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DETAILED SITE INVESTIGATION REPORT

NORTH PRECINCT, CASUARINA BEACH, NSW

INTRODUCTION

As part of the on going site investigation of minerai sand residues with elevated radioactivity
levels reported in the *Preliminary Site Investigation Report Casuarina Beach North
Precinct” by Cardno MBK, 25 July 2001, Cardno MBK (Qid) Pty Ltd was commissioned by
Hutchinson Builders to conduct a detailed site investigation to establish the following:

> The extent and levei of soil radioactivity on the Casuarina Beach site;
) Potential effects of radicactive material on public heaith;
. A suitable remediation/management strategy.

The investigation was carried out in accordance with NSW Government Department of
Health ~ Radiation Branch publication, “No. 12 Clean-Up and Disposal of Radioactive
Residues from Commercial Operations Involving Mineral Sands”.

This report covers: . —

s The resuits of the on-site in-situ analysis of the investigation area;
® The vertical and horizontal extent of the contaminated material identified on site;
. The preliminary assessment of all other areas of the development; and
. 'Recommendations for ongoing site management/remediation.
[}
i
!
Consoiidated Properties Casuarina Beach Morth Precinct 20 August 2001
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20 LOCATION AND SITE DESCRIPTION
2.1 Location
The area under detailed investigation is located in the Northern Precinct of the Casuarina
i Beach development.
! The Local Authority is the Tweed Shire Council and the Regulating Authority, with respect
i to radioactive material is the NSW Environmental Protection Authority — Radiation Controt,
{ S ge
! 2.2  Site Description
i The site under investigation is part of a major urban development.
L A s'ummary of the features of the site is presented in the detailed layout in Attachment |.
i
,!
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L
|
Consolidated Properties Casuarina Baach North Pracinct - 20 August 2001
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3.0 SITE HISTORY

Based on interviews with former mineral sand mining operators and deskiop searches, it
was noted that the site has been subject to mineral sand mining activities in the past.
Mineral sand mining activities in the area were conducted between 1954 and 1976 (refer to
past aerial photographs presented in attachment III). When mining activities ceased the
area was partially rehabilitated. Development of the site for residential purposes
commenced in 1989, and is likely to continue for approximately 10 years. The area in
which radioactivity has been determined is the Northern Precinct of the development, which
is presently awaiting approval by Tweed Shire Council for release of a Subdivision
Certificate. The area currently remains under the control of the developer.

It has been established from former sand mining employees who worked on the site that
waste deposits were isolated to the southern portien of the Northern Precinct,, which was
the location of a dry separation mill. Past asrial photograph 3 in Attachment lIl identifies the
dry mill and disposal area (area circled) in operation during 1971.

Consolidated Proparies Casuarina Beach Narth Precinet 20 August 2001
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4.0  SITE INSPECTION
A number of detailed site inspections took place between the 2nd August and the 10%™
August 2001 by representatives of Cardno MBK and Queensland Department of Health
Scientific Services, which acted as a speciaiist sup=consultant on this project. The aims of
these investigations were to determine the following:

® The horizontal and vertical extent of the potentiélly radioactive soil material identified
in the eastern swale.

. The levels of radioactivity present on the site.

» The identification of any other areas within the development with higher than
background levels of radioactivity.

. Remediation/management options.

4.4 ) Topogréphy ahd Vegetation

The topography in the local area consists of relatively flat land, interspersed with newly

Native vegetation in the area consists of Casuarina and Banksia species inhabiting the
coastal dune area to the east and south of the area under investigation. - Residential lots
and stormwater swales in the vicinity of the investigation area had recently been seeded
with various native and introduced grasses, although the coverage remains relatively
sparse. Residential lots have also been covered with mulch to prevent wind and runoff

erosion.

42  Filling

The existing landform on the site has been achieved by significant earthworks. However,
no imported fill was used in this process, ather than in road construction. !n essence, the
soil materiat on the site has simply been redistributed to form drainage swales and ridges to
compiement the urban development activity.

4.3 Geology

Substantial investigations on sub-surface conditions have been completed as part of the
planning and design work for this project. The eastern parts of the site, including all of the
area in the Northern Precinct, are underiain by beach and dune sand. In fact, there is no
topsoil present con this site, with the soil profile consisting entirely of sand to depths well
below the area of earthworks disturbance.

Consolidated Properties Casuarina Beach North Precinct 20 August 2001
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5.0 DETAILED RADIATION SURVEY METHODOLOGY
51 Radiation Survey of Southern Swale, and Lots 82, 70, 69, 67, 66

! A detailed site investigation of the vertical and horizontal extent of radioactive sand mining

residues discovered on site was carried out by drilling a series of boreholes and inserting a

| 90mm PVC pipe into the newly constructed bore. Borehole locations were selected by

[ elevated surface radiation readings. A radiation activity count metre was jowered into.the

L bore and minute radiation long counts were taken at 500mm intervals to 6 melres from
surface level. The borehole locations are shown on Figure 1.

' 52 Radiation Survey of Areas Outside the Detailed Investigation Area
e ﬂensive surface assessment of areas outside the scope of the detaiied
SQ‘ ¥ /area was conducted to determine the presence or otherwise of above-
backgromheradioactivity elsewhere on site. Every allotment in the Northern, Central and
SofNFIERiSoMAs was analysed by walking transects and monitoring surface radioactivity

levels R OpSEed grid search procedure was adopted, such that measurements were
taken within 10 to 15 m of every point on each allotment.

[ ___ _ This assessment was conducted using g hand held SE International Radiation_Alart Monitor
4 radiation detector. Any areas showing a level above 0.1 uG/h were earmarked for further
investigation by Queensland Department of Health Scientific Services to validate the
preliminary reading. A calibrated Bicron Micro Sievert survey monitor was used for this

purpose.

' No ievels above background were recorded in the Southern and Central Precincts. A
number of areas with radiation levels ranging up to 0.3 uG/h were identified in the Northern
Precinct and subjected to more detailed assessment.

Consolidated Properties Casuarina Beach North Precinct 20 August 2001
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6.0

ANALYTICAL RESULTS

6.1 External Gamma Radiation survey

A Bicron Micro Sievert (serial number B2518) survey monitor was used fo measure surface
gamma radiaticn levels within areas subjected to detailed assassment. The instrument was
calibrated by Scientific Services, traceable to the primary Australian Standard, specifically
for environmental measurements in pGray per hour.

All site radiation level measurements were performed one metre above the ground surface.
Using this measurement geometry and with typical soil densities, approximately 80% of the
measured exXposure rate originates from the top 200mm of material over an 8m radii (NCRP
1998). Soil moisture corrections can be considered as negligible under the weather
conditions experienced during the survey, and were not applied to the results. A natural
background surface gamma radiation level of 0.1 uGy/hr can be considered as normal for

the area.

Surface radiation levels in excess of 0.3 uGy/hr were detected enly on a small portion of lot

- N82, representing an area of less than 100 m?.

6.2 _.Assessment Method Limitations

The surface g_amn'ia radiation survey technigue is suitable oniy for measurement of material
present in the top 200mm - 300mm of seil. Material below this depth shows no appreciable
surface exposure rate.

In-situ down hole logging, sampling and subsequent laboratory analysis or the use of open
inspection trenches and gamma survey can be considered the only suitable techniques for
establishing the presence and extent of buried, radiclogically enhanced material.

Visual inspection of soil/sand colour should not be considered as an alternative to -
radioactivity measurement due to the possibility of contaminants other than the black.
mineral imenite being present (e.g. monazite, a pale green / yellow mineralisation).

6.3 Downhole Logging

Downhole logging techniques allow for in-situ measurement of gamma radiation emitting
materials. Results from the field measurements can be calibrated against samples using
high resolution gamma ray specfrometry to establish possible gamma exposure rates
associated with buried material.

A total of 10 bore holes were established to a depth of approximately 6m (or water table)
and cased with 90mm PVC piping. The legging tool was then lowered in the bore hole and
results logged every 0.5m. Several laboratory samples were collected from known depths
for system calibration.

The results of this analysis are presented in Figure 2 attached to the Queensland Health
report. In summary, it was determined that an area of approximately 3,500 m? beneath Lot
NB82 was likely fo be affected by levels of radiation up to about 1 uGy/hr, if the requisite soil
material was brought to the surface and placed in a layer 200 mm thick. This radioactive
material also underlies the southern drainage swale. 11 in noted that existing surface levels
on both areas are lower than the Guideline values of 0.7 and 2.5 uGy/hr adopted by the
NSW Department of Heaith for residential and open space areas respectively.

Consolidatad Propeties Casuarina Beach North Precinct 20 August 2001
CWINDOWSITEMPRadiation Report.doc  Detailed Radiation Survey Page 6
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8.4 Preliminary Assessment of Areas Outside the Detailed Investigation Scope

The prefiminary assessment of lots cuiside the detailed investigation area identified 11
residentiaf lots in the northern precinct with surface radiation ievels above 0.1 uGy/hr, but
not exceeding 0.3 pGy/hr. Queensland Health subsequently validated these lots with the
preliminary levels being confirmed between 0.2 and 0.3 uGy/hr. The locations of these lots
are presented in Attachment [.

Dark mineral staining was also identified in the crown réad reserve on the northern
boundary of the northern precinct, which serves as a stormwater infiltration basin presently.
A radiation survey was conducted on this area and recorded surface radiation levels
ranging from 0.1 to 0.6 pGy/hr in a localised area of approximately 50m?.

No elevate'd surface radiation readings were detected in the Central and Southern Precincts
of the Development.

Consolidated Propertias Casuarina Beach Norii Precinet: 20 August 2001
CWINDOWS\TEMP'\Radiation Report.doc  Detailed Radiation Survey Page 7
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INTERPRETATION OF DATA

Figure 2b
RAWDATA: DEPTH va ACTIVITY

Figure 2c

DERIVED SURFACE EXPOSURE RATE

The raw logging data has bean converted to & combined umanium
238 » thorium 232 activly concentration by comparing lag count rate
with specific aclivity doetermined by high resclution gamma
SpECUometry. Based on the gamma spaciromatry results, it Is
assumed that there 8 2 1:25 W/Th activity ratie for ali materal
aurvayed.

The combined uranium 238 + therium 232 activly concentration Is
then converted to surface exposure rate based on data provided by
ICRU Report 53, Gammas-Ray Spociromatry in the Environmoent
{1994)

Figure Zc shows the extent of burded matarial that, I bought to the
surface and distributed to a depth of mpprox, 200mm, would give rise
te surface gamma radiation levels of between 0.20uGy/h (green) and

1.0UGYD {yeliow),

FIGURE 2: Area 1 downhole logging results
Queanstand Health Sclentifle Services



Enquiries:  Ross Kleinschmidt
Telephone: 07 3274 8124
Facsimile: 07 3274 9123

Requested by:  Simon Groth Reference:  Casuarina Beach Development

Cardno MBK (Qid} Pty Ltd
Commercial Centre, Isle of Capri
GOLD COAST Q 4217

SUBSURFACE RADIATION INVESTIGATION REPORT No. 01PQ227
Extension to Report No. 01PQ72

Narth Precinct, Casuarina Beach Development
TWEED SHIRE NSW

Date Request Recelved: 25 January 2002

Report Description: Subsurface Radiation Investigation, North Pracinct Casuarina Beach
Development, Kingscliff, NSW.

1.0 SCOPE OF WORK
A subsurface radiation investigation of the North Precinct, Casuarina Beach development was conducted to
compliment prior subsurface characterisation of the site (QHSS 2001).

A radiation exposurs pathway analysis has been developed using experimental data collected by fogging a
number of bore holes in designated subject areas. The scope of the report is limited to those areas
identified by Cardno MBK (QId) as to be included in the investigation.

The locations of the subject areas are. shown in Figure 1, a generalised plan of the development area
provided by Cardno MBK (Qld).

Queensland Health Scientific Ssrvices was commissioned by Cardno MBK (QId) to perform the additional
subsurface investigation for inclusion In a report to the site developer.

2.0 ASSESSMENT STRATEGY

24 Exposure Pathways

A number of radiation exposure pathways may be considered in assessing the impact of a mineral sand
deposit containing enhanced levels of radioactive materials. The pathways include external gamma
irradiation, inhalation of particulaies and the radioactive gas radon, and ingestion of the materlal. Tha
physical and chernical properties of the minaral sand materials present on the site do not promote
significant exposure contributions from ingestion and inhalation of particuiates in a residential / suburban
land use situation. Itis also unlikely that a significant inhalation exposure would be derived from radon due
to local weather conditions and prevailing sub tropical construction practices, i.e. open plan, well ventilated
structures.

2.2 Subject Area

This report shail not be reproduzed sxcept 1 full without the written permission of the Laboratory,
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The subject area includes the site described in the Stége1 report. Mr Allan Burton and Mr Gordon'
Gee, Queensland Health Scientific Services and a representative of Cardno MBK (QId) performed
the investigation on 05 February 2002.

Description: Area 1 {Figure 1, Inset 1)
Assessment Method:  Downhole logging to water table.

23 Downhole Logging

Down hole logging techniques allow for in-situ measuremant of gamma radiation emitting materials.
Results from the fleld measurements can be calibrated against samples using high resolution gamma ray
spectrometry 1o establish possible gamma exposure rates associated with burted material,

Bore holes were estabiished to a depth of approximately 6m (or water table) and cased with 90mm PVC
plping. The logging tool was then lowered in the bore hole and results logged every 0.5m. Previously
assayed laboratory samples were used for system calibration.

3.0 RESULTS

Results of the downhole logging data are provided in Figure 2. Figure 2a shows isoactivity contours for
0.5m depth slices to 5.5m. Figure 2b shows the material buried at depth that, if distributed on the surface,
may give rise to surface gamma radiation activities in the range of 0.2uGy.n™" to 2uGy.h".

Figure 3 shows a comparison of previous downhole mapping results {QHSS 200 1) with the more detailed
current data. It is obvious that large quantities of material are present at depth and that the extent of the
bulk material has not been fully mapped. Surface gamma radlation surveys have not detected the
presence of this buried material,

4.0 CONCLUSIONS

The additional logging of bore holes in the subject area, in addition with observations made in open test
pits, has further defined the extent of radiologically enhanced mineral sand material at depths to at least the
water table (approx. 6m).

The scope of this report does not allow for a blanket characterisation of the extent of buried materials that
may be present in the remainder of the development. It is recommended that an extensive subsurface
investigation program be instigated should full characterisation of the site be required by the relevant
authorities.

In the event that radiologically enhanced material is removed off site, including transport on public roads,
relevant authorities shouid be contacted regarding transport and disposal requlatory requirements.

. An occupational health and safaty plan should be developed for any remediation activities implemented for
the site. Controlof dust and external radiation exposure should be considered in conjunction with exposura
monitoring of workers.

, 5.0  LIMITATIONS OF REPORT

[ Scientific Services has prepared this report for use by Cardno MBK (Qid) in accordance with generally
accepted consulling practice. It may not contain sufficient inforrmation for the purposes of other parties or
other uses,

' <1 0 e best of our knowledge the information contained in this report is accurate at the date of issue. Any
I‘S.'!__E‘»_.V!:'D[i;sS,_‘ -(gd_istribution of matertal or engineering works carried out on the site after surveys or data
R -qg}léqtgog’,agnyities by Queensland Health Scientific Services may invalidate information provided in this
il B TepON .

(3 ¥l
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R Kieinschmidt 12 February 2002

Senior Health Physicist
MARPS, SPERA

This repart shall nol be reproduced axcept in fufl, without tha writtes permission of the Laboratory,

page 3ol 3



1500.000
)
P .&mk " mw&ﬁm,mm,
Fﬂm‘ﬁﬁwﬁ. R d%mwwm e
1600.000
L =
INSET 1! Sublacl S
X CGEND 0 Oy Scale ABN B3 159 167 412 | Projet it
Data of survey: 0% kebruary 2002 COPYRIGHT aK Do ot scals
Survey InsirumenuNal(Tl) downhole togl
This drawing shalt net be [RELHTS == & mﬂm mamn.w_.m.“mz.mo,\mgam:n mwwwnmn_um%_m\%x SITE & BOREHOLE LOCATIONS
zrec 10 o hotes, survey 02 Aug 2001 copled o reproduced by any { gyprz27 07 Feb 2002 *
means without the written Scientific Services -
0] consent  of Queensfand [ Fie PO Box 504 ARCHERFIELD Q 4108 Ciant Tavang Mo, ™
=Bt bore holes, survey 05 Feb 2002 Health, 14707501 WPadiatiofakd heatih Prons: OF 3274 9124 Fax: 07 5274 peza
= rep0rA1PC2Z lig.doc A dgen | Cardno MBX (Aust ) Gold Goast Frgure 1 1.2




ol . Z embi4

hag o Bunmaig

ISERD P[RS ("1SNY) NEW Oup/en
g

U'AGE it VINNL G IPALEIU e "t
CLIBPLIE LD MV rUAPEE LD muoyg
S0P D CINILIHDUY 205 8¢ 0d
SAD)AIRS DualDg

"~ 50p'gh] £ZE0d 1 DuroCa
Li@BL RIBWOURRERG AL O-BL D2V

o

“LlEER
puEISUGENT 0 uasual
uBium 8y INOULM fueaw

T3 LYW 0314ng = 2002 934 L0 LEETI0 | Aue 4q pesnposdss Jo pejdos
LONIOIHE HLHON Hmey o
HOS (WADN) §73AS NCILYIOYH ) s risg ohavigur | B 30U RS SUmED S
HOVEE YNISYNSYO | JUSLILIBAOD PUBISUIING |
YWAYD 30V GIAMIa
9 30vaEns Slzasianen L] LHOMADD
L \elud | Z)v 881 GZC 0 INGY s [T

{uiw 7 spunoo) ¥1vg myd

€002 194 50 PoI09)|00 BieQ

J0V4HNS IHL NQ 03118043034 TYIHILYAN aiHng
HO4 (4/4DN) §13A3 T NOLLYIOYH YWAYD 03AH30

1048 BIoUUMOP (11BN IUBWNLSY] AoanS
2002 ABNIGEZS G0 Wemns jo e
B8 LGPIOY § LCUNG LRIl AQ pe1onpuas Boy




€002 984 50 P3iag|i00 BiEG

wuIpossg

WHH00S

Wwoosy

wwodoy

wigose

WL0O0E

wwgosz

WwgGoe

WG|

Wi)D0}

A mallRons, Klelsthroid! D henith,ghd. poy, ay

. -
£ =
1
z
o}
n
=
o
Q>
S0
u S
o
a 2 ™
z0O  [F 5
2z £S5
: Dx i o
= [a )re 5 L
@
w
[o}
Q
o
a
EF -
43 I3
w Z 2]
@3 <
g "
=T [
% =
T o
L = 2
i 26 |z &
3 5 m
T OZ o 0
g w g
¢ § :
H
T E  ss
F -5
] °
E ¥
g 0 o f
B ea
= @@
T =5
= &
Gl¥ E5¢
— s
e *8
El5 =3n
gz ==
Gis TB
3;.6515
o3 wE
-
%
2] 8
g g
s 0
P (e -
g Q|5 ~ °
s Q&5 o =
]
£ 8]
€
32(
2 o
5
£3
~ | 20
N
s _|EQ| 58
RN ERE N
L >c g
°&ES
o>t o
:nig
L _Beog
= = =
lE o
[ 835
»> 5 3.
i F38%
[=] TCF
L [ <48
N
02§
2adeq
FoEEXT




T2 500 P AL WO 4 DIPLCI0 AD 40 IWLA

388 vfui” JZE0d Lowode:

'y _ ¥ Bunfiig 1SECQ PRD (1509) MBI OUPIED | ain o 1g ey stidoizs zo muona R PIEOUIPERS L6021 “WiEaH
AH B, A L] B0ir D JTSRIHEIHIEY rEs 200 Cd L pugIsLeany {0 Jussu0)
8O3|AI9S D1 JUBIDS UBLNM B InOUlIm  SuEdw 100) BOYUMDP (LNEN  TUDWNISY| ABANG
SMIIA NYId - WIESLYIN OENg " 2 2002 Q22 52 4220440 | fur Aq peonpo.de. o peidon 2002 A1eniga 50 “Aomins @ aeq
40 (WADN) STZAT NOLLYIAYH IW@M%WN.&mﬂ%MmM ucm:._chm>uugm”u_ﬂ_“_ww_-._a.m e g epaur | BQ 10U geys Bupmesp siy) 00g) UPIOL) T UOUNE uRlly AQ pelanpuos faung
FOIE v SRS 0 AIEA0 g e ad IHDIHAL0D ‘POIBAPU| S5MIBYLE S5OUN | YADY L) 8.8 SIUBWIBINSEAL Iy
0y, 1oblie | Ele BOL BES 00 NGY I ut - S3LON TWHDOB
] L1 S |
Q 30V3HNS IHL NO 03118043034 T¥IHILYN QJHNE  WwoDss Lt =
HO3 (4#9N) ST3AT1NOLLYIAWE YIS GINLE] . 4
<0
Se'O-
£0—
VOo— 7
@0
80
[
L
gL WWOOS Y Loy w0z
7L
L
8L |
z -
<'c
wwpoz wunes L - 80ByNG T_ee'Ll ez
0 - ha-ye L 1EBZ
u: TR L1BAE,
& 08 LY'BET
L
B E ‘ RNYE-r]
g_ B Lk L &L T
O R R S R
=4 o o =3 om &
w 3 |3 € L ©
b I B
£ R ¥ ERR
- ta a3 [ oW @
o L) o -~ o o




( Cardnmno
[ MBK )

7.0

l— - e ——=it-has-been-determined-by-the-developer-that-it-wilk exeavate-the-affected materal-in-these—=— -

DISCUSSION OF RESULTS

The detailed sub-surface investigation determined that radicactive material with a gamma
radiation level of between 0.7 and 1.0 yGy/hr was located beneath the southemn drainage
swale, and lot N82. As illustrated on Figure Z, the extent and level of radioactive material
varies at depth, On the basis that residences constructed in this area will require footing
excavation, and almost certainly swimming pools, appropriate remediation strategies are
required to minimise the potential exposure of radioactive material buried at depth. .

Radiation levels up to 1.0 pGy/hr were recorded at depth and if brought to the surface could
cause surface radiation levels slightly above he action level criteria for residential
properties. It is considered that remediation to a depth of 2.5 metres will be adequate to
ensure that any residual material remains undisturbed by any future residential
development.

No lots outside of lat N82 displayed surface radiation levels above 0.3 pGy/hr, which is less
than 50% of the action level criteria of 0.7 uGy/hr for residential areas. Radiation levels
taken at the surface in measurement locations indicated that the slightly elevated levels
recorded at 1 m above the surface were not likely to be caused by substantial material
present at depth. Queensland Health has recommended that further hand augering and
menitoring investigations be carried out in these locations to confirm this finding. However,

areas, and treat this material concurrently with the remediation process for lot N82. Site
investigations will therefore be undertaken as part of this procedure.

Dark mineral stained sands identified in the Crown Road Reserve do not exceed any action
clean up levels. However it is recommended that this matenal be incorporated in future
remediation strategies for completeness. The developer wiil therefore also excavate this
material and dilute it with clean sand, in an identical fashion to that proposed for Lot N82.

Cansolidated Properties Casuarina Beach North Precinct’ 20 August 2001
C:WINDOWS\TEMP\Radiation Report.doc  Detailed Radiation Survay Page 8
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REMEDIATION STRATEGY

The remediation strategy developed for the contaminated areas would be required to
reduce the risk of potential long term human exposure to contaminated soils to acceptable
fevels.

In order to achieve this, the following remediation strategy is recommended.

A residual radiation value of 0.35 uGy/hr is considered adequate for the affected areas
which comprise future residential allotments. The proposed remediation strategy in this
case Is to excavate material to a depth of 2.5 m over the affected area, and vertically mix
this material with uncontaminated sand found elsewhere on the site. The area on Lot 82
potentially affected by elevated radioactivity is approximately 3,500 m? although this will be
confirmed by detailed site testing undertaken during the remediation process. The extent of
material requiring treatment will be confimed during the excavation process, and
excavation will encompass all areas where radiation levels in excess of 0.7 uGy/hr are
found in sub-surface deposits.

Appropriate environmental management measures will be implemented to mitigate potential
migration by wind and water erosion and a Remediation Action Plan would be developed
which would incarporate an Occupational Heaith and Safety plan specific to the handling of

—lew-level-radieactive-materials—\Validation-of-the -remediation -works-conducted-would-be -

carried out by recording surface radiation levels of the affected area and a report submitted
to Council for sign off on the suitability of the prescribed areas for their future uses.

No specific remediation measures are proposed for the southern open space area which is
affected by elevated radiation levels. The monitored levels are significantly less than the
Guideline’ value of 2.5 uGy/hr adopted by the NSW Department of Health for open space
areas. The swale area at the north will eventually be incorporated into a road to be built at
this location, although it is proposed to reduce existing radiation levels by mixing in the
interim duration.

appropriate recommended levels, and pose no danger to humans or to the environment.

It is considered that existing radiation levels within the open space areas comply with

Consolidated Properties Casuarina Baach Morth Precinct 20 August 2001
CAWINDOWS\TEMP\Radiation Reportdac  Detailed Radiation Survey Page 9
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9.0 CONCLUSION

The information presented in this report shows that existing surface radiation levels within
the Northern Precinct are compliani with NSW Government guidelines, and that no
remedial action is specifically required. However, it has besn identified that elevated
radiation levels at depth below lot N82 could present problems fo future home owners and
residents of the area.

For this reason, it has been recommended that a limited remediation program be completed
over lot N82 and other potentially affected areas within the site to remove any potential
limitations on future residents of the area. This pragram will consist of excavation of
material over an area of approximately 3,500 m? on this lot, and mixing of this material with
clean sand available elsewhere on the site. The remediation will continue until maximum
radiation levels of 0.35 pGy/hr are achieved within the affected area.

A detailed remediation report will be prepared and submltted te Council for final signoff
following completion of the work.

Consolidated Properties Casuarina Beach North Precinct 20 August 2001
CWINDOWSI\TEMP\Radiation Repoit.doc Detailed Radiation Survey Page 10
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PRELIMINARY SITE INVESTIGATION REFPORT

CASUARINA BEACH, NORTH PRECINCT
25 July 2001

1.0 INTROBUCTION

As part of the development of the Casuarina Beach development and the associated
"due diligence" requirements for the overall site management program, Hutchinson
Builders, 31Staple Street, Seventeen Mile Rocks Qid 4073, has commissioned the.
services of Cardno MBK (Qld) Pty Ltd to:

0 conduct a preliminary site investigation, to establish whether radioactive sand
residues from former mineral sand mining activities exists on the site; and

s if required, establishing the extent of soil contamination, and possible
environmental, health and safety impairment risks, with a view to establishing a
suitable remediation/management strategy.

, The above will be carried out in accordance with NSW Government Department of
:Health — Radfation Branch publication, "Ne. 12 Clean-Up and Disposal of Radioactive
Residues from Commercial Operations Involving Mineral Sands”,

This report covers:

. The results of the on-site inspection and preliminary in-situ analysis, (to identify,
likely areas of contamination, and prepare a sampling and analysis protocol);

v The results of the labaratory anaiysis of the soil samples taken; and

. Recommendations for ongoing site management.

1A\707901 Casuanna Beach\77T\ReportsiCasuarina CSA Stage l.doc Page 2
Job MNo; 70791-77 25 July 2001
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PRELIMINARY SITE INVESTIGATION REPORT
CASUARINA BEACH, NORTH PRECINCT

25 July 2001 - 7
2.0 LOCATION AND SITE DESCRIPTICN
2.1 Lecation
The area under investigation is located in the East Swale — Cutlet 11, of the North
Precinct, Casuarina 'Beach, NSW, 2487, which is a newly constructed urban
development.
The Local Authority is the Tweed Shire Council and the Regulating Authority, with
respect to radicactive material is the NSW Environmental Protection Authority —
Radiation Control.
22 Site Description
'~-Th_ei site under investigation is part of a major urban devélopme'nt.
A summary of the features of the site is presented in the detailed layout in Attachmeént
il
13707901 Casuarina Beach\77\Reports\Casuarina CSA Stage l.doc Page 3
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CASUARINA BEACH, NORTH PRECINCT
25 July 2001

3.0 SITE HISTORY

Based on interviews with former mineral sand mining-cperators and desktop searches;
it was noted that the site has been subject to mineral sand mining activities in the past.

Mineral sand mining activities in the area were conducted between 1854 and 1876.
When mining activities ceased the area was partially rehabilitated. Residential
development activities commenced in 1999 and the Casuarina Beach development is
in the final stages of completion.

I:\707901 Casuarina Beach\77\ReportstCasuarina CSA Stage |.doc Page 4
Job No: 7079M1-77 256 July 2001
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4.0 SITE INSPECTION

4.2

4.3

4.1

A site Inspection was conducted on July 12, 2601 by Mr Simon Groth, Environmental
Scientist - Cardno MBK Gold Coast and Mr Ross Kleinscmidt, Senior Health Physicist
— Queensland Health Scientific Servicas, to examine:

« the sampling and‘analysis requirements,

- local geology and topography, and

.""-: and the possible remediation/management options (if required).

Topography and Vegetation

The topagraphy in the local area consists of reiati\ieiy flat land, interspersed with newly

. canstructed stormwater swales and urban streets.

Vegetation in the area consists of Casuarina and Banksia species inhabiiing the
coastal dune area to the east and south of the area being investigating.

Residential lots and stormwater swales in the vicinity of the investigation area had
recently been seeded with various native and introduced grasses.

Filling

Major civilg‘gﬁé were required to prepare the site for the current urban

developm OWIFERESEI no imported fill was required or received in order to achieve
the currentania Mra g dformi.

Geology

Reference to the Douglas Partners report on Preliminary Geotechnical Investigation,
Kings Beach Development Bogangar, Tweed Coast, Northern NSW, February 1996,
reports the eastern and central parts of the site are underiain by beach and dune
sand, and the extreme westem part is underlain by river gravels, alluvium, sand and
clay. The report also confirms that sand mining (for rutile) has been undertaken in the

area.

[A\707901 Casuarina Beach\77\Reports\Casuarina CSA Stage.l.doc Page 5
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5.0 IN-SITU RADIATION SURVEY, SOIL SAMPLING AND ANALYSIS

Visual inspection confirmed black mineral staining in the base of the eastern swale

being, outlet 11 in the north precinct, and extended along the swale for approximately
‘ 50 metres. The full extent of the black mineral sand could not be determined due to
the mulching present on the swale embankments (Refer to Photographic lllustration
5.1). A small amount of mineral staining was aiso discovered on the adjacent lot to the
north of the swale.

——r
I

Photegraphic illustration 5.1:  Black mineral staining exposed in stormwater
swale

The radiation survey was conducted using a calibrated Bicron Micro Sievert survey
monitor to - measure surface gamma radiation levels.-Four transects were walked and.
gamma radiation surface levels were recorded at approximate 10 meter intervals. The
surface radiation results are presented in Attachment II.

R

Photographic lllustration 5.2:  Surface gamma radiation readings being taken.

11707901 Casuarina Beach\77\ReponsiCasuarina CSA Stage l.doc Page 6
Job Na: 70791-77 25 July 2001
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£1 Soil Sampling =

During the preliminary site investigation,” 2 soil samples were taken. Sample 1 was
taken in the base of the swale (Omm - 200mm) and sample 2 was taken at the top of
the swales northem embankment (50mm — 200mm) where visible staining was
encountered and radiation levels were elevated, Samples were taken for analysis to
the Queensiand Health Scientific Services laboratory to determine "uranium and
thorium radioactivity concentrations and the resuits are presented in Table 6.2
Sampling locations are presented in Attachment |.

[\707901 Casuarina Beach\7 "\ReportsiCasuarina CSA Stage l.doc Page 7
Job No: 7079/1-77 25 July 2001
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6.0 ANALYTICAL RESULTS

in-Situ surface level radioactivity results are summarised in Table 61 and-show the
ranges of levels encountered in four transects walked. Transects are illustrated in
Attachment 1.

Table 6.1: In-Situ Sun:face Level Radioactivity Resuits:

RS AN e T Sl Rt R s
1 — Eastem Swale 01-15 )

-2 — North/South 0.1-0.7

3 — East/West ' 0.1-05 ]

4 — North/North East DMl 8 = ==

. Uranium and thorium activity concentrations were determined in samples taken from
'visibly stained areas and are summarised in Table 6.2, These results should be

~ considered as prelifinary” data orily (Refér to Queensiand Health Scieffist Servides
Report in Attachment il).

Table 6.2: Uranium and Thorium Activity Concentrations in Soil Samples

Omm-200mm

Sample 2 | 50mm-200mm | 1000+-100 2500+-200 |
1\707901 Casuarina Beach\77\Reporis\Gasuarina CSA Stage l.doc Page 8
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7.0 DISCUSSION

The black mineral sand observed in the stormwater infiltration basin is associated with
naturally occurring radicactive materials and based upon the site history and the
locatised nature of the material, suggests that the area under investigation may have
been used as a tailings dam generated from the former mineral sands processing

i E I

activities in the area.

Maximum surface gamma radiation levels of 1.5 microgray per hour in the basin of the

. stormwater swale and levels up to 0.7 microgray per hour (UGy."1) along the
transects walked on the northemn adjacent lot of the swale, were rscarded during the
prefiminary investigation. Natural background surface gamma radiation levels of 0.1
microgray per hour can be considered normal for the area.

.L‘evels detected on the adjacent northem lot may be associated with the possible
L -mixing .or dispersion of material similar to that encountered in the swale or the
| continuation of the concentrated depeosit buried at depth below the surface.

-

Laboratory test on the samples gathered confirm the black mineral as being naturally
’ occurring radioactive material associated with mineral sand mining waste products
such as limenite and monazite.

I The NSW Depariment of Heaith - Radiation Branch has developed acticn level
thresholds for the clean up and disposal of radivactive residues from commercial
i operations involving mineral sands, and are presented below.

1 Action Level Criteria

l

|

| i 11 For dwellings, schoois (including playground), businesses, factories, etc. where
I occupancies by the same individuals oceur reguiarly on a day by day basis, the
remedial action level should be 0.7 pGy h™ (or 70 R h™) for all points at 1
metre above the area of concern on the property.

! 1.2 For other areas, where occcupancies are for a few hours per week by the same
) individuals or by differing individuals and for garden areas, the remedial action
level should be 1.0 pGy h™ (100 uR h™) for all points at 1 metre above the

lowest surface of the area.

' 1.3 For roads, paths, and other areas with intermittent occupancy, the remedial
action level should be 2.5 uGy h™ (250 LR h™) for all points at 1 metre above
the surface of the areas.

1.4 All values quoted above should include a value for normal natural background of
0.1 uGy h™ (10 yR h™).

1 3707901 Casuarina Beach\77T\ReportsiCasuarina CSA Stage i.doc Page 8
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8.0 CONCLUSIONS -

Surface radiation levels in the stormwater swale do not exceed the above stated
Action Level Criteria, 1.3, of 2.5 uGyh for roads, paths, and other areas with
intermittent occupancy, which is considered.ta be the applicabig criteria for an-area
which is a dedicated stormwater reserve that will have only intermittent occupancy. As
the mineral sand material is exposed to the environment and there is the potential for
wind and water erosion to cecur allowing the material to migrate to cther areas, a
management strategy needs to ke developed to mitigate any such occurrence.

Surface gamma radlatlon levels in the adjacent northemn lot, which is a proposed
- residential area, is less than but approaching Action Level Criteria 1.1, For dwellings,
= schaols (iricluding playground), businesses, factories, etc. where occupancies by the
‘same individuals oceur regularly oh a day by day basis.

"It is considered that there m may be the potential for- snmlfar radioactive material as
discovered in the stormwater swale to be buried under the adjacent northern iot, which
is a proposed future residentia! area. This being the case, there is the potential far this
material to be disturbed, redistributed and/or removed off site’ during the excavation of
footings and swimming poois etc. Exposing this material has the potential- of

exceeding the relevant Action Levei Criteria for the site or disposal area.

_I\707901 Casuarina Beach\77\Reports\Casuarina CSA Stage |.doc Page 10
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8.0 RECOMMENDATIONS —

Based on the preliminary site investigation. resuits cbtained and the proposed future
land uses of the areas investigated, it is recommended that the following take place:

s The Environmental Protection Authority - Radiation Control Branch and the
Tweed Shire Council be notified of the investigation findings;

= A Detailed Site investigation be conducted to establish the vertical and laterai
extent of the contaminated areas.

3 The preparation of a site remediation and management pian for the subject area.

11707901 Casuarina Beach\7Reperts\Casuarina CSA Stage l.dec Page 11
Joh No; 707911-77 ’ ' 25 July 2001
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Enquiries: Ross Kleinschmidt
Telephone: 07 3274 9124
Facsimile: 07 3274 9123

Requested by:  Simon Groth Reference: Casurina Beach Deveiopment

Cardno MBK (Qld) Pty Ltd STAGE 2 REFORT
Commercial Centre, Isle of Capri
GOLD COAST Q 4217

DRAFT STAGE 2 RADIATION INVESTIGATION REPORT No. 01 PQ72

North Precinct, Casurina Beach Development
TWEED SHIRE NSW 1

Date Request Received: 30 July 2001

Report Description: Stage 2 Radiological Investigation, North Precinct Casurina Beach
Development, Kingscliff, NSW.

10  SCOPE OF WORK
A Stage 2 radiological investigation of the North Precinct, Casurina Beach development was conducted as

recommended in the Stage 1 preliminary report (QHSS 2001}.

“Aradiation exposurerpathway analysis has been developed using experimiental data collected by surface
gamma radiation measurements and logging a number of bore holes in designated subject areas. The
scope of the report is limited to those areas identified by Cardno MBK (QId) as to be included in the
investigation. :

The locations of the subject areas are shown in Figure 1, a generalised plan of the development area
provided by Cardno MBK (Qfd).

Queensland Health Scientific Services was commissioned by Cardno MBK (QId) to perform the Stage 2
radiclogical investigation for inclusion in a report to the site developer, the Tweead Shire.Council and the
NSW Environmental Protection Agency.

2.0 ASSESSMENT STRATEGY

21 Exposure Pathways’

A number of radiation exposure pathways may be considered in assessing the impact of a mineral sand
deposit containing enhance levels of radioactive materials. The pathways include external gamma
irradiation, inhalation of particulates and the radioactive gas radon, and ingestion of the material. The
physical and chemical properties of the mineral sand materials present on the site do not promote
significant exposure contributions from ingestion and inhalation of particuiates in a residential / suburban
land use situation. [tis also unlikely that a significant inhalation exposure would be defived from radon due
to local weather conditions and prevailing sub tropical construction practices, i.e. open plan, well ventilated

structures.

This repor shall not te reproduced exeapt in full, without 1ha witten pesmission of the Lakaratory.

Office Postal Phone 61+ 07 3274 9124 Fax 61+ 07 3274 9123
e-mail ross_kleinschmidt@health gld gov.au

Queensiand Health Scientific Services
39 Kessels Road PO Box 594 CAWINDDWSATEMPAD pq7 2L dac
COQPERS PLAINS Q0 4108 ARCHERFIELD Q 4108 page 1 of 1
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Subject Areas

Area 1
The first subject area includes the site described in the Stage1 report. Mr Ross Kleinschmidt and

Allan Burton, Queensland Health Scientific Services and a representative of Cardno MBK (Qid)
performed the on site companent of the investigaticn oin 02 and 03 August 2001.

Description: Area 1 (Figure 1a) including Lots N57 to N70 as idenfified in Stage 1
report subject area.
Assessment Method:  Surface gamma survey plus downhole logging to water table,

Area 2 )
A Subsequent surface gamma radiation survey was requested on 10 August 2001. This survey
was conducted by Mr Ailan Burton, Queensland Health Scientific Services and representatives of

" Cardno MBK (Qld)

Description: Area 2 (Figure 1a) including Lots N59 to N686.
Assessment Method:  Surface gamma survey.

“Aread .

A Subsequent surface gamma radiation survey was requested on 10 August 2001. This survey
was conducted by Mr Allan Burton, Queensland Heaith Scientific Services and representatives of
Cardno MBK (Qid)

Description: Area 3 (Figure 1a).
Assessment Method:  Surface gamma survey.

Aread
A Subsequent surface gamma radiation survey was requested on 10 August 2001. This survey

was conducted by Mr Allan Burton, Queenstand Health Scientific Services and representatives of

- Cardno MBK (Qld)

Description: Area 4 (Figure 1b) including sections of Lots N19 to N25, N131, N132 and
N133.
Assessment Method:  Surface gamma survey.

Areab

A Subseguent surface gamma radiation survey was requested on 10 August 2001. This survey
was conducted by Mr Allan Burton, Queensland Health Scientific Services and representatives of
Cardno MBK (Qid)

Description: Area 5 (Figure 1b) including Lots N3 to N7 and Lot {14.
Assessment Method:  Surface gamma survey.

Area 6

A Subsequent surface gamma radiation survey was requested on 10 August 2001. This survey
was conducted by Mr Allan Burton, Queensland Health Scientific Services and representatives of
Cardno MBK {Qld)

Description: Area 6 (Figure 1b).
Assessment Method:  Surface gamma survey.

External Gamma Radiation survey

A Bicron Micro Sievert {serial number B251S) survey monitor was used to measure surface gamma
radiation fevels. The instrument is calibrated by Scientific Services, traceable to the primary Australian
Standard, specifically for environmental measurements in Micro Gray per hour.

This repert shait nol be repreduced axcapt n full, wilhout the watten femission of the Laboratery.

Offlce

Postal Phone &1+ 07 3274 9124 Fax G1+ 07 3274 9123

e-mail ross_kleinschmidi@heaith.gld.gov.au

Quaensland Heaith Scientific Services

39 Kessels Road

PO Box 594 CAWINDOWSITEMAO1pa72 roLace

COOPERS PLAINS Q 4108 ARCHERFIELD Q 4108 page 2 of 1



All site radiation level measurements were performed one metre above the ground surface. Using this
measurement geometry and with typical soil densities, approximately 90% of the measured exposure rate
originates from the top 200mm of material over an Bm radii (NCRP 1298). Soil moisture corrections can be
considered as negligible under the weather conditions experienced during the survey, and were not applied
to the results. A naturai background surface gamma radiation level of C.1uGy.h" can be considered as

normal for the area.

Surface gamma radiation surveys over Areas 2 through 8 were directed by Cardno MBX (Qld) on findings
of their own surface gamma radiation screening surveys,

24 Downhole Logging

Downhole logging techniques allow for in-situ measurement of gamma radiation emitting materizls. Results
from the field measurements can be calibrated against samples using high resolution gamma ray
spectrometry to establish possible gamma exposure rates associated with buried material.

Bore holes were established to a depth of approximately 8m (or water table) and cased with 90mm PVC
piping. The logging tocl was then lowered in the bore hole and results logged every 0.5m. Severa!
laboratory samples were collected frem known depths for systemn calibration.

2.5 Assassment Method Limitations
The surface gamma radiation survey technique is suitable only for measurement of material present in the
top 200mm - 300mm of soil. Material below this depth shows no appreciable surface exposure rate.

In-sity downhole ldégiﬁg sampling and subsequent laboratory aﬁalysi-s or the use of open inspection
trenches and gamma survey can be considered the only suitable techniques for es.abllshlng the presence
and extent of buried, radiologically enhanced material.

Visual inspection of soil/sand colour should not be considered as an alternative to radioactivity
measurement due to the possibility-of contaminants cther than the biack mineral ilmenite being present
(e.g. monazite, & pale green / yellow mineralisation).

3.0 RESULTS

31 Area t

Results of the downhole logging data are provided in Figure 2. Figure 2a shaws gross activity profiles for
each bore hole to a depth limited by the water table. Figure 2b shows isoactivity contours for 0.5m depth
slices to 4m. Figure 2¢ shows the material buried at depth that, if distributed on the surface, would give
rise to surface gamma radiation actw:t:es greater than 0.2uGy.h, 0.35pGy h', 0.7pGy.h' and 1.0pGy.h™?
respectively. :

itis obvious that large quantities of material are present at depth and that the extent of the bulk material
has not been fully mapped. Surface gamma radiation surveys have not detected the presence of this
buried material,

32 Area 2

Surface gamma radiation levels for Area 2 are shown in Figure 3. Maximum surface-gamma radiation
levels of 0.3uGy.h™ per hour were recorded. These elevated levels may be associated with either the
mixing and dispersion of more heavily contaminated material or a continuation of the cencentrated deposit,
buried at some depth below the surface. Depth / activity profile data were not requested for this area.

3.3 Area 3.

Surface gamma radiation leveis for Area 3 are shown in Figure 3. A Maximum surface gamma radiation
level of 0.2uGy.h™ per hour was recorded in the eastern boundary of Area 3, the majority of the area being
less than or equal to 0.1uGy.h'. The elevated levels may be associated with either the mixing and
dispersion of more heavily contaminated material or a continuation of the concentrated deposit, buried at
some depth below the surface. Depth / activity profile data were not requested for this area.

This report snall not be regroducsd axcaptin ful without the wrilen parmission of the Laboratory. . e . PP —
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3.4 Aread4 & Area 5

Surface gamma radiation levels for Area 4 and Area S are shown in Figure 4. A Maxirmum surface gamma
radiation level of 0.25uGy.h™ per hour was recorded in Area 4 and Area 5. The elevated ievels may be
associated with either the mixing and dispersion of more heavily contaminated material or 2 concentrated
deposit, buried at some depth below the surface. Depth / activity profile data were not requested for this

area.

3.5 Area 6
Surface gamma radiation {evels for Area 8 are shown in Figure 4. A Maximum surface gamma radiation

level of 0.6uGy.h"* per hour was recorded in a storm water drainage depression {proposed road area in
future development). The elevated levels may be associated with either the mixing and dispersion of more
heavily contaminated material or a concentrated deposit, buried at some depth below the surface. Depth/
activity profile data were not requested for this area, however, visible staining with black mineral is evident.

4.0 CONCLUSIONS
The legging of bore holes in Area 1 confirms the presence of radiolegically enhanced mineral sand material

at depths to at least the water table (approx. 6m).

The surf o a radiation levels previously recorded for the aréa {(QHSS 2001} do not correlate with
*'ons buried at depth, and therefore cannot be used as an indicator of buried,

..... CVIEI N
The sufeRS-YS-RESEdiation levels in the remaining survey areas, Areas 2 through 6, indicate the

presence of radiologically enhanced matenals. There is the potential for radiciogically enhanced mineral to
be buried in these areas, or other areas of the development previously surveyed by Cardno MBK {Qid).

5.0 DISCUSSION
This Stage 2 Report has established and recorded the extent of radiologically enhanced mineral sand

residues in Area 1 (Figure 3) of the North Precinct, Casurina Beach Development,

The scope of this report does not allow for a blanket characterisation of the extent of buried matarials that
may be present in the remainder of the development. It is recommended that an extensive subsurface
_investigation program be instigated should full characterisation of the site be required by the relevant

authorities. o

No surface garmma radiation levels in the development residential subdivision area were in excess of the
Action Limit (NSWEPA 1984) of 0.7:Gy.h for residentiai areas {see section 5.1 for further comment).

5.1 Remediation
The application of remedial action to sites contaminated with racioactive materials should be conducted

with the view of applying a best practice outcome. The Action Levels (NSWEPA 1984) previously described
in the Stage t Report (QHSS 2001) relate {o intervention practices associated with residues from mineral
sand processing that were developed over one and a half decades ago. A review of more recently
developed Queensland guidelines (Radiation Health 1998 & QIdEPA 2001} for similar scenarios, suggests
more stringent remediation levels may be more suitably applied te the site. In determining appropriate
levels, it must be considered that a significant change in land use has occurred for the area, providing the
opportunity for remediation to a more acceptable level in line with achieving radiation exposures as low as
reasonably achievable (ALARA}.

A remediation surface gamma radiation level of 0.35uGy.h™ (including background of 0.1:Gy.h™") will
restrict the additional effective radiation dose, via the external exposure pathway, using residential
occupancy (Appendix A) to less than 1mSv per annum. This value, 1mSv per annum, is the internationally
accepled eflective radiation dose that may be received from a radiaticn practice by a member of the pubiic
over one year. While this limit is normally applied to dose received from a radiation practice, it can be
argued that under the circumstances of this situation, applying this criteria is & best practice approach to
any remediation plan. It is recommended that the derived remediation limit of 0.35uGy.h™" (including

This rapart shall nal be reproduced except In fis?, without tra writen parmission of the Laboratary.

page 4 of 7



background of O.1pGy.h") should be applied to the entire development, including the swale areas.

‘Development of an on site disposal repository would provide a level of control of the radiclcgically
enhanced materials. The excavated material may be placed in a purpose built containment, engineered ta
reduce erosion and covered with 1m to 2m of clean fill. Implemnentation of a management plan to restrict
land use and future development would be raquired for the containment area. Use of the material as
becding for future roadworks in the development may also be corsidered as an alternative pending
assessment and relevant authority approval.

In the event that radiclogically enhanced material is removed off site, including transpart on public roads,
relevant autherities should be contacted regarding transport and disposal regulatory requirements.

An accupational health and safety plan should be developed for any remediation activities implemented for
the site. Control of dust and external radiation exposure should be considered in conjunction with exposure
monitonng of workers.

5.2 Management )
Redistribution of buried material by way of construction excavation may increase surface gamma radiation
levels to unacceptable levels. A management system is required to ensure that radiologically enhanced
materials exposed during the Jife of the development are monitored and disposed of in an appropriate
manner. Systems have been employed by the Gold Coast City Council in past years to manage similar
deposits of mineral sand tails and may be considered as a mode! for management of this site.

6.0 LIMITATIONS OF REPORT
Scientific Services has prepared this report for use by Cardno MBK (Qld) in accordance with generally
accepted consulting praciice. It may not contain sufficient information for the purposes of other parties or

other uses.

To the best of our knowledge the information contained in this report is accurate at the date of issue. Any
site works, redistribution of material cr engineering works carried out on the site after surveys or data
collection activities by Queensland Health Scientific Services may invalidate information provided in this
report.
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APPENDIX A

Data used in establishing a remediation action level for the Casurina Beach Development.

Residential / Suburban Land Use

Dose conversion factor for fterrestrial gamma 0.75 Sv/ Gy DC

radiation

{meaan for aduils & chiidren, Th232, ... + U238, in a. 11

ratio)

Total hours in a day 24 hours Hy
Total days in a year 300 days H,
Total days In a year - outside dwelling 120 days ' H1 o

{4C% total days in a year, suburban)

Totat.days in a year ~inside dwelling 180 days H1,,
(60% total days in a year, suburban)

Shielding factor, dwelling 0.3 SF
{mean for Ra226 5, + Th2324 in 2 1:1 Tatio)

Proposed remediation action level ' 0.25.Gy.h™ Alpem
(in addition te 0.1uGy.h for area natural background level}

NGRP Report No. 129

NCRP Report No. 129

NCRP Report No, 129

This report

CALCULATION OF ADDITIONAL ANNUAL DOSE RECEIVED BY A MEMBER OF THE PUBLIC USING

Annual dose - outside dwelling (D) = DCX Algen X Hy X H7,,

= 540uSv

Annual dose - inside dwelling (D,) = DC X 8F X Al gem X Hyx H1,,
= 243uSv

Total additional dose = Do+ 0,
= 783uSv

This rapan snall net be raproduced except in full, withou! [ha writlan permission of the Lacaralory.
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CASUARINA BEACH DEVELOPMENT
TOWN CENTRE ACID SULFATE SOIL MANAGEMENT PLAN
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1. INTRODUCTION

1.1 Purpose

The aim of this Acid Suifate Soils Management Plan is to provide design, management,
menitoring, and remedial action measures to minimise the potential impact on the environment
caused by the possible disturbance of acid sulfate soils as a result of construction activity
associated with the Town Centre Stage 2 of the Casuarina Beach Development.

1.2 Descripticn of Project

The Casuarina Beach development will be a staged residential precinct which will ultimately
accommodate a population of about 5,600. The deveiopment area, which is located on the
northern New South Wales coast south of Kingscliff, is bounded to the west by Cudgen Creek
and to the east by the Pacific Ccean.

Stage 1 of the development involved the construction of @ new coast road to the west of the
pravious alignment, and the formation of 7 management lots. Following stages are involved
with the urban development of each or several of these management lots,

Following stages have been involved with the construction of residential development
throughout the site. The Town Centre area will be the commercial hub for the Casuarina
precinct, as well as providing medium and low densily housing for residents and tourists. The
work to be carried out on the site includes the construction of Casuarina Way between the
Casuarina Central and Northern Precincts, as well as clearing of vegetation and significant
earthworks reshaping of the site. The site will eventually be developed as an urban community,
involving the provision of all relevant urban infrastructure such as roads, water supply,
sewerage, power and telecommunications.

1.3 Description of Existing Environment

1.3.1 Existing Ground Levels

The site is presently dominated by a ridge with a maximum level of between 10 and 12 m AHD,
which runs from south to north through the central section of the site. This ridge is a remnant of
the construction of the new Coast Road in the first stage of Casuarina. On the western side of
the ridge, substantial earthworks took place in 1999 as part of this construction. The ground
ievels in this part of the site vary from about 10 m AHD adjacent to the ridge, to about 3 m AHD
on the eastern edge of the road.

On the eastern side of the ridge, the site remains unchanged in level from its pre-existing
condition. From the east to the west, levels fall from 10 m AHD on the line of the beach dunes
to a depression with a fevel of about 6 m AHD, before rising again to meet the ridge level of 12
m AHD.

Job No. 7079/04 o Gasuarina Beach Development ] o i September 2005
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1.3.2 Soils

The site comprises dunal sands and beach ridges, extending from the beach dune to beyend
the alignment of the Coast Road. Quartzose sand is identified in surface deposits. Previous
studies by Douglas Partners determined the underlying soils to be generally clean beach and
dunal sands.

On the elevated land containing the beach ridges, underlying soils comprise loose sands up to
0.5 m in depth, becoming medium dense below 0.5 to 1.0 m depth. Dense and very dense
sands occur below 8 m to 11 m depth. Some minor traces of silt layers, and silty sand, are
interbedded with the clean sands at depth.

1.3.3 Surface Water

There is no permanent surface water within the Town Centre deveiopment area.

1.3.4 Ground Water

A groundwater ridge exists under the high part of the site, generally coincident with the location
of the oid coast road. Previous investigations have determined that the water tabie has a
consistent level of slighfly above 1 m AHD in this area. A positive hydraulic gradient therefore
exists for groundwater discharges ta both Cudgen Creek and the Pacific Ocean.

1.4 Previous Investigations Q

A number of previous acid sulfate soils Eugaiesisgjrghave been completed in relation to the
Kings Beach development area. ThesewagrNwamiks upon in detail in the Acid Sulfate Soil
Management Plan prepared by Cardno MBK for Stage 1 of this project, and submitted to Tweed
Shire Council in August, 1999.

In general, these previous investigations have determinad that the majority of the site to be
developed, including all of the area covered by the Town Centre Stage 2, is unlikely to have any
ASS or PASS constraints. For example, testing by Dougias Pariners included a terrain
avaluation which identified the following two terrain units within the study area:

» Terrain Unit QS;. This area generally corresponds to the area above RL 5 m AHD
located along the more elevated central and eastern portions of the site and the
previously mined area.

. Terrain Unit QS,. This area lies to the west of terrain unit QS; and generally
corresponds to the fow lying area below RL 5 m AHD along the western part of the site
adjacent to Cudgen Creek.

The Town Centre site is mostly (more than 90%) contained within the QS unit. Boreholes DP5,
BH2, BH4, AS-A and AS-L are located within, or adjacent to the proposed development area.
Previous testing carried out on soll or water quaiity samples from each of these holes indicated
generally low acid potential.

No acid sulfate soils were disturbed in this area during the construction of the Coast Road.

Job Mo 7379/04 Casuarina Beacnh Development — September 2005
JATO79-04WPAASSMP.DOC Town Canire Acid Sulfale Seil Management Plan Page 3



Cja Cardno

2.

PROPOSED WORKS

in relation to ASS and PASS, it is considered that there are only two mechanisms whereby
potential disturbance could occur. These are:

. Preliminary earthworks mavernents, involved with reshaping of the land profile
. Excavation gssociated with construction of sewers and other buried infrastructure

On the basis that the water table level over the Town Centre site is generally at or below 1.0 m
AHD, there are no planned works which could affect groundwater conditions. Mobilisation of
acid as a consequence of exposure of PASS materials by lowered water ievels will therefore
not be a problern. The changes in surface level will not be significant in relation to the water
table.

No changes in ground level are propased for the western part of the site. The construction of
Casuarina Way in this area will take place at levels that are not significantly different to existing
ground levels. This is illustrated on the attached plans which show the developed land form.
Excavation of high points, and filling of low points, is proposed on the eastern part of the site,
produce a more consistent land form than currently exists.

While these earthworks will be significant, no material will be disturbed below a level of at least
6 m AHD. This excavation will alse take place on that part of the site which is free of acid
sulfate soils. Consequently, it is not expécted that there will be any disturbance of ASS or
PASS material during the bulk earthworks phase of the project.

Infrastructure installation may involve limited disturbance of deeper soils. Consequently, and on
the basis of the previous ASS testing completed by Douglas Partners and Sinclair Knight Merz,
it is recommended that all earthworks to be carried out below 6.0 m AHD in the area west of
Casuarina Way be classed as having ASS potential, and be tested and treated accordingly.

Job No. 7079/04 -. Casuarina Beach Development ) ] September 2005
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3. CONSTRUCTION ACTIVITIES

3.1 Responsibility of Contractor

The Contractor(s) for civil works on the site shall conduct operations in accordance with this
document. Prior to the commencement of works, the Contractor shall provide the following
information to the consultant:

o Contractor's environmental policy,

o Names and respeonsibilities of supervisory staff involved with the implementation of the
acid sulfate management plan.

- Schedule of site inspections {and persennel responsible) to identify environmentat
problems, and maintenance actions to remedy any environmental problems identified.

‘0 An Incidents and Events Register, in which all environmental problems identified during
inspections and monitoring, and complaints received are recorded and acted upon.

€ Environmental training plan and Training Record Plan for all personnel involved in
development of the site.

Emphasis shall be placed upon the timely resolution of any comptaints received in relation to
development of the site and the development and implementation of corrective actions in
response to non-conformities to the Management Plan {identified by the monitcring process).

The Performance Objective fegarding complaint reselution is for the issue causing each
complaint to be resolved ih such a manner that there is no further complaint for the same
reason.

The Contractar is to maintain an "Incidents and Events Register” which lists the date of the
incident or complaint and the type of incident or complaint. For each incident, an incident/
complaint log is to be completed nominating:

Date of incident,
Nature of incident and associated information,

hd

&
. Location of incident,
e Name of person or body which reported incident,
& Employee who received notice of incident,
w Project Manager's review and comment,
) Recommended action to resolve incident,
* List of organisations to be contacted with regard to incident,
] Outcome of actions undertaken subsequent to incident being recorded, and
. Date of resoiution of incident.
Jok No. 7079/04 Casuarina Beach Development ] Septembper 2005
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Each incident is to be assigned a number o be entered on the master Incident and Evant
Register. Further, Tweed Shire Council and the Environment Protection Agency are to be
notified and directions with tegard to corrective action sought for incidents which have the

potential to cause environmental harm.

3.2 Notification to Council

Prior to the commencemant of warks, Council shall be nolified in writing of the Consultant and
contact officer nominated to be responsible for Acid Sulfate Soil Management as defined by this

management plan.
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3.3 Acid Sulfate Management Plan

POLICY:

PERFORMANCE
OBJECTIVES:

CONTROL
MEASURES:

To minimise the impact of disturbance of acidic and potentiat acidic soils upon
surface and ground water quality.

To avoid detrimental impact an the water quality and aquatic environment of the
Cudgen Creek and the Pacific Ocean, as a resuit of the discharge of acidic waters
from the site.

To comply with relevant legisiation and o manage acid suifate soils in accordance
with the Environment Protection Agency publication Assessing and Managing Acid
Sulfate Soils, Guidelines for Land Management in NSV Coastal Argas (June 1995)
and the NSW Department of Uroan Affairs and Planning publication Acid Sulfate
Soils Guidelines (November 1997).

To avoid detrimental impact on the groundwater resource of the region.

The Confractor and his sile representatives shall be trained in the recognition of
possible acid sulfate soils.

Al soit excavations below 6.0 m AHD in the area west of Casuarina Way shal! be
considered to potentizlly contain PASS, and should be handled accordingly,
including appropriate site testing. If PASS is detected, limiting rates should be
determined from [aboratory analysis if soil is to be exposed for more than 12 hours.
If exposure will be for less than 12 hours, the Contractor shall liaise with the
consultant in relation to determining an amount of lime to be added.

Sampling, storage and testing of samples shall be completed in accordance with
Part 4 (Laboratory Methods) of the ASSMAC Manual, 1988. |aboratory testing
shall use the POCAS (Peroxide Oxidation Combined Acidily & Sulfale) method.
Field testing shall be via the field peroxide pH test.

ASS and PASS material shall be neutralised if necessary by the addition of fine
agricultural lime well mixed through the soil. Lime addition rate shall be determined
from test results carried out at regular frequency eg. 1 test per 500 m* with a factor
of safety for inefficiencies. Mixing may be carried out by spreading in thin layers
and use of agricultural spreader and disc plough or similar. Lime storage,
application and mixing shall be carried cut in accordance with Part 2(Management)
of the ASSMAC Manual, 1998.

A supply of agricultural time (CaCO,) shall be available at all times for treatment of
acid sulfate soils. The supply shall be stored in a covered and bunded area o
prevent accidental release to waters.

A similar quantity of hydrated lime shall also be avai[abie‘at all times for treatment
of acidic waters. Storage requirements for hydrated lime shall be identical to that
specified above for agricultural lime.

Job Ne. 7079/04
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in the eventthat ASS conditions are present at any specific location, runoff controls
will be impiemented, with neutralisation of acid generating material by the addition
of lime. Opened ground shail be isolaled from upstream catchments, by the
construction of earth bunds around the upstream side of the excavaticn. A
detention basin shall be formed immediately downstream of the excavation, to
capture runoff from the site. The basin shall be sized to completely hold 50 mm of
runeff from the excavated area. Impounded water shall be tested and treated with
lime to bring the pH to a minimum of 6.5 if necessary, Testing and neutratisation of
water stored on the site prior to release shall be carried out in accordance with Part
2 (Management) of the ASSMAC Manual, 1998.

Lime stabilised water may be released when this pH criterion is satisfied, provided
that there is no floating matter and no visible ail or grease in the discharged water.
A precautionary approach is to be used with the storage and addition of hydrated
lime, since it has an inherently high pH and can cause extreme aikaline conditions
if overdosing occurs.

If required, a permanent storage site for ASS and PASS spoil material excavated
from the site, and deemed to be unsuitable for reuse, shall be designated by the
Consultant. This site shall provide for detention of potential acid sulfate material in
anoxic conditions below the waler table with minimum final cover of 3 m water
depth or 1 m of sand or other non acid generating fill. The site must be approved
by Tweed Shire Council. .

The disposal location should be excavated and a survey carried owt 1o enable
accurate records lo be provided to Tweed Shire Council and the Environment
Protection Agency. Council shall be consulted with respect to suitable locations for
disposal and called to inspect any disposal area during its use and prior 1o ils

capping.

It is noted in this regard that siudies completed to date indicate that all excavated
material will be reusable in embankment and filling activities, and that it is therafore
unlikely that a permanent storage site will be required.

All acidic soils used for filling purposes shall be treated with agricultural lime at the
appropriate rate determined from soil testing.

Regardless of whether acid sulfate material is encountered on the site, all water to
be discharged shall be tested to ensure that the pH of any discharged water is
between 6.5 and 8.5.

Where stockpiling is necessary, the following will ocour:

* Any ASS o be treated immediately with lime,
. Stockpiles to be located in areas which will minimise environmental impact,
* Design of stockpiles to minimise the surface area exposed to oxidation, the
amount of infiltration, and will include diversion banks to isolate stockpiles
from runoff.
. An apron of limestone wilt be placed beneath stockpiles.
Job Mo. 7079/04 Casuarina 3each Development ] — September 2005
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VERIFICATION:

MONITORING:

REPORTING:

CORRECTIVE
ACTION:

Soil material which has been ireated with lime shall be sampled at a rate of 1 test
per 1,000 m® to determine the adequacy of the liming rate and the mixing process,
Appropriate remedial action shall be implemented if acidic potential still remains.

Regular monitoring and laboratory testing of water quality will be undartaken. Such
monitoring shall include the testing of surface water in Cudgen Creek and
groundwater in a number of boreholes, as outlined in the Water Quality Menitoring
Program.

Monitoring will be undertaken on a monthly basis prior to and during the
construction phase, and on a three monthly basis for 12 months foliowing
completion of the works.

In addition, regular on-site monitoring of water quality will be required during the
consiruction phase. Such monitoring shall include:

. Daily measurements of any discharge from known ASS or PASS sites,

recording pH and NFR. This shall atso apply to any excavation below RL
9.0 m AHD, whether ASS is recognised or not.

The Contractor shall maintain records of any fauna kills in adjacent waterways and
leachate staining.

Water pumped inte any temporary basins shall be tested for pH and treated if
necessary prior te discharge.

Monthly reports by the Consuitant {copy to Contractor) on the monitoring during
construction, and of all corrective action taken to maintain the performance
requirement. Copies to Environment Protection Agency and Tweed Shire Council.

Water shall not be discharged from the site if the water quality is assessed as not
being suitable for discharge. In general, this will require pH to be at least6.5, and
the average suspended solids concentration to be less than 50 mg/L.

Remedial measures shall be applied when the following water quality indicator
levels are exceeded:

pH between 6.5 and 8.5.
Fe (iron) total < 500 pg/L

Total Dissolved Solids <1,500 mg/L
Aluminium Al (total} <5 pg/L {pH <6.5)

<100 pg/L (pH >6.5)

Job No. 7079/04

Casuarina Beach Development September 2003

JA7079-04VWPASSMP.DOC Tovin Centre Acid Sulfate Soil Management Plan Page 9



Q% Cardno

Corrective action shall be undertaken by the Contractor to the satisfaction of the
Consultant, and may inciude dosing with chemicals and exiended holding times in
detention basins. Dosing rates for materials such as lime (for pH stabilisation) and
polyelectrolyte coagulants (for precipitation of suspended solids) shall be in
accordance with monitored results. '

CVISION

TECHNOLOGIES

Job Na. 7079/04 Casuarina Beach Develapment September 2005
JA7073-04WWPAASSMP . DGC Town Centre Acid Sulfate Saii Management Plan Page 10
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EARTHWORKS MANAGEMENT PLAN

1.0

14

1.2

13

INTRODUCTION
PURPOSE

This Earthworks Management Plan (EMP) has been prepared on behalf of Kings Beach No 2
Pty Ltd, for the development of the Casuarina Beach Town Centre. The aim of this
management plan is to define the scope of Earthworks involved in the construction of the
development and how it will be implemented. The plan aiso provides detailed information on
earthworks programming, procedures and guidelines during the course of earthworks
construction in order to minimize the impact of the project on the physical and social
environment. In particular the earthworks management plan provides monitoring and remedial
measures to ensure corrective actions are implemented if problems occur.

The Earthworks Management Plan (EMP) is in accordance with Australian Standards AS 3798
‘Guidelines on earthworks for commercial and residential developments’ and good engineering
and environmental practice.

DESCRIPTION OF PROJECT

Casuarina Beach — Casuarina Town Centre is a proposed development located 3 km south of
Kingscliff. The site is bound by Tweed Coast Road to the west, the Pacific Ocean to the east,
Casuarina Beach — Central Precingt to the south and Casuarina Beach — Northern Precinct to
the north. The subject land is described as Lot 223 on DP1048494 and contains a total area of
19 hectares. The location of the land is shown on the attached figures.

Construction of the landform to final profiles wilt involve cut and fill operations. Imported fill will
be required as it is intended that the required fill material will be brought to the site by road
transport.

The proposed works to be carried out on the site include:

» Clearing of vegetation.

» Carrying out the bulk earthworks to refiect the desired ultimate development iandform.

« Filling the existing drainage swale through the site and replacing it with an underground
pipe drainage system.

* Construction of Casuarina Way roadway through the site.

= Provide alt infrastructure required throughout the site {roadways, drainage, water quality
controls, water supply, sewerage, electricity and communications}

The proposed earthworks will result in the site generally grading from the eastern boundary
towards Tweed Coast Road on the western boundary of the site.

DESCRIPTION OF EXISTING SITE

The site is partially cleared in the north western area with grass cover the major vegetation
cover. The south eastern portion of the site is uncleared and contains regrowth vegetation after
sand mining activities in the past. The eastern portion of the site has remained essentially in
the same condition as it was when sand mining ended in the early 70's.

A ridge runs north-south through the centre of the site (RL 12.0) along the proposed alignment
of Casuarina Way extension. The site grades gently from the ridge down towards the existing
infiltration areas on the eastern boundary (RL 6.0). The western part of the site grades slightly
steeper towards Tweed Coast Road (RL 3.0). A 7m high batter forms the south western portion
of the site between the ridge and the playing field area.

An existing swale drain commencing at the north east of the site runs through the site and
conveys the stormwater runoff from a large portion of the Casuarina Beach development. The
swale links the infiltration areas/swales along the eastern boundary of the Casuarina
Crevelopment to Cudgen creek on the western side of Tweed Coast road. Due to the grading
requirements, the swale is up to 5m deep in some locations through the site.

Kirgs Beacit No.2 Versian 1 ' 18 December 2067
1:\707904 Town Cenlre\OS\Earthwoeks doc Page 1
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2.9 EARTHWORKS MANAGEMENT
21 PROGRAMMING

The initial program of works to develop the site is generally proposed as follow:

Phase ltem

il Clearing, grubbing and mulching of vegetation to a temporary stockpile for
reuse /landscaping

2. Bulk Earthworks of site.

3\ Topsoil and seed allotments and disturbed areas.

Upon compietion of any bulk earthworks, the disturbed area is to be revegetated promptly using

the mulched stockpile and seeding.

2.2 STRIPPING AND CLEARING

The site will be stripped and cleared in one operation (to the minimum extent required for the
work) and revegetated promptly. The intention of this is to minimise any effect of erosion.

The first stage of stripping and clearing will be carried out In the more densely vegetated area in
the north-eastern area of the site. This area will be cleared and stripped to enable temporary
stockpiling in this section of the site, and to faciiitate the initial phases of the development as
outlined in Section 2.1.

The remaining area of the site will be cieared as required for the earthworks to commence.
23 EARTHWORKS ON LEADS

Earthworks on leads will involve the removal and placement of approximately 15,000 m® of
clean material.

The earthworks shall be a cut / fill operation (refer Figure DA25) whereby the source of fill
material shall be the ridge running through the centre of the site. Additional fill, if required, will
be imported te the site and sourced locally. This additional fill material may be obtained from the
undeveloped Northwest Precinct of Casuarina north of Dianella Drive. Fill shall be placed on
the eastern and western sides of the site to establish the final surface profile (refer Figure
DA24}).

All works shall be carried out in accordance with plans and specifications approved by Tweed
Shire Council and with any other management plan applicable to the said works.

2.4 PERSONS RESPONSIBLE:-

The Developer and nominated earthworks contractor.

Kings Beach No 2 Version 1 ) 18 December 2007
1:\707904 Town Centre\Reports 2008\E arthworks\Earthworks.doc Page 2
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FARTHWORKS MANAGEMENT PLAN

3.0

3.4

3.2

3.3

EARTHWORKS STANDARDS
CONTROL

Fencing is to be installed prior to the earthworks commencing in order to define the limits of
work, thus restricting construction plant to within the site and for public safety. Earthworks
construction will minimise dust emissions off site by reducing earthworks construction activity
during situations of high wind and ensuring an onsite water cart is availabie at all times. When
dust problems arise, exposed areas to be dampened and all ioaded trucks to be covered.

Erosion and sediment issues that may be caused by the earthworks on the site are to be
controlled by implementing the measures and devices shown on Cardno Figure No. DA27 —
Erosion and Sediment Control Plan, together with minimising the area of disturbance and by the
progressive re-vegetation of the site.

RESPONSIBILITY
The Developer and nominated earthworks contractor will be responsible for the operation and

completion of earthworks on site. Cardno is to obtain Council approvals and provide supervision
during construction and certification on completion.

PERFORMANCE

On completion, the earthworks will result in the site being reshaped to enable roads, parks and
buildings to be constructed to Council requirements and above the design flood levels, and to
facilitate the efficient installation of the Stormwater drainage and sewerage networks.

Kings Beach No.2 Version 1 18 December 2007
11707904 Town Centre\05\Earthworks.doc Page 3
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FIGURES

Figure No. DA22 Existing Contour Plan

Figure No. DA24 Finished Surface Contours

Figure No. DA25 Cut/Fill Depths Layout Plan

Figure No. DA27 Erosion & Sediment Control Layout Plan

Kings Beach Mo.2

Version 1 ] 18 December 2007
10707904 Town Cenlre\d5\Earthworks.doc
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