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The Safe Transport of Radioactive Waste by Using SAFRAN Program
Arkan Turki Al-Qaraghuli Mohsen Abbas Mashai Ismael Hashim Taher

Abstract

In the present work study of the safety assessment by using SAFRAN program for safe
transport of the radioactive waste containing radionuclide Cs™’ from A city to B city after
conditioning of radioactive waste by using ordinary Portland cement. The radiation dose was
determined by radiometric measurements of all drums, all activities during the transfer process,
determination of radiation exposure time, and the introduction of all data into the SAFRAN
program. The calculations of the annual exposure value of workers and the public were obtained
and the results were compared with the IAEA criteria in the normal operation and accident for
protect human and environment during transportation.
The result showed that the annual dose rate for all activities during transportation are less than the
criteria limit ( 20 mSv for workers , 1.0 mSv for public ).
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ACTIVITY DESCRIPTION EXPOSURE TIME Dose rate
(h) uSv/h
Sorting of drums Exposure of operator during sorting of 5min for ((ajach Drum
in (A city) drums (1291 drum ) 4
' 108 h total
Radiation measurements 5 min for each Drum
for drums Exposure of physicist during the Radiation (1291 drum) 4
in (A city) . measurements for drums. 108 h total
Arrangement of drums Exoosure of operator durind the 5 min for each Drum
in (A city) P P g (1291 drum) 1
Arrangement of drums .
108 h total
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ACTIVITY DESCRIPTION EXPOSURE TIME Dose rate
(h) uSv/h
Radiation measurements Exposure of physicist during the Radiation 5 min for each truck
for truck measurements for truck in (A city) 4 h total 1
in (A city) y
Truck driving . . 14 h for each shipment
(Transport) Exposure of Truck driving during transport 56 h total 0.1
Convoying Exposure of guard in Security car during 56 h total 01
(Transport) transport
Control in check points Exposure of Guard on control post during 2 min fort(rejgii:)Truck (44 01
(Transport) transport 15N total
Public in near road Exposure of Public in near road during 5 min for e_ach Shipment
(Transport) transport (4 shipment) 0.1
P P 0.3 h total
Arrangement of drums Exposure of operator during the 5 min for each drum (1291) 4
in (B city) Arrangement drums in (B city) 108 h total
Sorting of drums Exposure of operator during the Sorting of 5 min for each drum 4

in(B city)

drums in (B city)

108 h total
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PARAMETER NUCLIDE USER-DEFINED SAFRAN UNIT
VALUE SUGGESTS
(PRIORITIZED)
Duration 4.00E-002 Year
annual volume of 1.63E+004 m°ly
waste
total volume of 6.50E+002 m°
waste
annual mass of 1.30E+007 kaly
waste
total mass of waste 5.20E+005 Kg
type of container Drum 500 L
internal volume of 5.00E-001 m°
container
mass of waste in 400 Kg
one container
annual number of 3.25E+004 per year
waste components
total number of 1.30E+003
waste components
volumetric Cs-137 2.78E+007 Bg/m®
concentration
mass concentration Cs-137 3.48E+004 Ba/kg
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activity of one Cs-137 1.39E+007 Bq
waste component
total activity Cs-137 1.81E+010
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IMPACT ENDPOINT DOSE CRITERION LIMIT
(Sv/y) (Sv/y)

Sorting of drums Worker 432 E-6 Dose limit to 20 E-003
(A city) in A city worker

Arrangement of drums Worker 108 E- 6 Dose limit to 20 E-003
(A city) in A city worker

Total Worker 540 E- 6 Dose limit to 20 E-003
in A city worker

Radiation measurements Physicist 432 E-6 Dose limit to 20 E-003
fordrum (A city) in A city worker

Radiation measurements Physicist 4E-6 Dose limit to 20 E-003
for truck ( A city) in A city worker

Total Physicist 436 E- 6 Dose limit to 20 E-003
in A city worker

Truck driving Truck driver 5.40E- 6 Dose limit to 1 E-003
public

Convoying Guard in car 5.40E-6 Dose limit to 1 E-003
public

Arrangement drums Worker 108 E- 6 Dose limit to 20 E-003
(in B city) in B city worker

Sorting Worker 432 E-6 Dose limit to 20 E-003
(inB city) in B city worker

Total Worker 540 E- 6 Dose limit to 20 E-003
in B city worker
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IMPACT ENDPOINT DOSE CRITERION LIMIT
(Svly) (Svly)
Control in check Guard on control 15E-6 Dose limit to 1E-3
points post public
Public in Near road Public near road 3E-8 Dose limit to 1E-3
public
M Guard on control
post
M Public near road

Dose (Svfy)

Endpoint - Scenarlo
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NUCLIDE | ACTIVITY N TOTAL SGRDC MAX. SCREENING HAZARD
(BQ) ACTIVITY DOSE RATE | DOSE RATE | QUOTIENT
(8Q) (SV/H) ACC. (SV/H) (HQ)
Cs-137 3.16 E+07 30 9.48E+08 1.02 E-13 9.67E-5 1E-4 9.67E-1
NUCLIDE ACTIVITY DISTANCE DOSE RATE CALCULATION EXPOSURE DOSE (SV) END
(BQ) (cm) (SV/H) TIME (H) POINT
Cs-137 9.48E+8 50 7.18E-6 Drum Radial waste 5 3.59E-5 worker
component: Soil in
cement conditioned
500L drums
Cs-137 9.48E+8 500 2.54E-7 Drum Radial waste 25E-1 6.34E-8 public
component: Soil in
cement conditioned
500L drums

s daliey) Gahl) Gl -2
- A Bl Aalad) asbal G daldd) Glal -

& s dsay (30) 2 Aleaal) Ll Aials Blia) I Golll e (a0 5l alall sl s3j 3
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NUCLIDE ACTIVITY N TOTAL SGRDC MAX. DOSE SCREENING HAZARD
(BQ) ACTIVITY RATE (SV/H) DOSE RATE QUOTIENT
(8Q) ACC. (SV/H) (HQ)
Cs-137 1.39E+07 30 4.17E+08 1.02E-013 4.25E-005 1.00E-004 4.25E-001
@)g\ﬁ;uagng,«.@ ) g Jalall daliisall de jall g A8liall § Gia il (he ) Jia (8)d3é91\
NUCLIDE ACTIVITY DISTANCE DOSE CALCULATION EXPOSURE DOSE ENDPOINT
(BQ) (CM) RATE TIME (H) (sv)
(SV/H)
Cs-137 4.17E+08 500 2.64E- 8 Drum Radial waste 1 2.64E- 8 workers
component: Soil in
cement conditioned
500L drums
Cs-137 4,17E+08 500 2.64E-8 Drum Radial waste 2.50E- 1 6.60E-9 Public
component: Soil in
cement conditioned
500L drums
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NUCLIDE ACTIVITY N TOTAL ACTIVITY | MAX. RELEASE SCREENING HAZARD
(BQ) (BQ) OUSIDE (BQ) RELEASE QUOTIENT
OUTSIDE (BQ) (HQ)
Cs-137 1.39E+07 30 4.17E+08 4.17E+08 6.54E+07 6.38E+000
s Al (e Al clalhad) (e sgaall s Jalall daliial) e jall Jiay (10) Jgaad)
NUCLIDE ACTIVITY (BQ) ARF RELEASE DCFAIR,ACC DOSE
OUTSIDE (BQ) (SV/BQ) (SV)
Cs-137 4.17E+08 4.60E-003 1.9182E+06 2.03E-013 3.89E-007

( Jaaball Jpand Balel) Aialil) Jhe

-

Juabyall Jueni sale) (mjal Audalaal Ziald g el Gl 8 Jaill Lbee ol8) Aialil (e 2als

syl alall )

Ll b il dad s Jaal pall e lad¥) LU 5 Jalal) 2ae Jiar (11) Jstal

NUCLIDE ACTIVITY N TOTAL SGRDC MAX. DOSE SCREENING HAZARD
(BQ) ACTIVITY RATE (SV/H) DOSE RATE QUOTIENT
(8Q) ACC. (SV/H) (HQ)
Cs-137 1.39E+07 30 4.17E+08 1.02E-013 4.25E-005 1.00E-004 4.25E-001

NUCLIDE

ACTIVITY

© Jael ) Jaant ale ) Ziala dadlae 8 ) seanl s Jalall daliveal) A jall g diluall s imxill (o3 Jias (12) Jseal

Cs-137

(8Q)
4.17E+08

DISTANCE
(cv)

DOSE RATE
(SV/H)

CALCULATION

EXPOSURE

DOSE (SV)

TIME (H)

50

4.43E-007

Drum Radial waste
component: Soil in

3 1.33E-006

cement conditioned
500L drums

Cs-137

4.17E+08

500

2.64E-008

Drum Radial waste

component: Soil in

cement conditioned
500L drums

2.50E-001

6.60E-009

Pyl pgew e Aaldl) e Jdrap bighu g
S5 Leo 3as )4l 3.4))5\ Cyaia aal3l) (358 4.2:1) PRV BN d:m\).d\ N .L:}Ln Jall dalee ol Chasy 8

ol Jays Jaend salely Aialal) G

plalall A phlaall dady Jualpll g ledV) dalially dulpll e Jia (13) Jgaad)
NUCLIDE | ACTIVITY N TOTAL SGRDC MAX. DOSE SCREENING HAZARD
(BQ) ACTIVITY RATE (SV/H) DOSE RATE QUOTIENT
(8Q) ACC. (SV/H) (HQ)
Cs-137 1.39E+07 1 1.39E+07 1.02E-013 1.42E-6 1.00E- 4 1.42E-2
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11 Alaal)

plal) diida 48 Alaa

ALl (e eyl gias 3ala diadlae 6 sgaadl s Jaball dalivead) e ol 5 dlsall s m o) a5 Jias (14) J gt

NUCLIDE ACTIVITY DISTANCE DOSE CALCULATION EXPOSURE | DOSE (SV) | ENDPOINT
(BQ) (Cm) RATE TIME (H)
(SV/H)
Cs-137 1.39E+07 50 1.48E- 8 Drum Radial waste 2.50E- 1 3.69E- 9 Workers
component: Soil in
cement conditioned
500L drums
Cs-137 1.39E+07 500 8.79E- 10 DrumRadial waste 2.50E- 1 2.20E- 10 Public
component: Soil in
cement conditioned
500L drums
Jail) ddee 2t o) Aadgial) Ganlead) o AHlee Jia (15) Jeaall
SCENARIO IMPACT PROBABILITY - ENDPOINT DOSE (SV) CRITERION LIMIT (SV)
QUALITATIVE
Damage to waste Impact for scenario Low Worker 35.9E-006 Dose limit to 1.00E-003
packages Damage to waste in Damage to waste worker
packages packages
Damage to waste Impact for scenario Low public 6.34E-008 Dose limit to 1.00E-003
packages Damage to waste in Damage to waste public
packages packages
Fire in the truck Impact direct Low Worker 2.64E-008 Dose limit to 1.00E-003
exposure for scenario in fire accident worker
Fire in the truck
Fire in the truck Impact direct Low Public 6.60E-009 Dose limit to 1.00E-003
exposure for scenario in Fire accident public
Fire in the truck
Fire in the truck Impact airborne Low Public 1.30E-007 Dose limit to 1.00E-003
release for scenario in Fire accident public
Fire in the truck
Fire in the truck Total Low Public 1.36E-007 Dose limit to 1.00E-003
in Fire accident public
Waste reloading Impact for scenario Medium Worker 1.33E-006 Dose limit to 1.00E-003
on the road Waste reloading on in waste reloading worker
the road accident
Waste reloading Impact for scenario Medium Public 6.60E-009 Dose limit to 1.00E-003
on the road Waste reloading on in wastereloading public
the road accident
Unanticipated Impact for scenario Medium Public 6.60E-009 Dose limit to 1.00E-003
stop Unanticipated stop in the road public
Unanticipated Impact for scenario Medium Worker 1.41E-007 Dose limit to 1.00E-003
stop Unanticipated stop in Unanticipated worker
stop
Drop of drum Impact for scenario Low Public 2.20E-010 Dose limit to 1.00E-003
Drop of drum in the road public
Drop of drum Impact for scenario Low worker 3.69E-009 Dose limit to 1.00E-003
Drop of drum in Drop of drum worker
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