Appendix 9
METHOD USED FOR INDEPENDENT DOSE VERIFICATION

Evaluation of the Mooi River Catchment Study

1. Assumptions

To enable an “all nuclide” dose calculation the following has been assumed:

Th-234 and Pa-234m to be in equilibrium with U-238,

Rn-222, Po-218, Pb-214, Bi-214 and Po-214 to be in equilibrium with Ra-226,

Bi-210 to be in equilibrium with Pb-210,

Th-231 to be in equilibrium with U-235,

Rn-219, Po-215, Pb-211, Bi-211 and TI-207 are in equilibrium with Ra-223,

Ac-228 to be in equilibrium with Ra-228, and

Rn-220, Po-216, Pb-212, Bi-212, Po-212 and TI-208 in equilibrium with Ra-224.

Ac-227 at the time of sampling was calculated from two consecutive determinations of Th-227. The
results for the three monitoring points surveyed for actinium (18 data) showed a good correlation
between these mother-daughter nuclides (with a Th/Ac ratio of 6,12 + 1,69). Accordingly the activity
for the remainder of the samples in the second phase of the survey was estimated from the Th-227
data obtained.

Pa-231 did not show any direct correlation between the sampling points surveyed for this nuclide
and the average concentration observed (0,2 + 0,9 mBqg/L) was taken as the default value for the
global mean of the second phase of the Mooi River survey.

2. Dose Calculations and Correlations

According to paragraph one the evaluation has been performed for the most critical groups (i.e. the < 1
year olds followed by the age group between 12 and 17 years old) and the calculated lifetime average
exposure. The following calculations were done to allow proper evaluation of the dose received during the
one year period and to evaluate the possibility of using one unique monitor for the Mooi River catchment
to estimate the yearly dose (instead of doing a full nuclide specific analysis):

For the second phase of the study the “all nuclide” dose was calculated for the various age groups
including the lifetime average dose.

The same dose calculations were done, now using only the nuclides measured in the first phase of
the study (i.e. U-238, U-235, Th-232, Ra-226, Ra-224 and Ra-223).

We then determined the linear regression between these two calculated doses (i.e. the so-called
“all nuclide” dose and the “phase 1" nuclide dose). The correlation obtained for “Lifetime average”
use was:

[All nuclide dose] = 1,109 x [Phase 1 nuclides dose] + 0,017 (R2 =0,980)

The “phase 1" nuclide dose was then calculated for the same eighteen monitoring points surveyed
in phase 1 of the study, and using the above correlations the “all nuclide” dose for these monitoring
points was calculated.

From the two sets of data (i.e. the “all nuclide” dose for the first and the second semester of 1997
for the eighteen corresponding sites; with the omission of one point that dried up during the second
phase) the average ratio of the phase 1 to phase 2 “all nuclide” dose was calculated. This ratio was
used to determine the “all nuclide” dose during phase 2 for the monitoring sites not surveyed in the
second phase of the study. The average “all nuclide” dose was calculated, accordingly, from the
phase 1 and phase 2 data. The results are shown in Table A for the lifetime average evaluation, the
age group between 12 and 17 year old and the age groups of < 1 year old respectively.

From the uranium data of the corresponding eighteen monitoring sites surveyed in both the first and
the second semester of 1997 the average ratio of the phase 1 to phase 2 uranium concentrations
(in pg/L) was calculated. This ratio was used to determine the uranium concentration during phase
2 for those monitoring sites not surveyed in the second phase of the study. From the phase 1 and
phase 2 data the average uranium concentration was calculated.
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Table A: Average Analytical Results (Based on phase-2 radioanalytical data)

Mooi River Catchment Study: January to December 1997

Yearly dose for Members of the Public (mSv/a) and Uranium concentration

DWAF-1

DWAF-2

DWAF-3

DWAF-4

DWAF-5

DWAF-6

DWAF-6a
DWAF-7

DWAF-7a
DWAF-8

DWAF-9

DWAF-10
DWAF-11
DWAF-12
DWAF-13
DWAF-14
DWAF-15
DWAF-16
DWAF-17
DWAF-18
DWAF-19
DWAF-20
DWAF-21
DWAF-22
DWAF-23
DWAF-24
DWAF-25
DWAF-26
DWAF-27
DWAF-28
DWAF-29
DWAF-30
DWAF-31
DWAF-32
DWAF-33
DWAF-34
DWAF-35
DWAF-36
DWAF-37
DWAF-38
DWAF-39
Average

* Measured data printed in bold. Other data estimated from global means of measured data

Life-time average dose (mSv/a) *

Phase 1 Phase 2

0.228
0.047
0.053
0.055
0.052
0.024
0.024
0.158
0.252
0.076
0.101
0.051
0.130
0.476
0.036
0.022
0.191
0.042
0.081
0.024
0.022
0.019
0.025
0.023
0.052
0.024
0.021
0.018
0.020
0.021
0.019
0.018
0.018
0.021
0.022
0.018
0.020
0.022
0.071
0.031
0.053

0.228
0.047
0.066
0.055
0.052
0.018
0.024
0.133
0.238
0.076
0.113
0.051
0.130
0.164
0.036
0.012
0.191
0.034
0.081
0.024
0.022
0.019
0.025
0.023
0.055
0.024
0.021
0.018
0.018
0.021
0.023
0.016
0.018
0.021
0.022
0.027
0.034
0.041
0.097
0.031
0.053

Average

0.228
0.047
0.060
0.055
0.052
0.021
0.024
0.145
0.245
0.076
0.107
0.051
0.130
0.320
0.036
0.017
0.191
0.038
0.081
0.024
0.022
0.019
0.025
0.023
0.054
0.024
0.021
0.018
0.019
0.021
0.021
0.017
0.018
0.021
0.022
0.022
0.027
0.032
0.084
0.031
0.053

pl/p2 Ratio

1.00
1.00
0.80
1.00
1.01
1.35
1.00
1.19
1.06
1.00
0.89
1.00
1.00
291
1.00
1.85
1.00
1.21
1.00
1.00
1.00
1.00
1.00
1.00
0.94
1.00
1.00
1.00
1.15
1.00
0.82
1.15
1.00
1.00
1.00
0.69
0.58
0.55
0.73
1.00
1.00
1.00

Phase 1

0.539
0.100
0.084
0.092
0.090
0.044
0.046
0.315
0.510
0.133
0.205
0.109
0.303
1.295
0.060
0.034
0.488
0.073
0.157
0.042
0.037
0.031
0.040
0.035
0.124
0.052
0.037
0.026
0.028
0.029
0.026
0.024
0.025
0.037
0.041
0.025
0.028
0.034
0.127
0.048
0.119

Phase 2

0.514
0.095
0.095
0.087
0.080
0.033
0.044
0.190
0.378
0.127
0.165
0.104
0.288
0.301
0.057
0.022
0.465
0.056
0.150
0.040
0.036
0.029
0.038
0.034
0.116
0.049
0.035
0.025
0.033
0.027
0.032
0.028
0.024
0.035
0.039
0.044
0.043
0.054
0.140
0.046
0.114

Age group 12 - 17 year dose (mSv/a) *
Average

0.526
0.098
0.089
0.090
0.085
0.039
0.045
0.252
0.444
0.130
0.185
0.106
0.295
0.798
0.058
0.028
0.477
0.064
0.154
0.041
0.036
0.030
0.039
0.035
0.120
0.051
0.036
0.025
0.031
0.028
0.029
0.026
0.024
0.036
0.040
0.034
0.035
0.044
0.133
0.047
0.117

pl/p2 Ratio
1.05
1.05
0.89
1.05
1.13
1.34
1.05
1.66
1.35
1.05
1.24
1.05
1.05
4.30
1.05
1.53
1.05
1.30
1.05
1.05
1.05
1.05
1.05
1.05
1.08
1.05
1.05
1.05
0.85
1.05
0.81
0.87
1.05
1.05
1.05
0.57
0.65
0.62
0.91
1.05
1.05
1.05
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Age group < 1 year dose (mSv/a) *

Phase 1
0.826
0.179
0.182
0.183
0.188
0.096
0.098
0.515
0.805
0.248
0.341
0.190
0.465
1.755
0.129
0.089
0.701
0.148
0.272
0.095
0.089
0.079
0.095
0.090
0.203
0.102
0.086
0.074
0.086
0.092
0.075
0.072
0.075
0.087
0.092
0.074
0.077
0.086
0.232
0.110
0.198

Phase 2
0.742
0.160
0.170
0.165
0.163
0.060
0.088
0.355
0.702
0.223
0.309
0.171
0.417
0.623
0.116
0.038
0.630
0.101
0.244
0.086
0.080
0.071
0.085
0.081
0.191
0.092
0.078
0.066
0.073
0.083
0.106
0.068
0.067
0.078
0.083
0.104
0.156
0.196
0.287
0.099
0.178

Average
0.784
0.170
0.176
0.174
0.176
0.078
0.093
0.435
0.754
0.235
0.325
0.180
0.441
1.189
0.123
0.063
0.665
0.124
0.258
0.090
0.084
0.075
0.090
0.086
0.197
0.097
0.082
0.070
0.079
0.087
0.091
0.070
0.071
0.082
0.088
0.089
0.116
0.141
0.259
0.105
0.188

pl/p2 Ratio
1.11
1.11
1.07
111
1.16
1.60
111
1.45
1.15
1.11
1.11
1.11
1.11
2.82
111
2.36
111
1.47
111
111
1.11
1.11
1.11
1.11
1.07
1.11
111
111
1.17
111
0.70
1.07
1.11
1.11
1.11
0.71
0.49
0.44
0.81
111
111
111

[U] (ugi)*
Phase 1
156.54
20.50
36.18
38.28
31.38
3.14
3.19
128.56
214.71
58.77
73.39
23.24
84.07
276.61
18.78
2.88
114.00
22.83
58.16
3.99
2.96
0.57
7.33
5.06
19.69
0.66
0.78
0.75
1.00
1.58
0.94
0.53
0.44
1.00
1.56
0.81
1.88
491
52.72
13.96
24.01

Phase 2
159.99
20.95
55.52
39.13
36.95

3.95
3.26
123.79
213.09
60.07
102.15
23.75
85.92
126.21
19.19
3.79
116.52
23.84
59.44
4.07
3.03
0.58
7.49
5.18
28.97
0.67
0.79
0.76
0.46
1.61
1.08
0.31
0.45
1.02
1.60
1.26
3.01
3.08
84.90
14.27
24.54

Average
158.27
20.72
45.85
38.71
34.16
3.55
3.22
126.17
213.90
59.42
87.77
23.50
85.00
201.41
18.99
3.33
115.26
23.34
58.80
4.03
2.99
0.57
7.41
5.12
24.33
0.66
0.78
0.76
0.73
1.60
1.01
0.42
0.44
1.01
1.58
1.04
2.45
3.99
68.81
14.11
24.27

pl/p2 Ratio
0.98
0.98
0.65
0.98
0.85
0.79
0.98
1.04
1.01
0.98
0.72
0.98
0.98
2.19
0.98
0.76
0.98
0.96
0.98
0.98
0.98
0.98
0.98
0.98
0.68
0.98
0.98
0.98
2.14
0.98
0.87
1.71
0.98
0.98
0.98
0.64
0.62
1.59
0.62
0.98
0.98
0.98



- Thereafter, the linear regression between the average uranium concentration and the
average “all nuclide” dose was calculated, using all monitoring sites in the evaluation. The
following correlations were obtained, the last correlation being graphically represented in

Graph A.

<1lyearold: [All nuclide dose] (mSv/a) = 0,00409 x [U] (ng/L) + 0,063 (R*=0,932)
12 - 17 year old:[All nuclide dose] (mSv/a) = 0,00275 x [U] (ng/L) + 0,020 (R2 =0,901)
Lifetime average:[All nuclide dose] (mSv/a) = 0,00124 x [U] (pg/L) + 0,017 (R* = 0,970)

Yearly Dose vs [Uranium]
Mooi River Catchment (1997)
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