diameter: 16mm
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GeoEnviro Consultancy Pty Ltd

JCGO010A

Dynamic Cone Penetration Test Report Job No:
Cllent: Australand Holdings Ltd Date: 14-07-00
Project: Proposed Residential Subdivision Tested By:  AF
Location: Sector 8, Macpherson Street, Warriewood Checked By: SL
Test Procedure: AS 12896.3.2
Test Data
Test No: 7 Test No: 8
Test |.ocation: Test Location:
TP 30 {See Drawing No 1) TP 38 (See Drawing No 1}
RL: - RL: -
Soil Classification: Soil Classification:
See Table 1 See Table 1
Depth (m} Blows Depth {m) Blows Depth {m) Blows Depth {m} Blows
0.0-0.1 - 3.0-3.1 14 0.0-0.1 - 3.0-3.1
0.1-0.2 2 3.1-3.2 i1 0.1-0.2 1 3.1-32
0.2-0.3 3 3.2-3.3 14 0.2-0.3 2 3.2-33
0.3—0.4‘ 3 3.3-3.4 16 0.3-0.4 3 3.3-3.4
0.4-0.5 3 3.4-3.5 Terminated 0.4-0.5 3 3.4-3.5
0.58-0.6 4 3.5-3.6 0.5-0.6 5 3.5-3.6
0.6-0.7 3 3.6-3.7 0.6-0.7 5 3.6-3.7
0.7-0.8 4 . 3738 0.7-0.8 5 3.7-3.8
0.8-0.9 8 3.8-38 0.8-0.9 11 3.8-3.9
0.9-1.0 7 3.9-4.0 0.9-1.0 6 3.94.0
1.0-1.1 11 4.0-4.1 1.0-1.1 2 4.0-4.1
1.1-1.2 3 4.1-42 1.1-1.2 2 4.1-4.2
1.2-1.3 2 4.2-4.3 1.2-1.3 9 4243
1.3-1.4 1 4.3-4.4 1.3-1.4 4 4.3-4.4
1.4-1.5 1 4.4-4.5 1.4-1.5 1 4.4-45
1.5-1.6 1 4,646 1.5-1.6 2 4,5-4.6
1.6-1.7 2 4.6-4.7 1.6-1.7 3 4.6-4.7
1.7-1.8 1 47-4.8 1.7-1.8 3 47-4.8
1.8-1.9 1 4.8-4.9 1.8-1.¢ 4 4.8-4.9
1.9-2.0 2 4.9-5.0 1.9-2.0 5 4.8-5.0
2.0-21 6 5.0-5.1 2.0-2.1 7 5.0-5.1
2.1-2.2 B 51-5.2 2122 6 5.1-5.2
2.2-2.3 5 52-5.3 2.2-2.3 6 5.2-5.3
2.3-24 4 5.3-5.4 2.3-2.4 7 5.3-54
24-25 4 5.4-5.5 2.4-2.5 6 5.4-5.5
2.5-2.6 5 5.5-5.6 2.5-28 7 55-5.8
2.6-27 5 5.6-5.7 2.6-2.7 g 5.8-5.7
2728 5 5.7-5.8 2.7-2.8 16 57-5.8
2.8-29 8 5.8-5.9 2.8-2.9 20 5.8-5.9
2.8-3.0 8 5.9-6.0 2.8-3.0 22 5.9-6.0
Terminated
Remarks: Weight: 9kg
Drop: 510mm
Rod Diameter: 16mm
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GeoLEnviro Consultancy Pty Lid

A BRIEF EXPLANATION OF SITE CLASSIFICATION

1. Introduetion

The intention of the Australian Standard 2870-1996, "Residential Slabs and Footings" is to
provide guidance on footing design for residential buildings with a particular emphasis on
reactive clay sites. Footing design and construction involves the following steps:

e site classification

e selection of an appropriate footing system

e structural design

e construction in accordance with the required design details and construction methods
 proper site maintenance after construction

The classification assessed in this report is the first step in providing an economical footing
system for a residence which will limit cracking of footings, floor slabs and masonry walls to
an extent normally considered acceptable. (Performance expectations are explained in AS
2870- 1996). It is necessary that each subsequent step be diligently observed to achieve
acceptable performance.

It is imperative when applying the site classifications presented in this report to
_ residential footing design, that these performance expectations are acceptable to the
home owner. '

2. What is ctive Soil?

A reactive soil undergoes appreciable volume change when its moisture content changes.
This causes ground surface movements which can result in fooling movements. The extent of
ground movement that can occur depends on the clay mineralogy, the depth of clay in the soil
profile, the depth of potential moisture variation in the soil and the change in soil suction that
occurs from dry to wet soil conditions. AS2870 provides a classification system to quantify
the range of ground surface movements anticipated (defined as having less than 5% chance of
being exceeded in the design life of the structure).

3 w are Sites Classified in egi

Experiment and observation within the Sydney Region indicates a high variability in the
potential for reactive movements, which is not clearly related to soil association, terrain
jocation or visual appearance and may not be accurately predicted by simple soil tests.
Intense, complex and expensive testing is required at a site to accurately predict its potential
for reactive behaviour. To avoid this, a simplified classification procedure for the Sydney
region has been devised which is based on the depth of clay in the soil profile. This procedure
is detailed in AS2870 - 1996.

4. What js a Class P Site?

Footing design may need to consider other factors beside reactive soils. Such factors include
the presence of filling, the presence of compressible or collapsible soils, or the need to
consider slope stability aspects. When these or other factors need to be considered the site
may be classified P. The footing "solution” for Class P sites requires special engineering
consideration. On many sites the "solution may the straight forward and may not necessarily
incur major cost increases.
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5. Filled Sites

The most common “problem” associated with residential lots is the presence of fill,
compacted or otherwise, overlying the natural soils. If the fill is uncompacted, or if there
are no records of adequate compaction, a piered footing system is usually adopted which
penetrates the fill and found on natural ground.

AS2870 - 1996 indicates that a compacted fill site may be given a less severe classification
than P if assessed in accordance with engineering principles. Subdivision developments
often include areas of compacted filling which will usually have been required to have been
compacted to the relevant Council Specifications. Adequately compacted filling will
usually provide sufficient bearing capacity for residential footing loads, but the clay in the
fill will also experience reactive soil movements. Depending on the moisture content at
which the fill is placed and the compaction which has been achieved, reactive soil
movements may exceed those experienced by the natural soil from which the fill has been
derived. As a result, classification of compacted fill sites sometimes needs to be
conservative.

6. Site Classifications should be Project Specific

Many Councils require that all lots within a new subdivision be classified prior to
subdivision approval. This practice precludes a consideration of the impact of site
preparation works on the classification. Sites which are not level are often cut and filled to
provide a level platform for floor slab construction. AS2870 specifies that the classification
shall be reconsidered if:

{a) the depth of cut exceeds 500mm, or
(b) the depth of compacted fill exceeds 400mm for clay (or 800mm for sand).

Where the classification provided in this report is carried out prior to the site development
details being known it is a condition of this report that plans for future development of the
block be reviewed by a geotechnical engineer to assess the impact of proposed site works
and also the impact of work which may have occurred on adjacent sites since the date of
this classification. Altering the site classification may be required in some cases.

7. Site Maintenance

The classifications presented in this report have been assessed for moisture variations
caused by climatic and "normal" garden conditions. More severe moisture variation can be
caused by other common factors, such as removing or planting trees, leaking plumbing,
irrigation systems etc. Guidelines to appropriate site maintenance are provided in CSIRO
10-91 "A Guide to Home Owners on Foundation Maintenance and Footing Performance”.
Most Damage to residences on reactive sites is due to poor site maintenance. Footings
designed to AS2870 may not perform satisfactorily if sites are not properly maintained.
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GeoEnviro Consultancy Pty Ltd

IMPORTANT INFORMATION REGARDING YOUR
ENVIRONMENTAL SITE ASSESSMENT

These notes have been prepared by GeoEnviro Consultancy Pty Ltd, using guidelines
prepared by ASFE. The Association of Engineering Firms Practising in the Geosciences. The
notes are offered as an aid in the interpretation of your environmental site assessment report.

REASONS FOR AN ENVIRONMENTAL SITE ASSESSMENT

Environmental site assessments are typically, though not exclusively, performed in the
following circumstances:

o As a pre- acquisition assessment on behalf of either a purchaser or a vendor, when a
property is to be sold

« As a pre-development assessment, when a property or area of land is to be
redeveloped, or the land use has change, eg from a factory to a residential subdivision

o As a pre-development assessment of greenfield sites, to establish baseline conditions
and assess environmental, geological and hydrological constraints to the development
of, eg, a landfill

e As an audit of the environmental effects of previous and present site usage

Each circumstance requires a specific approach to the assessment of soil and groundwater
contamination. In all cases the objective is to identify and if possible, quantify the risks
which unrecognised contamination poses to the ongoing or proposed activity. Such risk may
be both financial (clean-up costs or limitations in site use) and physical (health risks to site
users or the public).

ENVIRONMENTAL SITE ASSESSMENT LIMITATIONS

Although information provided by an environmental site assessment can reduce exposure to
the risk of the presence of contamination, no environmental site assessment can eliminate the
risk. Even a rigorous professional assessment may not detect all contamination within a site.
Contaminants may be present in areas that were not surveyed or sampled, or may migrate to
areas which did not show signs of contamination when sampled. Contaminant analysis cannot
possibly cover every type of contaminant which may occur, only the most likely
contaminants are screened.

AN ENVIRONMANTAL SITE ASSESSMENT REPORT IS BASED ON A UNIQUE
SET OF PROJECT SPECIFIC FACTORS

Your environmental assessment report should not be used;

e When the nature of the proposed development is changed, eg, if a residential
development is proposed, rather than a commercial development

e When the size or configuration of the proposed development is altered, eg, if a
basement is added
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(Information Regarding your Environmental Site Assessment Report...Page 2)

e When the location or orientation of the proposed structure is modified
o When there is a change of land ownership, or
o For application to an adjacent site

In order to avoid costly problems, you should ask your consultant to assess any changes in the
project since the assessment and the implications, if any, to recommendations made in the

assessment.

ENVIRONMENTAL SITE ASSESSMENT FINDINGS ARE PROFESSIONAL
ESTIMATES

Site assessment identifies actual sub-surface conditions only at those points where samples
are faken, when they are taken. Data obtained from the sampling and subsequent laboratory
analyses are interpreted by geologists, engineers or scientist and opinions are drawn about the
overall subsurface conditions, the nature and extent of contamination, the likely impact on
any proposed development and appropriate remediation measures. Actual conditions may
differ from those inferred, because no proféssional, no matter how qualified and no sub-
surface exploration program, no matter how comprehensive, can reveal what is hidden by
earth, rock and time. The actual interface between materials may be far more gradual or
abrupt than an assessment indicates. Actual conditions in areas not sampled may differ from
predictions. Nothing can be done to prevent the unanticipated, however, steps can be taken to
help minimise the impact. For this reason, site owner should retain the services of their
consultants throughout the development stage-of the project in order to identify variances,
conduct additional tests which may be necessary and to recommend solutions to problems
encountered on site.

Soil and groundwater contamination is a field in which legislation and interpretation of
legislation by government departments is changing rapidly. Whilst every atternpt is made by
GeoEnviro Consultancy Pty Ltd to be familiar with current policy, our interpretation of the
investigation findings should not be taken to be that of the relevant authority. When approval
from a statutory authority is required for a project, that approval should be directly sought.

STABILITY OF SUB-SURFACE CONDITIONS

Sub-surface conditions can change by natural processes and site activities. As an
environmental site assessment is based on conditions existing at the time of the investigation,
project decisions should not be based on environmental site assessment data which may have
been affected by time. The consultant should be requested to advise if additional tests are

required.

ENVIRONMENTAL SITE ASSESSMENTS ARE PERFORMED FOR SPECIFIC

PURPOSES AND CLIENTS

Environmental site assessments are prepared in response to a specific scope of work required
to meet the specific needs or specific individuals. An assessment prepared for a consulting
civil engineer may not be adequate to a construction contractor or another civil engineer,

An assessment should not be used by other persons for any purpose, or by the client for a
different purposes. No individual, other than the client, should apply an assessment, even for
its intended purposes, without first conferring with the consultant. No person should apply an
assessment for any purposes other than that originally contemplated, without first conferring
with the consultant.

C\Worms\abireports\RO15-2 Form No. RD15-2Ver0]/1192

GeoEnviro Consultancy



]

(Information Regarding your Envirgnmental Site Assessment Report... Page 3)

MISINTERPRETATION OF ENVIRONMENTAL SITE ASSESSMENTS

Costly problems can occur when design professionals develop plans based on
misinterpretation of an environmental site assessment. In order to minimise problems, the
environmental consultant should be retained to work with appropriate design professionals, to
explain relevant findings and to review the adequacy of plans and specifications relative to
contamination issues.

LOGS SHOULD NOT BE SEPARATED FORM THE REPORT

Borehole and test pit logs are prepared by environmental scientists, engineers or geologist,
based upon interpretation of field conditions and laboratory evaluation of field samples. Field
logs normally provided in our reports and these should not be redrawn for inclusion in site
remediation or other design drawings, as subtle but significant drafting errors or omissions
may occur .in the transfer process. Photographic reproduction can eliminate this problem,
however, contractors can still misinterpret the logs during bid preparation if separated from
the test of the assessment. Should this occur, delays and disputes , or unanticipated costs may
result,

To reduce the likelihood of boreholes and test pit logs misinterpretation, the complete
assessment should be available to persons or organisations involved in the project, such as
contractors, for their use. Denial of such access and disclaiming responsibility for the
accuracy of sub-surface information does not insulate an owner from the attendant liability. It
is critical that the site owner provides all available site information to persons and
organisations, such as contractors. '

READ RESPONSIBILITY CLAUSES CLOSELY

An environmental site assessment is based extensively on judgement and opinion, therefore, it
is necessarily less exact than other disciplines.. This situation has resulted in wholly
unwarranted claim being lodged against consultants. In order to aid in prevention of this
problem, model clauses have been developed for use in written transmittals. These are
definitive clauses, designed to indicate consultant responsibility. Their use helps all parties
involved recognise individual responsibilities and formulate appropriate action. Some of
these definitive clauses are likely to appear in the environmental site assessment and you are
encouraged to read them closely. Your consultant will be happy to give full and frank
answers to any questions you may have.
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@ GeoEnviro Consultancy Pty Ltd

EXPLANATORY NOTES

Introduction

These notes have been provided to amplify the
geotechnical report with regard to investigation
procedures, classification methods and certain matters
relating to the Discussion and Comments section. Not
all notes are necessaily relevant to all reports,

Geotechnical reports are based on information gained
from finite sub-surfzce probing, excavation, boring,
sampling or other means of investigation,
supplemented by experience and knowledge of focal
geology. For this reason they must be regarded as
interpretative rather than factual documents, limited to
some extent by the scope of information on which they

rely.

Description and Classification Methods

The methods of description and classification of soils
and racks used in this report are based on Australian
Standard 1726, the SAA Site Investigation Code, in
general descriptions cover the foliowing properties -
strength or density, colour, structure, soil or rock type”
and inclusions. ldentification and classification of soil
and rock involves to a large extent, judgement within
the acceptable level commonly adopted by current
geotechnical practices.

Soil types are described according to the

predominating particle size, qualified by the grading or
other particles present (eg sandy clay) on the following
bases:

Soil Classification Particle Size

Clay less than 0.002mm

Silt 0.002 to 0.06mm
Sand 0.05 to 2.00mm
Gravel 2.00mm to 60.00mm

Cohesive soils are classified on the basis of strength,
either by laboratory testing or engineering examination.
The strength terms are defined as follows:

Ciassification Undrained Shear Strength kPa

Very Soft less than 12
Soft 12-25
Firm 25-50
_Siff 50 - 100

Very Stiff 100 - 200
Hard greater than 200

Non-cohesive soils are classified on the basis of
relative density, generally from the resuits of standard
penetration tests (SPT) or Dutch cone penetrometer
tests (CPT), as below:

Relative Density SPT'N'Value CPT Cone
{blows/300mm} Value (qc.-MPA)

Very Loose less than 5 less than 2
Loose 5-10 2-5
Medium Dense 10 - 30 5-15
Dense 30-50 15-25
Very Dense >50 >25

Rock types are classified by their geological names,
together with descriptive terms on degrees of
weathering, strength, defects and other minor
components.  Where relevant, further inrformation
regarding rock classification, is given on the following
sheet.
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Sampling

Sampling is carried out during drilling to allow
engineering examination (and laboratory lesting where
required) of the soil or rock

Disturbed samples taken during drilling provide
information on plasticity, grain size, colour, type,
moisture content, inclusions and depending upon the
degree of disturbance, some information on strength
and structure.

Undisturbed samples are taken by pushing a thin
walled sample tube (normally known as Use) into the
soil and withdrawing a sampie of the soil in a relatively
undisturbed state. Such samples yield information on
structure and strength and are necessary for laboratory
determination of shear strength and compressibility.
Undisturbed sampling is generally effective only in
cohesive soils. Details of the type and method of
sampling are given in the regort.

Field Investigation Methods

The following is a brief summary of investigation
methods currently carried out by this Company and
comments on their use and application.

Hand Auger Drilling

The borehole is advanced by manually operated
equipment. The diameter of the borehole ranges from
50mm to 100mm. Penetration depth of hand augered
boreholes may be limited by premature refusal on a
variety of materials, such as hard clay, gravels or
ironstone.

Test Pits

These are excavated with a tractor mounted backhoe
or & tracked excavator, aliowing close examination of
the insitu soiis if it is safe lo descend into the pit. The
depth of penetration is limited to about 3.0m for a
backhoe and up to 6.0m for an excavator. A potential
disadvantage is the disturbance caused by the

excavation.

Care must be taken if construction is to be carried out
near, or within the test pit locations, to either
adequately recompact the backfill during construction,
or to design the structure to accommodate the poorty
compacted backfill.

Large Diameter Auger (eg Pengo)

The hole is advanced by a rotating plate or short spiral
auger, generally 300mm or larger in diameter. The
cuttings are returned to the surface at intervals
(generally of not more than 0.5m) and are disturbed,
but wusually unchanged in moisture content
Ideniification of soil strata is generally much more
reliable than with continuous spiral flight augers and is
usuzlly supplemented by occasional undisturbed tube
sampling.

Continuous Spiral Flight Augers

The hole is advanced by using 80mm-115mm diameter
continuous spiral flight augers, which are withdrawn at
intervals to allow sampling or insitu testing. This is a
relatively economical means of drilling in clays and in
sands above the water table. Samples are returned to
the surface, or may be collected after withdrawal of the
auger flights, but they are very disturbed and may be
highly mixed with soil of ather stratum.
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Continuous Spiral Flight Augers{continued)
Information from the drilling (as distinct from specific
sampling by SPT or undisiurbed samples} is of
relatively lower reliability due 1o rzrmoulding, mixing of
softening of samples by groundwater, resulting in
uncertainties of the originat sample depth.

The spiral augers are usually advance by using a V-bit
through the soil profile to refusal, followed by Tungsten
Carbide (TC) bit, to penetrate into bedrock. The quality
and continuity of the bedrock may be assessed by
examination of recovered rock fragments and through
observation of the drilling penegtration resistance.

Non-core Rotary Drilling (Wash Boring)

The hole is advanced by a rotary bit, with water being
pumped down the grit rod and returned up the
annulus, carrying the drill cuttings.  Only major
changes in stratification can be determined from the
cuttings, together with some information from the “feel”
and rate of penetration.

2

Rotary Mud Stabilised Drilling .

This is similar to rotary drilling, but uses drilling mud
as a circulating flutd, which may consist of a range of
products, from bentonite to polymers such as Revert o
Bioge!l. The mud tends to mask the cuttings and
reliable identification is again only possible form
separate intact sampling (eg SPT and Use samples).

Continuous Core Drilling

A continuous core sample is obtained using a diamond
tipped core bairel. Providing full core recovery is
achieved (which is not always possible in very weak
rocks and granular soils) this technique provides a very
reliable  (but relatively expensive) method  of
investigation.  In rocks, an NMLC tripte tube core
barrel, which gives a core of about 50mm diameter, is
usually used with water flush.

Portable Proline Drilling

This is manually operated equipment and is only used
in sites which require bedrock core sampling and there
is restricted site access to truck mounted drilt rigs. The
boreholes are usually advanced initially using a tricone
roller bit and water circulation to penetrate the upper
soil profile. in some instances, a hand auger may be
used to penetrate the soil profile. Subsequent drilling
into bedrock involves the use of NMLC triple tube
equipment, using water as a lubricant.

Standard Penetration Tests

Standard penetration tests are used mainly in non-
cohesive soils, but occasionally also in cohesive soils,
as a means of determining density or strength and of
obtaining a relatively undisturbed sample. The test
procedure is described in Australian Standard 1289
“Methods of Testing Soils for Engineering Purposes”-
Test F31.

The test is carried out in a borehole by driving @ 50rmm
diameter split sample tube under the impact of a 63kg
hammers with a free fall of 769mm. It is normal for the
wube to be driven in three successive 150rmm
increments and the ‘N" value is taken as the number of
blows for the last 300mm. In dense sands, very hard
clays or weak rock, the fuil 450mm penetration may
not be practicable and the test ts discontinued.
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The test results are reported in the following form:
* In & case where full penelration is obtained
with successive blow counts for each 150mm of, say 4,
6 and 7 blows

as 4,6, 7
N=13

N In & case where the test is discontinued short
of full penetration, say after 15 blows for the first
150mm and 30 biows for the next 40mm

as 15,30/40mm

The results of the tests can be related empirically to the
engineering properties of the soil. Occasionally the
test method is used to obtain samples in 50mm
diameter thin walled sample tubes in clays. In these
circumstances, the test results are shown on the
horelogs in brackets.

Dynamic Cone Penetration Test

A modification to the SPT test is where the same
driving system is used with 2 solid 60° tipped stesl
cone of the same diameter as the SPT hollow sampler.
The cone can be continuously driven into the borehole
and is normally used in areas with thick layers of soft
clays or loose sand. The results of this test are shown
as 'N¢’ on the borelogs, together with the number of
biows per 150mm penetration.

Cone Penetrometet Testing and Interpretation
Cone penetrometer testing (sometimes referred to as
Dutch Cone-CPT) described in this report, has been
carried out using an electrical friction cone
penetrometer and the test is described in Australian
Standard 1289 Test F5.1.

In the test, a 35mm diameter rod with cone tipped end
is pushed contiriuously into the soil, the reaction being
provided by a specially designed truck or rig, which is
fitted with an hydraulic ram system. Measurements
are made of the end bearing resistance on the cone
and the friction resistance on & separate 130mm long
sleeve, immediately behind the cone. Transducers in
the tip of the assembly are connected by electrical
wires passing through the centre of the push rods to an
amplifier and recorder unit rmounted on the control
truck.

As penetration occurs {at a rate of approximately
20mm per second) the information is output on
continuous chart recorders. The plotted results given
in this report have been traced from the original

records. The information provided on the charts
COMPprises:
* Cone resistance - the actual end bearing force

divided by the cross sectional area of the cone,
expressed in Mpa

* Sleeve friction - the frictional force on the
sleeve divided by the surface area, expressed in kPa
* Eriction ratio - the ratio of sleeve friction to

cone resistance, expressed in percentage

There are twa scales available for measurement of
cone resistance. The fower "A" scale (0-5Mpay) is used
in very soft soils where increased sensitivity is required
and is shown in the graphs as a dotted line. The main
"R" gcale (0-50Mpa) is less sensitive and is shown as &
full line,
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Cone Penetrometer Testing and Interpretation

continued

The ratios of the sleeve resistance to cone resistance
will vary with the type of soil encountered, with higher
relative friction in clays than in sands. Friction ratios of
1% to 2% are commonly encountered in sands and
very soft clays, rising to 4% to 10% in stiff clays.

In sands, the relationship'between cone resistance and
SPT value is commonly in the range:

e (Mpa) = (0.4 10 0.6) N (blows per 300mm)
In clays, the relationship between undrained shear
strength and cone resistance is commonly in the
range:
ge = {12 to 18) ¢,

Interpretation of CPT values can also be made to aliow
estimate of modulus or compressibility values to allow
calculation of foundation settlements. Inferred

stratification, as shown on the attached report, is
assessed from the cone and friction traces, from

expeiience and information from nearby boreholes etc.

This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test- method provides a continuous profile of
engineering properties and where precise information
or soil classification is required, direct drilling and
‘sampling may be preferable.

Portable Dynamic Cone Penetrometer {AS1289)
Portable Dynamic Cone Penetrometer tests are carried
out by driving a rod into the ground with a falling
weight hammer and measuring the blows per
successive 100mm increment of penetration.

There are two simitar tests, Cone Penetrometer
{commonly known as Scala Penetrometer) and the
Perth Sand Penetrometer.  Scala Penetrometer is
commenly adopted by this company and consists of a
16mm rod with a 20mm diameter cone end, driven with
a 9kg hammer, dropping 510mm (As1289 Test F3.2}.

Laboratory Testing
Laboratory testing is carried out in accordance with

Austrafian Standard 1289 “Methods of Testing Soil for .

Engineering Purposes”. Details of the test procedures
are given on the individual report forms.

Engineering Logs

The engineering logs presented herein are an
engineering and/or geological interpretation of the sub-
surface conditions and their reliability will depend to
some extent on frequency of sampling and the method
of driliing. Ideally, continuous undisturbed sampling or
core drilling will provide the most reliable assessment,
however, this is not always practicable or possible to
justify economically. As it is, the boreholes represent
only a small sample of the total sub-surface profite.
interpretation of the information and its application to
design and construction should take intc account the
spacing of boreholes, frequency of sampling and the
possibility of other than “straight line” wvariations
between the borehotes.

Groundwater

Whare groundwater levels are measured in boreholes,
there are several potential probiems:
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. in low permeability soils, groundwater
although preseni, may enter the hole slowly, or
perhaps not at all, during the investigation period.

. a localised perched water table may lead to
an erroneous indication of the true water table.
. water table levels will vary from time to time

due o the seasons or recen! weather changes. They
may not be the same at the time of construction as
indicated in the report.

. the use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to be blown
out of the hole and drilling mud must be washed out of
the hole if water observations are to be made.

More reliable measurements can be made by installing
standpipes, which are read at intervals over several
days, or weeks for low permeability soils. Piezometers
sealed in a particular stratum may be advisable in low
permeability soifs, or where there may be interference
from a perched water table or surface water.

Engineering Reports

Engineering reports are prepared by qualified
personnel and are based on the information obtained
and on current engineering standards of interpretation
and analysis. Where the report has been prepared for
a specific design proposal, perhaps 2 3 storey buifding,
the information and interpretation may not be relevant
if the design praposal is changed, say to a 20 storey
building. If this occurs, the Company will be pleased to
review the report and sufficiency of the investigation
work. s

Every care is taken with the report as it relates to
interpretation of. sub-surface conditions, discussions of
geotechnical aspects and recommendaticns  of
suggestions for design and construction. However, the
Company canrot aiways anticipate or assume
responsibility for:

* Unexpected variations in ground conditions.
The potential for this wilt depend partly on bore spacing
and sampling frequency.

* Changes in policy or interpretation of policy by
statutery authorities.
* The actions of contractors responding to

cormercial pressures.

if these accur, the Company will be pleased to assist
with investigation or advice to resolve the matter.

Site Anomalies

In the event that conditions encountered on site during
construction appear to vary from those which were
expected from the information contained in the report,
the Company requests immediate notification. Most
problems are much more readily resolved when
conditions are exposed than at some later stage, well
after the event.

Reproduction of Information for Contractual
Purposes

Attention is drawn to the document “Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institute of Engineers
Australia.  Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available
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In circumstances where the discussion or comments
section is not relevant to the contractual situation, it
may be appropriate to prepare a specially edited
document. The Company would be pleased to assist
in this regard and/or make additional copies of the
report available for contract purnoses, at a nominal

charge.

Site Inspection :
The Company wilt always be pleased to provide

engineering inspection services for geotechnical
aspects of work to which this report is related. This
could range from a site visit to confirm that the
conditions exposed are as expected, to full time
engineering presence on site. .

Review of Design
Where major civil or structural developments are

proposed, or where only a limited investigation has
been completed, or where the geotechnical conditions
are complex, it is prudent to have the design reviewed
by a Senior Geotechnical Engineer. .
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