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ABSTRACT

The transport safety assessment was carried out with a view to assess the impact on the environment

and the people living in it, from exposure to radioactivity during transportation of the radioactive

materials.

It provides estimates of radiological risks associated with the envisaged transport scenarios for the

road transport mode. This is done by calculating the human health impact and radiological risk from

transportation of LILW along the R563 route, N14 and eventually to the Vaalputs National Waste

Disposal Facility.

Various parameters are needed by the RADTRAN code in calculating the human health impact and

risk. These include: numbers of population densities following the routes undertaken, number of stops

made, and the speed at which the transport will be traversing at towards the final destination.

The human health impact with regard to the dose to the public, LCF and risk associated with

transportation of Necsa’s LILW to the Vaalputs Waste Disposal Facility by road have been calculated

using RADTRAN 5 code. The results for both accident and incident free scenarios have shown that

the overall risks are insignificant and can be associated with any non-radiological transportation

1 INTRODUCTION

The South African Nuclear Energy Corporation (Necsa) is planning to transport its Low and

Intermediate Level Waste (LILW) material to the Vaalputs National Radioactive Waste Disposal

Facility. The disposal facility is situated in the Northern Cape Province, about 1200 km South West of

Necsa (Pelindaba) in South Africa, see Appendix 1 for the South African map.
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The transport of radioactive material is the necessary requirement in dealing with strategic

connections within the radioactive waste management system. The fact that the waste management

system is dependent on the functionality and reliability of transport as a link process makes it

imperative for the implications of transport to be taken into account.

These shipments of radioactive waste through the public roads mean that the dose to residents,

drivers, pedestrians and workers might be high.  The radiation dose therefore needs to be calculated

to ensure that it remains within the strict internationally accepted limit.

The estimates of the radiological risk are based on, radiological risk (incident-free transportation), and

risk arising from accidents involving the release of radioactive materials (accident case).

The factors that are used to calculate the radiological risk in this presentation are:

• Dose to population exposed along the route;

• The Latent Cancer Fatalities (LCF) for crew members and the population along the route.

The Sandia National Laboratory in the US developed a computer code called RADTRAN; this

calculates the risk caused by exposure of radionuclides to the environment and it is able to calculate

doses of radiation to the public and transportation workers, both in normal transport operations and as

a result of an accident. This code has been used in calculating risks associated with the transport of

Necsa’s LILW.

2 ASSESSMENT METHODOLOGY

2.1 General

The software modelling tool applied is the RADCAT 2.2, developed by the Sandia National

Laboratories in the US.

The description of the radioactive waste material parameters will be given; these will be according to

the package associated with waste type, dose rates, type of vehicle used, waste inventory, routes and

accident scenario.

By calculating the radiation exposures received by the workers and the public, it is possible to

determine the associated risk involved. Risk in this case is referred to as probability of an occurrence

multiplied by the consequence.
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2.2 Conceptual model

Factors associated with the transportation of radioactive materials are categorized as either

radiological or non radiological impacts. The accidental release of radioactive material into the

environment for instance, is a factor related to radiological impacts; this includes the effects from

ionizing radiation as a result of incident free transportation and thus leading to incident free

consequences.

Accidents resulting in death when there is no radioactive material released to the environment are

associated with non-radiological impacts.

The Figure 1 shows the RADTRAN flow diagram in which from the package models, one can obtain

the incident free consequences. This holds for cases with transport infrastructure and population

distribution. Alternatively, given the transport infrastructure and population distribution, one can obtain

the non-radiological fatalities, depending on the severity of the accident.

In the case of radiological impacts, there is a probability of the particulate material to be released into

the environment; this depends on the severity of the accidents, exposure pathways and therefore dose

risk arising from accident scenarios and consequently the health effect risk (in a form of LCF).

The diagram in Figure 1 shows the stepwise transport risk assessment model.
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Figure 1:   Radtran conceptual flow diagram
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2.3 Mathematical model

There are various equations used to calculate dose to people exposed. Equation 1 was used to

compute the dose to population along the route;

            (1)

D(x) =    Total integrated dose absorbed by an individual at distance x (Sv)

Q1 =     Unit conversion factor

K0 =     Point source package shape factor (m2)

DRv =     Shipment dose rate at 1 meter from surface (mSv/hr)

V =     Shipment speed (m/s)

µ =     Attenuation coefficient (m-1)

r =     Perpendicular distance of individual from shipment path (m)

B(r) =     Build-up factor expressed as a geometric progression

x =     distance from the source

There are many equations used for different scenarios, such as to compute for example the

backyard farmer dose, occupants of vehicles sharing the route moving in opposite direction and so

on. These are discussed in more details in Radcat user guide [9].

3. MODEL PARAMETERS

This section describes the input parameters used in the RADTRAN software code. The code

combines user-determined demographic information, routing, transportation, packaging materials and

radionuclide data.

3.1 Package

The waste is described as the largest dimension of the package in meters (12 m in this case). It is

important to know the package parameters in order to calculate the doses to handlers using the

RADTRAN code. If there is more than one package per vehicle, they can be modelled as one package

with one external dose rate. The gamma and neutron fractions should be the same for the vehicle and

package.
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3.2 Dose Rate

The external dose rate (in units of mrem/hr)1 that is entered into the RADTRAN code is one that is a

meter away from the package surface. The transport regulations specify that the external dose rate at

two meters from the package surface should not exceed 10 mrem/hour (100µSv/hour) [5]. This is

equivalent to 13.9 mrem/hour (139 µSv/hour) at one meter from the package surface for a dimension

of about 5 meters. In the case where the actual dose rate is not known, one may assume the external

dose rate of 140 µSv/hour; at one meter from the package [5].

3.3 Vehicle

The vehicle parameters (external dose rate, length, etc) determine the dose to residents along the

route, occupants of vehicles sharing the route, and the truck crew. The maximum dimension of the

cargo section of the vehicle is entered (in meters).

The waste package containing the radionuclides is placed in the vehicle; the contents of such a

package comprise an inventory of radionuclides used in the analysis. Different packages may be

added to a vehicle. The number of packages in a vehicle depends on the size of a particular vehicle.

In this study one vehicle was used despite the fact that RADTRAN can handle as many as 20 vehicles

in a single run.

There should be about 2 members of the crew in each vehicle and these members should be as far as

3m to 7m away from the waste package.

3.4 Waste Inventory Input data

The uraniferous waste that was generated through uranium enrichment in the past constitutes 80% of

the waste at Necsa. The remainder of the waste originates from Safari research reactor, industrial

applications such as isotope production and health care waste. The Necsa historical waste data is well

documented and captured on the Waste Tracking System (WTS). This system tracks and keeps

records of the waste that has been generated over the past years.

The nuclide inventory consists of the conditioned historical uranium waste and the non-compressible

historical uranium waste; see Table 1&2 for the inventories.

1 1mSv = 100mrem
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Nuclides Activity (Bq.g-1) Activity (Bq) per 200 L Activity (Bq.m-3) Total Activity
(Bg)

U-234 2.73E+02 1.04E+08 5.20E+08 2.52E+11

U-235 1.82E+01 6.92E+06 3.46E+07 1.68E+10

Th-231 1.82E+01 6.92E+06 3.46E+07 1.68E+10

U-238 9.23E+01 3.51E+07 1.76E+08 1.70E+10

Th-234 9.23E+01 3.51E+07 1.76E+08 1.70E+10

Pa-234m 9.23E+01 3.51E+07 1.76E+08 1.70E+10

Table 1: Nuclide inventory conditioned uranium waste (average waste per drum, 380 kg),

Nuclides Activity (Bq.g-1) Activity (Bq) per 200 L

drum

Activity (Bq.m-3) Total Activity (Bg)

U-234 2.73E+02 1.04E+08 5.20E+08 4.89E+11

U-235 1.82E+01 6.92E+06 3.46E+07 3.25E+10

Th-231 1.82E+01 6.92E+06 3.46E+07 3.25E+10

U-238 9.23E+01 3.51E+07 1.76E+08 1.65E+11

Th-234 9.23E+01 3.51E+07 1.76E+08 1.65E+11

Pa-234m 9.23E+01 3.51E+07 1.76E+08 1.65E+11

Table 2: Nuclide inventory for the non compressible historical uranium waste (average waste per

drum, 380 kg),

The average activity values that were determined using the drum scanner in 200 L drums are entered

into RADTRAN in units of curies. The derived activities are from the report of A.J. Meyer and L.C.

Ainslie [7].

The inventory in Table 3 is comes from evaporator waste. This mostly consists of the MA effluent,

which is generated by the Safari Reactor during the regeneration of ion exchange columns [4].
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MA CONCENTRATE SOLIDIFICATION DRUM ACTIVITY

Drum mass Concentrate

Empty (kg) Filled Mass Volume

91.6 131.1 39.5 38.28

Nuclides Total Nuclide

Activity in a

drum (Bq)

Nuclide Activity

Concentration (Bq/g)

Total Activity for the

250 drums in one truck

(Bg)
54Mn 3.47×104 0.2645 8.68×106

60Co 1.40×106 10.7147 3.50×108

65Zn 7.81×104 0.5956 1.95×107

106Ru 5.55×105 4.2333 1.39×108

125Sb 8.19×105 6.2478 2.05×108

134Cs 4.25×106 32.4069 1.06×109

137Cs 1.06×108 808.7131 2.65×1010

144Ce 3.69×105 2.8144 9.23×107

234U 6.43×102 0.005 1.61×105

235U 4.13×101 0.000 1.03×104

238U 5.01×102 0.004 1.25×105

237Np 5.74×102 0.004 1.44×106

238Pu 6.24×103 0.048 1.56×106

239Pu 3.94×103 0.030 9.85×105

241Am 4.40×104 0.336 1.10×107

242Cm 1.30×102 0.001 3.25×104

243Cm 4.1×104 0.312 1.03×107

90Sr 2.47×107 188.310 6.18×109

Table 3: Nuclide inventory evaporator waste concentrate (activity per drum is given in Bq).

3.5 Routes

The route to be followed is basically the R560, and left into the R563 which connects the N14 to the

right at Krugersdorp. The N14 then extends for about 1200 km via a number of towns until the set

destination that is Vaalputs, which is situated just outside Springbok in the Northern Cape.

The entire route may be divided into rural, suburban, and urban segments
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from to Km Km

span/town

Population densities/

km2

Type of area

Pelindaba Krugersdorp 50 15 396 urban

Ventersdorp 80 2 397 suburban

 Coligny 50 2 1795 suburban

Sannieshof 60 2 535 suburban

Delarayville 35 3 579 suburban

Vryburg 75 10 203 urban

Kuruman 130 5 93 urban

Olifantshoek 95 2 85 rural

Upington 155 10 1057 urban

Kakamas 75 2 1305 suburban

Pofadder 120 2 16 suburban

Springbok 270 2 555 Urban

Vaalputs 100 rural

Total 1185

Table4: the areas and distances in kilometers in major and small towns along the N14 route from

Pelindaba.

The statistical number of the population density (persons/km
2
) of rural, suburban, or urban along the

route should be defined.

The population densities in this study were taken from statssa [8]. The calculation of human health

effects was done for five major towns along the N14; this was done according to the information

provided in Table 5.
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Table 5: A table of route characteristics for road transport in selected towns along the N14, population
densities’ data taken from statssa 2001census (www.statssa.co.za.)

The time taken and the stops made, such as during refueling, inspection and etc. are considered and
entered for analysis.

Kilometers in zones Population density in Zone
(per square kilometers)

From To Distance
(kilomete
rs) Rural suburban urban Rural suburban urban

Population
Size

Necsa Krugersdor

p

50 35 5 15 50 200 396 86618

Vryburg 350 305 25 25 25 100 203 14608

Kuruman 480 422 30 30 20 40 93 9823

Upington 630 554 40 40 250 500 1057 46903

Springbok 1078 936 100 42 150 200 555 10295
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4. INCIDENT-FREE INPUT PARAMETERS

In this case radiological doses results only from exposure to the external radiation field surrounding

the package in transit.

Variable Value Comments

Truck size Length: 12m Length of the trailer excluding the

horse

Crew Size: 2 Mainly drivers

Number of shipments 6 Shipments to fill a trench

Number of stops/ time

1st stop Colligny

2nd stop Vryburg

3rd stop Kuruman

4th stop Pofadder

4

30 minutes

30 minutes

1 hour 30 minute

30 minutes

This stops are mainly for refuelling

and refreshments

Average truck speed

Urban:

Suburban:

Rural: tarred

Vehicle density

40 km/h

60 km/h

80 km/h

1944/hour

This speeds will vary from place to

place depending on the speed limits

Along the N14 (Pretoria to Upington)

Table 6: Route characteristics for the incident free input parameters

5. INPUT PARAMETERS FOR ACCIDENT ANALYSIS

The impact on the package that may lead to the release of particulate matter into the atmosphere is

considered, information on accident statistics is included in the Table 7.
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Variable Value Comments

Truck size Length: 12m Length of the trailer excluding the

horse

Crew Size:2 Mainly drivers

Number of stops/ time

1st stop Colligny

2nd stop Vryburg

3rd stop Kuruman

4th stop Pofadder

4

30 minutes

30 minutes

1 hour 30 minute

30 minutes

This stops are mainly for

refuelling and refreshments

Average truck speed

Urban:

Suburban:

Rural: tarred

Vehicle density

40 km/h

60 km/h

80 km/h

1944/hour

The speeds varies from place to

place depending on the speed

limits

Along the N14 (Pretoria to

Upington)[8].

Deposition velocity 1cm/sec Velocity of particulate matter in

the atmosphere.

 Release fraction 0.08 If the release fraction is 1, then

the package is totally destroyed,

and 0 implies the package is

unbreached.

 Accident probability fraction 1.9 × 10-4 RSA’s Number of trucks involved

in fatal crashes per  registered

vehicles (2004 statistics)

Crew Shielding Factor 0.5 This factor is the fraction of

ionizing radiation to which the

crew is exposed, it is between 0

and 1, where 1 implies no

shielding and 0 is 100%

shielding.

Table 7: Route characteristics for the accident input parameters
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If the accident were to occur, depending on the severity of the accident, the package may be breached

and thereby releasing particulate matter into the atmosphere. A fraction of the material released is

referred to as the release fraction, which is a function of the accident severity. The report of [8] shows

that the most fatal crashes, in 2004 for trucks on the South African roads were 1670 trucks per 242

436 registered trucks. This is the conservative value used in the calculations. Particle size is important

in determining the total release fraction, only fractions that can be inhaled are considered in the

calculation of inhalation doses [10].

Considering that the waste to be transported conforms to the WAC of Vaalputs, it is expected that only

a small fraction is dispersed, this is especially true if the inventory contains very little of nuclides such

as tritium. A conservative approach will be to employ a release fraction of only 0.08 for the package

under severe impact conditions. This value will be very small for the type B packages; in principle it is

a value between 0 and 1, which depends on the package strength. 0 means there are no particulate

matter released while 1 means the package is completely destroyed and thereby disabling it from

material containment. For the worked out example of the severity category scheme, refer to J.P.

Degrange et al [6].
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 6. RESULTS

The radiological doses and the risk associated with transportation results for the incident free and

accident scenarios are listed in Tables 8 & 11.

Incident free Analysis Results

Dose Receptor Exposure dose risk (person sieverts) Population Risk (LCF/
fatality)

Transport through Krugersdorp

Population 9.28 × 10-4 3.82 × 10-5

Transport crew 8.17 × 10-4 3.27 × 10-5

Transport through Vryburg

Population 5.94 × 10-3 2.54× 10-4

Transport crew 4.29× 10-3 1.71 × 10-4

Transport through Upington

Population 1.07× 10-2 4.59 × 10-4

Transport crew 7.72 × 10-3 3.09 × 10-4

Transport through Kuruman

Population 8.26 × 10-3 3.54 × 10-4

Transport crew 5.88 × 10-3 2.35 × 10-4

Transport through Springbok

Population 3.85 × 10-5 7.19 × 10-4

Transport crew 1.28 × 10-2 5.28 × 10-4

Operational Activities

Handling 4.83× 10-3 1.93× 10-4

Table 8: Results of exposure dose risk in person sieverts.
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Stop related results are presented as follows:

NO OF STOPS STOP EXPOSURE RISK IN PERSON

SIEVERTS

STOP 1(Colligny) 7.93 × 10-5

STOP 2 (Vryburg) 6.98 × 10-6

STOP 3 (Kuruman) 1.70 × 10-5

STOP 4 (Poffadder) 2.67 × 10-7

Table 9: Stop exposure in person Sieverts, for the specified stopping time; see Table5 for number of

stops.

NO OF STOPS STOP RISK EXPOSURE IN LCF

STOP 1(Colligny) 3.96 × 10-6

STOP 2 (Vryburg) 3.49 × 10-7

STOP 3 (Kuruman) 8.49 × 10-7

STOP 4 (Poffadder) 1.33 × 10-8

Table10: Stop exposure in LCF, for the specified stopping time.
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Accident Analysis Results

Dose Receptor Population Risk (person sieverts) Population Risk (LCF/
fatality)

Transport through Krugersdorp

Population 3.96 × 10-3 1.98 × 10-4

Transport through Vryburg

Population 1.42 × 10-2 7.11× 10-4

Transport through Upington

Population 1.33× 10-1 6.63 × 10-3

Transport through Kuruman

Population 1.43 × 10-2 7.13 × 10-4

Transport through Springbok

Population 1.91 × 10-1 9.56 × 10-3

Table 11: Route characteristics for the accident input parameters

Table 12: Non Radiological Risk Fatalities

Non Radiological Risk Fatalities

Town Accident Occupational Accident

Non-Occupational

Krugersdorp 1.26 × 10-6 4.50 × 10-6

Vryburg 8.82 × 10-6 3.15 × 10-5

Kuruman 2.13 × 10-5 7.49 × 10-5

Upington 1.59 × 10-5 5.67 × 10-5

Springbok 1.94 × 10-4 6.86 × 10-4
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7. CONCLUSION

The human health impact with regard to the dose to the public, LCF and risk associated with

transportation of Necsa’s LILW to the Vaalputs waste disposal by road have been calculated using

RADTRAN 5 code, the results for both accident and incident free scenarios have shown that the

overall risks are insignificant and can be associated with any non-radiological transportation.

The ICRP estimates the risk value (to an adult) for an occupational radiation dose of 10 mSv to

represent a risk of  5 × 10-4, that is 5 individuals in 10 000 developing a fatal cancer [5].

The calculations were made for the worse case scenarios such as accident and non-shielded waste

packages; these can improve even further if for instance ISO containers are used.
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9. ABBREVIATIONS

LCF Latent Cancer Fatality
LILW Low and Intermediate Level Waste
LILW-SL Low and Intermediate Level Waste – Short Lived
NNR National Nuclear Regulator
N14 National Road 14
WAC Waste Acceptance Criterion
R563 Road number 563
MA Medium Active effluents
LSA-II Low Specific Activity type II material
RPO Radiation Protection Officer
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11. APPENDIX 1
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Figure 2: A south african map showing Pelindaba (Necsa) and vaalputs radioactive waste material

destination),which is about 1200 km. Eskom’s Pressurised Water Reactor situated at Koerberg (Near

Cape Town) also sends it’s LILW to the Vaalputs i.e. about 600 km north of Cape Town.
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12. APPENDIX 2

Figures 3: 210 Litre type A waste steel drums, in Pelstore.


