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Figure 18: Radon Gas Monitors (Source: Alara Consultants cc). 
 

’ 
Figure 19: Radon detector: before and after exposure (Source: NRPB 1990). 
 
Each red plastic bubble snaps open into two parts and contains a filter paper and square 
piece of plastic. The radon gas (which is invisible) diffuses into the RGM and passes 
through the filter paper (radon daughters and dust particles are trapped on the filter 
paper). The radon gas decays and emits alpha particles which are detected by the plastic 
square. The impact of the alpha particle on the plastic results in a tiny indentation in the 
plastic surface. The number of indentations per unit area is proportional to the total radon 
gas exposure in Bq.h.m-3 of air. 
 
The track etch is processed at PARC through an analysis system procured from Track 
Analysis Systems Ltd (TASL) in the United Kingdom (UK). 
 
Radon Gas Monitors can record down to very low levels of environmental radon 
concentrations (~5 Bq.m-3) provided that the RGMs are allowed to accumulate a reading 
over extended monitoring periods (e.g. quarterly periods). 
 
The background signal from unexposed detectors and transit backgrounds has been 
measured as 6.1 kBq h m-3. The standard deviation on this value for individual detectors 
is 7.1 kBq h m-3. This background signal corresponds to an average concentration of 0.7 
Bq m-3 for a one-year radon exposure and 2.5 Bq m-3 for a quarterly exposure (PARC 
2007). 
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Quarterly Monitoring Locations 
Environmental TLDs and RGMs were placed at fixed locations on and off the EPL 
during the first and second quarterly baseline background radiation surveys. The TLDs 
were usually paired with RGMs at a wide variety of indoor and outdoor locations. The 
monitors were left in position for approximately three months to provide a long-term 
average in a localised area. A total of 40 locations were selected in the first quarter (34 
were outdoors and six were indoors) and 44 locations in the second quarter. 
 
The EPL monitoring locations were selected to provide data in the following areas 
(indicated distances are as the crow flies): 

• Indoor locations close to the site (two farmsteads approximately four km 
northeast and south of the EPL). 

• Outdoor locations on the proposed pit (~area 1.2 km2). 
• Outdoor locations in the EPL areas that lie outside the proposed pit 

(approximately one to two km from the proposed pit centre). 
• Along the EPL boundary (within 0.3 km). 
• In the Khan River (approximately 3 km west of the EPL). 
• Along the transport routes to Swakopmund (approximately five, ten and 11 

km southwest of the EPL). 
• In Swakopmund (~80 km southwest of the EPL). 
• In Windhoek (~190 km east of the EPL). 

 
The monitoring locations selected provide a detailed picture of the background radiation 
levels on the EPL and at progressively further distances from the EPL. The precise 
monitoring locations were dictated by the presence of suitable attachment points (trees 
and bushes) for the devices.  
 
The topography of the area is highly variable and the monitoring positions included: 

• Deep river gorges and ravines (e.g. Khan River). 
• Sheltered hollows and stream beds. 
• Exposed positions on escarpments, ridges, cliffs and koppies. 
• Exposed positions on flat, sandy plains to the west, south and east of the EPL. 

 
The devices were strung together on nylon fishing line and tied to a fixed point. At most 
locations a single TLD and RGM were hung together within 15-20 cm of each other. The 
majority of outdoor locations were located in trees and bushes at heights ranging from 
1.5-2.5 metres above the ground. The devices required to be concealed from human 
interference (Figure 20). 
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Figure 20: Thermoluminescent Dosimeters and Radon Gas Monitors’ monitoring 

locations: quiver tree and at the Valencia Camp Office (Source: Alara 
Consultants cc). 

 
The indoor monitoring locations comprised two local farmsteads with concrete 
foundations and tin roofs, and modern townhouses and offices in Swakopmund, 
Windhoek and Johannesburg. 
 
Each monitoring point was assigned a unique location code (e.g. SW1, located in 
Swakopmund) and the latitude longitude and altitude was measured and recorded. 
Additional notes describing the monitoring location were taken. 
 
The TLD devices were analysed at the SABS in Pretoria and the RGM devices at PARC 
Scientific in Ifafi, South Africa. Both laboratories are accredited by the South African 
National Nuclear Regulator (NNR) and are traceable to the National Standards held by 
the SABS and the CSIR. 
 
The RGM results are expressed as a total exposure value in units of Bq.h.m-3. The results 
are divided by the total number of exposure hours at the monitoring point to obtain the 
radon gas concentration in Bq.m-3. 
 
The conversion of the mean radon gas concentrations in (Bq.m-3) (indoors or outdoors) to 
a projected annual dose requires the use of the following factors: 

• Equilibrium Factor (F). 
• Occupation factors (hours). 
• Dose coefficients (to convert the annual exposure to an annual dose in μSv). 

 
Default Equilibrium Factors (EF) of 0.6 for outdoor exposures and 0.4 for indoor 
exposures were assumed (UNSCEAR 2000). The annual occupation factors used in 
calculating the doses to individuals at Valencia assumed that an individual spent 3,060 
hours at outdoor locations and 5,700 hours at indoor locations. These default occupation 
factors were derived specifically for public radiation impact studies in South Africa by 
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the National Nuclear Regulator (NNR) in 1997. These values can be compared to the 
default values of 7,000 (indoors) and 1,760 (outdoors) hours used by the UNSCEAR 
(UNSCEAR 2000) in their dose calculations. The higher outdoor occupation factors used 
in South Africa took into consideration the cultural habits of the rural population who 
comprise the majority of the population. 
 
Indoor radon doses were calculated as follows: Annual Projected Dose: Indoors (μSv.y-1) 
= Average Concentration (Bq.m-3) x Equilibrium Factor (F= 0.4) x Annual Occupation 
Factor in hours (5,700 hours) x Dose Coefficient. 
 
For calculating the outdoor exposures, the following applies: Annual Projected Dose: 
Outdoors (μSv.y-1) = Average Concentration (Bq.m-3) x Equilibrium Factor (F= 0.6) x 
Annual Occupation Factor in hours (3,060 hours) x Dose Coefficient. 
 
The results are then divided by 1,000 to convert from μSv.y-1 per annum to mSv.y-1. 
 
The public dose coefficient used by the UNSCEAR (2000) in their calculations is 9 nSv 
per Bq.h.m-3. This radon dose coefficient is one of a number derived by various 
international radiation protection organisations. For example, the public dose coefficient 
derived by the International Commission on Radiological Protection (ICRP 1993) is 
6 nSv per Bq.h.m-3. In this report, the UNSCEAR dose coefficient has been used in the 
Valencia calculations in order to be directly comparable to the UNSCEAR radon dose 
estimates. 
 
Radon in Soils 
Additional measurements will be made at selected locations on and around the EPL of the 
radon gas concentrations in soils as part of the geological characterisation of the site. The 
measurements will be carried out utilising Alpha-Trac devices. The results will provide a 
relative measure of the radon gas levels in the top 50 cm of soil. 
 
A practical problem with the survey is the poorly developed soil structure in the area. In 
addition, large areas of the EPL comprise rocky outcrops and ridges which cannot be 
assessed by this method. 
 
 
9. THE RESULTS OF THE BASELINE BACKGROUND 
RADIATION SURVEY AT THE VALENCIA URANIUM PROJECT 
 
9.1. Radionuclides in Soils 
The soil concentration values were converted to radiological units of Bq.kg-1 in order to 
compare the Valencia Site values with the UNSCEAR world norms. 
 
The results, i.e. the average activity concentration values and ranges for the EPL, the ore 
body area, the Joly Zone, and the location of a number of the proposed facilities are 
presented in Table 13.  
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Table 13: The average Uranium, Thorium and Potassium soil activity concentrations and 
their range estimated from the scintillation surveys. 

Location 238U 
(Bq.kg-1) 

232Th 
(Bq.kg-1) 

40K 
(Bq.kg-1) 

EPL 100 109 1,474 
EPL-Ore body 155 113 1,643 
Joly Zone 111 137 1,594 
Low grade stockpile 68 73 1,142 
Mining area 83 105 1,312 
Waste rock dump north 67 80 1,142 
Waste rock dump south 84 80 1,246 
World Average (UNSCEAR) 33 45 420 
Worldwide median value 35 30 400 

 
The average uranium (100 Bq.kg-1) and thorium (109 Bq.kg-1) activity concentrations on 
the EPL were very similar. The uranium activity concentrations were highest in the 
proposed pit area (155 Bq.kg-1) and thorium activity concentration were highest in the 
Joly Zone (137 Bq.kg-1). The average radionuclide activity concentrations on the EPL 
were all significantly higher than the UNSCEAR world norms i.e. by a factor of 2.5-5 
times. The average radionuclide activity concentrations on the proposed sites and 
facilities were significantly lower than on the EPL, but were 2-3 times higher than the 
UNSCEAR world norms. The 40K concentrations at all locations at Valencia were 
significantly higher than the UNSCEAR world norms i.e. by factors of 2-4 times. 
 
Since the radionuclide concentrations were significantly higher than the world norms, the 
terrestrial gamma doserates would be expected to be higher than the UNSCEAR world 
norms. 
 
The terrestrial gamma doserates at Valencia can be estimated from the soil radionuclide 
concentrations by the use of a simple mathematical model (UNSCEAR 2000) and then 
compared to world norms.  
 
The results i.e. the average activity concentration values and ranges for the ore body area, 
the Joly Zone, the EPL as well as the UNSCEAR world averages are presented in 
Table 14.  
 
The cosmic radiation component was estimated from UNSCEAR (UNSCEAR 2000) in 
order to provide a total gamma doserate for comparison with the other gamma radiation 
measurements taken at Valencia (TLDs and portable instruments). 
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Table 14: The terrestrial gamma doserates estimated from the soil radionuclide activity 
concentrations. 

Location Terrestrial Doserate 
(μSv.h-1) 

Cosmic Doserate 
(μSv.h-1) 

Total Doserate 
(μSv.h-1) 

EPL 0.174 0.031 0.205 
EPL-Ore body 0.208 0.031 0.239 
Joly Zone 0.201 0.031 0.232 
Low grade stockpile 0.123 0.031 0.154 
Mining area 0.157 0.031 0.188 
Waste rock dump north 0.127 0.031 0.158 
Waste rock dump south 0.139 0.031 0.170 
World Average (UNCEAR 2000) 0.059 0.031 0.090 

 
The average terrestrial gamma doserates on the EPL (range 0.174-0.208 μSv.h-1) were 
significantly higher (~3-3.5 times) than the world norms reported by UNSCEAR (0.059 
μSv.h-1). The highest terrestrial gamma doserate was recorded in the ore body area (0.208 
μSv.h-1), closely followed by the Joly Zone (0.201 μSv.h-1). The average terrestrial 
gamma doserate on the EPL as a whole was significantly lower (0.174 μSv.h-1) than in 
the ore body area and Joly Zone. The uranium and thorium mineralization was 
significantly lower in those areas of the EPL outside of the ore body and the Joly Zone 
(See Figures 21 and 22 for the uranium and thorium mineralization distribution), resulting 
in a lower average doserate. 
 
The estimated terrestrial gamma doserates (range 0.123-0.157 μSv.h-1) on the proposed 
sites associated with the Project were significantly lower than on the ore body area. These 
sites lie on the eastern side of the EPL and ore body area. The radionuclide mineralization 
in this area is significantly lower than in the ore body area, and the terrestrial gamma 
doserates would be expected to be lower. 
 
The total outdoor gamma doserates (terrestrial and cosmic) in the Valencia Area ranged 
from 0.154 to 0.239 μSv.h-1 compared to the world average of 0.090 μSv.h-1 reported by 
UNSCEAR (2000). 
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Figure 21: Uranium concentrations in the Exclusive Prospecting License topsoil and 

rocks (Source: Forsys Metals Corp 2007). 
 

 
Figure 22: Thorium concentrations in the Exclusive Prospecting License topsoil and 

rocks (Source: Forsys Metals Corp 2007). 
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9.2. The Gamma Radiation Doserates Measured Using Portable Instruments 
Gamma radiation measurements were taken over defined areas and along defined 
transects during the first and second visits to the site. The results, i.e. the average gamma 
doserate and range per area and transect, are presented in Table 15. 
 
Table 15: Results of the gamma doserate surveys carried out in the Valencia Area. 

Transect/Area Survey Location 
Code 

N Average 
Doserate 
(µSv.h-1) 

Range 
(µSv.h-1) 

Within the EPL perimeter EPL-1 950 0.241 0.000-0.780 
Outside the EPL 

Exploration Camp (excluding 
the core store area) 

VCS 86 0.269 0.080-0.450 

Southwest transect from the 
EPL gate to the Khan River 

SW-K 588 0.204 0.000-0.590 

Khan River transect K1 454 0.212 0.000-0.530 
South transect to Valencia 
farm 

S1 153 0.191 0.000-0.590 

From the Khan River to 
Swakopmund via Arandis 

K-SW 139 0.188 0.000-0.330 

Swakopmund town SW 35 0.154 0.040-0.270 
Sunninghill, Johannesburg - 120 0.226 0.090-0.390 

 
The average gamma doserates ranged from 0.154 µSv.h-1 in Swakopmund to 0.269 
µSv.h-1 in the Exploration Camp area. The average doserate on the EPL (0.241 µSv.h-1) 
was lower than the Exploration Camp area (0.269 µSv.h-1) which is situated just outside 
the EPL. The average doserates on the transects outside the EPL (0.191 µSv.h-1 
(Valencia) - 0.212 µSv.h-1 (the Khan River) were up to 25% lower than the doserates on 
the EPL.  
 
The lowest average doserates were found on the route from the Khan River to 
Swakopmund (0.188 µSv.h-1) and in Swakopmund (0.154 µSv.h-1). 
 
Elevated localised gamma doserates of up to 1 to 2 µSv.h-1 were encountered over 
relatively small areas of between 10 and 100 m2 scattered across the EPL. The majority 
of the elevated doserates were recorded in the central, northern and eastern sections of the 
EPL 
 
A contact doserate of up to 107 µSv.h-1 was recorded over a 50 m2 outcrop in the Joly 
Zone. The gamma doserates at one meter were significantly lower and ranged from 5-17 
µSv.h-1. 
 
The average gamma doserate at Sunninghill in Johannesburg (0.226 μSv.h-1) was only 
slightly lower than the gamma doserate on the Valencia EPL (0.241 μSv.h-1). 
 
The average gamma doserates at the Valencia Exploration Camp (0.269 μSv.h-1), 
Sunninghill, (0.226 μSv.h-1) and the Valencia EPL (0.241 μSv.h-1) were significantly 
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higher than the UNSCEAR world mean value of 0.090 μSv.h-1 i.e. by a factor of 2.5-3 
times.  
 
9.3. The Assessment of the Long-Term Average Doserates Determined by 
Thermoluminescent Dosimeters 
The first and second quarter survey results are provided in Table 16. The second quarter’s 
results are in brackets. 
 
Table 16: The average gamma doserates and range obtained from TLDs placed in 

varying locations in the first and second quarters at and surrounding the Valencia 
Site. 
Location N Average 

Doserate 
(μSv.h-1) 

Range 
(μSv.h-1) 

Notes and Comments 

Outdoors 
EPL (excluding the ore 
body) 

12 
(15) 

0.136 
(0.168) 

0.103-0.186 
(0.106-0.293) 

 

Ore body area 8 
(10) 

0.228 
(0.255) 

0.125-0.474 
(0.073-0.545) 

Central area of the EPL. 

EPL-All 20 
(25) 

0.173 
(0.193) 

0.103-0.474 
(0.073-0.545) 

 

Outside EPL border  11 
(10) 

0.140 
(0.171) 

0.100-0.212 
(0.095-0.274) 

Up to 11km from EPL. 

Neighbouring farm 1 0.111 - 3.6 km east of the EPL. 
Valencia farm 1 

(1) 
0.100 

(0.106) 
- 4.3 km south of the EPL. 

Swakopmund 1 
(1) 

0.086 
(0.073) 

- 80 km south-east of the 
EPL and four km north of 
the town centre. In a 
detached house. 

Windhoek 1 
(1) 

0.086 
(0.097) 

- Suburban duplex. 

Exploration Camp 1 
(1) 

0.118 
(0.120) 

- Outside the mess hall. 

Sunninghill, Johannesburg Survey 
Outdoors (2003-2004) 5 0.154 0.133-0.168 First floor unit. 
Outdoors (2005-2006) 5 0.163 0.140-0.199 First floor unit. 
Outdoors (2007) 1 0.145 - September to December 

2007. 
Indoors 
Windhoek indoors 1 

(1) 
0.079 

(0.096) 
- Suburban duplex. 

Swakopmund indoors 1 
(1) 

0.132 
(0.139) 

- Detached house. 

Neighbouring farm 1 0.117 - 3.6 km east of the EPL. 
Valencia farm 1 

(1) 
0.100 

(0.109) 
- 4.3 km south of the EPL. 

Exploration Camp 1 
(1) 

0.111 
(0.106) 

- In the office. 
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Sunninghill, Johannesburg Survey  
Indoors (2003-2004) 8 0.133 0.119-0.151 First floor unit. 

Indoors (2005-2006) 7 0.157 0.141-0.200 First floor unit. 

Indoors (2007) 1 0.133 - September to December 
2007. 

 
In the first quarter, the average doserate in the ore body area (0.228 µSv.h-1) was 
significantly higher than the average doserate in the EPL areas outside the ore body 
(0.136 µSv.h-1). The average doserate in the EPL areas outside the ore body was virtually 
identical to the doserate outside the EPL (0.140 µSv.h-1). The overall average doserate on 
the EPL was 0.173 µSv.h-1 which was ~20% higher than the average doserates outside 
the EPL.  
 
In the second quarter the average gamma doserates on the ore body (0.255 µSv.h-1), the 
EPL (0.168 µSv.h-1) and outside the ore body (0.171 µSv.h-1) were approximately 10-
20% higher. 
 
The elevated doserates in the ore body area were due to the surface outcrops associated 
with the uranium deposit. As one moved away from the ore body towards the EPL 
borders there were fewer surface outcrops and lower levels of uranium and thorium 
mineralization in the soils and rocks. 
 
In the first quarter, the average outdoor gamma doserates in Windhoek and Swakopmund 
(0.086 µSv.h-1) were significantly lower than the outdoor doserate at Valencia (0.100 
µSv.h-1). The highest indoor doserate (0.132 µSv.h-1) was recorded in a Swakopmund 
detached house. The doserates recorded indoors can be higher than the outdoor doserates 
due to the elevated levels of uranium and thorium that can be found in some building 
materials (e.g. granite kitchen tops, plaster, concrete and ceramic tiles). Comparable 
values were recorded in the second quarter. 
 
The results of the Valencia TLD survey can be compared to the results of a two-year 
TLD survey in a duplex townhouse located in Sunninghill, Sandton, in Johannesburg. A 
total of 25 quarterly TLDs were used during 2003-2004 and 2005-2006. The TLDs were 
placed inside the house and on an external balcony. A mean outdoor gamma doserate of 
0.154 µSv.h-1 was recorded in 2003-2004 and 0.163 µSv.h-1 in 2005-2006. A mean 
indoor gamma doserate of 0.133 µSv.h-1 was recorded in 2003-2004 and 0.157 µSv.h-1 in 
2005-2006. These results are comparable to the indoor (0.133 µSv.h-1) and outdoor 
(0.145 µSv.h-1) gamma doserates recorded in the second quarter of 2007. The outdoor 
gamma doserates at Sunninghill were higher than that measured at all the Valencia 
locations with the exception of the overall EPL average doserate (0.173 µSv.h-1) and the 
ore body area (0.228 µSv.h-1). 
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9.4. The Assessment of the Long-Term Average Radon Gas Concentrations at the 
Valencia Project 
The first and second quarter survey results are provided in Table 17. The second quarter’s 
results are in brackets. The second quarter results are based on fewer readings as a 
number of the RGMs were damaged by heat in the Valencia area. 
 
Table 17: The average radon gas concentrations and range obtained from RGMs placed 

in varying locations in the first and second quarters at and surrounding the 
Valencia Site. 

Location Number 
of RGMs 

Average 222Rn 
Concentration 

(Bq.m-3) 

Range 
(Bq.m-3) 

Outdoors 
EPL (excluding the ore body) 14 (4) 11 (13) 6-21 (9-16) 
Ore body area 8 (2) 15 (12) 12-17 (9-14) 
EPL-All 22 (6) 13 (13) 6-21 (9-16) 
Outside EPL border 9 (6) 11 (11) 3-18 (4-16) 
Neighbouring farm 1 10 NA 
Valencia farm 1 (1) 12 (6) NA 
Swakopmund 1 (1) 4 (2) NA 
Windhoek: Avis 1 (1) 7 (7) NA 
Windhoek: Office 1 (1) 6 (7) NA 
Exploration Camp 1 (1) 11 (17) NA 

Indoors 
Windhoek: Avis 1 (1) 12 (17) NA 
Windhoek: Office 1 (1) 14 (14) NA 
Swakopmund indoors 1 (1) 21 (26) NA 
Neighbouring farm 1 49 NA 
Valencia farm 1 (1) 55 (41) NA 
Exploration Camp 1 (1) 13 (16) NA 

Sunninghill, Johannesburg Survey 
Indoors (2003-2004) 9 155 62-209 
Indoors (2005-2006) 7 120 108-129 
Outdoors (2003-2004) 13 138 60-164 
Outdoors (2005-2006) 4 114 97-163 

 
In both quarters the average outdoor radon concentrations were very low i.e. close to the 
lower limit of detection for the RGM system. 
 
In the first quarter the average radon concentration on the EPL was 13 Bq.m-3. The 
average radon concentration on the ore body area (15 Bq.m-3) was slightly higher than in 
the EPL areas outside the ore body (11 Bq.m-3). The concentrations in the EPL areas 
outside the ore body and outside the EPL (11 Bq.m-3) were identical.  
 
The range of concentrations at individual locations across the EPL varied from 6-21 
Bq.m-3. A similar range was recorded outside the EPL (3-18 Bq.m-3). A very low 
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concentration was recorded in Swakopmund (4 Bq.m-3) and at an exposed point several 
kilometres to the north of the EPL on a cliff edge overlooking the Khan River (3 Bq.m-3). 
The outdoor concentrations in Windhoek (6 and 7 Bq.m-3) were significantly lower than 
on the Valencia EPL. 
 
In the second quarter the average radon concentrations on the ore body (12 Bq.m-3), the 
EPL (13 Bq.m-3) and outside the ore body (11 Bq.m-3) were comparable to the 
concentrations recorded in the first quarter. 
 
The highest concentrations in the survey were found indoors. The concentrations inside a 
house can be many times higher than the outdoors concentration. A variety of factors are 
responsible such as: 

• Lack of ventilation inside the house (i.e. limited mixing with outdoor air). 
• Enhanced radon gas concentrations leaking from the soil into the house. 
• Radon released from the materials used to build the house. 

 
In the first quarter the highest indoor concentrations were recorded at the Valencia (55 
Bq.m-3) and a neighbouring farm (49 Bq.m-3). These indoor concentrations were 
significantly higher than the average outdoor concentrations on (13 Bq.m-3) and outside 
the EPL (11 Bq.m-3) i.e. by a factor of ~4-5 times. Significantly lower indoor 
concentrations were recorded in Swakopmund (21 Bq.m-3) and Windhoek (12-14 Bq.m-3) 
compared to the two farmhouses. Comparable values were recorded in the second 
quarter. 
 
The outdoor radon concentrations at the Valencia Project are possibly influenced by the 
presence of the sea (~80 km to the west). The radon concentrations over the oceans are 
very low as the 226Ra concentrations (the parent radionuclide of radon gas) in seawater 
are very low compared to that in soils and rocks (UNSCEAR 2000). Where there are 
strong and persistent winds blowing from the ocean onto the land, the ambient radon 
concentrations over the land can be significantly diluted by the low radon air circulating 
over the ocean. 
 
Intermittent strong Berg winds which sweep across the EPL were noted during both site 
visits. Under these conditions, good mixing of the air from surrounding regions will 
occur. The presence of regular strong winds will prevent the build-up and collection of 
radon gas in gullies and hollows near to the ground. The lack of thick, covering 
vegetation in the area will also result in the rapid mixing of the radon gas released from 
the soil surface. 
 
The results from the RGM survey at the Valencia Project can be compared to the results 
of a two-year RGM survey in an upper level townhouse unit located in Sunninghill, 
Sandton, Johannesburg. At Sunninghill in Johannesburg, the annual average indoor (120-
155 Bq.m-3) and outdoor (114-138 Bq.m-3) radon gas concentrations were significantly 
higher than those recorded at Valencia, Swakopmund and Windhoek. For example, the 
average outdoor radon concentration on the EPL was 13 Bq.m-3 compared to 114-138 
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Bq.m-3 at Sunninghill. The resulting inhalation doses at Sunninghill would be ~nine to ten 
times higher than on the EPL. 
 
The results of national surveys of the annual average outdoor 222Rn concentrations in 
South Africa (measured by RGMs) are indicated in Table 18 (Alara Consultants 2002). 
 
Table 18: The average annual outdoor 222Rn concentrations in South Africa. 

Location Number 
of RGMs 

222Rn  
(Bq.m-3) 

Range 
(Bq.m-3) 

Richards Bay 113 28 8-97 
Palabora 67 44 21-88 
Midrand 40 49 25-94 
Witwatersrand 306 48 14-126 
Free State 84 49 16-140 
South Africa 743 42 8-140 

 
The outdoor concentrations in South Africa were significantly higher than those 
encountered in the Project Area. The mean annual 222Rn concentrations at various 
locations varied from 28 to 49 Bq.m-3. The overall mean radon concentration for South 
Africa was estimated to be 42 Bq.m-3 which is significantly higher than the mean 
concentration of 13 Bq.m-3 recorded on the EPL.  
 
Although Richards Bay has extensive heavy minerals deposits, the radon gas levels were 
lower than at other areas in South Africa due to its close proximity to the sea. Radon gas 
levels over the sea are significantly lower than over the land (UNSCEAR 2000); mixing 
and diluting along the coastal strip reduces the radon gas levels in the Richards Bay area 
compared to inland areas of South Africa. 
 
The overall conclusion of this comparison is that the radon gas concentrations in the 
Project Area appear to be significantly lower than those recorded in South Africa. 
 
The results of the first quarter’s radon gas survey at the Valencia Project indicate that the 
radon gas concentrations are low. As a result, the inhalation doses at Valencia will be 
significantly lower than those in Johannesburg. 
 
The radon concentrations at the Valencia Project can be compared to the worldwide 
average concentrations derived by UNSCEAR of 10 Bq.m-3 outdoors and 40 Bq.m-3 

indoors (UNSCEAR 2000). The outdoor and indoor radon concentrations in the Project 
Area are very similar to these world mean concentrations. 
 
The radon concentrations in a townhouse in Sunninghill were significantly higher than 
the UNSCEAR and Valencia mean concentrations. Therefore, despite the fact that there 
is an uranium ore body at Valencia, the outdoor and indoor radon gas concentrations do 
not appear to be enhanced in the area. 
 
 



 72

9.5. The Estimated Projected Annual Doses at Valencia Resulting from Background 
Radiation 
Provisional annual dose estimates were calculated from the first quarter’s survey results. 
The projected annual effective dose comprises the sum of the radon exposure and the 
gamma radiation exposure during the time spent indoors and outdoors. These two 
exposure pathways account for ~80% of the total natural background radiation exposure. 
The results are presented in Table 19. 
 
Table 19: A comparison of the annual natural background radiation exposures at selected 

locations. 
Location Annual Radon 

Effective Dose 
(mSv) 

Annual Gamma 
Effective Dose 

(mSv) 

Total Annual 
Effective Dose 

(mSv) 
UNSCEAR World Average 1.10* 0.76 1.86 
Sunninghill, Johannesburg 4.91 1.31 6.22 
Swakopmund 0.50 1.16 1.66 
Windhoek Office and Duplex 0.38 0.71 1.09 
Valencia farm 1.33 0.88 2.21 
Neighbouring farm 1.17 1.01 2.18 
Valencia Exploration Camp 0.45 0.97 1.42 

* Excludes an additional 0.05 mSv per annum from water use inside dwellings. 
 
The highest projected annual background radiation dose of 6.22 mSv occurred in a 
townhouse at Sunninghill, Johannesburg. Approximately 80% of the projected dose at 
Sunninghill was due to the inhalation of radon decay products. The total annual dose at 
this location was significantly higher (approximately 3.5 times) than the UNSCEAR 
world average of 1.86 mSv per annum.  
 
The lowest annual dose was recorded in Windhoek (1.09 mSv). The next lowest annual 
dose was recorded at the Valencia Exploration Camp (1.42 mSv) which is located 
approximately one kilometre from the centre of the proposed pit. The low dose was due 
to the low radon gas concentrations recorded inside the air-conditioned structures at the 
Exploration Camp.  
 
The projected annual background dose at the two farmsteads (2.21 and 2.18 mSv) 
(situated approximately four kilometres from the EPL) were ~20% higher than the 
UNSCEAR world average of 1.86 mSv per annum.  
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9.6. Radionuclide Concentrations in Groundwater 
The first quarter water sample analysis results are presented in Table 20. 
 
Table 20: Radionuclide specific concentrations and ranges in Valencia groundwaters. 

Radionuclide Activity 
Concentration 

(Range) 
(mBq.l-1) 

Location of Maximum Activity Concentration 

238U 161-26600 Rick 1: located near the centre of the EPL and close to 
the ore body. 

234U 246-28500 Rick 1: located near the centre of the EPL and close to 
the ore body. 

230Th 22.5-240 MH5: the most northerly sample location in the Khan 
River. 

226Ra 8.14-4840 MH10: located outside the southern EPL boundary. 
210Po 1.8-58.7 Ralph 3: located north of the ore body. 
235U 7.41-1150 Rick 1: located near the centre of the EPL and close to 

the ore body. 
227Th 1.9-58 MH7: located close to Rick 1. 
223Ra -5.2-54.5 MH10: located outside the southern EPL boundary. 
232Th -0.65-26.5 MH4: located in the Khan River about 5 km south of 

MH5. 
228Th 5.78-121 MH7: located close to Rick 1. 
224Ra 3.01-151 MH7: located close to Rick 1. 

 
The 238U (161-26600 mBq.l-1), 234U (246-28500 mBq.l-1) and 235U (7.41-1150 mBq.l-1) 
concentrations dominated in all the water samples apart from location MH10 where the 
226Ra (4840 mBq.l-1) radionuclide concentration dominated. The 226Ra concentration 
exceeded 100 mBq.l-1 in only five of the fourteen samples. The majority of the remaining 
radionuclides exhibited significantly lower concentrations of less than 100 mBq.l-1 in 
most samples. 
 
The highest uranium concentration was recorded at the Rick 1 location close to the 
northern ore body. The highest 228Th, 224Ra and 227Th concentrations were found at 
location MH7 which is located close to Rick 1. The highest 210Po concentration was 
recorded at Ralph 3 which is located near to the northern ore body. 
 
The World Health Organisation (WHO) provides guidance on the acceptable levels of 
radionuclides in drinking-water (WHO 2006). The guidance levels are applicable to 
radionuclides originating from natural sources, or those discharged into the environment 
as the result of current or past activities. 
 
The Reference Dose Level (RDL) for a particular radionuclide was exceeded at the 
following locations: 

• Rick 1 and MH7. 238U, 234U. 
• MH7 and MH10. 226Ra. 
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The radionuclide reference dose level was exceeded by a factor of 1.5 to 5 times at these 
three locations. These groundwaters are therefore not suitable as potential drinking water 
sources. 
 
9.7. Conclusions 
The following conclusions can be drawn from the results of the first and second quarterly 
survey results: 

• The average radionuclide concentrations in the surface soils of the EPL were 
approximately 2.5-5 times higher than the world average reported by 
UNSCEAR. 

• The measured gamma radiation levels on the EPL were significantly elevated 
(a factor of 2.5-3 times) compared to the world averages reported by 
UNSCEAR. 

• The highest average gamma doserates were recorded in the EPL ore body 
area. 

• Significantly elevated localised doserates were found on the EPL (ore body 
area and Joly Zone), and outside the EPL. 

• The average gamma doserates on the EPL were comparable to the gamma 
doserates recorded in a townhouse in a Johannesburg suburb. 

• The indoor and outdoor radon gas levels at the Valencia Project were low, but 
comparable to world norms reported by UNSCEAR. 

• The highest radon gas concentrations and indoor exposures at Valencia were 
recorded in two farmhouses near the site. 

• The indoor radon gas levels and inhalation exposures at the Exploration Camp 
were significantly lower than in the local farmhouses due to the air-
conditioning and the raised structure of the living quarters and offices. 

• The highest radon gas concentrations and total annual exposure was recorded 
at Sunninghill, Johannesburg. The annual radon dose at Sunninghill was 4-10 
times higher than the estimated annual radon doses at the Valencia 
Exploration Camp and the local farmhouses. 

• The results of the first and second quarter radiation surveys were comparable. 
• Uranium concentrations dominated in the groundwaters. WHO drinking water 

guidelines were exceeded at three locations. 
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10. THE RADIOLOGICAL IMPLICATIONS OF THE VALENCIA 
URANIUM PROJECT 
 
10.1. The Radiological Characteristics of Uranium Ores 
Uranium ores contain three uranium radionuclides as well as the decay products of the 
238U and 235U decay chains. There are a total of fourteen radionuclides in the 238U decay 
chain and eleven radionuclides in the 235U decay chain. A number of uranium ores are 
found in association with thorium minerals and the 232Th decay chain contains an 
additional eleven radionuclides.  
 
The presence of significant concentrations of uranium and thorium decay chain 
radionuclides in the ore, product and waste streams will give rise to localised external 
gamma radiation fields. The radionuclides of significance are radium, radon and its short- 
lived decay products, which are significant beta and gamma emitters. 
 
The main radionuclides of concern with regard to inhalation radiation exposures of the 
workers and the public are the short-lived radon decay products and the long-lived alpha 
emitters of the decay chains. The majority of these radionuclides are alpha emitters. 
 
There are eight radionuclides of radiological significance which decay primarily through 
alpha emission and these are, 238U, 234U, 230Th, 226Ra, 222Rn, 218Po, 214Po, and 210Po. 
Although 210Pb is a beta emitter it is included along with the long-lived alpha emitters as 
it rapidly decays to 210Po, a long-lived alpha emitter, and therefore has a significant 
radiological impact when inhaled.  
 
In terms of their potential radiological hazards, the alpha emitters are usually divided into 
five long-lived alpha and one beta emitter (i.e. 238U, 234U, 230Th, 226Ra, 210Po and 210Pb) 
and radon and its two short-lived alpha emitting daughter products (i.e. 222Rn, 218Po and 
214Po). There are additional alpha emitting nuclides in the 235U decay chain, but their 
alpha contribution during decay is minute and for hazard assessment purposes they are of 
little significance. 
 
The short-lived decay products of radon gas (the radon progeny) can represent a 
significant inhalation hazard if these particulates are allowed to accumulate in enclosed 
areas with poor ventilation, or in the depths of an open pit containing an uranium ore 
body. The radon progeny are short-lived alpha emitters, which when inhaled, irradiate 
sensitive lung tissues. 
 
The inhalation of long-lived alpha emitters can also result in significant doses when there 
are high levels of dust during mining, milling, and in the dry sections of the uranium 
plant (e.g. the calcining and product packing sections). 
 
The inhaled long-lived alpha emitters are retained in the body tissues and organs until 
death. The alpha emitting radionuclides irradiate sensitive tissues such as the blood 
forming elements of the bone marrow. 
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10.2. The Radiological Characteristics of Uranium Product 
When uranium is extracted from the ore through a chemical process, it is separated from 
its decay products. The pure uranium product is often referred to as “Natural Uranium”. 
Natural uranium product is a mixture of the three uranium radionuclides each with its 
own specific activity and half-life. All three isotopes behave identically with regard to 
their chemical properties.  
 
Freshly separated uranium comprises three alpha emitting isotopes of which 238U 
contributes the overwhelming majority of the mass of uranium (99.28%) and about half 
(46.2%) the total activity per gram. 234U contributes 51.7% of the activity per gram and 
0.0054% of the mass of uranium. 235U contributes 2.1% of the activity per gram and 
0.72% of the mass of uranium. Freshly separated natural uranium has a specific activity 
of 25400 Bq.g-1. The 235U decay chain contributes a very small proportion of the total 
radioactivity in natural uranium. 
 
Soon after it is chemically separated from its decay products in the ore, the uranium 
product starts to decay into radionuclides with much shorter half-lives, different radiation 
emission characteristics and chemical properties. Equilibrium between the 238U parent 
and its decay products is rapidly established down to 234Pam (after approximately 100 
days), however other alpha emitting isotopes such as 230Th require many thousands of 
years of in growth before they contribute significantly to the potential hazard arising from 
uranium and its decay products.  
 
The main radiation hazards associated with the uranium product are exposure to alpha 
and beta radiation. The main exposure pathway of significance will be through the 
ingestion and inhalation of uranium. The external gamma radiation hazard from uranium 
product is relatively low (when compared to the ore and tailings) and comprises mainly 
exposure to high energy betas which irradiate the skin. 
 
The radiation emissions, energy and range of the radionuclides in uranium product are 
provided in Table 21. 
 
Table 21: The emissions, energy and range of radionuclides in Uranium product  

Radionuclide Type of Emission Energy (MeV) Maximum Range in Air 
238U alpha 4.2 2.7 cm 
234U alpha 4.8 3.3 cm 

230Th alpha 4.7 3.2 cm 
234Th beta 0.1-0.2 15-40 cm 

234Pam beta 2.29 9 metres 
235U alpha 4.4 2.8 cm 

231Th beta 0.1-0.3 15-70 cm 
231Pa alpha 5 3.5 cm 

The radionuclides characteristically emit alpha or beta particles with a wide range of 
emission energies. The range of alpha particles in air is limited to a few centimetres; 
alpha particles cannot penetrate the skin. The beta particles have significantly higher 



 77

ranges in air, of up to several metres, and are an external radiation hazard to the skin and 
underlying tissues. Alpha particles present an insignificant external radiation hazard, 
however if they are inhaled or ingested they can easily irradiate sensitive internal organs 
and cells. 
 
10.3. The Inhalation Hazard Potential of Long Lived Alpha and Beta Emitters 
Each long-lived alpha or beta emitting radionuclide has its own unique dose coefficient 
(IAEA 1996). Dose coefficients are available for both workers and the public as well as 
for different age groups. The dose coefficients also vary with the Activity Median 
Aerodynamic Diameter (AMAD) of the inhaled dust mixture (i.e. the particle size) and 
standard values are provided for 1 and 5 µm AMADs. 
 
The dose coefficient refers to the µSv of effective dose per Bq of activity that is inhaled 
(µSv.Bq-1).  
 
The dose coefficients for various important long-lived alpha or beta emitters are 
presented in Table 22. The values are applicable to an adult worker inhaling the most 
insoluble form of the radionuclide with an AMAD of 5 µm. 
 
Table 22: The Dose Coefficients for Long-Lived Alpha and Beta Emitters of the 

Uranium and Thorium Decay Chains. 
Radionuclide Dose Coefficient (µSv.Bq-1) 

238U 5.7 
234U 6.8 
235U 6.1 

230Th 7.2 
226Ra 2.2 
210Po 2.2 

210Pb (beta) 1.1 
232Th 12 
228Th 32 

228Ra (beta) 1.7 
224Ra 2.4 

 
The dose coefficients are widely variable and range from 1.1 (for 210Pb) to 32 (µSv.Bq-1) 

for 228Th.  
 
In the assessment of the inhalation doses of workers and the public it is therefore essential 
to know the precise radionuclide mixture in the inhaled dusts as this will significantly 
influence the inhalation dose. Since the thorium radionuclides have very high dose 
coefficients, it is important to quantify the thorium levels in the ore body. 
 
10.4. Workers and the Public Exposed to Ionising Radiation at the Valencia Project 
Although the Valencia deposit comprises a low grade uranium ore, workers at the mining 
and minerals processing operations will be exposed to an annual radiation dose exceeding 
1 mSv above which they are regarded as occupationally exposed persons (ICRP 1991; 



 78

IAEA 1996). Members of the public living near to the operations will also be exposed to 
low levels of gaseous, particulate, and liquid effluents released from the operations.  
 
The following groups of individuals will be exposed to a combination of external and 
internal radiation hazards during the lifetime of the Valencia Project: 

• Exploration and prospecting teams. 
• Construction crews. 
• Workers at the open pit mining operations. 
• Drivers transporting ore.  
• Workers at the process plant. 
• Drivers transporting uranium product to Walvis Bay. 
• Workers at the mine site involved in the tailings and waste rock disposal 

operations. 
• Visitors to the operations. 
• Contractors working at the Project. 
• Members of the public who live close to the mining and processing operations. 

 
The annual radiation doses received by these different groups will be widely variable; 
however, the nature of the operations will require that the majority of workers be 
classified as occupationally exposed persons. All of these groups will require to be 
protected by the RPP throughout the life of the mine. 
 
Workers will be exposed during the mining and processing operations to the radioactive 
materials in the ore body, the plant process and the various waste streams. The main 
occupational exposure pathways are indicated in Table 23. 
 
Table 23: An generic overview of significant occupational exposure pathways. 

Exposure 
Pathway 

Type Exposure Locations 

External Gamma radiation Ore body, ore, tailings, waste rock.  
Milling section and uranium plant. 

External 
 

Beta radiation 
Gamma radiation 

Uranium product packing section. 
Uranium product store and transport to 
Walvis Bay. 

Internal: 
inhalation 

Long-lived alpha and beta 
emitters 

Uranium product packing section. 
 

Internal: 
ingestion 

Long-lived alpha and beta 
emitters 

Uranium product packing section. 

Internal: 
inhalation 

Long-lived alpha and beta 
emitters 

Dry sections of the operations (e.g. mine, 
milling, tailings). 

Internal: 
inhalation 

Radon gas and decay 
products 

Open pit. 

 
The processing activities will give rise to enhanced concentrations of radioactive 
materials in the plant process (e.g. uranium product and radioactive scales deposited on 
the inside surfaces of the process equipment).  
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The mining and minerals processing operation will also give rise to a variety of solid (e.g. 
waste rock, tailings, sludges and sediments from the plant) and liquid (process waters and 
other liquids) radioactive residues and wastes.  
 
In addition, there will be significant amounts of redundant contaminated items generated 
during the life of the plant. These scrap items will comprise a variety of metal objects 
from the plants (e.g. vessels, tanks, pipes, valves, etc.), as well as plastic items and 
rubber-lined and other items (e.g. concrete and bricks).  
 
Members of the public will receive radiation exposure from the radioactive effluents and 
discharges (e.g. radon gas, radioactive dust and contaminated groundwater) arising from 
the mining and processing operations which will become dispersed and concentrated in 
various environmental media. A simplified overview of the potential public exposure 
pathways is provided in Figure 23.  
 

 
Figure 23: Potential Public Radiation Exposure Pathways from an Operating Facility 

(Source: USEPA 2005). 
 
The mining and processing activities will give rise to radiological environmental impacts 
during the operations and also longer-term impacts that will arise from the waste residues 
(tailings and waste rock dumps) left after the operations have been decommissioned and 
remediated. 
 
The potential radiological impacts arising from these residue dumps include the emission 
of radon gas, radioactive dust, gamma exposures and most importantly, the long-term 
contamination of the groundwater aquifers underlying the dumps due to seepage from the 
tails and waste rock. These environmental impacts will persist for millions of years and 
will require to be mitigated. The public will continue to be exposed long after the mining 
and processing operation has closed down. 
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The significant public exposure pathways are indicated in Table 24. 
 
Table 24: An overview of significant public exposure pathways. 

Exposure 
Pathway 

Type Exposure Locations 

External Gamma radiation Fallout dust accumulating in the surface soils 
downwind of the tailings, ore and waste dumps. 

Internal: 
inhalation 

Long-lived alpha and 
beta emitters 

Dusts released from the open pit, tailings, ore and 
waste rock dumps and the calciner stack. 

Internal: 
inhalation 

Radon gas and decay 
products 

Radon gas released from the open pit, tailings, ore 
and waste rock dumps. 

Internal: 
ingestion 

Long-lived alpha and 
beta emitters 

Through the consumption of groundwater that has 
been contaminated by seepage from the tailings, 
ore and waste rock dumps. 

 
Prior to the start of operations, the potential exposures of the workers and the public will 
be quantified through prospective safety assessments. The mitigation measures required 
to ensure that the projected doses to workers and the public are kept ALARA will then be 
incorporated into the siting and design of the facilities and into the working methods. 
 
 
11. THE RADIATION PROTECTION PROGRAMME 
MANAGEMENT PLAN 
 
11.1. Introduction 
The first revision of the Radiation Protection Programme Management Plan (RPPMP) 
was completed in November of 2007 (Alara Consultants 200d). The scope of the RPPMP 
applies to all stages of the lifetime of the proposed mining and processing operations at 
the Valencia Project, as well as the transport of the radioactive uranium product to Walvis 
Bay.  
 
The primary purpose of the document is to provide a detailed prospective description of 
the requirements of the RPP for the proposed mining and processing activities at the 
Valencia Uranium Project.  
 
The document identifies and describes the requirements of the RPP during the projected 
timelines of the Project from exploration to closure and determines the associated matters 
such as the Prospective Safety Assessments and design inputs that must be addressed 
during the lifetime of the Project. 
 
The radiological impacts associated with the Valencia Uranium Project will require that a 
fully functioning RPP is in place at least three months prior to the uncovering of the ore 
body. 
 
The RPP would include the staff and monitoring equipment required to carry out the 
programme, as well as the associated documentation and support systems. The 
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development of the programme is a major undertaking and requires to be initiated in early 
2008.  
 
At the present time, there is very little quantitative data available on the radiological 
impacts arising from the Project and a series of Prospective Safety Assessments are 
required in order to provide quantitative estimates of the radiation impacts to workers and 
the public throughout the lifetime of the Project. 
 
The RPP Safety Assessments and documentation will be developed as the Project 
progresses over the next two years. 
 
This document requires to be reviewed by Valencia Uranium Limited’s Management on a 
regular basis, as the Project progresses. 
 
An overview of the RPPMP is provided in the following sections: 
 
11.2. The Requirement for Radiation Protection during the Life of a Mining Project 
The radiological implications of the Project extend from the prospecting phase through 
the construction phase, to the operational phase as well as to closure and beyond (Figure 
24). 

Exploration Handover & 
Surveillance

DecommissioningConstruction and 
Operation

Wastes & Impacts

Operational TimelineOperational Timeline

Regulatory Requirements.

Waste Management . Plan

Planning

Planning

Engineering. Options
Design and Construction

Management-Operation
Decom. Closure & Controls

Monitoring and Surveillance

Quality Assurance
Health and Safety

 
Figure 24: Operational Timelines and associated Safety Programmes (Source: IAEA 

2000). 
 
The exposure of workers and the public can occur at any stage of the Project. The 
RPPMP covers all stages of the Project in terms of the projected radiation exposures of 
workers and the public and the required RPP to keep annual doses “ALARA”.  
 
11.3. Namibian Legislation and Regulatory Control Requirements 
The uranium mining and minerals processing operations at the Valencia Project will 
require compliance with the current Namibian legislation on the control of radioactive 
materials and exposures to ionising radiation.  
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The Government of the Republic of Namibia has developed a set of Acts and Draft 
Regulations regarding the control of all types of radioactive materials since 1974. 
 
In 1994 the Government of the Republic of Namibia approved the National Radiation 
Protection Policy covering all matters related to radiation protection, nuclear energy and 
regulation. The Policy provides for the establishment of an Atomic Energy Board as an 
independent advisory body to the Government on the implementation of the Policy and 
the National Radiation Protection Service as the enforcement agent of the regulatory 
requirements. 
 
The control of radioactive materials falls under the Atomic Energy and Radiation 
Protection Act No. 5 of 2005 (GRN 2005). Under the terms of Section 43 of the Act a set 
of Draft Regulations has been promulgated. 
 
In addition, the authorisation holders are required to ensure that the treatment and 
conditioning of radioactive wastes are carried out in accordance with the national waste 
management strategy, and, in particular, meet any waste acceptance criteria established 
by the Regulatory Authority.  
 
The safety of radiation sources and the security of radioactive materials in Namibia are 
regulated by the Hazardous Substances Ordinance of 1974 (RSA 1974). This ordinance 
applies primarily to sealed sources which comprise artificial radionuclide sources used in 
mining and industry.  
 
All radiation protection related documents will be submitted to the National Radiation 
Protection Services for review, comment and approval. 
 
11.4. Company Mission Statement on Radiation Protection 
The Company’s mission statement with regards to the protection of workers and the 
public is as follows: 
 
“Valencia Uranium Limited is aware of the safety issues related to the exploitation of 
uranium deposits. The Company is fully committed to protecting the workers and the 
public during the mining and processing of the uranium ore body in an open and 
transparent manner and in accordance with the relevant Namibian Laws and Regulations 
and International Best Practice as recommended by the International Commission on 
Radiological Protection and the International Atomic Energy Agency. Protection of the 
public and workers will be achieved through the implementation of a Radiation 
Protection Programme Management Plan and the application of a Radiation Protection 
Programme that will ensure that doses are kept “As Low as Reasonably Achievable“ 
(ALARA)”. 
 
The above mission statement will be displayed at the Project Offices in Windhoek, the 
Company web site and at the Valencia Project site. 
 



 83

11.5. Responsibilities 
The overall responsibility for the implementation of the RPPMP, the development of the 
RPP and the protection of the workers and the public lies with the Operator (Valencia 
Uranium Limited) of the Valencia Uranium Project. 
 
The responsibilities for radiation protection rest with a number of designated positions 
within the Operator hierarchy.  
 
The radiological aspects of the Project will be divided into the following areas of 
responsibility: 

• Safety Assessments. 
• Source term characterisation. 
• Baseline survey and environmental monitoring programme. 
• Radiological aspects of the siting and design of the open pit, tailings, ore and 

waste rock dumps, the mills, the process plant and the calciner and product 
packing building. 

• Transport of the product. 
• Waste management. 
• The development of RPP documentation. 
• Communication with the public. 

 
The key issues that require to be addressed in each section and the responsibilities will be 
identified early in 2008. 
 
11.6. Establishing a Radiation Safety Culture at the Valencia Uranium Project 
The RPPMP and RPP forms an important part of the Health and Safety Management 
culture. It is recognised that a Safety Culture requires to be established at the Valencia 
Project and that an integrated management approach is required in order to ensure the 
optimisation of the overall Health and Safety Programme for the proposed Valencia 
Uranium Project. 
 
The Valencia Uranium Limited Management is therefore committed to the following 
principles: 

• To ensure that policies and procedures are established in writing that identifies 
protection and safety as being of the highest priority. 

• To ensure that clear lines of authority for decisions on protection and safety are 
defined in writing. 

• To ensure that the responsibilities of each individual for protection and safety are 
clearly identified in writing and that each individual is suitably trained and 
qualified. 

• To ensure that the organisational arrangements and lines of communications are 
established and defined in writing and that this ensures an appropriate flow of 
information on protection and safety at and between all levels in the entire 
organisation. 
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• To ensure that any deficiencies, non-conformances and incidents affecting 
protection and safety are promptly identified through a documented and auditable 
system of communication.  

• To ensure that any deficiencies, non-conformances and incidents affecting 
protection and safety are corrected in a manner commensurate with the risk posed 
to occupational and public health and safety. 

 
11.7. The Characterisation of the Valencia Source Terms and the Prospective 
Radiation Safety Assessments 
The mining and processing operations are not expected to commence operation until late 
in 2009. Once the ore body is uncovered, workers will require to be protected by the RPP.  
 
The precise engineered and designed requirements of the RPP cannot be determined at 
this stage as there is a lack of information on the radiological characteristics of the 
radioactive source terms associated with the Project. However, general recommendations 
can be made on specific matters based upon experience from other uranium mining 
operations. 
 
A “source term” comprises any material at the Valencia Uranium Project that contains 
radionuclides which can result in the radiation exposure of humans. A source term could 
be a solid, a gas, or a liquid containing radionuclides. 
 
A wide variety of source terms are found in uranium mining and processing facilities. 
The release of radioactive solids, gases and liquids from the operational source terms can 
result in the exposure of the public living outside the site. 
 
The major source terms include the ore body, ore stockpiles, the process materials, the 
product, the tails and waste rock and in addition will include items contaminated with 
radioactive scales. Currently, there is a lack of information on the radionuclide content of 
these source terms. 
 
The following materials require to be characterised: 

• The ore body: the average uranium content, the degree of secular equilibrium 
between 238U, 234U and 226Ra. 

• The tailings: the average uranium content, the degree of secular equilibrium 
between 238U, 234U and 226Ra. 

• The waste rock: the average uranium content, the degree of secular equilibrium 
between 238U, 234U and 226Ra. 

 
The characterisation process will be based upon a simplified bench scale process using 
representative ore samples. The characterisation also requires to be repeated across a 
number of batches of ore in order to determine the potential variability in the source term.  
 
The materials also require to be analysed for their 232Th and 228Th contents. In addition, 
the expected variation in the radionuclide contents of the materials requires to be 
estimated for the life of the mine. 
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Using the limited information available the best estimate of the average radionuclide 
activity in various process materials is provided in Table 25. 
 
Table 25: The Uranium content of ores, tailings and waste rock 

Type U 
(ppm) 

Th 
(ppm) 

238U 
(Bq.g-1) 

232Th 
(Bq.g-1) 

Notes and Comments 

Ore body 130 22 1.612 0.090 The remaining radionuclides in the 
decay chain are assumed to be in 
secular equilibrium giving a total 
activity of ~23 Bq.g-1 for the 238U 
decay chain and 0.90 Bq.g-1 for the 
232Th decay chain. 

Tails 20 20 0.248 0.081 Approximately 85% uranium 
extraction. The total 238U decay chain 
activity in the tails on deposition will 
be ~19.8 Bq.g-1 and the total 232Th 
decay chain activity will be 0.81 
Bq.g-1. . 

Tails     The total 238U decay chain activity in 
the tails after 6 months will decline to 
~17.1 Bq.g-1 and the total 232Th decay 
chain activity will be 0.81 Bq.g-1. 

Waste 
Rock 

37 22 0.456 0.090 The total 238U decay chain activity 
will be ~6.4 Bq.g-1. The total 232Th 
decay chain activity will be 0.90 
Bq.g-1. 

Product 10E6 0 12380 0 Pure uranium product. 
Scales - - Up to at least 

12380 
- For example pipe surfaces 

contaminated with uranium product. 
 
The current estimates indicate that the average 238U activity concentration is 1.612 Bq.g-1 
in the ore, 0.248 Bq.g-1 in the tails and 0.46 Bq.g-1 in the waste rock. The pure uranium 
product will contain a 238U activity of around 12,380 Bq.g-1. The 232Th activity in the ore 
(0.090 Bq.g-1), tails (0.081 Bq.g-1) and waste rock (0.090 Bq.g-1) will be significantly 
lower than the 238U activity. 
 
The great majority of the radioactivity in the ore will end up in the tailings. The ore 
contains a total activity of 23.9 Bq.g-1 and the tailings on deposition will contain a total 
activity of 20.61 Bq.g-1. The total activity of the tailings will then decline over a period of 
6-12 months as the immediate short-lived daughter products of 238U (234Th and 234Pam) 
are no longer supported by the parent radionuclide. The total activity in the tailings will 
decline to around 17.9 Bq.g-1 and then remain at this level for many thousands of years.  
 
The waste rock contains significantly lower concentrations of radionuclides (6.4 Bq.g-1). 
The tailings will therefore comprise the most intense radioactive source term remaining 
on the site after closure. 
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Adequate characterisation of the source terms is the first step in the process of estimating 
the exposure of workers and the public during the lifetime of the Project. The prospective 
dose estimates are estimated by using the radionuclide content of the various source 
terms, a number of conservative assumptions, and a range of commercial software. 
 
The results are then used to: 

• Provide an estimate of worker and public doses during the lifetime of the Project 
assuming that there is no mitigation of the hazards. 

• Identify those source terms which will require to be mitigated. 
• Determine the degree of mitigation required to keep doses ALARA. 
• Optimise the administrative and engineered controls required to mitigate the 

radiation hazards. 
 
Since individuals may be exposed at any time during the lifetime of the Project, a wide 
variety of prospective safety assessments require to be carried out to estimate the worker 
and public exposures and the extent of the RPP required to keep doses ALARA. 
 
The following prospective safety assessments will be carried out to identify radiological 
impacts and provide estimates of the projected annual doses to workers and the public: 

• A baseline background radiation assessment over one year (currently in progress). 
• An assessment of exposures and radiological impacts during the exploration phase 

(currently in progress). 
• An assessment of the exposures and radiological impacts during the construction 

phase. 
• An assessment of the exposures and radiological impacts during the mining 

operations over the lifetime of the Project. 
• An assessment of the exposures and radiological impacts during the milling 

operations over the lifetime of the Project. 
• An assessment of the exposures and radiological impacts during the processing 

plant operations over the lifetime of the Project. 
• An assessment of the exposures and radiological impacts arising from the open 

pit, the tailings and the waste rock dumps over the lifetime of the Project. 
• An assessment of the exposures and radiological impacts during 

decommissioning, dismantling, remediation, closure and post closure phases of 
the operation. 

• An assessment of the product transport operations to Walvis Bay. 
 
The assessments will estimate the exposures and impacts under normal and maintenance 
operations, as well as during potential accidents. 
 
The results of these safety assessments are required in order to identify the need for and 
to optimise the required mitigation measures. This is of particular importance with regard 
to the design, siting and mitigation of the tailings repository. 
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11.8. The Radiation Protection Programme 
At the current stage of the Project there is a lack of quantitative radiological data and 
dose projections. However given the existing available data on the Valencia ore body, 
and experience from other uranium mining operation, a comprehensive RPP will be 
required for the Valencia Uranium Project. 
 
The extent and depth of any RPP is always tailored to the level of radiation risk to 
workers and the public arising from a specific project. The risk level can be directly 
related to the projected annual dose to the workers and the public, which in turn is related 
to the annual dose limits. Therefore, the higher the annual exposure, the greater the risk 
and thus the extent of the RPP.  
 
The RPP and its associated controls are primarily concerned with control over the areas 
containing sources of radiation and the way humans interact with these sources.  
 
These controls will be set down in a documented RPP which would include the following 
components: 

• Safety assessments to determine the level of risk to workers and the public. 
• Engineered controls over radioactive materials and radiation sources. 
• An overview of the Radiation Protection Function at the operations. 
• A management review process. 
• Area classification of the workplace. 
• Routine workplace monitoring programmes. 
• Instrumentation and calibration. 
• Individual monitoring and a dosimetry programme for OEPs. 
• A radiation training programmes for workers. 
• Medical examinations for OEPs. 
• Health and dose registers for OEPs. 
• Personal protective equipment (PPE). 
• Physical security and access controls to the operations. 
• Effluent and environmental monitoring programmes. 
• A waste management programme. 
• Control over the release of contaminated items and materials from the operations. 
• Control over the transport of radioactive materials on public roads. 
• Record keeping. 
• Quality management programme. 
• Inspections and audits. 

 
The requirements of the RPP will be clearly documented in a set of approved documents. 
The documents will comprise Programmes, Plans, Procedures, Records, Schedules, 
Reports and Electronic Databases.  
 
The programmes and plans that require to be developed include the following: 

• The Radiation Protection Programme. 
• The Public Radiation Protection Programme. 
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• The Alara Review Programme. 
• The Radiological Designation of Workplaces Plan. 
• The Medical Surveillance and Control of Persons Occupationally Exposed to 

Radiation Programme. 
• The Waste Management Programme. 
• The Radiation Protection Function Plan. 
• The Ventilation Programme. 
• The Respiratory Protection Programme. 
• The Personal Protective Equipment Programme. 
• The RPP Document Control Programme. 
• The Radioactive Material Transport Programme. 
• The Radiological Occurrence Reporting Programme. 
• The Self-Inspection Plan. 
• The Quality Management and Assurance Plan. 
• The Site Decommissioning and Closure Plan. 
• The Emergency Plan. 
• The Physical Security of Radioactive Materials Plan. 
• The Radiation Protection GIS System and Database. 
• The Site Radioactive Sources and Discharge Points GPS Survey Plan. 

 
The procedures, records, other documents and databases supporting the above 
Programmes and Plans will be developed, approved and in place, at least three months 
prior to the commencement of the mining and processing operations at Valencia. 
 
11.9. Summary 
The mining and processing of the low grade Valencia Uranium Deposit will result in the 
exposure of workers and the public to ionising radiation. The public exposures to 
radiation will occur during the operational phase and for a long period after closure of the 
mine. 
 
The draft RPPMP provides a framework within which to assess these potential 
radiological impacts through the source term characterisation and the various prospective 
safety assessments from construction through to mine closure and beyond. The results of 
these assessments will then be used to determine the specific design, engineered and 
administrative controls that comprise the various components of the RPP. This process 
will take account of specific public concerns with regard to the radiological impacts and 
in addition will ensure that doses are kept ALARA during the lifetime of the operation 
and after closure. 
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12. SPECIFIC ASPECTS OF THE RADIATION PROTECTION 
PROGRAMME 
 
12.1. Introduction 
The following aspects of the RPP are of particular importance and require special 
attention during the development period of the RPP and the Management Review Process 
in 2008 and 2009. 
 
12.2. The ALARA Review Programme 
This part of the RPP will be applied over the lifetime of the Project and constitutes a vital 
component in the following activities: 

• Site selection of the tailings dump, ore stockpiles and the waste rock dump. 
• Site selection of the mine offices and accommodation. 
• The design of the mills and the processing plant. 
• The design of the tailings dump. 
• The development of mitigation methods to keep doses ALARA during the 

operational phase. 
• The development of mitigation methods to keep doses ALARA during the closure 

and post closure phase. 
 
The ALARA review programme will comprise regular meetings with the Valencia 
Uranium Limited Management and the relevant Safety Specialists. The matters discussed 
in the meeting will be formally documented and auditable. 
 
12.3. Design of the Mining Operations and the Processing Plant 
The radioactive materials in the ore body will be processed through the plant and will 
give rise to localised gamma radiation fields and inhalation hazards in the dry sections. 
 
A primary safety function of the plant design is to ensure that the probability of 
radioactive materials inside the process escaping and contaminating areas outside the 
process is kept as low as possible. This criterion is especially important in the uranium 
calcining and product packing area, as the inhalation of this material can result in 
significant radiation exposures to workers as well as the possibility of chemical damage 
to the kidney. 
 
The escape of liquids containing radionuclides will be mitigated by adequate bunding. 
The bunding will be applied to all vessels and pipes containing radioactive solutions (this 
includes the tailings operations). The bund drains require to be carefully designed to 
ensure that the contamination is contained and prevented from draining into storm water 
ponds or directly into the soil. 
 
The releases from the dry sections of the plant will be mitigated by an automated packing 
process that incorporates a negative airflow across the open drum and around the drum 
filling section. The system will also incorporate a building ventilation system and a stack 
filtration system. The ventilation system will be fail-safe and will incorporate interlocks 
and alarms. 
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A general principle that will be applied to the dust control system in the calcining and 
uranium packing section is that the levels of dust will be kept well below any level at 
which respiratory protection requires to be used. The use of personal respiratory 
protection equipment will only be required for vessel entries and at the product packing 
station. 
 
In the design of the plant the following quantitative analyses will be carried out: 

• A Failure Modes and Effects Analysis of system failures that could lead to the 
release of radioactive materials. 

• The probability and radiological consequences of these failures need to be 
quantified in order to select and design the appropriate mitigation measures. 

 
The results of the analyses will then be used to determine the final plant design.  
 
12.4. The Assessment of Radon Source Terms and the Dispersion of Radon from the 
Valencia Site 
Radon gas is an important radioactive source term which requires to be carefully 
assessed. The 226Ra in the tailings will continue to produce radon gas for many thousands 
of years after the mine has closed. 
 
The radon gas levels arising from the source terms require to be assessed in order to 
quantitatively determine its impact during plant operations and more importantly after 
mine closure. The predicted radiological impact will then determine the required 
mitigation levels. 
 
Radon gas released from a tailings facility will rapidly disperse, and dilute, into the 
surrounding air. At distances greater than 2 km from the tailings facility it is usually 
impossible to detect an increase in the normal background radon gas concentrations 
(IAEA 1992; UNSCEAR 2000). The prediction of radon concentrations at distances 
greater than 2 km, therefore, has to be carried out by dispersion modelling. 
 
The 226Ra in the mineral grains and particles of the ore body, the open pit, the tailings, the 
ore stockpiles and waste rock dumps, decays into 222Rn gas. A fraction of the radon gas 
escapes from the mineral particle (this fraction is referred to as the emanation coefficient) 
into the open pore spaces of the material. The gas then diffuses through the material (the 
rate at which this occurs is referred to as the diffusion coefficient) to the material surface 
and is released into the air. The rate at which it escapes the surface is referred to as the 
radon flux and this value is expressed in units of Bq.m-2.s-1. A second unit expressing the 
flux rate per Bq.g-1 of 226Ra in the material is also commonly used to compare the flux 
rates from materials with different 226Ra activity concentrations. 
 
Numerous factors effect the radon flux rate from a material surface and this rate can show 
profound diurnal, seasonal and annual variations. These factors therefore make it difficult 
to measure the flux rates directly to get a representative long-term average value. 
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An alternative method is to calculate the flux rate using measured and default values for 
the following quantities: 

• The radium concentration (Bq.kg-1). 
• The material bulk density, ρ (kg.m-3). 
• The Emanation Coefficient, E (dimensionless). 
• The Diffusion Coefficient, D (m2.s-1). 
• The material thickness. X (m). 

 
The above factors can be measured in the laboratory on samples of the relevant materials. 
Where measured data are not available, there are a range of default values available in the 
literature (IAEA 1992). Simple computer programmes are also available to perform these 
calculations (USNRC 1984; 1989). 
 
The release of 222Rn from soil, tailings and ore surfaces is referred to as “exhalation”. The 
rate at which 222Rn is released from the source terms is quantified in terms of the Bq.m-

2.s-1 per Bq/gram of 226Ra in the source term material. 
 
The exhalation rate from the surfaces of the pit, tailings, ore stockpiles and waste rock 
dumps must be estimated as these quantities are required for the air dispersion models. 
The air dispersion models are used, along with local weather data, and data on the local 
topography, to predict the radon gas concentrations at various distances from the radon 
source terms. 
 
The rate of release is heavily dependent on the 226Ra concentration in the material. 
Recorded values in the literature range from 0.1 to 10 Bq.m-2.s-1 per Bq/gram of 226Ra 
(NNR 1997) with a world average value of 0.665 Bq.m-2.s-1 per Bq/gram of 226Ra 
(NECSA 1993). The maximum measured value from a uranium tailings dam in South 
Africa was 1.6 Bq.m-2.s-1 per Bq/gram of 226Ra (CSIR 1993). In the absence of measured 
values the National Nuclear Regulator (NNR) provided a conservative default value of 
2 Bq.m-2.s-1 per Bq/gram of 226Ra for radiological impact assessments. 
 
Measured flux rates on the tailings dam at Rössing Uranium Mine (IAEA 1992) indicated 
flux rates of 0.4 to 0.9 Bq.m-2.s-1. The highest values were obtained from the dry tailings 
(less than one percent moisture). The 226Ra content of the tails was indicated to range 
from 1 to 4 Bq.g-1, these values used conservatively indicate an exhalation rate ranging 
from 0.1 to 0.9 Bq.m-2.s-1 per Bq/gram of 226Ra. These rates can be compared to the 
maximum values of 1.6 Bq.m-2.s-1 per Bq/gram of 226Ra measured in South Africa and the 
default value of 2 Bq.m-2.s-1 per Bq/gram of 226Ra provided by the NNR. 
 
In the absence of any measured data the 222Rn gas impacts will initially be assessed using 
measured (radioanalysis) and estimated data on the 226Ra level of the ore, tailings and 
waste rock. These values will then be used to calculate a default exhalation rate which 
will be used with the source term surface geometry, local weather data and topography 
and suitable dispersion models to estimate the radon concentrations at various distances 
from the Valencia Project.  
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The dispersion calculations will be carried out initially assuming a conservative default 
exhalation rate of 2 Bq.m-2.s-1 per Bq/gram of 226Ra used by the South African NNR 
(NNR 1997). 
 
An additional approach will be considered in the estimation of the radon exhalation rates 
from Valencia source terms. The exhalation rate can be quantified through laboratory 
scale measurements on samples of ore and tailings. The method was developed by Dr R 
Stydom of PARC (Pollution Radon Aerosol Corona) Scientific in Broederstroom, South 
Africa and accepted by the South African NNR for the purpose of assessing the radon 
impacts from tailings dams. 
 
The suitability of this measurement method for the Valencia Project will be investigated 
during early 2008. 
 
The background flux rates require to be determined in the Valencia Area for those areas 
where the tailings dump, waste rock dumps and ore stockpiles will be located. Soil 
samples will be taken, where soil is available, and the samples will be subjected to 
laboratory analysis and testing to provide values for the calculation of the radon flux. 
 
Although there are methods for direct measurement of radon flux available (IAEA 1992), 
the methods are regarded as unsuitable due the practical difficulties of obtaining 
representative long-term average values across the varied topography of the area. In 
addition, the simplest and most practical method (the closed can method) appears to 
significantly underestimate the free exhalation rate (Samuelsson and Pettersson 1984; 
Aldenkamp et al 1990). 
 
12.5. The Assessment of Particulate Source Terms and the Dispersion of Particulates 
from the Valencia Site 
The mining operations, tailings dump, ore stockpiles and waste dumps will give rise to 
airborne particulates which will be dispersed over considerable distances (tens of 
kilometres or more). These particulates will contain long-lived alpha emitting 
radionuclides which when inhaled will irradiate the lungs. 
 
The dispersion modelling must include all local communities including Swakopmund and 
Usakos; this will require dispersion modelling over distances of up to 100 km. 
 
Initially, the dispersion modelling will use an USEPA screening model (USEPA 1990). 
 
12.6. The Selection of Gaseous and Particulate Dispersion Models 
A variety of dispersion models are available to estimate the concentrations of radon gas 
and particulates at various distances from the Valencia Project. The following models 
(Table 26) (and others) will be considered for their suitability with regard to the 
operations source terms and the topography at the Valencia site. 
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Table 26: List of selected Air Dispersion Computer Models. 
Model Point Source Area Source Gas Dust Comment 

ISCLT ♦  ♦  ♦  ♦  Multisource 

ISCST ♦  ♦  ♦  ♦  Multisource 

FDM SCREEN ♦  ♦  ♦  ♦  Multisource 

CTDM ♦  ♦  ♦  ♦  Multisource, Complex Terrain 

RTDM ♦  ♦  ♦  ♦  Multisource, Rough Terrain 

IGM ♦  ♦  ♦  ♦  Rough, Complex and Flat Terrain 

 
The initial model runs will be based upon conservative source term estimates. The model 
and the required input factors will be developed in an iterative manner in order to make 
the model more site-specific and predictive. 
 
12.7. The Siting and Design of the Tailings Facility, Ore Stockpiles and Waste Rock 
Dumps 
During the operational phase radon gas and dust will be released from the tailings dump, 
ore stockpiles and waste rock dumps.  
 
The future radiological impacts of the tailings facility will be assessed and taken into 
account in the process of site selection, the design of the tailings dump and the required 
mitigation measures to keep radioactive releases ALARA.  
 
The annual precipitation levels in the area are extremely low and there is a very high 
evaporation rate. These factors, in conjunction with the relatively dry state of the tailings 
when deposited (~10%) (Snowden 2007b), should result in a limited potential for 
groundwater seepage.  
 
Although the tailings will have relatively low water content, a small amount of water will 
seep into the underlying groundwater aquifers. This seepage requires quantifying and 
characterising in the prospective safety assessments in order to determine the required 
mitigation measures. The seepage rates and impacts require to be prospectively modelled 
over the operational lifetime and for an extended period after closure. 
 
The very dry state of the tailings and the strong Berg winds will result in a significant 
potential for wind-blown tailings dust during operations. Prospective assessments will be 
carried out to determine the required mitigation measures. 
 
At the end of the mine life the facility will become a long-term waste repository and 
significant mitigation measures will be required to ensure that the: 
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• Long term physical stability of the repository is maintained for several thousand 
years. 

• Repository is covered with sufficient material (e.g. waste rock) to prevent human 
intrusion and eliminate the possibility of erosion. 

• Radon gas and dust emissions, the gamma doserates and the water seepage are 
kept ALARA and well below the levels defined by the Regulatory Authority.  

 
Given the above requirements, the prospective impact assessments and mitigation 
measures need to be determined prior to the final site selection. 
 
The prospective assessment of the long-term impacts (i.e. post closure) will assume that a 
critical group of the public lives on top of the repository. 
 
The site selection process of the tailings and waste rock dumps requires the consideration 
of the long-term possibility of flash floods in old watercourses. The proposed positioning 
of the tailings and waste dumps has taken into account the surface run-off patterns. 
Surface run-off will be controlled through well defined natural channels or into the open 
pit.  
 
In addition the possibility of direct seepage from the dumps to the local groundwater 
aquifers through cracks in the underlying rock structures is being investigated. 
 
12.8. The Radioactive Waste Management Programme 
The Waste Management Programme forms a very important part of the Valencia RPPMP. 
A wide variety of solid, liquid and gaseous residues and wastes will be produced. The 
wastes of particular concern are the tailings and waste rock dumps as these will be the 
dominant source terms during the operations and after closure. In addition, a significant 
amount of contaminated items will be generated during the life of the plant. 
 
The demolition of the process plant at the end of the mine life will give rise to significant 
amounts of contaminated concrete rubble and bricks. This material will require to be 
disposed of as radioactive waste. 
 
As part of the plant design process, investigations will need to be carried out regarding 
the availability and selection of suitable decontamination facilities that will be used 
during the operational phase of the plant. 
 
A radioactive waste inventory will be maintained and regular reports sent to the National 
Regulatory Authority. 
 
12.9. Decontamination and Washing Facilities 
The inside surfaces of the plant will become significantly contaminated with radioactive 
materials. Maintenance operations involving items of plant, or entry into closed vessels, 
will require decontamination in order to keep worker doses ALARA. These items will 
require to be decontaminated by high pressure washing in specially constructed wash 
bays where the water is recycled and the radioactive solids are trapped and retained.  
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In addition, scrap items that are contaminated above the levels for unrestricted release to 
the public domain will require to be, either decontaminated, or stored on the site in a 
secure store. At the end of the mine life, those items that cannot be decontaminated will 
require to be disposed of in a manner acceptable to the National Regulatory Authority. 
 
Experience from the South African uranium mining industry has shown that all types of 
contaminated metals, including stainless steel, can be successfully decontaminated 
provided that sufficiently aggressive methods (e.g. very high pressure water jetting and 
chemical decontamination baths) are used. The only contaminated items that will resist 
decontamination are likely to be rubber and plastic items which will have to be disposed 
of as radioactive wastes. 
 
Numerous items of equipment may become temporarily contaminated with radioactive 
materials such as ore and tailings dust and will only require washing. Trucks and other 
vehicles moving off the site onto public roads will require washing and decontamination 
in automatic wash bays situated at the site entrance. 
 
The above matters will be addressed in the development of the Waste Management 
Programme. 
 
12.10. Physical Security 
The physical security of radioactive materials will have a high priority at the Valencia 
Operations. The primary purpose of the security system will be to prevent the 
unauthorised diversion of radioactive materials into the public domain. 
 
A wide variety of materials require to be protected including the ore, waste rock and 
tailings dumps as well as the product stores. In addition, a security system is required to 
secure any stockpiles of contaminated redundant plant equipment in the scrap yards and 
scrap storage areas. 
 
The physical security system will include both passive controls such as locks and fences 
as well as active controls such as patrols and video surveillance. 
 
The transport of the radioactive product to Walvis Bay will require special security 
measures in order to comply with international agreements on nuclear safeguards. 
 
12.11. Transport of Radioactive Materials 
The uranium product will be transported in sealed metal drums by secure truck to Walvis 
Bay. The proposed transport routes are currently being evaluated as part of the baseline 
background radiation survey. 
 
All radioactive materials transported on public roads will be transported in accordance 
with the IAEA Regulations for the Safe Transport of Radioactive Materials (IAEA 2005). 
 



 96

Since the consequences of a transport accident could result in significant localised 
contamination with radioactive uranium product, an emergency plan and response system 
will be required to mitigate and remediate the consequences of such accidents. 
 
Transport accidents and their radiological impacts will be included in the Prospective 
Safety Assessment of the operation. 
 
12.12. The Appointment of Staff to Implement the Radiation Protection Function 
Suitably trained, qualified and experienced staff will be recruited to implement the RPP. 
The staff will include Radiation Safety Officers (RSOs) and Radiation Protection 
Monitors (RPMs), as well as support staff that will assist in administering the system.  
 
Given the limited size of the operations, it is intended that the RSO will also carry out the 
functions of the Radiation Waste Management Officer. 
 
12.13. Document Control 
All radiation protection related documents will be organised through a formal auditable 
documentation control programme. The radiation protection related documents will pass 
through a formal, documented, auditable internal review programme and will be 
approved by the Project Manager and the Environmental, Health and Safety Manager and 
appropriate Specialists. 
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13. STAKEHOLDER ISSUES AND COMMUNICATION 
 
13.1. Communication with the Public 
The general public obtains the majority of its knowledge of radiological issues from 
media reports which tend to sensationalise the issue of uranium mines and radiation. The 
Valencia Management recognises the importance of open communication with the public 
and realizes that the mine operator is required to drive the process of public 
communication.  
 
The Valencia Management is committed to developing a forum for communication with 
the public living close to the Project. The Valencia Management will investigate the 
optimal method of communication in conjunction with the National Regulator and other 
interested parties (e.g. other uranium producers). The forum will communicate progresses 
on the Project, the development of the RPP and the results of the monitoring programmes 
in a manner that is relevant to the local population. 
 
An information brochure was compiled in May 2007 to inform the public about the 
radiation aspects of the Project. These pamphlets have been distributed at the Valencia 
Exploration Camp, Forsys Metals Corp Offices in Toronto, Canada, Westport Resources 
Namibia Offices in Windhoek, and during the Public Meetings held in Windhoek, 
Usakos, Arandis, Walvis Bay and Swakopmund in April and December 2007. 
 
13.2. The Assessment of the Cumulative Impacts from the Regional Uranium 
Operations 
Public concerns have been raised regarding the cumulative radiological impacts arising 
from the Rössing and Langer Heinrich Uranium Mines and from the proposed Valencia 
and Trekkopje operations. 
 
Particular concern has been raised regarding the dispersion of airborne radioactive 
particulates and the potential contamination of the Khan and Swakop River catchments 
with radionuclides seeping from the tailings into the groundwater. Additional issues have 
been raised regarding the dispersion and erosion of materials from tailings dams situated 
near old watercourses. 
 
The Valencia Management is committed to investigate the mechanism by which the 
cumulative impacts from all operations can be quantified and then communicated to the 
public in a transparent manner. The matter will be addressed through the National 
Regulator and the Namibian Chamber of Mines. 
 
 
14. THE RADIOLOGICAL IMPACTS OF THE VALENCIA 
URANIUM PROJECT AND THEIR MITIGATION 
 
14.1. Introduction 
The Valencia Uranium Project will be a very low grade uranium mine with a relatively 
small radiological footprint, compared to Rössing Uranium Mine. The Valencia Uranium 
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Mine will comprise a significantly smaller operation producing on average approximately 
1,200 tonnes of U3O8 each year compared to the production at Rössing Uranium Mine of 
approximately 4,500 tonnes per year. 
 
The projected average U3O8 ore grade at the Valencia Uranium Mine is 0.013% 
compared to an average grade of 0.06-0.08% at the Langer Heinrich Uranium Mine and 
an average grade of 0.034% at the Rössing Uranium Mine. The average uranium grade at 
the Valencia operations is therefore significantly lower (~2.5 to 5 times) than that at other 
Namibian Uranium Mines. 
 
As a result of the lower grade, the potential radiological impacts arising from the mining 
operations, tailings and waste dumps, ore stockpiles and the open pit will in all 
probability be significantly lower at the proposed Valencia Mine compared to the Langer 
Heinrich and Rössing Mines. 
 
Since the uranium grades in the Valencia ore are significantly lower and the scale of 
operations are smaller, the radiological impacts arising from the tailings dump and the 
open pit which remain at the end of the lifetime of the Project will also be significantly 
lower than larger higher grade uranium mines such as Rössing Uranium. 
 
However, the potential occupational radiological impacts in the concentrate area of the 
plant will be similar to the other uranium mines which also produce uranium concentrate. 
 
14.2. The Impact Assessment Method 
The assessment method was developed by Digby Wells and Associates (DWA 2007). 
The method examines the significance of the assumed impacts assuming no mitigation 
and then compares these impacts to the impacts in a mitigated situation. The impacts are 
examined and ranked in terms of their duration, spatial dimension, severity, consequence, 
probability and significance. 
 
The assessment model has been modified for the radiological impacts by expressing the 
severity of the impact in terms of the potential doses that could accrue to workers and the 
public.  
 
The severity rankings for workers and the public are indicated in Table 27.  
 
Table 27: Severity rankings for workers and the public. 

Severity Ranking Workers (mSv) Public (mSv) 
5 >50 >1 
4 >20<50 >0.25 
3 5-20 >0.1 
2 1-5 0.01-0.1 
1 <1 <0.01 

 
The dose estimates arising from the identified impacts are based upon personal 
experience with the South African gold and uranium mining industry over the last 25 
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years. The low uranium grades at Valencia are comparable to the grades exploited by the 
South African uranium producers over the last 60 years. 
 
The potential radiological impacts have been identified and assessed for all stages of the 
lifetime of the Project. The impacts during the operating phase were assumed to be for 25 
years and the impacts after closure are assumed to endure for several thousand years 
(Ranking: 5). 
 
The severity of the impacts has been assessed in a worst-case manner due to the lack of 
quantitative information available at this stage of the Project.  
 
The spatial scale of impacts to the workers will be within the site fence (Ranking: 1) as 
the radiation doses are accrued within the site. 
 
The spatial scale of most of the impacts to the public will be limited to the site fence, or 
to local areas within a few kilometers of the site due to the rapid dilution and dispersion 
of the gaseous and particulate emissions from the site.  
 
Regional impacts on the public are unlikely, however, it has been pessimistically 
assumed that in the case of a major flood across the site, that radioactive material or 
contaminated water could be washed into the Khan River resulting in a regional impact 
(Ranking: 3). A similar spatial ranking was assigned should a major fire at the uranium 
plant and product store break out and result in the release of the maximum uranium 
inventory from the site in the form of a radioactive and chemically toxic plume. 
 
The percentage significance of each impact is ranked in order to identify those of high 
significance. A simple three-stage ranking scale (low, medium and high) is used as 
indicated in Table 28. 
 
Table 28: The Significance Rankings for the Impact Assessment. 

Ranking Threshold Limits 
High 67-100 

Medium 34-66 
Low 1-33 

 
The possible mitigation methods are for the most part commonly applied methods used in 
uranium mines to keep doses ALARA and which could be readily applied to the Valencia 
Uranium Project if required. 
 
The identified impacts and the possible mitigation methods for the 
exploration/construction, operational, and decommissioning/remediation/closure/post-
closure phases, as well as under abnormal conditions, of the proposed Valencia Uranium 
Mine are summarised in Tables 29 to 32. 
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14.3. Positive Impacts 
Although the uranium will be removed from the ore body and exported, resulting in a 
slightly lower (~25%) total inventory of radioactive material at the site, this is not 
regarded as a positive radiological impact compared to the situation prior to mining. 
 
The operation will result in the uncovering of the ore body which will act to increase the 
local background radiation levels as the operation progresses and the pit becomes larger 
and deeper and as increasing quantities of tailings, ore and waste materials accumulate on 
the surface.  
 
Therefore, no positive radiological impacts have been identified for this Project. 
 
14.4. Negative Impacts 
 
14.4.1. Impacts during the Exploration and Construction Phases 
During the exploration and construction phases the negative impacts are insignificant 
(Low Ranking) due to the limited activities and quantities of radioactive materials that are 
handled. The majority of the construction activities will occur in areas that have very low 
radiation levels. 
 
All the unmitigated impacts were ranked as Low. The exploration phase will result in 
exposure of the drilling and survey crews to some additional ionising radiation associated 
with the ore samples that are removed in the cores; limited inhalation exposure will occur 
during dry percussion drilling; as well as the higher background radiation doses occurring 
in localised areas on the ore body. The dose assessment carried out on these workers 
(Alara Consultants 2007b) confirms that these doses are well below 1 mSv per annum. 
Due to the limited nature of the drilling operation, the public exposures at the site fence 
will be insignificant. In addition, the site access is restricted and logged. 
 
The construction phase covers the period up to just before the ore body is uncovered and 
exposed. During the construction phase, the site will be prepared for the operations. The 
great majority of the construction will take place well away from the area of the ore body 
and the occupational radiation doses are expected to be well below 1 mSv per annum.  
 
As the baseline survey progresses through 2008, additional information will be gathered 
as input into the Safety Assessment for the construction workers and the public. 
 
14.4.2. Impacts during the Operational Phase: Occupational 
The operational phase is assumed to start as soon as the ore body is uncovered and 
extends up to a point just prior to closure of the operations. 
 
A number of significant occupational impacts were identified during this stage of the 
operations. The significance of the unmitigated impacts to the workers arising from the 
operations was all in the Mid- to Upper Medium Ranking. In the absence of any 
mitigation measures, it is quite possible that workers in the dry section of the uranium 
plant (calciner and product packing area) could be exposed to doses exceeding 20 or 50 
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mSv per annum. In addition, workers who enter into vessels to clean and maintain 
equipment could also be exposed to doses exceeding the annual occupational limits. 
 
The above areas and activities are therefore of critical importance in terms of 
implementing the required engineered and administrative controls measures. After 
suitable mitigation it should be possible to reduce the average occupational exposures in 
these areas to below 5 mSv per annum. 
 
In the remaining areas of the operation, the unmitigated doses could exceed 5 but will be 
less than 20 mSv per annum. The implementation of engineered and administrative 
control measures will ensure that the average dose for these workers will be well below 5 
mSv per annum. 
 
More detailed information on the severity of the occupational impacts will be obtained 
from the source term characterisation and the Prospective Safety Assessment of the 
operations that will be carried out in 2008. This data will then be used to determine the 
appropriate mitigation measures. 
 
14.4.3. Impacts during the Operational Phase: Public 
In the absence of any mitigation measures it is assumed that the public dose could exceed 
the facility limit of 0.25 mSv per annum.  
 
The significance of the unmitigated impacts to the public arising from the operations was 
all in the Mid- to Upper Medium Ranking. During the operational phase, the public living 
near to the site will be exposed to radon gas, particulates and contaminated groundwaters 
from the tailings, waste rock and ore, as well as the calciner stack.  
 
Although quite rare, powerful flash floods can occur in the area and this could result in 
the movement of radioactive materials from the plant, stockpiles and dumps into areas 
outside the site such as the Khan River. 
 
The required mitigation measures would focus on the progressive covering of the tailings 
as the Project moves forward in order to reduce the radon gas and dust emissions. 
Another important mitigation is the siting of the plant, tailings dump and stockpiles 
relative to the natural watercourses and run-off paths in the area. These facilities must be 
located well away from the possible path of floodwaters. This aspect is of particular 
importance when considering the long-term stability of the tailings and waste rock dumps 
in the post closure period. 
 
14.4.4. Impacts during the Decommissioning, Rehabilitation, Closure and Post 
Closure Phases: Occupational 
A number of significant occupational impacts were identified during this stage of the 
operations. The significance of the unmitigated impacts to the workers arising from the 
operations was all in the Mid- to Upper Medium Ranking. The most significant impact 
will arise during the dismantling of the uranium plant. Workers will come into regular 
contact with the inside of heavily contaminated vessels. In addition, the use of oxy-
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acetylene cutters on contaminated parts of the plant may give rise to significant inhalation 
exposures. 
 
In the absence of any mitigation measures it is quite possible that workers dismantling the 
uranium plant could be exposed to doses exceeding 20 or 50 mSv per annum. In addition, 
workers who enter into vessels to decontaminate equipment could also be exposed to 
doses exceeding the annual occupational limits. 
 
The above areas and activities are, therefore, of critical importance in terms of 
implementing the required engineered and administrative controls measures. After 
suitable mitigation, it should be possible to reduce the average occupational exposures 
during dismantling to below 5 mSv per annum. 
 
14.4.5. Impacts during the Decommissioning, Rehabilitation, Closure and Post 
Closure Phases: Public 
The significance of the unmitigated impacts to the public arising during these phases was 
all in the Mid- to Upper Medium Ranking.  
 
During these phases the public living near to the site will be exposed to radon gas, 
particulates and contaminated groundwaters from the tailings dump, open pit and waste 
rock dumps. 
 
The unmitigated, exposed tailings will eventually result in the dispersal of radioactive 
material throughout the local environment and the contamination of local and possibly 
regional watercourses. In the post closure phase additional exposure could result from the 
gamma radiation fields arising from the exposed tailings. In addition, local inhabitants 
could also burrow into the tailings and use materials from the tailings in the construction 
of dwellings and roads.  
 
The required mitigation measures would focus on the thickness of the tailings cover 
required to prevent intrusion and reduce the radon gas, dust emissions and gamma 
doserates to the required levels set by the Regulatory Authority. 
 
At the current stage of the Project the precise thickness of the required cover cannot be 
predicted.  
 
14.4.6. Impacts during Accidents involving Radioactive Material 
A number of scenarios, including fires involving uranium, floods and transport accidents 
were identified. The most significant impacts to the public involved the erosion and 
dispersion of the unmitigated tailings into local watercourses by flash floods during the 
post closure period. The significance of the unmitigated impacts to the workers and the 
public arising during these phases were all in the Mid- to Upper Medium Ranking.  
 
It is possible to mitigate the effects of the fire and transport accidents through engineered 
and administrative controls that are already widely used in the industry. 
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The most critical aspect to address at this stage of the project is the siting of the tailings 
and waste rock dumps in relation to the flash flood watercourses. In order to ensure long-
term stability there must be no possibility of erosion of the structure of the tailings 
repository. In addition, the design requirements of the final covering of the tailings 
repository require to be addressed through Prospective Safety Assessments commencing 
in early 2008. 
 
14.4.7. Overall Conclusions 
The following conclusions are drawn from the prospective impact assessment: 

• The Project does not give rise to any positive radiological impacts. 
• A number of important negative impacts to workers and the public were identified 

and their significance was ranked. 
• Mitigation measures are required to significantly reduce these potential impacts to 

workers and the public and to keep doses ALARA during the complete lifecycle 
of the Project. 

• In order to determine the appropriate mitigation measures, the radiological 
impacts require to be quantified for all the stages of the Project through the source 
term characterisation and a series of Prospective Safety Assessments under 
operating and accident conditions. 

• The key issues to address at an early stage concern the siting and design of the 
tailings dump and waste rock facilities in relation to local watercourses and flash 
floods. 

•  The design of the tailings repository is required to ensure long-term stability over 
a period of several thousand years and the reduction of radiation emissions to the 
levels specified by the Regulatory Authority. 
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Table 29: The Radiological Impacts and their Mitigation during the Exploration and Construction Phases. 
ENVIRONMENTAL IMPACT SIGNIFICANCE DETERMINATION 

Exploration and Construction Phases 
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Exploration: 
Survey/Drilling 

Workers Possible 
exposure 
to 
radiation 
>1 mSv 
per 
annum. 

 N   2 1 1 4 4 16 21 Radiation 
monitoring of 
the 
environment 
and the 
individual. 
Wet drilling. 
Safety 
Assessment. 
Dose records. 
Site entry 
records.  

  1 1 1 3 1 3 4 
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Construction: 
Excavating 
Building. 

Workers Possible 
exposure 
to 
radiation 
>1 mSv 
per 
annum. 

 N   2 1 1 4 4 16 21 Radiation 
monitoring of 
the 
environment 
and the 
individual. 
Safety 
Assessment. 
Wet drilling. 
Dose records. 
Site entry 
records. 

  1 1 1 3 1 3 4 

Exploration: 
Survey/Drilling 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
<0.01 
mSv per 
annum. 

 N   1 1 1 3 5 15 20 Safety 
Assessment. 
Wet drilling. 
Control over 
site entry. 
Entry 
records.  

  1 1 1 3 2 6 8 

Construction: 
Excavating/Buil
ding. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
<0.01 
mSv per 
annum. 

 N   1 1 1 3 5 15 20 Radiation 
monitoring of 
the 
environment. 
Safety 
Assessment. 
Control over 
site entry. 
Entry 
records.  
Dust 
suppression. 

  1 1 1 3 2 6 8 
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Table 30: The Radiological Impacts and their Mitigation during the Operational Phase of the Project. 
ENVIRONMENTAL IMPACT SIGNIFICANCE DETERMINATION 

Operational Phase - Opencast 
    Impact significance 

before mitigation 
Mitigation Impact significance after 

mitigation 

Activity Impacted 
Groups 
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Working in site 
offices and 
living in site 
accommodation. 

Workers Possible 
exposure 
to 
radiation 
> 1 mSv 
per 
annum. 

N   2 1 3 6 4 24 32 Locate offices and 
accommodation 
well away from 
stockpiles and in the 
lowest frequency 
wind direction from 
the stockpiles. 
Confirmatory 
monitoring in the 
area. 

  1 1 3 5 1 5 7 
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Working in the 
mine, plant and 
tailings and 
stockpile areas 
(excludes the 
calciner and 
product packing 
areas) 

Workers Possible 
exposure 
to 
radiation 
> 5 mSv 
per 
annum 

N   4 1 3 8 5 40 53 Designed 
engineered controls 
to keep doses 
ALARA. 
Implement RPP. 
OEP status. 
Designed controls 
include-enclosure, 
shielding, 
ventilation systems, 
dust suppression 
systems at the mill 
and tailings. 

  2 1 3 6 1 6 8 

Working in the 
calciner and 
product packing 
areas. 

Workers Possible 
exposure 
to 
radiation 
> 50 mSv 
per 
annum 

N   5 1 3 9 5 45 60 Designed 
engineered controls 
to keep doses 
ALARA.  
Designed controls 
include-enclosure, 
ventilation systems, 
automated drum 
filling.  
Control room. 
Implement RPP. 
OEP status. 

  2 1 3 6 1 6 8 

Maintenance 
activities inside 
the process. 

Workers Possible 
exposure 
to 
radiation 
> 50 mSv 
per 
annum 

N   5 1 3 9 5 45 60 Designed 
engineered controls 
to keep doses 
ALARA. 
Implement RPP. 
OEP status. 
Personal protective 
equipment (PPE). 
Entry controls and 
instructions. 

  3 1 3 7 1 7 9 
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Transporting 
product to 
Walvis Bay. 

Workers Possible 
exposure 
to 
radiation 
> 5 mSv 
per 
annum. 

N   3 1 3 7 4 28 37 Compliance with 
IAEA Transport 
Regulations.  
Driver selection and 
training.  
Defined routes and 
timetables.  
Armed security 
escorts.  
Enclosed transport. 
Implement RPP. 
OEP status. 
Working 
instructions. 
Emergency kit. 
Satnav and satellite 
tracking. 

  2 1 3 6 1 6 8 

Radon and dust 
emissions from 
the open pit, 
tailings, ore and 
waste, dumps 
and milling 
plant. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
>0.25 
mSv per 
annum. 

N   4 2 3 9 5 45 60 Safety Assessments. 
Environmental 
monitoring and 
fence line 
monitoring.  
Dust suppression 
techniques. 
Ongoing 
remediation of the 
tailings.  
Covering the 
tailings with a 
radiologically inert 
material. 

  2 2 3 7 2 14 19 
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Water seepage 
from the 
tailings, ore and 
waste rock 
dumps into the 
groundwater. 
Contamination 
with 
radionuclides. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
>0.25 
mSv per 
annum. 

N   4 2 3 9 5 45 60 Safety Assessments. 
Designed 
engineered controls 
(e.g. dry tailings, 
impervious layer 
beneath tailings, 
grouting of fissures 
and cracks, water 
drainage, pumping 
and collection 
systems). 
Groundwater 
monitoring. 
Groundwater 
pumping and reuse 
in dust suppression.  

  2 2 3 7 2 14 19 

Run off/storm 
water moving 
across the site 
and into the 
Khan River. 
Contamination 
with 
radionuclides 
from the plant, 
the water 
retention 
systems and 
drains. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
>0.25 
mSv per 
annum. 

N   3 3 5 11 3 33 44 Site selection for 
the plant, tailings 
and stockpiles to 
ensure that these 
areas do not lie 
across old 
watercourses. 
Designed 
engineered controls 
to ensure that storm 
waters do not come 
into contact with 
plant or stockpile 
areas. Design 
criteria require 
coping with a 
maximal credible 
cloudburst-flood. 
Diversion of storm 
water away from 
the plant into the pit 

  1 2 3 6 1 6 8 
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and reuse for dust 
suppression. 

Calciner stack 
emissions. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
>1 mSv 
per 
annum. 

N   5 2 3 10 4 40 53 Designed 
engineered controls 
to keep doses 
ALARA.  
Designed controls 
include-enclosure, 
ventilation systems 
and stack filters. 

  1 2 3 6 2 12 16 

Transporting 
product to 
Walvis Bay. 

Offsite: 
Public 

Possible 
exposure 
to 
radiation 
>0.1 mSv 
per 
annum. 

N   3 2 3 8 5 40 53 Compliance with 
IAEA Transport 
Regulations.  
Driver selection and 
training.  
Defined routes and 
timetables.  
Armed security 
escorts.  
Working 
instructions. 
Emergency kit. 
Secure transport 
container. 

  1 2 3 6 2 12 16 
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Table 31: The Radiological Impacts and their Mitigation during Decommissioning, Remediation, Closure and Post Closure Phases 
ENVIRONMENTAL IMPACT SIGNIFICANCE DETERMINATION 

Decommissioning, Remediation, Closure and Post Closure Phases 
    Impact significance before 

mitigation 
Mitigation Impact significance after 

mitigation 
Activity Impacted  
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Dismantling 
plant and 
remediating 
contaminated 
areas , tailings 
and stockpiles 

Worker Possible 
exposure to 
radiation > 
50 mSv per 
annum. 

N   5 1 3 9 5 45 60 Designed 
engineered 
controls to 
keep doses 
ALARA. 
Implement 
RPP.  
OEP status. 

  2 1 3 6 1 6 8 

Post closure: 
Monitoring 
and inspection 
of tailings and 
stockpiles 

Worker Possible 
exposure to 
radiation >1 
mSv per 
annum. 

N   2 1 3 6 4 24 32 Engineered 
design of the 
tailings cover 
and the site 
clean up levels 
will ensure 
that annual 
doses are 
<0.25 mSv per 

  1 1 3 5 1 5 7 
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annum. 
Decommission
ing, 
Remediation 
and Closure. 
Radon and 
dust emissions 
from the open 
pit, tailings, 
ore and waste 
dumps and 
demolition of 
the milling 
plant. 

Offsite: 
Public 

Possible 
exposure to 
radiation 
>0.25 mSv 
per annum. 

N   4 2 3 9 4 36 48 Safety 
Assessments. 
Environmental 
monitoring 
and fence line 
monitoring. 
Dust 
suppression 
techniques. 
Ongoing 
remediation of 
the tailings. 
Covering the 
tailings with a 
radiologically 
inert material. 

  2 2 3 7 2 14 19 

Post closure: 
Radon, dust 
and water 
emissions. 

Offsite: 
Public 

Possible 
exposure to 
radiation 
>0.25 mSv 
per annum. 

N   4 2 5 11 4 44 59 Engineered 
design of the 
tailings and its 
cover to ensure 
that annual 
doses are 
significantly 
<0.25 mSv per 
annum. 
For example 
impervious 
layer beneath 
tailings, 
grouting of 
fissures and 
cracks. 

  2 1 5 8 2 16 21 
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Post closure: 
gamma 
radiation. 

Offsite: 
Public 

Possible 
exposure to 
radiation > 
1 mSv per 
annum. 

N   5 1 5 11 4 44 59 Engineered 
design of the 
tailings and its 
cover to ensure 
that annual 
doses are 
significantly 
<0.25 mSv per 
annum. For 
example 
successive 
layers of inert 
materials 
covering the 
tailings. 

  2 1 5 8 2 16 21 
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Table 32: The Radiological Impacts and their Mitigation under Accident Conditions 

ENVIRONMENTAL IMPACT SIGNIFICANCE DETERMINATION 
Accident Conditions 

    Impact significance before 
mitigation 

Mitigation Impact significance after 
mitigation 

Activity Impacte
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Fire in the calciner 
or the uranium 
product or storage 
section. 

Offsite: 
Public 

Possible 
exposure of 
the public to 
radiation 
>0.25 mSv 
per annum. 

N  4 3 1 8 3 24 32 Safety Assessments. 
Design of the plant to 
mitigate fire risks in cable 
trays. 
Emergency Plan and 
procedures.  
Training of workers.  
On site fire fighting 
capability and protective 
equipment. 

  2 2 1 5 1 5 7 



 115

Run off/storm 
water moving 
across the site and 
into the Khan 
River. 
Contamination 
with radionuclides 
from the plant, the 
water retention 
systems and 
drains. 

Offsite: 
Public 

Possible 
exposure to 
radiation > 
0.1 mSv per 
annum. 

N  3 3 5 11 3 33 44 Site selection for the 
plant, tailings dump and 
stockpiles to ensure that 
these areas do not lie 
across old watercourses. 
Designed engineered 
controls to ensure that 
storm waters do not come 
into contact with plant or 
stockpile areas.  
Design criteria require 
coping with a maximal 
credible cloudburst-flood.  
Diversion of storm water 
away from the plant into 
the pit and reuse for dust 
suppression. 

  1 2 3 6 1 6 8 

Accident or fire or 
hijack during the 
transport of 
product to Walvis 
Bay. 

Offsite: 
Public 

Possible 
exposure of 
public to 
radiation > 
0.25 mSv 
per annum. 

N  4 2 1 7 4 28 37 Transport accident safety 
assessments.  
Compliance with IAEA 
Transport Regulations. 
Driver selection and 
training.  
Defined routes and 
timetables.  
Armed security escorts. 
Working instructions. 
Emergency kit. 
Emergency plan. 
Emergency response 
team.  
Satnav and satellite 
tracking.  
Secure transport 
container.  
Fire fighting equipment 
on the truck and escort. 

  2 2 3 7 2 14 19 
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Operational 
through to post 
closure phase. 
Flood resulting in 
contamination of 
water courses with 
radioactive 
materials (ore, 
tailings and waste 
rock).  
Possible 
contamination of 
water with 
radionuclides 

Offsite: 
Public 

Possible 
exposure of 
public to 
radiation 
(>0.25 mSv 
per annum). 

N  4 3 5 12 4 48 64 Safety Assessments. 
Siting and design of the 
tailings facility, stockpiles 
and plant well away from 
old water courses. 
Rehabilitated tailings 
cover of sufficient 
thickness to prevent 
erosion.  
Flood control mechanisms 
to divert water away from 
these areas into the open 
pit. 

  2 2 5 9 1 9 12 
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