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ABSTRACT

This report presents the results of the environmental survey at the AAEC
Research Establishment, Lucas Heights, during 1979. They show that the only
radioactivity detected which could be of AAECRE origin and which could also be
ingested by humans was due to tritium. The maximum credible dose which a
member of the public could receive from this radiocactivity is calculated to be
one ten thousandth of the derived working Timit consistent with the latest
recommendations of the International Commission on Radiological Protection.
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1. INTRODUCTION

Since 1959 a survey of the content of radioactivity in samples collected
from the environs of Lucas Heights has been conducted to ensure that no
unacceptable health effects have occurred as a result of operations at the
AAEC Research Establishment. The results obtained during the survey have been
published regularly and details of prior publications are included as a list
in Appendix A.

During the early part of the survey (i.e. throughout the 1960s) readily
detectable amounts of weapons test fallout were present in samples collected
around Lucas Heights. A Targe program of sampling was required to establish
the general level of 'background' radioactivity arising from this weapons test
fallout in order to measure any additional radioactivity which may have been
caused by Lucas Heights operations.

To establish this general background, samples were collected over a 60 km
radius but this expanded program was scaled down in 1970 because the
Australian Radiation Laboratory had set up a monitoring system throughout
Australia and routinely measured samples from the Sydney region. Results of
these surveys were published by various authors in the Australian Journal of
Science between 1957 and 1970, Vol. 19-32. Further reports have appeared in
AIRAC No.2 [1975] and UNSCEAR [1977]. A1l these studies provide a basis for
comparison with the results for milk samples reported in the AAEC series of
reports.

Present monitoring is designed to detect radioactive contaminants which
may have been released from the Lucas Heights research laboratories, either
routinely (under authorisations from the NSW health authorities), or
accidentally, and to ensure that such concentrations do not result in intake
of radicactivity or radiation doses to members of the public in excess of
derived working limits consistent with the recommendations of the
International Commission on Radiological Protection (ICRP).  These are
accepted by the Australian authority, the National Health and Medical Research
Council (NHMRC).

This report lists the results of measurements taken during 1979 and
calculates the maximum credible dose (see Section 6) which a member of the
public could have received.



2. SAMPLE COLLECTION AND PREPARATION

Samples were collected at the sites shown on Figure 1 and the details of
collection and sample preparation methods are given in Appendix A.

3. ANALYTICAL METHODS

Analytical methods which have been modified and methods which have been
introduced since the previous survey are described in Appendix B.

4. RESULTS
The results of measurements taken during 1979 are presented in Tables 3

to 11.

5. DISCUSSION OF RESULTS

5.1 Annual Limits of Intake for Tritium (SH)

The ICRP has recommended new criteria for Tlimiting wuptake of
radionuclides and given Timits for selected nuclides and occupational exposure
in ICRP publication 30 part 1 [ICRP 1979]. In the case of 3H, the annual
limit of intake (ALI) for occupational exposure has been set by the ICRP at
3 x 10° Bq. As annual limits for members of the public in both the ICRP and
NHMRC recommendations are one tenth of those for occupational exposure, the
ALI for a member of the public is assumed to be 3 x 108 Bg. If one assumes a
daily intake of water of 3 L as for Reference Man in ICRP publication 23 [ICRP
1975] and averages the ALI over the year, the derived working limit for
drinking water concentration becomes 274 Bq mL"l-

5.2 Woronora Samples (Tables 3-7)

None of the food items collected from the Woronora estuary during 1979
contained detectable levels of radionuclides known to have originated at the
Research Establishment. Low levels of potassium-40 and traces of other
naturally occurring radioisotopes were found. The 3H which was present in
estuary water can be assumed to have been present in oysters and fish at the



same concentrations as found in the water.

Cobalt-60 was found in zostera samples in slightly higher concentrations
than found during the previous four years. As zostera itself is not consumed
by people these levels do not constitute a direct source of exposure.
However, zostera beds do provide shelter and food for fish. The absence of
detectable levels of °Oco in fish nevertheless indicated that indirect
exposure via the zostera/fish food chain is not significant.

The natural radiocactivity was again found on beach sands at the same
Tevels as in previous years.

5.3 Milk Samples (Table 8)

Concentrations of caesium-137 and iodine-131 in milk taken from cows at
Menai were below detectable limits in all samples collected during the year.
Some samples were reported as having trace amounts of 137Cs. In these cases
small unresolvable peaks were seen in the spectrum, which could indicate its
presence. The detectable levels for 1311 and 13705 represent 4.5 per cent and
0.6 per cent of the derived working limit respectively. The derived working
Timit has been based on the model of an infant consuming 0.7 L of milk per
day.

The trend towards Tower concentrations of 137(:5 seen over the past four
years in milk samples reflects the diminishing amounts of weapons test fallout
in the atmosphere. No 1311 from weapons test fallout is seen because of its
relatively short half-life (8 days).

5.4 Samples Related to the Little Forest Burial Ground (Tables 9-11)

5.4.1 Vegetation

Small amounts of 60Co were found in the Teaves of an acacia tree growing
on top of one of the burial trenches.

5.4.2 Groundwater
In previous surveys, groundwater samples were passed through exchange

resins and the radioactivity on the resin then counted. This method, however,
did not take into account any losses in some of the dissolved substances



through the resin as a consequence of marked seasonal variability in TDS
(total dissolved solids) of groundwater. The method has, therefore, been
changed and the total sample is now evaporated to dryness and the total
residue examined for traces of radioactivity.

Because of the highly variable amount of suspended solids in groundwater
the results have been reported as Bqg g'1 of sediment. The figures quoted in
Table 10 refer to a 10 L sample of groundwater.

Apart from 3H, no radiocactivity other than that due to natural
radioisotopes was found.

A trace amount of 34 was found in BHC (see Table 10) outside the burial
ground fence. The concentration reported is at the limit of detection for the
method used. Similar concentrations are reported for water taken at the
junction. of Mi1l and Barden's Creeks.

These concentrations represent 0.0003 of the derived working limit for
members of the public consistent with the latest recommendations of the ICRP

(see Section 5.1).

5.5 Stormwater Outlets (Table 12)

Trace amounts of 137¢s  and 60Co continue to be found in soil and
vegetation near storm water outlets. The levels found during 1979 are less
than those previously reported and represent a diminishing trend.

In many of the water samples taken, 3H was present but generally in low
concentrations. The highest concentration found was 14.1 Bq mL"1 and the

average was 3.1 Bq mL'l. The average represents 0.01 of the derived working
Timit (see Section 5.1).

5.6 Effluent Discharge Pipeline (Tables 13,14)

The survey of radiation being emitted from the discharge pipeline
revealed dose rates above background at two points.

Soil collected along the pipeline showed no extraneous radiocactivity
except for one sample collected near scour valve 5. This area was sampled to
check on some contamination which had been detected near a flange that was



repaired after developing a leak in 1967, and which was last monitored in
1971. The Tevels of radioactivity found were substantially reduced since the
previous measurements. No exposure route involving the public could be
defined for the small area (0.6 m2) which is contaminated.

The small amounts of 3H found in the creek during the survey can be
traced to stormwater outlets.

5.7 Airborne Releases (Table 15)

Table 15 details measurements of radiocactivity released to the atmosphere
from various buildings at Lucas Heights for the four quarters of 1979. These
~levels are shown as fractions of the 1limits permitted under the NSW
Radiological Advisory Council authorisation as outlined in Cook [1969] in
Table 16. A rationale of the authorisation and compliance requirements are
given in the previous report [Hespe 1979].

During the year radioactive noble gases were released from Building 2
stack but were not subject to continuous measurement. Estimates of dose from
nuclides, 1including noble gases, discharged to the atmosphere, are in
preparation. The results of this work will be issued at a later date
separately.

6. RADIOLOGICAL SIGNIFICANCE OF RESULTS

As in previous surveys a hypothetical individual has been considered 1in
order to provide a conservative assessment of the radiological significance of
the results of the survey. It is assumed that this individual:

« eats one dozen oysters (70 g) per day from the Woronora River,

. eats 70 g of fish from the Woronora River per day,

. drinks 250 Titres of water per year from the fresh water section of
the Woronora River at the point of highest concentration, while

picnicking/camping,

» swallows 100 mL per day of water while swimming in the estuary.



An individual in this group would receive a dose of 0.4 uSv .pper year,
i.e. 1/10 000 of the dose limit of 5 millisieverts per year, which is
recommended by the National Health and Medical Research Council and which is
the legal limit in all States.

In previous years sunbathing on Woronora beaches has been included in
dose calculations but has been deleted in this report since the radioactivity
on the sand arises from naturally occurring isotopes and not from the AAECRE.
Since levels of radioactivity on sand have not changed markedly from previous
years, doses would be very close to those reported before.

The exposure route invelving milk from Menai has also been excluded
because no measurable quantities of 131I or 137Cs were detected. Details of
the relationship between the minimum detectable levels for these isotopes and
the derived working 1imit are given in Section 5.3.

Doses from 34 due to ingestion of water while swimming or ingestion of
water from the freshwater section of the Woronora River have been included as
the possibility of small exposures from this pathway exists. For the
calculation of the dose from the latter pathway it has been assumed that the
hypothetical individual drinks 5 L of water on each of fifty weekends and that
the water is taken from the river where the creek draining the Lucas Heights
section of the Woronora valley enters a rockpool in the Woronora channel,
i.e. where the 3H concentrations are the highest. It should be noted that
only two 3H concentration results of 0.07 and 0.08 Bg mL'l, from two randomly
collected samples were used to make the above calculations {see Table 14).
The freshwater section of the Woronora River is now being sampled routinely.

7. SUMMARY
During 1979, tritium was the only isotope found in the environment which
could have had its origin at the AAECRE and which could also be assumed to be

in foodstuffs.

Conservative concepts were used to derive a maximum credible dose rate of
about 1 uSv for a hypothetical individual as a result of this tritium.
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"TABLE 6

"TRITIUM IN WORONORA WATER SAMPILES

" "AT STATION E5,9 1979

e | ST g | RITI) JRITIon
5th Jan 0.11 8th June <0.04 9th Nov 0.04
12th Jan 0.14 15th June <0.04 1l6th Nov <0.04
19th Jan <0.04 22nd June <0.04 22nd Nov 0.07
26th Jan <0,04 29th June <0.04 29th MNov 0.08
6th Feb <0.04 6th July <0,04 _ 8th Dec 0,08
9th Feb <0.04 13th July 0.07 1l4th Dec 0.04
16th Feb 0.07 20th July <0.04 21st Dec <0,04
23rd Feb <0.04 27th July <0.04 28th Dec <0,04
2nd March 0.07 3rd Aug <0.04
9th March 0,07 10th Aug <0.04
16th March 0.07 17th Aug <0.04 Average <0.05
23rd March 0.07 24th Aug <0,04
30th March| <0.04 31lst Aug 0.07
6th April <0.04 7th Sept <0.04
12th April| <0.04 1l4th Sept <0.04
20th April 0.07 21st Sept <0.04
27th April 0,07 27th Sept <0.04
4th May <0.04 5th oct <0,04
1llth May <0.04 12th Oct 0.09
18th May <0.04 19th Oct <0.04
25th May <0.04 26th QOct <0.04
1st June 0,07 lst No <0.04

Derived limiting concentration taken from ICRP [1979]

dol.c. =

Average fraction of d&.1l.c. =

274 Bg mL~! (if taken as drinking water)

2 x 1074
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‘TABLE 8

" RADIOACTIVITY IN MILK SAMPLES ~ 1979

) RADIOACTiVIff-(EQ'g;lrFﬁEéH-wﬁIGHT)
STATION DATE
13744 , 131¢
T3 31st Jan n.d. n.qa.
(Menai) 28th Feb n.d. n.d,
3rd April Trace n.d.
4th July n.d. n.d.
31lst July Trace n.d.
29th Aug n.d. n.d.
27th Sept n.d. n.d,
30th Oct n.d. © n.d.
29th Nov Trace n.d.
27th Dec n.d. n.d.

The analytical method used for 1317 in milk has a minimum
detectable level of 1 x 1073 Bg g'l. For '°7Cs the minimum detectable
level was 0.0003 Bg g'l.

n.d. = not detected
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TABLE 11

RADIOACTIVITY IN SAMPLES TAKEN FROM CREEKS

NORTH OF LITTLE FOREST BURIAL GROUND 19279

SAND :
STATTON DATE RADIOACTIVITY Bg g~ 1 'DRY 'WEIGHT K

GROSS GROSS BETA GAMMA EMITTERS ug g7t
ALPHA (LEss “0k)

Bardens Creek {20.12 0.44 0.06 Trace 238y & 2327h geries 280

above junction

with

Mill Creek

Mill Creek 20.12 | 0.77 0.09 Trace 238U g 232ph geries 490

above

junction with

Bardens Creek

WATER:

STATION DATE _RADIQACTIVITY Bg th 3H

GROSS GROSS BETA GAMMA EMITTERS {Bq mL'l)
ALPHA (incl *%x)

Bardens Creek 20,12 2.30 0.21 n.d. 0,08

above junction

with

Mill Creek

Mill Creek 20.12 4,02 0.20 n.d. 0.08

above junction

with

Bardens Creek

n.d. =

not detected
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TABLE 12
(CONTINUED)

The gamma-ray peaks detected at approximately 0.5 MeV could be
"Be (0,48 MeV), 103ra (0.5 MeV) or 106py (0,51 MeV) ’'Be is a cosmic-
ray produced spallation product; 103ru and 196Ru are fission products,
In column 6 of this table Bg g"1 refers to the ‘number of disintegrations per
second per gram at the energies indicated.

n.d.

Il

not detected

not measured

TABLE 13

GAMMA SURVEY - EFFLUENT DISCHARGE PIPE - 1979

Surveys of Pipeline between the RE and Woronora

River Discharge Point using a 1368A Field Ratemeter

Date Location Dose Rate
(usv h 1y
i4.6 - | Join No. 9 0.8
14.6 All other pipe sections <0,5
14.6 Soil below joins <0.5
i12.12 Join No. 16 0.6
12,12 | All other pipe sections <0.,5
12,12 Soil below joins <0,5
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TABLE 15

" "ATRBORNE 'RADIOACTIVITY RELEASES 1979

Gross ¥ 131y 3u Hlpy Other B
(kBq} (MBq) (GRq) (GBq) (MBq)

Quarter No 1 7
Building 2 11 1.4 x 10° - - <10

v 15 <10 <10 1 x 108 | 1.4 x 10" (1) | 166(3)

" 19 <10 <10 - - <10

" 233 <10 0.8 x 10° - - 29

" 238 <10 1.5 x 10° - - <10

"4 <10 <10 - - <10
Quarter No 2
Building 2 <10 3.0x 108 - - <10

" 15 <10 1x 103 | 1.7 x 10"} ] 35.4(4)

" 19 16 <10 - - <10

" 23 0.64 x 10° - - <10

m 238 0.72 x 10° - - <10

"4 0.98 x 10° - - <10
Quarter No 3
Building 2 1.2 x 10%2| 1.2 x 103 - - <10

" 15 <10 <10 2 x 10° | 2.0x 10%(2)| <10(5)

" 19 36 <10 - - <10

" 23 <10 4.5 x 107 - - <10

" 23 <10 1.3 x 10° - - <10

" 41 <10 3.1 x 102 - - <10

Quarter No 4

Building 2 1.0 x 102 1.4 x 102 - - 1
15 6 <10 2.8 x103 Nil 3.3(6)
19 25 <10 - - 9
23R 6.7 95 - - 1
23B 5 19 - - 1
41 15 5.3 - - 1
{1) Based on 9 spot samples (4) 1Includes 33 MBq 197Hg + 203Hg
(2) Based on 8 spot samples {5) Incldues 33 MBg 197Hg + 203Hg
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TABLE 16

"D;SQHARGE;PQINTS‘EXPRESSED'AS'FRACTIONS CF

"THE PERMITTED QUARTERLY DISCHARGE THROUGHOUT 1979

Gross. y 131y 3y Hlay Other 8

Quarter No 1

Building 2 2 x 107° 0.02 <6 x 10-®
" 15 | <3 x 107* <6 x 107% 0.008 0.5 2,5 x 1073
" 19 ] <3 x 107™% <3 x 10 <2 x107°
" 23a | <6 x 107" <6 x 107* 9 x 1o7®
" 23B | <2 x 107* <6 x 1074 <6 x 1074
" 41 | <3 x 107* <6 x 107* <2 x107%

Quarter No 2

Building 2 | <2 x 1075 0.05 <6 x 1078
" 15 | <3 x 10™% <6 x 1074 0.008 0.6 5 x 107*
" 19 5 x 1070 <3 x 10°* <2 x 107
"o . 23a | <6 x 107* 0.04 <3 x 1o
" 23B | <2 x 107% 0.05 <6 x 107
L 41 7 x 1074 0.06 <2 x 107

Quarter No 3

Building 2 2 x 107 0.02 <6 x 1076
" 15 <3 x 107% <6 x 10°% | 0,02 0.7 <2 x 107%
" 19 1x 10" <3 x 107% <2 x 107°
L 238 | <6 x 1074 0.03 <3 x107*
" 23B | <2 x 107% 0.1 <6 x 107
" 41 <3 x 10-° 0.02 <2 x 1070

Quarter No 4 |

Building 2 2 x 10~* 0.002 6 x 107
" 15 2 x 1074 <6 x 10~* | 0.02 . Nil 5 x 1079
" 19 8 x 1077 <3 x 107 1 x 1073
" 23A 4x 10 6 x 1073 3 x107°
L 238 1x 1074 x 10™3 6 x 107°
" 41 5 x 107° 3 x 1074 6 x 1078
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APPENDIX A
PREVIOUS ENVIRONMENTAL SURVEY REPORTS

Giles, M.S. and Stockdale, J.A. [1966] - Results of the Lucas Heights
Biological Survey, December 1959 to December 1964. AAEC/E151.

Cook, J.E., Dudaitis, A. and Giles, M.S. [1969] - Environmental Survey at the
AAEC Research Establishment, Lucas Heights. Results for 1965, 1966
and 1967. AAEC/E151 Supplement No.1l.

Cook, J.E. and Dudaitis, A. [1970] - Environmental Survey at the AAEC Research
Establishment, Lucas Heights. Results for 1968. AAEC/E151
Supplement No.2.

Cook, J.E. and Dudaitis, A. [1970] - Environmental Survey at the AAEC Research
Establishment, Lucas Heights. Results for 1969. AAEC/E151
Supplement No.3.

Conway, N.F. and Dudaitis, A. [1972] - Environmental Survey at the AAEC
Research Establishment, Lucas Heights.  Results for period January-
July 1970. AAEC/E24s.

Dudaitis, A. [1973] - Environmental Survey at the AAEC Research Establishment,
Lucas Heights. Results for period August 1970 to December 1971.
AAEC/E271.

Dudaitis, A. [1974] - Environmental Survey at the AAEC Research Establishment,
Lucas Heights. Results for 1972. AAEC/E301.

Davy, D.R. and Dudaitis, A. [1974] - Environmental Survey at the AAEC Research
Establishment, Lucas Heights. Results for 1973. AAEC/E335.

Davy, D.R. and Dudaitis, A. [1976] - Environmental Survey at the AAEC Reseérch
Establishment, Lucas Heights. Results for 1974. AAEC/E375.

Hespe, E.D. [1979a] - Environmental Survey at the AAEC Research Establishment,
Lucas Heights. Results for 1975, 1976 and 1977. AAEC/E467.

Hespe, E.D. [1979b] - Results of the 1978 Environmental Survey at the AAEC
Research Establishment, Lucas Heights. AAEC/E494.
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APPENDIX B
ANALYTICAL PROCEDURES

1. 8 and o Activity

A1l procedures in counting this radiocactivity have remained the same
except that a Nuclear Chicago Spectro-Shield lTow background counting system is
now used.

2. Tritium in Water

For 3H determinations, a 3 cm3 aliquot is taken from a distilled portion

of each of the samples and placed in 15 cm3 of a liquid scintillant which
consists of 4 g of 2,5-diphenyloxazole, 100 g napthalene dissolved in 1 L of
Dioxan. The radioactivity of the sample is measured in a Beckman model LS1
liquid scintillation spectrometer.

3. Gamma Spectrometry

Detectors used for gamma spectrometry now include 7.5 x 7.5 cm Nal(T1)},
20 x 10 cm Nal(T1) and Ge(Li) crystals. Samples are usually screened using
the first two crystals and are measured on the Ge(Li) crystal only when higher
resolution is required. Stripping and analysis of the spectra are done using
the central computer facility.



A detailed account of the authorisation,
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APPENDIX C
LIQUID EFFLUENT DISCHARGES FROM AAECRE {1979)
COMPLIANCE WITH AUTHORISATION

approved by the NSW State

Authorities, under which discharges to the Woronora estuary are made has been

given

in previous vreports [Hespe 1979a, 1979b]. Table (1 details

radiocactivity discharged to the Woronora estuary during 1979 and indicates the

percentage
contribution due to unknown g and o« activity was assumed to be
respectively {i.e. the worst possible cases for contamination),

Because the
32? and 226Ra
the percentage

of the authorised 1limit which was reached.

of authorised limit calculation is, if anything, overestimated.

TABLE C1
RADIOACTIVITY DISCHARGED TO THE WORONORA ESTUARY (1979)

Radioisotope measured EMBq)
210p,, 051) 3 s2) L4mlldr, o of Authorised
Limit
Quarter No.1 4.7 x 1072 10.4 1.9 x 10° 4.8 x 102 9.6 x 102 8.1
Quarter No.2 2.7 x 1071 9.3 1.3 x 10° 5.9 x 102 8.9 x 10-2 10.0
Quarter No.3 4.8 x 107% 9.3 1.9 x 10° 8.9 x 102 8.9 x 10-2 14.6
Quarter No.4 2.6 x 1072 11.1 2.6 x 105 8.1 x 102 1.0 x 10-L 13.4

(1) @ = a mixture of unidentified a-emitting nuclides taken as being
all 226Ra (1.e. the worst possible case) in calculating per cent of

the authorised limit.

(2) B, =.2 mixture of unidentified p-emitting nuclides taken as being
all 32 P (i.e. worst possible case) in calculating per cent of the

authorised 1imit.






