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ESTIMATING MAINTENANCE DOSE AT A MESON FACTORY

N. Giffin, L. Moritz
TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C., Canada V6T 2A3

ABSTRACT

By far the largest fraction of the dose to personnel at TRIUMF is due to work
done in areas of high residual radiation fields. In order to be able to plan such
work effectively in accordance with the ALARA principle it is necessary to be able
to predict the induced fields for a variety of operating conditions followed by
arbitrary cooling periods. We have measured the gamma-ray spectra at various
locations in the cyclotron, the cyclotron vault, the beam lines and near associa-
ted meson production target stations using a small high purity germanium detector.
Analysis of these spectra and a knowledge of the operating fields which induce
this activity allows us to calculate the yields of the radioactive species induced
by an arbitrary set of operating conditions. These yields in turn allow a good
estimate of future induced fields to be made. By folding in data on man—hour
requirements to meet maintenance schedules and planned future development work it
is possible to project dose loads in light of higher beam production scenarios.

We can thus identify areas or devices that need improvement in reliability or
remote handling capability. Several such problem areas have been identified and
corrective action taken to lower the man-dose during repair or maintenance of
critical components. The estimates of future dose~loads are reviewed periodically
as better measurements of radiation fields and statistics on maintenance and
repalr become available.

INTRODUCTION

At TRIUMF intense beams of 500 MeV protons extracted from the cyclotron are
used to produce secondary beams of mesons. for nuclear physics research. The pri-
mary radiological problem at TRIUMF is the relatively high (by accelerator stan-—
dards) residual field encountered during the maintenance and repair of the cyclo-
tron structures and associated beam lines and production target stations. Expo—
sure rates shortly after shutdown range from 1 to 1000 mGy hr~l and decay by one
to two orders of magnitude during maintenance periods lasting up to two months.

It is TRIUMF policy to try and limit the annual dose to any individual staff
member to 10 mSv and at the same time to minimize the total man—dose to the staff.
In order to comply with this policy we have developed a procedure for predicting
maintenance and repair doses based on field measurements and analysis of mainte-
nance and development requirements. Figure 1 shows a flow diagram outlining the
method. From in situ measurements of gamma-ray spectra and exposure rates and the
operating field history we are able to calculate the radionuclide production rates
at a number of field points. Once the production rates are known the exposure
rates are calculated for an arbitrary operating scenario. The exposure rates at
the measurement points are then used to scale more extensive detailed residual
radiation surveys in order to estimate future dose from the maintenance schedules.
If these estimates conflict with our guidelines for limiting individual and
collective dose we can study the effect of improved procedures and reliability of
components or the effect of changes in the operating schedules in order to
minimize these conflicts.
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Fig. 1. Flow diagram illustrating dose planning procedure.
1. THE FIELD MEASUREMENTS

a) Induced Fields

The distribution of long-lived radionuclides induced in the accelerator
structures were measured at eleven locations with a pure Ge detector having a
detection efficiency of 0.48% relative to a (76.2 x 76.2 mm) NaI(TL) scintillator.
A detector of such low sensitivity was chosen so that it could be operated in
fields up to 1 mGy/h without appreciable counting losses. At the time of the
measurement the accelerator had been shut down for 5 weeks. Measurements of the
exposure rate at each location were made simultaneously using a portable G-M sur-
vey meter. Because of the small size of the Ge detector and the complex source
distributions involved all geometry effects were neglected. The amount of a given
radionuclide measured at a given location was calculated as an equivalent source
at 25 cm using the measured efficiency of the Ge detector. The partial exposure
rates due to the identified radionuclides were then calculated from the known
decay schemes! and the sums normalized
to the G-M survey meter measurements.

The wmost common materjals present .;;
in the irradiated surroundings are con— CYCLOTRON
crete, stainless steel, aluminium and VAULT
iron although the composition varies BASEMENT
from location to location. Despite {*
this the distribution of radionuclides
in the induced activity is remarkably oL

similar at all locations measured.
Figure 2 shows the average fractional
composition of the induced activity
for the more prominent radionuclides,
the error bars indicating the rms
spread in the measurements. The dis-
tribution is also similar to that found T I
by other workers.2 The 5%Fe and 50co Tae 2250 #8y e *Mn%co Teo oSO e L0 Zn
activity was especially high in the
basement of the cyclotron vault where
the operating low energy neutron fields
are known to be high and the measure-
ment points are close to the large mass Fig. 2. Average distribution of radio-
(~3000 tonnes) of the cyclotron magnet. nuclids in the induced activity at TRIUMF.

PERCENT OF ACTIVITY

NUCLIDE
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The contribution of the short lived radionuclides was obtained from an analy-
sis of the decay curves of the residual field as measured with TRIUMF beamspill
monitors.3 The contribution of 56Mn at E.0.B. was approximately equal to the sum
of the total exposure rate due to the long~lived components. In the cyclotron
vault 2%Na contributed about 25% of the total.

b) Operating Fields

For most operating modes the ambient radiation fields are proportional to the
extracted beam current. We therefore use the beam current as a measure of the
operating fields. This procedure does not take into account variations in the
fields due to mistuning of the cyclotron or beam lines but has the advantage of
being the variable of direct interest in planning.

2. PREDICTION OF RESIDUAL FIELDS

From the measured distribution

of radionuclides and the historical < 0.2

record of the operating fields as 2 ] =
approximated by the beam current = ] §§

history we calculated the production e O-W‘j o3

rates for the various radionuclides = b &8

using the data on half-lives in the W 5,08

literature.! These in turn allow us 5= ]

to calculate the residual fields for § i o

an arbitrary beam current scenario % 0.00] » - T T |
and decay period. In Fig. 3 the w 0 600 1200 1800 2400 3000

calculated long-lived component of TIME (DAYS)
the residual field at a typical loca-
tion is compared to the measured

values of the exposure rate. Differ- Fig. 3. Exposure rate in the cyclotron
ences between the measured and calcu- vacuum tank calculated from the beam
lated values are thought to be due to current history. Points are measured
beam tuning effects. values.

3. DOSE ESTIMATES

In order to estimate the dose which would be incurred during maintenance and
repalr in the active areas, the facility was divided into a number of subsystems.
For each subgystem the most dose intensive tasks were identified and estimates of
the frequency of maintenance and the number of man-hours per task were made by
supervisors responsible for carrying out the task. In areas where there were
large spatial gradients in the fields an occupancy factor was also estimated. 120
separate tasks were identified in this way and were categorized into those requir-
ing a lengthy shutdown period (with a corresponding relief due to a long decay
period) and those requiring a period of less than four days. The projected dose
to personnel for each task was then calculated from the above data and detailed
radiation surveys of the active areas. The frequency versus dose relationship for
these tasks is shown in Fig. 4. Diagonal lines on this plot are lines of constant
man-dose per year. The total man-dose predicted in this way for each of the first
three years of the program was within 20% of that eventually incurred.

It became apparent that when the scaling of the residual fields as calculated
for the intended future long term beam schedule were applied to these tasks those
to the right of the 10 man-mSv yr~! line could not be carried out after 1985
without severely compromising our dose guidelines.
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In order to close the loop LZ) °* v
implied in Fig. 1 a list of pri- i cose . .
orities for action was derived 8 o g, 0@ °
for the tasks above the 1 man— w 0 oee °°‘%w0'°ﬁ® ®© o N
mSv yr~! line in Fig. 4. The E 0o BoBdle e o
action taken to reduce the pro- 8088 e o0 _ o o
jected dose was of five types: 88 oedo o e %00
i) Make the device or sys- 0.1 L ol
tem remotely handleable 0.0l 0.l 1.0 10 100

ii) Redesign to reduce ser-—

vice requirements

iii) Redesign to eliminate

the device or system

iv) Abandon the device if of limited

ESTIMATED DOSE PER TASK (man/mSv)

use

v) Alter maintenance procedures, e.g. use local shielding.

Flexibility in scheduling beam was limited to shifting low intensity polar-
ized beam periods to always occur before major planned shutdown periods to allow

at least two weeks for 'cool down'.
tion have been scheduled less frequent-

Regular maintenance periods of longer dura-

ly to allow at least the short-lived =
radioactivities to decay. = 05 250 ;
% y g
S o4 200
CONCLUSIONS E T 7 b
o &
Estimates of exposure rates from 8 03+ -{150 6
the measured radionuclide distribution 2 a
in the residual fields at TRIUMF have g 021 {100 E
allowed us to make accurate predictions = Q
of the dose incurred during maintenance F oil oose{Q e nmmen 7Y |50 &
and development of the facility. These = © [CIPLANNED (1979) I
in turn have led to the redesign of Z BEAM TURRENI{.ACTIUAL 1
procedures and equipment so that the 79 80 8l o2 4
total annual man—dose has levelled off %
despite the fact that the extracted beam YEAR Z
current has continued to rise (Fig. 5).
Fig. 5. Annual man—-dose and extracted

charge as a function of time.
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