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Appendix 1 - Data and inter pretation of ?°Pb dating of a 2.8 m corefrom Tamar Estuary taken March 2001

Table 1 — Radiochemical datafor Tamar Estuary core taken March 2001.
(Area of the core 8.814 cm?)

Depth Slice Slice Wt. % Activity of Po-210 Activity of Ra-226 Activity of Excess Pb-210
Wet Wt. Drywt.  HO
(cm) cm| (9 (9 (dpm/g) (dpm/g) (%) [ (dpm/g) (dpm/g) (%) | (dpm/g) (dpm/g) (%)
5 +- 5 110.0 34.9 68.3 5.73 +/- 0.20 3.4 0.68 +- 0.04 53 5.05 +/- 0.20 4.0
15 +- 5 116.3 39.5 66.0 5.14 +/- 0.20 3.8 0.90 +/- 0.05 5.2 4.25 +/- 0.20 4.8
25 +- 5 111.9 39.3 64.9 5.59 +/- 0.23 4.2 0.89 +/- 0.04 5.0 4.71 +/- 0.24 51
35 +- 5 113.3 40.1 64.6 4.27 +/- 0.11 2.7 0.92 +/- 0.04 4.7 3.35 +/- 0.12 3.6
45 +- 5 110.9 37.3 66.4 4.24 +/- 0.16 3.8 0.81 +/- 0.04 4.4 3.44 +/- 0.17 4.8
55 +- 5 110.5 38.1 65.5 3.11 +/- 0.13 4.1 0.91 +/- 0.04 4.3 2.20 +/- 0.13 6.1
65 +- 5 116.3 38.8 66.6 4.83 +/- 0.14 2.9 0.56 +- 0.03 4.9 4.28 +/- 0.14 3.3
75 +- 5 120.5 41.2 65.8 4.45 +/- 0.18 4.1 0.67 +/- 0.04 5.9 3.78 +/- 0.19 49
85 +- 5 119.2 37.7 68.4 2.14 +/- 0.08 3.9 0.82 +/- 0.04 5.1 1.31 +/- 0.09 7.1
95 +- 5 124.0 49.7 59.9 1.56 +/- 0.06 3.6 0.73 +/- 0.04 4.8 0.83 +/- 0.07 8.0
105 +- 5 117.3 44.6 62.0 1.60 +/- 0.07 4.4 0.78 +/- 0.04 5.6 0.82 +/- 0.08 10.1
115 +- 5 121.8 45.7 62.5 1.39 +/- 0.07 5.0 0.76 +/- 0.04 5.4 0.63 +/- 0.08 12.8
125 +- 5 112.1 42 62.5 1.25 +/- 0.07 5.7 0.87 +/- 0.05 6.1 0.38 +/- 0.09 23.3
135 +- 5 108.6 37.8 65.2 3.73 +/- 0.12 3.2 0.77 +/- 0.04 5.7 2.96 +/- 0.13 4.3
145 +- 5 108.8 39.1 64.1 5.23 +/- 0.16 3.1 0.47 +/- 0.03 5.9 4.76 +/- 0.16 3.4
155 +- 5 117.0 42.1 64.0 3.92 +/- 0.13 3.2 0.59 +- 0.03 5.0 3.32 +/- 0.13 3.9
165 +- 5 120.0 40.9 65.9 1.18 +/- 0.06 4.7 0.80 +- 0.05 5.8 0.38 +/- 0.07 19.1
175 +- 5 122.5 43.3 64.7 1.13 +/- 0.04 3.4 0.83 +- 0.04 5.2 0.30 +/- 0.06 194
185 +- 5 114.9 38.7 66.3 1.03 +/- 0.04 3.6 0.78 +/- 0.04 5.0 0.25 +/- 0.05 21.2
195 +- 5 91.7 31.9 65.2 2.04 +/- 0.07 3.5 0.51 +/- 0.03 5.6 1.53 +/- 0.08 51
205 +- 5 134.4 42.2 68.6 4.99 +/- 0.13 2.6 0.75 +/- 0.03 4.5 4.25 +/- 0.13 3.2
215 +- 5 131.5 47 64.3 2.78 +/- 0.10 3.6 0.89 +- 0.04 4.9 1.89 +/- 0.11 5.8
225 +- 5 114.0 37.2 67.4 1.05 +/- 0.03 2.9 0.67 +/- 0.04 6.7 0.39 +/- 0.05 14.0
235 +- 5 113.6 41 63.9 1.05 +/- 0.03 3.1 0.75 +/- 0.04 5.6 0.30 +/- 0.05 17.9
245 +- 5 117.9 49.2 58.3 0.97 +/- 0.03 3.4 0.63 +- 0.04 6.5 0.34 +/- 0.05 15.7
255 +- 5 126.2 51 59.6 1.19 +/- 0.04 3.7 0.77 +/- 0.05 7.0 0.42 +/- 0.07 16.5
265 +- 5 124.1 56.8 54.2 1.53 +/- 0.05 3.0 0.95 +- 0.06 6.2 0.58 +/- 0.07 12.8
275 +- 5 107.0 49.7 53.6 1.60 +/- 0.04 2.5 0.81 +/- 0.05 5.9 0.79 +/- 0.06 7.8




Interpretation 1

Determination of sedimentation rate limited to top 60cm due to discontinuities - average sedimentation rate of 2.12 + 0.52 cmy™ for top 60 cm.
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Interpretation 2

Discontinuities removed - an average sedimentation rate of 1.74 + 0.12 cmy ™ for 0 — 190 cm.
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Appendix 2 — Report on #°Pb dating of 60 cm corefrom Tamar Estuary taken July 2000
(Analyses and inter pretation by Australian Institute of Marine Science)

The sediment core (60 cm long, core ID = 10 cm) was collected off Valley Street, Home Reach,
Launceston, by staff and students from the University of Tasmania. The core was dliced into 2 and 4
cm sections and measurements of wet and dry weight for each sediment core dlice were made. The
dried sediment core slices were sent to the Australian Institute of Marine Science for radiochemical
measurements and sedimentation model interpretation.

21%ph analyses

Gamma spectrometric measurements of “°Pb, *Ra, **'Cs, and other isotopes were made on 50-150
grams of dried and ground bulk sediment core dices packed (with a 10 tonne hydraulic press) into a
custom designed gas-tight Perspex container. Direct estimation of *°Pb was obtained from the 46.5
keV gamma emission. After storage for 3-4 weeks, radon daughter in-growth allowed estimation of
%Ra from the gamma photopeaks of ?*Pb at 295 and 351 keV/, and *Bi at 609 keV .
Thermonuclear bomb fallout nuclide **'Cs was estimated from the 661.6 keV gamma emission of
13/mBa. One well and four planar germanium detectors, each housed inside 10 cm thick walled lead
castles with steel liners, were used for these analyses. The energy spectra of the gamma
spectrometers were calibrated with Amersham and CANMET standards, of known low activity
spikes of suitable nuclides, in cleaned silica sand of geometry and mass similar to the sediment
samples. IAEA marine sediment reference material AEA-315 was used to check the calibrations.
Counting errors of the sample measurements were less than 10%, except for some very low activity
137Cs samples which had errors of 30%.

Interpretations of radiochemical tracer sedimentation history were done with several submodels
described by Robbins (1978, 1986, and personal communications), which utilise a sediment mixed
layer thickness, a decadal-century scale average input of °Pb, Tasmanian measurements of
thermonuclear bomb fallout *Sr (**'Cs) over 1950-1990 (about 312 Bg **"Cs m®), and diffusion
coefficients for “°Pb and **’Csin marine sediments (Li & Gregory, 1974).

Sediment mixed layer thickness was determined by the relatively homogeneous excess “°Pb and
137Cs activities of the core top slices. Mass accumulation rate (MAR) was estimated from linear
regression of the log of excess ?°Pb activities for each sediment core slice below the mixed layer,
against linear accumulated sediment mass/area (g cm™ = sediment core depth), being the mass of
sediment accumulated over several half lives (22.6 yr) of °Pb. ThisMAR (in kg m?yr™) allowed
the calculation of average age (accounting for mixed layer depth) of each sediment core slice. The
1% chronology was compared to the independently known history of bomb fallout **’Csin the
core profile (accounting for more porewater diffusion of **’Cs, compared to “°Pb). MAR can be
converted to a linear accumulation rate in cm yr™* by multiplication by bulk density of the sediment
(which varies between 1.5 and 2 g cm™).

Interpretation and discussion

The radiochemical data from gamma spectrometric counting of the sediment core slices are given in
Table 1, and are presented in graphical form in Figure 1. Excess ?°Pb is the result of subtraction of
parent *Ra from granddaughter total >°Pb. In addition, ‘Be was detected in the top slice only.

Simple regression of the log/linear decline in excess #°Pb with core depth (below the sediment
mixed layer) gives an estimate of accumulation rate of 10.6 kg m? yr. Theinventory of °Pb in
excess of its parent “°Rais very large (Fig. 1), and thisinventory requires an annual flux of 698 Bq
299 m2 yr to the sediment surface, approximately 14 times the likely supply rate from the
atmosphere. Thisimpliesthat alarge amount of fine sediment has been focussed into this
depositional site from adjacent non-depositional regions. The sediment mixed layer thicknessis



about 21 cm, which is approximately equivalent to 9 years of deposition. From thisinformation, it
is concluded that any derived average age assignment to sediment slices should have a minimum
error of + 10 years, on the time scale of excess *°Pb decay usually detectable, whichistypically 4
half lives, or about 100 years. From the mass accumulation rate, the average time of deposition of
the core bottom dliceis calculated to be approximately 1976 + 10 years.

At the core bottom slices, there is about 65 Bq kg™ of excess ?°Pb, which can generally be detected
to <5 Bq kg™. The complete excess ?°Pb profile would require another metre of sediment core
depth, and this data would confirm the interpretation. The interpretation of MAR for thiscoreis
based on |ess than one half-life decay of °Pb, and 3-4 half-lives of decay can normally be detected
in acomplete profile.

"Be was detected in the 0-2 cm slice only, at relatively high activity (41.0 Bq kg™ + 9.6). This
cosmogenic isotope has a half life of 54 days, and this high activity suggests that this core site has
not been rapidly mixed for approximately 100 days before the date of sampling. Thereisaso a
small excess of *2Th (ty,=1.91yrs) over its parent *®Rain the top 4 surface layers (0-8cms), which
lends support to the suggestion of rapid rates of deposition and slow mixing rates. Excess “*Thiis
derived from the water column where dissolved “®Ra decays to *2Th (via “®Ac). The ?*Th, being
highly particle re-active, attaches to particles which settle on the sediment surface, in the same
manner as excess “°Pb labelled particles settle and accumulate at the top of the sediment profile.

Bomb fallout **’Cs was supplied to land and water surfacesin Tasmania from 1952-1980, with
maximal fallout in 1965, and submaximal peaksin 1958 and 1972. Thetotal inventory in Tasmania
is probably in the range 300-400 Bq *¥'Cs m2. EML *Sr dataindicate a value of 312 Bq *¥'Cs m™
for Hobart, decay corrected to 2000. The *¥'Csinventory in this core is very high, 1554 Bq m'?, or
about 5 times the supply from atmospheric fallout, and the core depth sampled only the top third of
the complete profile. The presence of high activities of **’Cs at the core top suggests that fine clay-
rich sediment labelled with 1958-1975 *'Cs is now being accumulated at this coring site.
Atmospheric fallout of **'Cs has been negligible since 1980, which suggests that most of this coreis
being supplied with resuspended sediment from the land or sea that has a strong 1958-1975 |abel.
The **Cs data confirms the interpretation of a relatively thick sediment mixed layer, asthereisa
homogeneous activity of **’Csin the top 35 cm of this core. It is expected that even higher activities
of *¥'Cs should occur at sediment core depths of 0.6-1.3 meters.
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Table 1. Radiochemical datafor sediment core AIMS 1234, Tamar Estuary, Valley Street Home Reach, July 6 2000.

The “depth” column gives the dlice thickness and depth in the sediment core. The column labelled “mass’ is the accumulated dry weight

divided by the area of the core (80.12 cm?). “err” is the uncertainty estimate for each nuclide, and isa 1 sigma error estimate from the
accumulative errors of our standard calibrations, background counts, and sample counting error. The units of measurement for each nuclide

are Bg kg™ dry weight.
SLICE

DEPTH | DRY WT | MASS | RA226 | RA226 | PB210 | PB210 | CS137 | CS137 | U238 | U238 | RA228 | RA228 | TH228 | TH228 | K40 | K40
cms g g/cm2 err err err err err err err

0-2 55.06 070 | 2499 | 085 13524| 667 | 627| 0719347 |11.36| 3117 | 198| 3662 | 132 25244 | 14.22
2-4 71.58 161| 2591| 090|129.48| 10.00| 628| 082 7417|1053 | 3051 | 1.98| 3519 | 1.23 | 256.95 | 16.77
4.6 85.30 270 | 2465| 085]|127.82| 636| 4.40| 0697361 11.44| 2874| 191 | 3445| 1.12] 238.74 | 15.80
6-8 65.23 352 | 29.06| 131]129.75| 825| 573| 0757885 11.54| 31.97| 1.85| 3650 | 1.14 | 240.20 | 16.49
8-10 63.26 433 | 2484| 1.18]|12605| 7.74| 546| 07276921093 | 3230| 1.77| 3428| 1.06]| 248.87 | 16.09
10-12 56.97 5.06 | 2658 | 009 |134.83| 977| 654| 0927753 |11.67| 40.40| 234| 37.83| 1.34]| 264.92 | 18.39
12-14 74.36 6.00 | 2569 | 070]|137.14| 510| 524| 054|7631| 892 | 36.21| 169| 3523 | 1.15] 230.26 | 10.92
14-16 72.78 6.93 | 2751| 083]122.35| 596| 523| 0.675856] 10.56 | 33.97 | 1.90| 3533 | 1.10 | 213.75 | 14.42
16-18 70.90 783 | 2385| 082]120.05| 9.09| 642| 0.77]60.78| 9.49| 3597 | 1094| 3558 | 1.18 | 249.12 | 1556
18-20 75.49 879 | 2381 | 108|127.25| 691| 557| 064 |6475| 957 | 3462| 165| 3506| 1.03]219.32 | 14.15
20-22 68.82 966 | 2573| 069]129.17| 495| 514| 053] 78.66| 882 | 36.92| 169| 3573 | 1.15] 223.85] 10.65
22-24 5329 | 10.34| 26.32| 09512664 | 6.97| 573| 0817128 12.83| 37.38| 228| 39.43| 1.28| 22861 | 17.10
24-28 | 121.22 | 11.88 | 2519 | 0.73|12349| 549| 561| 0606621 | 976 | 34.98| 1.75| 3591 | 1.04 | 224.64 | 12.96
28-32 | 15491 | 13.86 | 2599 | 105 112.89| 612| 542| 059 |7433| 951 | 37.73| 159| 39.01| 1.07|247.37 | 13.71
32-36 | 139.67 | 15.63 | 27.50 | 0.65 | 119.83 | 424| 556| 049 |81.35| 826| 39.81| 161| 40.61| 12023634 972
36-40 | 143.94 | 17.46 | 2555| 0.75]103.92| 7.82| 7.02| 068 |61.26| 872 | 39.24| 1.80| 4094 | 1.22] 253.10 | 14.19
40-44 | 147.40 | 1933 | 2759 | 05310948 | 297 | 655| 0406943 | 632 | 41.19| 139 | 4156| 1.12]| 22756 | 7.48
44-48 | 14022 | 21.12 | 2616 | 067| 93.74| 439| 722| 0578360 962 | 4371| 1.74| 4231 | 111 231.17 | 11.57
4852 | 14630 | 2298 | 2515| 065]| 9529| 693| 828| 059 86.26| 836| 4247 | 163| 42.78| 1.19 | 238.61 | 12.22
52-56 | 148.76 | 24.87 | 2591 | 096| 96.79| 516| 7.77| 0547042 | 849 | 4148 | 146 | 4263 | 1.07 | 240.06 | 12.34
56-60 | 123.04 | 26.44 | 2534 | 055 108.68 | 348| 7.72| 0466861 | 684 41.98| 149| 43.48| 1.18| 20562 | 7.95




Core 1234
Tamar Estuary, Valley Street Home Reach
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Figure 1. A. Sediment core profiles of excess ?°Pb and **’Csin Tamar Estuary Core 1234. The vertica axis of the graph is accumulated dry
weight (g cm™), a surrogate parameter for sediment core depth. The middle vertical axisin the figure is labelled with core depth in cm. One
sigma error bars are given for each datum. MAR = mass accumulation rate. The mixed layer thickness is the surface sediment zone of
relatively uniform #°Pb and *¥'Cs activity which appears to be mixed on adecadal time scale, in units of accumulated sediment weight,
centimeters, and the time equivalent of this thickness. Excess ?°Pb is the isotope activity in excess of its grandparent *°Raisotope. The
inventory is the depth integrated activity per unit area of the stated isotopes. The Flux Excess %°Pb item is the average annual supply of
excess “°Pb necessary to maintain the measured inventory of this i sotope over a century.



