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ABSTRACT

A comprehensve Trangport Emergency Management System (TEMS) has been evolved in
India for handling emergencies involving radioactive shipments. The vitd dements of the
TEMS ae (1) a comprehendve emergency response action plan manua (2) Network of
Emergency Response Facilities (ERF) Stuaed in various pats of India (3) a Centrdized
Emergency Communication Room (ECR) and (4) TREMCARD accompanying the shipment.
It is mandatory that the transport documents for each radioactive consgnment include a
TRansport Emergency CARD (TREMCARD). It prescribes the immediate countermeasures
and provides contact detalls of the condgnor and of the ECR edtablished by the Nationd
Emergency Response Agency (NERA). The ECR operator requests the response laboratory
nearest to the accident Site to despatch the response team to the site. The physical distribution
of these laboratories is such that should a transport emergency occur anywhere, response
personnd from the nearest laboratory would be able to reach the affected Site within 6 hours.
This paper makes an effort amed a optimisation of resources and recommends a graded
approach, on the bads of edimaed collective dose following an accident, to the
establishment of a comprehensive nationa network for emergency response.

INTRODUCTION

Radioactive materia is transported in connection with nuclear power production and
aso in connection with  gpplication of radioisotopes in Medicine, Industry, Agriculture and
Research. Such materias are transported in packages designed to prescribed safety standards.
Packages may, during transport operations, encounter accident dtuations. While Type B
packagings are desgned to withstand accident conditions of transport, packages of other
types are not. In addition there being 14 nucler power plants and the related facilities
forming pat of nudear fud cycle there ae nealy 250 tdegamma thergpy, 150
brachytherapy, 1100 industrid radiogrgphy and 7500 nucleonic gauge inddlaions in India
Further, there are over a dozen gamma irradiator facilities, 100 gamma chambers, 600
nuclear medicine laboratories and over a 500 research inditutions handling radiation sources.
All these activities warrant many shipments of radioactive materiasin India,



NEED FOR EMERGENCY PROCEDURES

The important difference between an emergency occurring in a nuclear or a radiation
fadlity and one involving a radioactive condgnment is that, whereas expertise and
equipment would be available in a nuclear plant, such help is not dways readily avalable on
the route where a radioactive consignment meets with an accident.

All packages used for transport of radioactive materid are designed to appropriate
safety standards prescribed by the national competent authority Y. These standards are
generaly based on the IAEA Transport Regulations @. The Code which is undergoing
extensve revison would be in conformity with IAEA Regulations, 2000 ). The packages
ae asx=ssed for their ability to withdand tests smulaing accident conditions of trangport.
Yet, as a measure of additiona caution, emergency response procedures for accidents
involving radioactive shipments have been developed.

ELEMENTS OF EMERGENCY PROCEDURES

The mgor dements of the emergency response  sysdem for  accidents involving
radioactive shipments which have been established by the NERA are—

Preparation of an emergency response manua specifying action plans
Identification of a nation-wide emergency response network

Crestion of an Emergency Control Room (ECR) & the office of the NERA
TRangport Emergency CARD (TREMCARD) to accompany the shipment
Alerting al personswho have aroleto play in an emergency

Traning of dl response persons

Mock drills

The persons a the accident ste, such as vehicdle crew and public functionaries
implement the response actions in the initid phase of an accident following the indructions
gpoecified in the TREMCARD which is required to be included in the transport documents.
However, in certain cases, such as trangport of large radioactive sources, additional help may
be required to be sent to the dite.

EMERGENCY ACTION PLANSFOR LARGE RADIOACTIVE SHIPMENTS

All radioactive consignments are required to be accompanied by TREMCARDS.
Emergencies involving smdl packages are easly handled by following the indructions
specified in the TREMCARD. The response action to be taken in the event of an emergency
involving large radioactive shipments is complicated.

The action plan to be implemented by the person on the scene would, in generd,
include the following meesures:



Monitor the cask

Cordon off area (which is specified in the TREMCARD)

Seek necessary help from digtrict officias such as police and fire brigade
Notify NERA and seek help, e.g., emergency response team (ERT)
Assigt the ERT

Arrange for crane, if needed

provide extra shielding materid, if required

decontaminate the affected area

Seek NERA clearance for termination of emergency

Resume shipment

L I . .

EMERGENCY COMMUNICATION ROOM (ECR)

The NERA has edtablished an Emergency Communication Room (ECR) a its
headquarters. The ECR is equipped with various types of communicaion fadilities such as
two telephone lines linked to different telephone exchanges, wirdess sets with a back-up, a
fax machine and a persond computer with internet connectivity. The ECR is operated round
the clock dl round the year. Another ECR with the same equipment and personnel support
has been established at a different location as a back-up facility. The contact detals of al the
emergency response facilities in the country are available with the ECR.

NETWORK OF EMERGENCY RESPONSE FACILITIES

An emergency response facility (ERF) is required to have dl the necessary equipment
necessary for handling an emergency involving a radioactive shipment. A lig of equipment
including radiaion monitoring indruments, persona protective gear and source handling
fecilities has been prepared by the NERA. Each ERF has the necessary connectivity so that
they may be contacted in an emergency. Personne with expertise and experience in handling
radiation emergencies are avallable a each ERF. These personnd are in a Sate of readiness to
leave immediaidy upon receipt of intimation regarding a radiologicad emergency. Such
intimation may be received ather directly from the affected ste or from the ECR.

Severd ERFs have been identified dl over the country. The contact details of each
ERF ae avalable with the ECR. The TREMCARD which is dways included in the
transport documents provides the contact details of the ECR. The ECR operator, on receipt
of the emergency message would determine the ERF that is nearest to the affected site. Then
the operator would send al necessary particulars to the appropriate ERF  who would proceed
to the dte. The ERFs have been s0 identified that it is edtimated that normdly the response
personnel from an ERF could reach the affected Ste within 6 hours of receipt of information.



GRADED EMERGENCY RESPONSE FOR OPTIMAL UTILIZATION OF RESOURCES

The present set up has the disadvantage that. It requires each ERF to be capable of
handling emergencies any severity. The resources, in terms of equipment and expertise
needed for handling a mgor emergency would be much greater than that for handling a minor
emergency. Since resources are limited, the number of ERF which can handle mgor
emergencies will have to be limited. Emergencies can be graded with reference to ther
radiological consequences. Each ERF can then be assigned a grade according to the grade of
emergency that it is equipped to handle. This gpproach would enable optimd utilization of
resources.

For this purpose, an andyss was undertaken. The purpose of the andyss was to
determine the optimum number of ERFs and dso the equipment required a various each
ERF. These quantities would depend upon the radiologicd consequence of transport
accidents. Therefore, the dose resulting from accident conditions of transport was calculated
for a vaiety of radioactive shipments. In order to optimize resources to be used for handling
trangport emergencies an estimate of the radiation exposure was made prior to determining the
network of ERFs in India The evauation was based on Probabilistic Safety Assessment
(PSA) methods. The computer code, INTRETRAN2 was used for making the evauation.
This code which is an updated version of the IAEA’s earlier computer code, INTERTRAN
is based on RADTRAN 1V developed by the Sandia National Laboratories ©.

In computing the dose recelved under accident conditions of transport, the Code
makes use of Probabilistic Safety Assessment (PSA) techniques. That is, if f; is the fraction of
activity released in an  accident of severity category, j, (this being an assessed characterigtic of
the package of the specific design), given that a package of that design contains a radioactive
materid of activity q Bqg, the exposure resulting from the relessed activity weighted by the

probability of occurrence of the train of events leading to the release. The resulting collective
dose would be given by:

Se (i,j,k) = N(i) q(k) n(k) D(k) p(i.,j) RF() | (i) person Sv

Where,

D(K) = dose resulting from unit release of activity of the specific radionudlidek, SvBq™
P(ij) = the probability that an accident of severity, j, occursin population zoneji kit y =
| (i) =totd distance traversed by the shipment through zone, i  km

RF(j) = Release fraction of activity due to an accident of severity,j

N(i ) = affected population in zone, i, dong the entire route.

N(K) = number of packages transporting radionuclide, k

q(k) = ectivity of radionuclide, k contained in a package
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The code consders three population zones, viz., rurd, semi-urban and urban.

The code can handle twenty accident severities. For making these caculations, from
the accident data published by government sources, the probability vaues for accidents were
obtained. On the basis of the consequences of accidents, they were classfied according to a
scde of  severity. From the data about the nature of accidents, twelve categories of severity
of accident were derived ©.

The edimated dose resulting from an accident depends upon the severity of the
accident, the pogt-accident condition of the package, and the naure and activity of the
contents. In the present study, the dose under accidents occurring in rura, semi-urban and
urban environments involving one of 11 different types of radioactive shipments, described
below, was cdculated. The types of packages, the activities of the radionucldes and the types
of radioactive materid are described in Table 1. The cdculated vaes of probability-weighted
collective dose to the public under accident conditions of tra‘g)ort cdculations show that
accidents formed into four groups viz, £ 102 person Sv, > 107 person Sv, £ 1 personSv
> 1 peason Sy, £ 10pasonSv and > 10 person Sv. Thus the accident Stuations could be
classfied into four levels on the bads of the dose vaues as given in the Table 2. It can be seen
that the collective dose resulting an accident involving a given radioactive consgnment
depends upon the population zone where the accident occurred.

OPTIMIZATION OF RESOURCES IN RESPONSE NETWORK

The number and didtribution of ERFs can now be determined on the bass of ther
utility. The ERFs may be of four grades, viz., grade 1 to 4. ERF G1 can handle only levd 1
emergencies. ERF G-4 can handle dl four levels of emergencies. The resource requirements
of ERF G1 would be much less than that of ERF G4. The network may include many ERFs
of grade 1 and 2 because, in any population zone, the accidents of low severity would be
about 100 times more® than those of higher severity which would warrant an ERF G-4.
Hence, in any transport emergency, the ERF G1 nearest to the accident Site can rush to the
spot in the initid phase and determine the grade of response required and keep the Stuation
under survellance till the arrival of the ERT of agppropriate ERF grade, ERF G-4 which may
require a long period, say, even 24 hours to reach the spot. The men and materia
requirements can be utilised in an optima way.

CONCLUSION

With this dasgfication, a scheme of graded response with optimd  utilization of
resources commensurate with the demands of the emergency can be devised. The
scheme is characterised by a comprehensive network of ERFs of different grades. The ERFs
will have to be Stuated a optimaly sdected locations. Even if the ERF located nearest to
the gte of emergency is not equipped to handle the emergency it can handle a leest the initid
phase of response thereby dlowing time for the nearest ERF of appropriate grade to reach the
gte, if required.



Cargo
Nature of Hazard
Emergency Action

Frs Aid

Notification

TREMCARD

(TRansport EMergency CARD)

Brachytherapy Source

Redioactive . Potentid external hazard

1. Rescuethe injured, if any

2. In case of fire, fight fire from a distance.

3. Ingpect package visudly. If it isintact,
continue the shipment.

4. If damage to package is suspected, cordon
5 m area around the package.

5. Notify the authorities listed below.

1. Obtain medica assstance, if needed.

2. Obtain the names and addresses of persons,
if any, involved in the incident and convey
the particulars to the authorities listed below

NERA —ECR

Consignor

TABLE 1

EXAMPLES OF RADIOCACTIVE MATERIALS FOR WHICH ACCIDENT DOSE
ESTIMATES WERE MADE

Radionuclde Typeof radioactive Activity Type of package
materid TBq
*°Co Teletherapy 222 Type B(U)
Brachytherapy 1.85 TypeA
Gammairradiator 3700 Type B(U)
sources
r Industrid 3.7 Type B(U)
radiography sources
“*“Th Low Specific 0.023 IP-1
Adtivity thorium
compounds
“Mo Radiopharmaceutical 0.007 TypeA
= Radiopharmaceutical 0.007 TypeA




TABLE 2

LEVELS OF EMERGENCY DERIVED ON THE BASIS OF ASSESSED COLLECTIVE
DOSE VALUES DUE TO TRANSPORT ACCIDENTS

Leve of Estimated dose Shipment detalls
Emergency range (personSv), Se
1 S £ 102 ®co BT) RS
¥y IR) RS
2 102< S £1 ®co (TT) RSU
®co (GI) RS
®co (BT) U
Y2 IR) U
3 1 < S £10 22Th (LSA) RS
®Mo (RP) U
4 10 < & 22Th (LSA) U
®co (Gl) U
Notel. BT: Brachytherapy source TT: Teetherapy source RP. Radiopharmaceutica

Gl: Gamma lrradiator source |IR: Industrid Radiography source

Note 2. The collective dose from a consgnment depends upon the population zone where the
accident occurs. The zones and the corresponding range of caculated dose vaues
areidentified inthetable. R:Rurd S:Suburban U:Urban
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