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1 INTRODUCTION

As planned, the PS complex started up at the end of March 1998. The machines worked
smoothly and the availability of the beams reached from 90% up to 96%. New record
intensities were achieved for the 14 GeV/c protons for the SPS fixed-target operation and for
the Pb53+ ions.

The year 1998 saw the PS complex busy with the transformation of the Antiproton
Accumulator (ACOL) into the Antiproton Decelerator (AD). This project is almost finished
and the first test beams of protons have already been successfully decelerated in the machine. It
is envisaged that the physicists will receive a 100 MeV antiproton beam from October 1999
onwards. Major modifications of the East Hall were required due to the installation of the
DIRAC experiment, some test facilities for secondary particles used by LHC experimental
groups, and an irradiation area (IRRAD1) for radiation hardness tests of LHC components.
The first beams to experimental areas of the East Hall were already sent from July 1998
onwards.

The ISOLDE mass separator delivered 275 shifts of radioactive beams of high quality to
its user community.

The SPS fixed-target programme lasted from 1 April to 30 November. The successful
start-up of the accelerators for both the proton and lead-ion periods was followed by stable
machine running and by record intensities. Excellent SPS efficiencies of 77.9% and 84.1%
were attained for the proton and lead-ion operations, respectively. Thanks to the smooth
operation also of the PS, record integrated intensities of 2.4 x 1019 protons and 8.7 x 1015 lead
charges on target were delivered by the SPS. The T9 neutrino target received a record of
1.82 x 1019 protons.

The year 1998 marked the end of the operation of the neutrino beam. The dismantling of
CHORUS began before the end of the year, to be followed by that of the NOMAD experiment
early in 1999. With only the X5 and X7 beam lines remaining in operation, part of the West
Experimental Hall no longer used by the experiments was declassified to a supervised area and
handed over to the ATLAS magnet group in May. Another major change took place in the
EHN3 hall, which was completely cleaned up in view of the installation of the future
COMPASS experiment.

LEP reached record energy and luminosity in 1998. Measurements of synchrotron
radiation in the LEP tunnel were repeated at the new energy value of 94.5 GeV, to comply with
the requirements of the INB procedure. The study of low-level induced activity continued:
several samples of the various LEP materials were re-irradiated on the electron and positron
dumps during the whole period of LEP operation. These measurements were supplemented by
a Monte Carlo study. For the first time in its ten-year history, some points of induced activity
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with dose rates up to several mSv/h were detected in the RA straight sections at the end of
1998 operation, calling for a more careful radiation protection watch in the coming 1998/99
winter shutdown.

Last but not least, civil engineering work for the LHC started in July at LEP points 1 and
5 at the surface.

2 ACCELERATOR OPERATION SCHEDULE

The year started as usual with the long winter shutdown and major maintenance work on
the accelerators and in the experimental areas. The PS complex came into operation on 2
March, with the Linac2 tests. The PS Booster followed on 4 March and proton beams were
accelerated from 9 March on. On 27 March, the PS started with 14 GeV/c protons for physics.
At the end of week 13, the first beam was transferred into the SPS. The LPI sent the first e+e~
beams to the PS on 15 April and the SPS received leptons from 17 April onwards. ISOLDE
started on 12 May.

The PS complex experienced its longest operational run lasting from 2 March to 20
September. It provided protons for different users from 27 March onwards. After the
September shutdown, lead-ion beams were produced for the SPS heavy-ion physics
programme.

The SPS fixed-target programme started on 1 April and was subdivided into three
periods: period 1 from 1 April to 15 June, for a total of 70 days of beam time for users; period
2 from 17 June to 20 September (92 days); period 3, the lead-ion run, from 5 October until 30
November, for a total of 56 days of physics.

The first leptons were transferred to the SPS on 17 April and the first lepton beam was
injected into LEP on 6 May; the electron-positron beams first circulated together in the
collider on 8 May and were accelerated to 45 GeV on 9 May; the first Z° particles were
detected on 14 May and the first W+W" pairs on 25 May. The integrated luminosity delivered
to experiments was 197.6 pb"1 for L3,192.7 pb"1 for ALEPH, 207.5 pb"1 for OPAL and 187.7
pb"1 for DELPHI. LEP was mostly run at 94.5 GeV, with some minor data taking at 45 GeV.

Details of the PS, SPS and LEP operation statistics can be found in Refs. [1,2].

3 ANNUAL DOSES AROUND THE CERN ACCELERATORS

The annual collective dose equivalent for work performed at the PS accelerator complex
was 147.63 mSv (63.17 mSv for the PS ring, 35.66 mSv for the Booster, 16.60 mSv for
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ISOLDE, 3.48 mSv for LPI/CTF, 7.62 mSv for the antiproton target, and 21.11 mSv for the
East Hall). The annual collective doses for the PS complex are compared with those of
previous years in Figs. 1 and 2.

The collective dose equivalent in the SPS complex (which includes the SPS, the target
areas, the North and West Experimental Areas, the neutrino cave, and the workshops) was
327 mSv, of which 188 mSv was received during work carried out during the winter shutdown
(January-March). These values are compared with those of previous years in Fig. 3. Figure 4
shows the repartition of the collective dose per quarter in the various areas: the different zones
of the SPS (BA), the target areas (BDW and BA80), and the workshops.
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Figure 1: Collective dose equivalent for the PS ring. The bars correspond to the dose equivalent,
and the line to induced radioactivity in arbitrary units.
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Figure 2: Evolution of the annual collective dose equivalents per area in the PS complex.
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Figure 3: Collective dose equivalent for the SPS complex.
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Figure 4: Repartition of the collective dose equivalent in the SPS complex per area and per quarter.

The individual doses in LEP remained negligible. Despite the further increase in beam
energy, the annual doses in the experimental areas remained very low, in the range 0.2-0.35
mSv, i.e. often less than one half of the natural background as measured on the surface. In the
klystron galleries the annual doses also stayed low, typically 0.4—0.5 mSv. On the other hand,
the annual doses are much higher in the areas facing the access mazes UP (leading into the RA
straight sections) and UJ (leading to the bending sections) at the two ends of the klystron
galleries (areas with a very small occupancy factor). At the UPs the annual gamma doses range
from 1.2 mSv in UP27 to 3.3 mSv in UP87, lower than in the previous year; neutron doses
have increased, ranging from 2.6 mSv in UP27 to 10.4 mSv in UP63. Annual doses (gamma
radiation only) at the UJs range from 3.1 mSv for UJ23 up to a maximum of 37.6 mSv in UJ43,
higher than in 1997. However, it should be underlined that the integrated LEP intensity in 1998
was 1.8 times higher than in 1997. The annual doses around the various access points at the
surface are not discernible from background [3].

4 MACHINE SHUTDOWN

4.1 PS complex

4.1.1 PS ring

The induced activity in the PS ring at the beginning of the 1997/98 winter shutdown was
similar to that during the same period of the previous year. Two high radiation areas, straight
sections SD16 and 39, were fenced. Measurements on 1 December 1997 revealed 9.2 and
4 jiSv/h at 40 cm distance from the beam line for these two areas.
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The induced activity in the Booster PS transfer line resulted in similar dose rates as those
one experienced last year, and values between 150 and 300 jiSv/h at 40 cm distance were
measured.

Several 'hot spots' were detected in the TT2-TT10 transfer tunnel to the SPS, in the
injection line versus the AD target, in Linac2, and in the transfer line between Linac2 and the
Booster. The highest value was caused by a very localized spot at a QFN of Linac2 (100 mSv/h
in contact and 1.3 mSv/h at 40 cm distance). The second highest value was detected at a beam
current transformer in the TT2 tunnel (10 mSv/h in contact and 400 |i.Sv/h at 40 cm distance).

Besides the routine maintenance work, major tasks were the replacement of septum 31
(6 mSv/h on contact and 1.5 mSv/h at 40 cm distance), the replacement of magnets in 17
straight sections, and the installation of new RF cavities. The collective dose equivalent for all
interventions in the ring during the 1997/98 shutdown amounted to 55 mSv for 115 persons.
The average individual dose equivalent was the lowest ever recorded during a shutdown period.

The 1998/99 shutdown for the PS complex started on 8 December, when all proton
beams were stopped. Access for maintenance work was permitted from 14 December 1999
onwards. The shutdown work in the PS ring during the last week preceding the CERN
Christmas vacation resulted in a collective dose of 4 mSv for 35 persons.

4.1.2 Booster

The induced activity in the Booster ring showed a 40% increase when compared with last
year's value, whereas that of the Injection Transfer Measurement (ITM) lines decreased by
60%. The maintenance included major jobs such as the replacement of a septum, the
installation of beam observation devices, and the installation of several beam line elements in
the transfer line. The collective dose resulted in 41.38 mSv shared amongst 80 persons.

The work carried out in the last week of 1998 caused a collective dose of 2.86 mSv
shared by 20 persons.

4.1.3 ISOLDE

At ISOLDE several cleaning operations were performed. During the annual cleaning of
the front-end and the Faraday cage of the GPS, mainly deposits of 7Be (10 MBq) were found,
resulting from air activation. A complete cleaning of all the floor space in Building 179,
including the ISOLDE target area (outside the Faraday cages), did not show any
contamination. Following a civil engineering incident, it became necessary to clean ISOLDE
experimental hall (Building 170) from dust. Radiological checks revealed traces of 22Na
(500 Bq in total) and 137Cs (1 kBq in total).
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Two beam observation units ('sem grids') were installed and aligned in the Faraday
cages of the HRS and the GPS (ambient dose rate 2-5 mSv/h), resulting in a 2.5 mSv collective
dose for 7 persons.

Because of damage to the extraction-electrode transport mechanism of the GPS, the
electrode had to be removed. The dose rate on contact was 200 mSv/h and 140 (xSv/h at 1 m
distance. The person exchanging the electrode received a dose of 180 (iSv to the body and
1 mSv to the fingers. Later it became necessary to completely remove the GPS front-end and to
replace it with the one that was already in use before at the HRS. The maximum value of the
dose rate of the dismounted GPS front-end was 4 mSv/h at 40 cm distance.

The gas retention balloons were emptied three times during the shutdown, releasing a
total activity (after a decay period in the balloons) of about 6.4 GBq of equivalent tritium. The
grand total of released activity from the start of the new PSB-ISOLDE facility is about 28.7
GBq equivalent tritium.

In total, 11 ISOLDE targets were declared as radioactive waste and sent to the
radioactive storage in the ISR ring.

The collective dose for ISOLDE during the shutdown period was 12.3 mSv shared by

45 persons.

4.1.4 LEP injectors

The shutdown work was performed during the period of 1 December to 23 March. The
converter (5.5 mSv/h on contact, 800 jiSv/h at 40 cm distance) that had been stored in the LPI
tunnel since the last shutdown was declared as waste and transported to the radioactive storage
area.

No significant doses were reported.

4.1.5 Antiproton Accumulator

The target of the last ACOL run was dismounted and evacuated. Its dose rate was
374 mSv/h on contact, with an ambient dose equivalent rate of 5 mSv/h. The target is now
stored in the shielded area called the 'blockhouse' of building 232, and a new target was
mounted afterwards. Seven persons were involved in this job, sharing a total dose of 1.5 mSv.

4.1.6 East Hall

During the 1997/98 shutdown, a major transformation of the East Hall was started to
house new experiments like DIRAC, and test beam areas for the LHC experiments. The
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primary zone was opened on 7 January 1998. A survey permitted to determine the areas with
elevated dose rates such as the North target (15 mSv/h on contact, 400 ^Sv/h at 40 cm
distance), and the beam dump of the T7 beam (15 mSv/h in contact and 700 (iSv/h at 40 cm
distance). At first, the most radioactive iron blocks were removed, stored safely, and reinstalled
in the middle of the beam dump of the new zone. The collective dose received by the people
involved was 3 mSv until 31 March.

4.2 SPS

4.2.1 SPS ring and transfer tunnels

The levels of induced activity measured in the SPS in December 1997, at the beginning
of the 1997/98 winter shutdown, were somewhat higher than in the previous year, due to the
fact that in 1997 (following the fire in BA3 in May and the subsequent re-scheduling of the
fixed-target programme) there was no lead-ion run. The ring survey was therefore repeated at
the beginning of January 1998: it showed that the induced activity had decreased by a factor of
two, and was now in line with values normally found two months after the accelerator had been
stopped.

The most important activities took place in LSS6. The replacement of cables showing
radiation damage on the central cable tray was carried out by 11 people who received a
collective dose of 30.95 mSv. Maintenance work on the electrostatic septum gave a collective
dose of 11.79 mSv to eight people. Other work that should be mentioned was the maintenance
on the vacuum equipment in LSS1 (5.1 mSv collective dose) and the replacement of a
magnetic septum in LSS2.

The 1998/99 winter shutdown began on 4 November for LEP and on 6 December for the
SPS. The ring survey of the SPS was carried out on 7 December, 30 hours after the machine
was stopped. The most active areas were, as usual, sextants 1, 2 and 6 (respectively injection,
extraction towards the North Experimental Area, and extraction towards the West Experimental
Area and the neutrino facility). As the accelerator had operated with lead-ions during the last
two months, the levels of induced activity were lower than those measured in the
corresponding period of the previous year, and similar to those measured at the end of the 1996
operation. The highest dose rates in LSSI, at about 1 m distance from the machine, were in the
range 0.1-0.5 mSv/h, in the proximity of the injection elements, with a peak of about 2 mSv/h.
Typical dose rates in LSS2 ranged from 10 uSv/h to 200 uSv/h, with a peak value of
0.5 mSv/h close to the electrostatic septum; in LSS6 the values around the extraction elements
were slightly higher, 0.1 to 1 mSv/h with a peak of 2 mSv/h. The values of induced activity in
sextants 1, 2 and 6 measured during the three ring surveys of January, September and
December, are plotted in Figs. 5-7.
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Figure 5: Induced radioactivity in sextant 1 of the SPS.
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Figure 6: Induced radioactivity in sextant 2 of the SPS.
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Figure 7: Induced radioactivity in sextant 6 of the SPS.

4.2.2 Neutrino

At the beginning of the shutdown, a thorough cleaning of the floor of the Neutrino Cave
was carried out, in order to remove the rust accumulated from oxidation of metal parts and to
avoid any contamination risk. The total dose for the shutdown (January to March) amounts to
22.2 mSv, with a maximum collective dose of 4.8 mSv for an intervention on the magnetic
horn following a water leak. Smear tests made close to the T9 target showed a beta activity in
the range 0.55 to 306 Bq/m2 and no sign of alpha contamination.

4.2.3 TCC2, TCC6, TCC8, North and West experimental areas

The radiation survey in the target area TCC2 was carried out on 5 February. The
maximum value detected was 23 mSv/h close to the target, but on average the ambient dose
rate was 30 to 60 uSv/h. A total of 343 interventions throughout the shutdown gave rise to a
cumulative dose equivalent of 33.7 mSv to 90 people. The major work was the replacement of
the support of one of the two TAX of the T2 target. The intervention necessitated the
disassembly of both the TAX and its shielding. The dose rates measured in contact with the
blocks after disassembly were extremely high, with a maximum of 640 mSv/h. A shielding
made up of 5 mm of lead placed in between two 1.6 mm thick stainless steel plates was put in
place before the re-assembly operation began, allowing a reduction of the ambient dose rate by
a factor of 100 to 300. For the disassembly operation the cumulative dose was 6.5 mSv shared
by nine people. The TAX re-assembly resulted in a collective dose of 9.8 mSv to 24 people,
with a maximum individual dose of 1.74 mSv.
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The radiation survey in TCC6 was carried out at the end of February, 90 days after the
end of the run. The highest dose rates in the accessible areas were measured outside the
shielding of the Tl target (3.6 mSv/h) and at the TAX (1.6 mSv/h). A maximum value of
90 mSv/h was measured between the Tl shielding and the window at the entrance of the dipole
downstream of the target. Measurements inside the target shielding were also performed,
showing a maximum dose rate of 65 mSv/h downstream of the target support. Cabling work in
the Tl area yielded a total dose of 0.33 mSv to two people.

In TCC8 there were only minor interventions, with no significant dose being recorded. In
BA80, shielding was put in place to allow maintenance work to be carried out on an SPS
internal dump (TIDV); the cumulative dose was 1.87 mSv to nine people.

In hall EHN1, a number of fixed radiation monitors were displaced following
modifications in the two CMS experimental areas H4A and H4B. Two new motorised beam
dumps replaced fixed dumps in the H6 beam line; two radiation monitors were installed
immediately downstream of this new equipment. In hall EHN2 major dismantling work was
carried out throughout the year in view of the installation of the new COMPASS experiment. A
number of additional TLD dosimeters in polyethylene moderators were placed behind EHN1
and along the perimeter of the site around ECN3, to remforce environmental monitoring.

Major dismantling work in the West Experimental Area, which had started in the
previous year following the decision by the Research Board to stop most of the beams at the
end of 1996, continued. Part of the hall was declassified from a controlled to a supervised area
on 13 May, and has been used since then by the ATLAS magnet group. Two radiation monitors
(one rem counter and one hydrogen chamber) were installed in this part of the hall, with alarm
thresholds set at values for a supervised area (2.5 uSv/h and 7.5 uSv/h).

4.3 LEP

A radiation survey was repeated at the beginning of the year, 60 days after LEP had been
stopped. As a certain number of machine components had been removed for maintenance, a
precise comparison with the ring survey made in November was not possible. A decrease in the
dose rate of a factor of 10 to 20 was generally observed, with maximum values usually not
exceeding a few tens of uSv/h.

Major work during the 1997/98 winter shutdown was the installation of eight
superconducting RF modules in point 6, to raise the LEP energy from 92 GeV to 94.5 GeV. As
in previous years, the labyrinths installed at the end of each of the 8 RA sections on either side
of interaction points 2, 4, 6 and 8, allowed the RF group to carry out the final conditioning of
the modules whilst maintaining access to the rest of the tunnel. During the period of RF
conditioning, which started at the beginning of March and continued until the LEP start-up, the
PMI-type radiation monitors installed in the LEP tunnel and which are interlocked to the
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klystrons, were replaced by PATL-type detectors. This had to be done because the former
(which were installed the previous year to replace radiation-damaged detectors), being
equipped with detached electronics, did not guarantee a fail-safe abort action to the klystrons if
the signal cable was disconnected. The PMI-type monitors were re-installed in the tunnel
before the LEP start-up. Their electronics was modified to be able to measure dose rates up to
40 Sv/h.

Maintenance work continued until the end of April and, as in the past, did not require any
specific radiation protection measures. The yellow containers for radioactive waste placed at
the exit of the controlled areas (the injection regions, the straight sections housing the
superconducting RF cavities, and the klystron galleries) were regularly checked. Most of the
waste consisted of nuts, bolts and vacuum seals; out of 30 kg of material disposed of, about
5 kg were slightly radioactive (3-4 (iSv/h). The quartz fibre dosimeters available on a
self-service basis at the entrance of the controlled areas (RA straight sections and injection
region) confirmed that individuals did not receive any measurable dose during work in the
underground areas.

At the end of LEP operation on 4 November, a radiation survey was carried out as usual
in the injection region and in the RF straight sections at points 2, 4, 6 and 8. Following a
request from SL Division, the survey was performed soon (20 minutes to 3 hours) after the
machine stop, rather than 24 hours later, as in previous years. For the first time in LEP's history
significant levels of induced activity, although well localized, were detected in all RA straight
sections. In addition to the extremities of some of the superconducting RF modules, several
transition cones showed dose rates of up to several mSv/h, a few of them exceeding 10 mSv/h.
Measurements repeated at regular intervals in the following days showed that the induced
activity had decreased by about a factor of 2 in 48 hours (due to the presence of 57Ni, as
determined by an in situ gamma spectrometry), and then decayed at a much lower rate. In the
injection region, the maximum measured was 300 uSv/h. Everywhere else in the machine the
values were much lower, as in the past not exceeding about 10 (iSv/h.

To comply with the INB requirement that, until all LEP areas are classified as either
conventional (non contaminantes) or subjected to induced activity (contaminantes), a strict
control has to be exercised over all material leaving the tunnel, and four additional RP
technicians were employed for the 1998/99 winter shutdown, starting on 1 December.

5 MACHINE OPERATION

5.1 PS complex

The PS complex started with protons for physics on 27 March, sending 14 GeV/c protons
to the SPS. From 12 May onwards, ISOLDE joined in as a second user for the Booster protons.
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At the end of June, the first proton beams were sent to the target areas of the transformed East
Hall, and 22 July 1998, the first irradiations of LHC components in IRRAD1 started. Dirac
received beam for the first time on the 30 October and the first test beams were successfully
sent to the AD on 23 October. The experiments in the East Hall and at ISOLDE continued until
8 December. New intensity records were achieved at the PS complex, e.g. 3.69 x 1019 protons
accelerated at 14 GeV/c were provided for the SPS fixed-target operation, and the intensity of
the 53+ lead ion beam accelerated by the booster reached another record (2.84 x 1010 charges
per cycle). The total number of 53+ ions accelerated for SPS operation supplied by PS was 1.61
x 1016 charges.

The performance of the accelerators of the PS complex in 1998 are summarized in
Tables 1-3.

Table 1: Protons produced by the Booster in 1998 [1]

SPS

4.23 X 1019

East Hall

4.4 X 1017

ISOLDE

7.69 X 1019

Mes + AD

6.23 X 1018

proton total

1.26 X102 0

Table 2: Electrons produced by LIL in 1998 [1]

Setting-ups/MDs/t
ests

1.54 X101 9

e~ for LEP

8.56 X 1017

e~-»e+

production for
LEP

1.1 X 1020

SLF

2.23 X 1016

LEA Irradiations

1.74 X101 8

Table 3 : Distribution of particle beams accelerated in the PS in 1998 [1]

Protons

SPS

3.7 X 1019

MDs

1.49 X 1018

East Hall

3.82 X 1017

proton total

3.89 X 1019

Electrons Positrons

1.68 X 1017 1.65 X 1017

5.1.1 PS ring

PS started up for physics on 23 March by sending 14 G&V/c protons to the SPS. The
leptons for LEP followed on 15 April. Until June, the PS served only these two users before the
first proton beam was sent to the East Hall in June, and to the AD in October. The fixed-target
program of the SPS ended on 19 September, and until then the average intensity of the proton
beam reached 2.5 x 1013 protons per cycle. After a short stop of two days, the heavy-ion
physics at the SPS started with 53+ lead ions and ended only on 8 December.
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On 28 April, during a machine development for the SPS, elevated beam losses were
monitored on top of the PS Bridge between the North and South Hall. The dose accumulated
on the corresponding PAXS43 monitor reached a maximum of 4.7 mSv. The PMS128N,
detector installed close to building 587 (centre of the PS ring), measured 0.5 (iSv/h during this
event. The beam losses were due to a chromaticity problem in connection with a high-intensity
proton beam. On 28 and 29 July, beam losses were detected by the PAXS35 at ejection 16.

A one-day machine stop on 17 June was used for maintenance work in the ring, involving
20 persons. The corresponding collective dose amounted to 1.22 mSv. During a two-day
machine stop on 21 and 22 September, 16 persons were working in the PS ring, and received a
collective dose of 2.6 mSv. In TT2, the power supply of a magnet was set to local control by
accident, causing a vacuum leak. It was repaired during this break and the person involved
received a dose of 124 |iSv. An intervention the 26 and 27 November on septum 42 became
necessary due to vacuum problems and the 11 persons involved got a collective dose of
1.66 [iSv. The ambient dose rate around the septum ranged from between 300 and 600 (i,Sv/h.

5.1.2 Booster

On 30 March an intervention became necessary in order to dismount and to remount
correctly a beam observation element ('sem-nT). In addition, a valve had to be changed. The
jobs were performed in an ambient dose rate of 0.5 to 1 mSv/h, and 12 persons received a
collective dose of 1.3 mSv.

A breakdown of an ejection kicker resulted, for 40 minutes, in a dose rate of 400 |xSv/h
which was mesured with PAXS36. On 10 June, it became necessary to replace an RF cavity
(1.3 mSv/h on contact), and two persons received doses of 360 and 400 jJ.Sv, respectively. On
the same occasion, a main magnet was controlled by three persons, resulting in a collective
dose of 470 fiSv. During the machine stop in September, a collective dose of 577 |J.Sv was
received by six persons for small maintenance jobs.

5.1.3 ISOLDE

During 1998,21 targets were irradiated at ISOLDE, 20 out of them at the GPS and one at
the HRS. Each target received, between 1018 to 1019 protons of lGeV. In total, ISOLDE
provided 275 eight-hour shifts of radioactive beams to its user community.

During a target change on 23 June, the clamp system fixing the target to the front-end
had to be repaired. One person received a dose of 375 |0.Sv. From July onwards, heavy targets,
i.e. UC2 and TMZ2 were used at the GPS. Despite some robot problems during the target
changes, the release of alpha activity was low and did not exceed a few MBq in total. On
27 July a UC2 target got stuck in the mechanism whilst a protection cap was being placed on
the outlet of the target. The dose rate was of the order of 1 Sv/h in contact of the target and
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150 mSv/h at 40 cm distance. After six days, the dose rates of the target had decreased to
500 mSv/h on contact, 40 mSv/h at 40 cm distance, and 5 mSv/h at 1 m distance. Within 15
seconds the target was put back at the starting point of the robot sequence by two persons using
a pole. Subsequently, the robot successfully placed the target on the storage shelf. The two
persons received a total dose of 32 u,Sv.

5.1.4 East Hall

In 1998, the East Hall underwent major modifications to house the new experiment
DIRAC, some more test areas for secondary beams, and two areas (IRRAD1 and IRRAD2)
that are foreseen for irradiation tests of LHC components. The work started on 5 January 1998
and finished on 10 July 1998. In total, 41 persons were involved and the corresponding
collective dose reached 16.5 mSv.

The first tests of the beam were started on 19 June. During the start-up period of the
beams, measurements were performed to test the efficiency of the shielding.

T7: The dose rate was measured behind the shielding of the primary zone for a 24 GeV
proton beam with an intensity of two pulses of 3 x 1011 protons per 14.4 s. The beam was
either focused on the South target or on the point of irradiation of IRRAD1. The dose rate
behind the shielding is caused by muons and varies as a function of the magnetic field of ZT7
BHZ01. A maximum of 50 juSv/h was reached for a zero magnet current. For this case the dose
rate in the data-taking room of DIRAC reached 7 [xSv/h, and by additional shielding it was
decreased to 3 (a.Sv/h.

T10: On top of the shielding of the T10 area a visitor's platform is installed. In order to
avoid elevated dose rates for specific settings of the vertical bending magnet BVT01, the
shielding had to be increased by 2 m in height. Without this additional shielding dose rates up
to 1.3 mSv/h were observed on the platform.

On 22 July, the first irradiation runs for LHC components started in JJRRAD1. DIRAC
received beam for the first time on 30 October. A 24 GeV/c proton beam with an intensity of
one pulse of 1 x 1011 protons every 19.2 s was used. In the start-up phase, the beam losses
caused dose rates of the order of some tens of jiSv (61 |iSv/h (PAXET9), 38.5 jj,Sv/h
(PAXET10), 55 jiSv/h (PAXET7B)).

5.1.5 LEP injectors and CLIC Test Facility (CTF)

The LPI as well as the CTF ran smoothly and nothing special needs to be reported.

In the LEA zone, several components were irradiated for different tests, including a
calorimeter and fibre optics for CMS.
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5.1.6 Antiproton Decelerator (AD)

The former ACOL was transformed into the Antiproton Decelerator (AD). This machine
is dedicated for delivering a low-energy antiproton beam (100 MeV/c) of batches of 1 x 107

antiprotons per minute. The physics goal of this machine is the production and spectroscopy of
antihydrogen atoms.

During the summer, cables were replaced in the AD target area (former ACOL target
area) in an ambient dose rate equivalent of 2 mSv/h. During the first campaign three persons
received a collective dose of 985 |iSv, and during the second four persons received 151 (iSv in
total.

The first proton beam of 3.5 GeV/c and an intensity of 1 x 1010 protons per pulse was
sent to the AD on 23 October 1998. Later on, they were successfully decelerated down to
300 MeV/c. When the beam was sent into the AD via the 'loop', losses were monitored that
resulted in a dose rate of 3.4 mSv/h (PAXA64). No elevated dose rate was detected when the
protons were sent into the machine via the AD target area.

5.1.7 Linac2 andIAnac3

The machines were run and nothing special needs to be reported.

5.2 SPS

The SPS accelerated protons until 20 September, followed by a two-week stop to change
machine operation to lead-ions, starting on 5 October. The SPS ran with a 14.4 s supercycle
and 2.58 s flat top for proton operation, and with a 19.2 s supercycle and 4.8 s flat top for
lead-ions. The integrated number of protons and lead-ion charges on the various targets is
summarized in Table 4.

Table 4: Beam intensity on SPS targets in 1998 [2]. Periods 1 and 2: protons at 440 GeV; period 3: Pb82+ ions at
158 GeV pernucleon. The beam time indicates the number of hours for physics

(approximately 80% of the scheduled time).

Period

1

2

Total

Beam
time(h)

1282

1670

2567

Total number of protons on target

Tl

4.80 x 1017

6.64 x 1017

1.14 xlO 1 8

T2

5.08 x 1017

7.93 x 1017

1.30 x lO 1 8

T4

1.19 xlO 1 8

1.68 xlO 1 8

2.86 xlO 1 8

T6

2.06 X 1017

3.06 x 1017

5.12 xlO 1 7

T9

6.81 x 1018

1.13 x lO 1 9

1.82 x lO 1 9

Total

9.20 xlO 1 8

1.48 x lO 1 9

2.40 x 1019

Total number of lead-ion charges on target

3 1222 - 6.34 x 1014 2.52 xlO 1 5 5.40 xlO 1 5 - 1.25 x lO 1 6

94



5.2.1 SPS ring and transfer tunnels

There were only a few interventions of radiological importance in the SPS during
operation. In LSS1, the repair of a vacuum leak was performed in an ambient dose rate of
6.3 mSv/h. In LSS2, a dipole had to be replaced: the maximum dose rate measured around the
magnet was 600 |iSv/h, with 57 mSv/h inside the vacuum chamber. The dipole was sent to the
radioactive storage in building 917 on the Prevessin site. A dipole was also replaced in LSS5:
the dose rates were 300 uSv/h outside the magnet and 28 mSv/h inside the vacuum chamber. It
should be noted that the two dipoles showed the same factor of 100 between the dose rate
measured inside and outside. Several interventions required on one electrostatic septum in
LSS6 cost a collective dose of 950 uSv to five people.

Upon the request of the Operation Group of the SL Division, two radiation surveys were
performed on 15 and 16 June around a quadrupole in the TT20 transfer tunnel, in order to
estimate the expected decrease in the induced activity in view of its replacement in September.
The maximum dose rate was 1.2 mSv/h.

A complete ring survey was performed on 21 September, 32 h after the end of SPS
operation with protons. The values of induced activity in sextants 1, 2 and 6 are compared in
Figs. 5-7 with those measured during the survey of January and December. A survey of TT10
carried out the same day showed an abnormally high activation of the last dipole of the
injection line, with a dose rate of 9 mSv/h compared with a value of 1.7 mSv/h measured the
previous year.

5.2.2 TCC2, TCC6, TCC8, North and West experimental areas

Following a similar survey carried out in 1996, an investigation on the wearing of film
badges was carried out in the North and West experimental areas. The purpose of this was to
ensure that CERN staff and visiting scientists comply with the rules.These systematic checks
showed that the situation had generally improved with respect to the past: the percentage of
people found without a film badge was 21% and 36% in the North and West Areas,
respectively, compared with 34% and 62% in 1996 [4].

With the increase of the intensity of the P42 beam, measurements of the dose rate caused
by muons were performed along the CERN boundary downstream of hall ECN3. With a beam
intensity of 1.47 x 1012 protons per pulse on the T10 target, the dose rate was well below
2.5

In April detailed measurements were made of the efficiency of the beam dump in the H4
beam, close to the central gangway traversing EHN1; the experimental results were compared
with Monte Carlo simulations [5]. In October, the section of the gangway in front of H4 had to
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be shielded with 80 cm concrete from the secondary radiation produced by the interaction of
the lead-ion beam with some 25 m of air in the NA57/ALICE experimental area.

In the West Area (building 180), the efficiency of the new XTDV dump installed in the
X5 beam was checked by a series of radiation measurements, which showed a maximum dose
rate in the accessible areas of 2.5 |iSv/h for a beam intensity of 106 particles/pulse. In the part
of building 180 recently declassified, there was no detectable radiation.

The Gamma Irradiation Facility (GIF) installed at the end of the X5 beam line operated
routinely, without any particular problems. The maximum dose rate measured around GIF,
caused by the operation of the source, was 12 [iSv/h at the secondary door PPX125 with the
lateral shutter of the source open. Specific measurements were made during operation with a
100 GeV/c electron beam with maximum intensity of 2 x 105 electrons per pulse. The dose rate
around GIF was everywhere below 5 (iSv/h except on beam axis, 3.6 m above floor, where it
reached 50 uSv/h (due to muons).

Several irradiation tests of electronic components for LHC were performed in the target
area TCC2 under the supervision of the RP group, with the TIS-TE group taking care of
dosimetry.

5.2.3 Neutrino facility

A general power cut on 11 May would normally have required a search and secure
procedure in the neutrino cave before the beam could be put back on. However, as there was no
access to the cave, and as the search would have meant an intervention in an ambient dose rate
of 60 mSv/h, the Radiation Safety Officer (RSO) of the SL Division authorized beam start-up,
by-passing the search procedure.

The neutrino beam was definitively stopped at the end of the year.

5.3 LEP

The measurements of synchrotron radiation in the LEP tunnel were repeated at the new
energy of 94.5 GeV. As in the past, the measurements were made at point 4 in the RF straight
section, in the bending section, in the labyrinth separating the two parts of the tunnel, at both
side and inside the waveguide ducts connecting the LEP tunnel with the klystron galleries, and
in the access maze UJ43. The present results [6], which were as usual transmitted to INB, are
in line with the calculations and with the results of measurements made since 1995 at the
previous energies of 45, 68, 80.5, 86 and 92 GeV.

Several measurements of radiation streaming out of the waveguide ducts were performed
in all the klystron galleries. Despite the fact that the 'pretzel' separators (of which the exit
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cones acted as sources of scattered radiation) installed in the machine tunnel just in front of
these ducts were removed during the 1997/98 shutdown [7], gamma radiation was still detected
at the exit of the two ducts situated at the bottom of each klystron gallery. The maximum dose
rates, measured at the exit of the ducts 1.6 m above floor, were 4 mSv/h in UA23, 3 mSv/h in
UA27, and 2 mSv/h in UA63 and UA67. This radiation is again most probably diffused
radiation from a transition cone. After shielding the ducts with sand bags, the radiation
decreased by a factor of 10 to 20.

A series of measurements of the radiation leaking through the monorail ducts were also
performed in all UJs; a maximum of 150 uSv/h was measured in UJ47 at the new energy of
94.5 GeV. Although this leakage radiation is confined to the tunnel ceiling, some shielding
(either sand or lead) was added to the ducts, which permitted the dose rate to be reduced by a
factor of 2 to 20. After the shielding was installed,the maximum dose rate measured in UJ27
was 27 uSv/h.

Gamma and neutron measurements were repeated in the PM18 shaft at 94.5 GeV. It
appears that the attenuation of the gamma component is slightly less than that measured with
LEP running at lower energies; the neutron attenuation determined experimentally is in
agreement with the theory.

During a technical stop, radiation measurements were performed at points 2 and 6, to
determine the dose rate at both ends of the straight sections (in the arc as well as in the end-cap
towards the experimental hall) during operation of the superconducting cavities. The dose rates
were well below 7.5 uSv/h, the limit value for a supervised area under transient conditions. It
was therefore agreed that RF tests (with a field limited to 6 MV/m) could be performed during
technical stops, when only part of the interlocks (which are normally operational during
conditioning carried out in the winter shutdown) are active.

The study of low-level specific activity induced in LEP components continued. Samples
of various materials (stainless steel, aluminium, lead, copper and iron/concrete), already
exposed in the course of the previous year at 92 GeV, were re-irradiated on the electron and
positron dumps during the entire period of operation at 94.5 GeV. At the same time, the results
of the previous irradiation at 92 GeV [8] were compared with Monte Carlo calculations.

6 OTHER AREAS AND ACTIVITIES

This year marked the end of operation of the RF test facility in the West Experimental
Area (building 180). Tests and conditioning of the superconducting RF cavities for LEP
continued in building SM18. The modifications to the RF test area undertaken in 1997 were
completed in the course of the first semester [9]; high power tests using klystrons instead of RF
amplifiers started in July. The dose rate in the occupied areas always stayed below 7.5 uSv/h.
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Measurements of the gamma and neutron radiation produced by the operation of the cavities
were completed; details on the experimental techniques employed and the results were
transmitted to INB [10].

The positioning of the TLDs placed throughout the year in the assembly hall of building
867 on the Prevessin site was changed following modifications made to the layout of the hall.
Some variations were observed with respect to 1997, on the annual dose integrated by some
dosimeters, with a maximum of 15.6 mSv measured in the ATLAS test area (which
corresponds to an average dose rate of less than 2 uSv/h).

Later in the year RP contributed to a feasibility study for a future Time-Of-Flight
experiment [11] to be installed in the TT2A tunnel, which has not been in use for many years.
In view of a complete clean-up of the tunnel, several controls for induced radioactivity were
made on material stored there. No traces of radioactivity were found, showing that the
evacuation of the tunnel can be carried out without any additional radiological precautions
being taken. On the other hand, a study and measurements performed between October and
November showed that work in the upstream part of TT2A (close to the shielding wall
separating TT2A from TT2) will require the adoption of specific measures, with the
reinforcement of the shielding between the TT10 and TT2A tunnels.

Planning work began for the installation of the new Tl target station which will take
place during the 1999/2000 winter shutdown. In order to keep the individual dose to a
minimum, it was decided to build a new target and leave the present one in place until the
installation of the TI2 transfer line from the SPS to the LHC. Whether or not to dismount the
old Tl will only be decided at that date, according to residual radioactivity, the need for storage
space, etc. In the meantime, civil engineering work began in October (after the end of
operation of the West Area beams) to demolish the wall separating TT61 from TT3, in view of
the future displacement of the H3 beam. Samples of concrete and reinforcing iron bars showed
that only the latter must be considered as slightly radioactive (about 1 Bq/g of 60Co): the iron
from the demolished wall will be separated from the concrete and sent to the radioactive
storage area.
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SURVEY REPORTS PS SECTION

No
98-01

98-02

98-03

98-04

98-05

98-06

98-07

98-08

98-09

98-10

98-11

98-12

98-13

98-14

Date

06.01

19.01

05.03

31.04

15.04

06.05

23.06

21.09

21.09

30.09

10.98

11.12

11.12

14.12

98-15 18.12

TITLE

Compte rendu des activites a ISOLDE en 1997

Mesures de radiation au Linac 3 pendant des tests RF

Bilan des doses personnelles pour le complexe PS en 1997

Grand arrSt annuel du complexe PS, decembre 1997 - mars 1998

Exposition de dosimetres integrateurs TLD autour des accelerateurs du complexe
PS en 1997

Pertes de faisceaux dans la region du pont PS, hall 151-152

Ring Survey Booster

Ring Survey PS

Ring Survey Booster

Bilan du shut-down ISOLDE 1998

Production d'isotopes dans des feuilles de Fer a partir d'electrons de 500 MeV

Ring Survey PS

Ring Survey Booster

Repartition angulaire de l'activite produite dans les feuilles de Fer a partir
d'electrons de 500 MeV

Mesures de radiation dans la nouvelle zone Est

SURVEY REPORTS SITE SECTION

No
98-01

98-02

98-03

Date

01.07

20.10

01.12

TITLE

Gestion des dechets radioactifs dans l'anneau ISR

ContrSles des laboratoires du Groupe Vide

Gestion des dechets radioactifs dans l'anneau ISR (Octant 15)
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SURVEY REPORTS SPS/LEP SECTION

No

98-01

98-02

98-03

98-04

98-05

98-06

98-07

98-08

98-09

98-10

98-11

98-12

98-13

98-14

98-15

98-16

98-17

09-18

98-19

98-20

98-21

98-22

98-23

98-24

98-25

98-26

98-27

98-28

98-29

Date
12.01

10.02

11.02

10.03

03.03

25.03

20.03

09.04

29.04

26.06

03.07

30.07

11.08

25.08

25.08

27.08

02.98

24.09

30.09

10.10

20.10

20.10

29.10

02.11

04.11

02.12

06.12

08.12

17.12

TITLE

Survey LEP

Mesures de rayonnement dans le puits PM18 a 91,5 GeV

Survey du 5.2.98 en zone TTC2

Doses annuelles integrees en 1997 dans les zones experimentales du LEP

Dosimetrie autour des separateurs internes du LEP point 2

Controle de Pactivite remanente en TCC6

Demontage d'un TAX en TCC2

Travaux effectues au SPS pendant le shut-down 97/98

Bilan du controle des rayonnements au SA2 de 1995 a 1997

Radiation Survey autour de VI

Mesures sur les c6nes de restriction de la chambre a vide et mesures en sortie des
passages pour guides d'ondes dans le LEP

Mesures muons en aval de la cible T10, derriere le hall ECN3

Mesures autour de la zone GIF en presence du faisceau X5

Doses integrees dans le SM18 de fevrier a juillet 1998

Mesures en sortie des passages pour guides d'ondes dans le LEP (2e partie)

Doses integrees dans le bat. 112 de fevrier a juillet 1998

Controle des rayonnements emis par les cavites radiofrequences dans les zones
d'acces du LEP

Radiation Survey en TT10

Mesures dans le hall SMI8 avec un module fonctionnant en mode haute
puissance

Doses integrees dans le SMI8 de juillet a octobre 1998

Debits de dose mesures aux alentours des portes d'acces UA pendant le
fonctionnement du LEP (1995-1998)

Doses integrees autour de 1'installation GIF de mai 1997 a juillet 1998

Mesures de rayonnement dans le puits PM18 a 94.5 GeV

Doses integrees autour de l'installation GIF de juillet a octobre 1998

Remplacement d'une table TAX dans la zone cible TCC2

Doses integrees dans Ie hall de montage du SPS du 27.11 au 30.11.98

Doses integrees dans les Bas du SPS au niveau des stations de refroidissement

Doses integrees en ECA 4 et ECA 5 pendant 1'annee 1998

Objets radioactifs trouves dans les bacs metaux lors des contrdles hebdomadaires
en 1998
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