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POTENTIAL RADIATION EXPOSURE IN EMERGENCIES

INVOLVING NEUTRON SOURCES

P.K.Marathe, A.N.Nandakumar*, J.S.Bisht,
O.P.Massand and G.Venkataraman

Radiation Protection Services Division
Radiological Physics Division

Bhabha Atomic Research Centre

Introduction:

Neutron sources find applications in many fields, chief

among them being oil well logging to find oil reservoirs. Because

of the nature of this application, oil well logging has certain

characteristic features which are of specific interest in

radiological protection. The matter of safety in oil well logging

has received considerable attention in the literature (Massand

1984). Incidents involving potential exposure to radiation

workers and the public have occurred in many countries, e.g., in

Brazil (IAEA 1988). Some situations have arisen resulting in the

abandonment or irretrievable loss of the neutron sources in oil

wells (Arunkumar et al 1987) .

It is conceivable that a source may be lost in a marshy land

or a canal or a river bed. A neutron source may get damaged in

an accident during storage, transport or handling. Retrieval of

the neutron sources involves exposure to personnel. Abandonment

may lead to exposure of unsuspecting persons or population living

near the site.



Estimates of potential exposures for postulated scenarios

could help formulation of criteria for the retrieval or

abandonment of sources. While the general approach in making a

decision to retrieve or abandon neutron sources on the basis of

dose assessment and cost optimization may have much in common

with that for gamma sources, a careful examination is warranted

because of the relatively long half lives of these neutron

sources and the difficulty in detecting them when they are

submerged under water.

Sources:

The most commonly used sources for oil well logging at

present are 2^Am-Be and ^3^Pu-Be. The former is replacing the

latter. Also at some sites ^52 Cf sources are in use. In the

accident scenarios discussed here, the activities of sources

considered are 740 GBq for 2/>1Am-Be and 74 GBq for 239pu_Be>

These are typical values for these neutron sources in use. The

calculated values can be corrected with regard to any other

strength of source by scaling of the activities involved.

By virtue of their fabrication, the physical integrity of

these sources is generally very good. Even in severe accidents

(which are of low probability) the physical integrity of the

source is unlikely to be affected. The Am-Be sources of older

generations were prepared as homogeneous mixtures of AmO2 and BeO

powders. This mixture 1s sintered and doubly encapsulated 1n

stainless steel thereby ensuring considerable reduction in the

probability of internal exposure even under severe accident

conditions.



Accident Scenarios:

Accidents with potential exposure may take place in a number

of ways as described below :

From attributable dose assessment point of view, the accident

scenarios can be classified thus :

* Fall of the source in the oil well

* T^^rt / pilferage of the source during storage / use

* Fire accident during storage / transport / use

The consequences of these events would be

1. The source is intact. The source container may suffer

mechanical damage and the shielding integrity of the

container may be degraded.

2. The source may be damaged and disintegrated into small

pieces which are dispersed over ground or under water.

For each of these scenarios two gross consequences were

considered, viz., (a) loss of source containment integrity

resulting in dispersal of the source, accompanied by external

exposures; and (b) reduction in the shielding integrity of the

container resulting external exposure. These exposures could be

received both by radiation workers and members of the public.

Dose estimates:

The primary activity of any emergency response team would be

to trace and retrieve the source, if it is intact. If the source

is in a damaged/disintegrated condition, efforts would be

directed at salvaging the source/source pieces for ultimate



safe disposal. On certain occasions it may be decided with due

justification, that the source may be abandoned. For this

purpose, a dose estimate is to be made. The above scenarios may

be reclassified for purposes of dose estimation thus:

1. The source intact but deprived of shielding

(a) remaining in the open

(b) lying submerged in water or buried under debris

(c) fallen in an oil well

2. The source disintegrated and

(a) spread over the ground

(b) lying submerged in water or buried under debris

(c) fallen in an oil well

In both cases external exposure only may result.

Case 1:

When the source is intact, the resulting dose is easily

estimated by computing (a) the unattenuated dose-rate in the case

of the source remaining in the open in an unshielded condition

and (b) the attenuated dose rate when the source remains

submerged under water making use of the neutron absorption

coefficient of water. For the assumed activities, the equivalent

dose rate at 1 m from the source would range from 1.5 nSv/h (for

Pu-Be submerged under water) to 560 MSv/h (for Am-Be in the

open).

Case 2:

Chances of sources becoming disintegrated are remote.

Empirical relations describing the energy spectra of neutrons

from spontaneous fission have been reported in literature



(Dillman and Jones 1975). However, detailed information has ' not

been assembled on the radiation field resulting from distributed

sources of neutron in the environment (Eckerman 1993). Because of

their physical form internal exposure is deemed Improbable.

Hence internal dose estimates are not Included in this work.

However, calculations were made to determine the external ' dose

rates for this contingency.

In estimating the equivalent dose rate, the damaged source

was assumed to have disintegrated Into pieces spread uniformly

over an area of radius R m on the ground (F1g 1). The neutron

fluence rate at d m from the centre of the affected zone, which

for the purpose of simplification, was taken as a circular area

was calculated thus:

The neutron fluence rate at the point of interest due to the

scattered pieces of the source is given by,

R _l

-1
where Y Is the neutron yield s

If the affected region is not exactly circular, by simple

mathematical methods, it would be possible to divide an

irregular shape to a number of circles. The calculated values

would, in general, overestimate the equivalent dose rate. Hence,

making actual measurements would be preferable. The estimated

values of the equivalent dose rates as a function of the radius

of the affected region and the distance above the affected area

are given 1n fig. 2 and 3 for the damaged sources scattered over

the ground submerged under water and buried under concrete.



Results and Discussion:

The calculated values represent the maximum equivalent dose

rate. The potential risk from neutron source damage is due to

its relatively long half life. Before deciding to abandon a

source because of its non-retrievabi1ity at an inaccessible

location all the possible options need to be considered. The

above results would suggest the following:

(a) If the source, whether intact or damaged, falls in an

oil well at a depth whence it cannot be recovered, then the well

should be suitably sealed with placards indicating the presence

of an abandoned source at the site.

(b) If the source, whether intact or damaged, remains on

the ground or under rubble or submerged under water in a pond, or

lake, it should be recovered. The above calculated values show

that individual dose received in such an operation is unlikely to

be significant.

(c) If the source, in an undamaged condition, falls in a

river or sea, it might be possible and would be advisable to

recover i t.

(d) If the damaged source remains submerged in a river or

sea, it may be abandoned, if and only if, efforts made to

retrieve it prove fruitless. Similar analysis of all possible

scenarios would enable criteria to be developed for determining

whether a source may be abandoned or if it should be retrieved

under specified conditions. The above criteria applied together

with an exercise in cost optimization should help in making a

decision in an emergency.



Table 1

Equivalent dose-rate (uSv/h) from an unshielded neutron source

Distance Equivalent dose rate in medium
from
source Air Water
(m)

Am-Be Pu-Be Am-Be Pu-Be

0 ; 5.6000+4 4.6000+3 1.9992+4 1.6422+3

0.5 2.2400+3 1.8400+2 1.2991+1 1.0671+0

1.0 5.6000+2 4.6000+1 1.8834-2 1.5431-3

8



Table 2

The maximum equivalent dose rate (uSv/h)

from disintegrated pieces of the unshielded source

spread over a raius of R m on the ground or under water

Distance Radius of Equivalent dose rate in medium
from contamina-
source ted area Air Water

d R
(m) (m) Am-Be Pu-Be Am-Be Pu-Be

0.25

0.5

1 .0

5

10

50

100

5

10

50

100

5

10

50

100

6

2

1

3

5

1

1

2

3

1

8

2

.7818+1

.0870+1

.1989+0

.3893-1

.0959+1

.6954+1

.0421+0

.9973-1

.6864+1

.3054+1

.8532-1

.6052-1

5.

1 .

9.

2.

4.

1 .

8.

2.

3.

1 .

7.

2.

5258+0

7005+0

7688-2

7617-2

2547+0

0421+0

8532-1

4422-2

0036+0

0636+0

2132-2

1228-2

1.1154+1

1.5893+0

9.1302-2

2.5811-2

3.0281-1

9.8323-2

6.0432-3

1.7382-3

1.3392-3

4.7426-4

3.2163-5

9.4646-6

4.2082-1

1.2950-1

1.0520-1

8.0999-2

2.4675-2

8.0114-3

4.9241-4

1.4164-4

1.0912-4

3.8641-5

2.6206-6

7.7118-7

Notes:

1) Macroscopic removal cross-section of water = 10.3 per m

2) For Am-Be : H(d) = (282.8528/R2) In [(R2/d2) + 1] uSv/h

3) For Pu-Be : H(d) = (23.04726/R2) In C(R2/d2) + 1] uSv/h

4) In the case of water, d is taken as the depth of the plane

under water where the source pieces are located.



Table 3

Maximum equivalent dose rate (uSv/h) with the disintegrated

source pieces buried under concrete shielding

Distance Radius of Equivalent dose rate
from contamina-
source ted area

d R
(m) (m) Am-Be Pu-Be

0.25

0.5

1 .0

5

10

50

100

5

10

50

100

5

10

50

100

7.

2.

1 .

5.

6.

1 .

1 .

3.

5.

1 .

1 .

3.

3291+0

2554+0

2957-1

2281-2

0982-1

9801-1

1888-2

5005-3

0278-3

7804-3

2075-4

5532-5

5

1

1

1

4

1

9

2

4

1

9

2

.9716-1

.8377-1

.4929-1

. 1495-1

.9690-2

.6134-2

.9164-4

.8523-4

.0964-4

.4507-4

.8382-6

.8952-6

Notes:

(1) Macroscopic removal cross-section of concrete = 8.9 per m

(2) The distance, d, is taken as the concrete shielding so

that the calculated values correspond to the maximum

equivalent dose-rate at the surface of the concrete

shielding due to attenuation of neutrons.
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