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1. INTRODUCTION

In 1995 several operational circumstances
required careful watching by the Radiation Pro-
tection Group. Most of these were linked with
new or recently started CERN activities: for
instance the increasing importance assumed by
ISOLDE operation and the breakdowns encoun-
tered which have given rise to contamination of
the target region and to activity releases. In the
SPS ring, several difficulties were brought about
by a toilsome installation of a new interlock sys-
tem, while lead ion operation marked the end of
the year, as usual, with higher radiation levels in
the SPS experimental areas, despite the fact that
existing shielding had been improved. Also at
the end of the year, the increase of LEP beam
energy to 68 GeV caused a rise of dose rate levels
from synchrotron radiation. This was expected,
but studies are still needed to assess the full
implications for different aspects of radiation
protection.

On the other hand, the ageing of magnet
coils and other equipment (insulators, cables,
flexible pipes), aggravated by the high proton
beam intensities, has resulted in an increasing
frequency of failures (mainly water leaks) both at
the PS and at the SPS. If the apparent trend is
confirmed, difficulties could be expected in the
future for two reasons: the shortage of special-
ized staff, some of them approaching the CERN
dose limit of 15 mSv annually, who can be
assigned to repair work; and the lack of spare
parts to replace the damaged items. Luckily, the
long cooling times following high intensity pro-
ton runs provided by the operation with heavy-
ions and by the winter shutdown mitigate this
situation.

2. ACCELERATOR OPERATION
SCHEDULE

As usual, the year started with a long shut-
down which extended to the first week of
March. Despite an act of sabotage that damaged
a large number of important pieces of equip-
ment in the PS control room, the accelerator
schedule was only slightly affected. After a time

of setting up which lasted until the end of
March for the proton beams and until the mid-
dle of April for the electron beams, the first
period of physics extended to the last week of
June and was followed by a short shutdown. The
long Period 2 (16 weeks from July to mid-Octo-
ber) was again followed by a short stop of a few
days, and then by Period 3, dedicated to lead
ions, which lasted until the middle of December.

LEP physics covered a shorter time, from
the beginning of May to the end of November.
After the first six months at 45 GeV, the beam
energy was raised for the first time to 68 GeV
and LEP was operated successfully at that energy
for the remaining 15 days.

3. MACHINE SHUTDOWNS

The total collective dose for the winter
shutdown in the whole PS complex was 129 mSv
and that for the SPS complex 315 mSv. These
shutdown doses are compared with those of pre-
vious years in Figs. 1 and 2.

The corresponding doses for the rest of the
year were 85 mSv at the PS and 253 mSv at the
SPS. The total CERN dose was 782 mSv and was
not very different from that of 1994 (a 10%
increase). The same stability appears when look-
ing separately at the collective doses in the PS
and in the SPS complex, with a 16% increase at
the PS and 4% at the SPS.

3.1 PS ring

The induced activity in the PS ring during
the winter shutdown was one of the lowest in
the last years. Only straight section 16 was classi-
fied as a High Radioactivity Area, the ambient
dose rate being more than 2 mSv/h at the level
of the septum tank. An even higher dose rate
(60 mSv/h) was measured in section 1, where
frequent and unexplained beam losses had
occurred through the whole previous year, but
since the loss point was near a passageway, it was
decided to remove the vacuum chamber for the
time of the shutdown.
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The main work concerned the installation
of 88 sublimation vacuum pumps and the rea-
lignment of 100 magnets.

The collective dose for work in the ring
was 57 mSv distributed over 102 persons.

Two thousand litres of oil purged from the
air conditioning system were disposed of in the
central radioactive storage: their specific activity
(mainly 7Be) was between 1.6 and 6 kBq/1.

As in the previous year, many important
beam losses gave rise to frequent water leaks and
other breakdowns, and contributed to an overall
increase of induced activity levels. Just after
restart, on 20 March, a leak appeared in straight
section 48 on the dump cooling circuit. Since
that dump had been heavily used to set up the
ejection, the dose rate was found too high to
allow its repair in situ (10 mSv/h at 40 cm dis-
tance). Hence, it was decided to replace the
dump with a spare.

A water leak from a coil was also the cause
of a septum breakdown on 12 June. Its replace-
ment required the intervention of 16 persons
working in an environment of about 1 mSv/h
(20 mSv/h close to the septum tank, 220 mSv/h
in contact with the septum blade even 10 days
later). The damaged septum was put on tempo-
rary storage in the PS North Area and then was
moved to Building 169 for dismantling, repair
and reassembling. The dose cost of the whole
operation was 7.2 mSv.

During the four-day shutdown at the end
of June, a substantial increase of the radiation
levels was found with respect to the recent win-
ter shutdown and even to the corresponding
period of 1994. On average, the dose rate was
twice that of the previous year. The highest
radioactivity, measured in straight section 39,
was 16.7mSv/h at 40 cm distance from the
beam line. Bake-out work during the June shut-
down resulted in a collective dose to 5 persons
of 2.2 mSv. Dump 48, which had been removed
from the beam line on 20 March because of a
water leak, was brought to the PS North Area for
storage: its residual activity still gave 2 mSv/h in

contact and the operation cost was 1 mSv shared
by 4 people. Two persons received 110 nSv to
replace an RF cavity on which once more a water
leak had been found.

At the beginning of July, only a few days
after beam had been restarted, a vacuum leak on
a septum magnet due to a faulty welding caused
the machine to be stopped for about ten hours.
Repair work, performed in a 700 uSv/h environ-
ment by 10 people, resulted in a collective dose
of 2.4 mSv. The highest individual dose was
450 uSv.

On 9 August, during a short technical stop
of 8 hours, 13 persons had access to the machine
to perform routine maintenance and accumu-
lated 800 uSv.

A maintenance stop of three days took
place in the middle of October involving
42 persons who received a collective dose of
11 mSv. Most of this dose was contributed by
two major operations. An inspection of straight
sections 41 and 42, needed to establish a sched-
ule for a modification of the injection from the
Booster envisaged in the next long shutdown,
caused four persons to receive 3.5 mSv. The sec-
ond operation was the replacement of a magnet
in the East junction, on which an important
water leak had manifested itself one month
before but had been ignored, causing the mag-
net to be irradiated for the whole time. The
resulting radiation levels, unusual for that posi-
tion (13 mSv/h in contact, 1 mSv/h at 40 cm
from the beam line) brought about a total dose
of 3.8 mSv for 11 persons.

Dismantling of dump 48 for repair, which
had been damaged and had been removed in
March, was started in mid November. Decay had
decreased the dose rate in contact with the inner
parts to 10 mSv/h. Some of those parts, yielding
up to about 1 mSv/h in contact, were sent to the
surface treatment workshop on the Prevessin site
for cleaning and welding. One person received
480 pSv.
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The total annual collective dose for work
in the PS Ring was of the order of 100 mSv, i.e.
about 25% less than in 1994.

3.2 Booster

A ring survey at the beginning of the year
showed that induced activity has doubled in the
Booster since the new ISOLDE facility came into
operation. During the winter shutdown, several
repair and maintenance operations took place.
Two interventions were needed to replace four
bellows located downstream of the septum
tanks, which had been pierced by corrosion. It
was decided to establish a detailed schedule in
advance and to call in an outside firm. A magnet
whose vacuum chamber clamps showed
35 mSv/h in contact was removed, resulting in a
decrease of the ambient dose rate by a factor 4
and allowing the four technicians of the firm to
step back from the septum while doing their
work. Finally, the job was carried out in an envi-
ronment of about 750 uSv/h and a total dose of
1.1 mSv was accumulated. The bellows were dis-
posed of as radioactive waste, with a specific
activity of 1 kBq/g.

Other activities during the shutdown con-
cerned the pulling of cables, vacuum improve-
ments in connection with the LHC project, and
modifications of the septa. The collective dose
due to shutdown work in the Booster was
58.5 mSv, shared by 70 persons.

On 10 May, during a technical stop,
880|aSv were accumulated in total for scaling
the coils of the septa. At the time of the short
shutdown at the end of June, the induced activ-
ity level was found to be of the same order as
that of the previous year. During the latter shut-
down period, an important vacuum leak was
found on the ejection septum tank: repair
caused a 1.9 mSv collective dose. Only four
accesses were requested at the technical stop of
9 August, and the corresponding total dose was
negligible: 100 uSv. A dose of the same order was
received by four persons on 6 September when
replacing a cable on an ion pump.

A new extraction mode, by which three
Booster rings would be extracted every 500 us
instead of the usual 120 us, was devised at the
end of August in order to spare the liquid targets
of ISOLDE.

Twenty persons carried out routine main-
tenance work during the October shutdown,
receiving in total 3.49 mSv. The yearly collective
dose at the Booster was 70mSv, 12.5% more
than in 1994.

3.3 ISOLDE

The whole beam line from the Booster
down to the ISOLDE hall was realigned during
the winter shutdown, to compensate for a gen-
eral sinking of the buildings. Many beam ele-
ments were removed, requiring a large number
of radioactivity and contamination checks. No
air contamination was detected in connection
with the removal of such machine parts.

A complete survey of surface contamina-
tion was made at the beginning of the shut-
down. Only air activation appeared to cause
some measurable contamination, mainly 7Be
inside the Faraday cage.

The oil-bath pumps were drained. The
contaminated oil was recovered in special con-
tainers and analysed. The highest measured spe-
cific activity was 115 kBq/g of beta and gamma
emitters, and 35 kBq/g of alpha emitters.

One of the two gas retention balloons was
emptied. The total released activity was esti-
mated to be 1.8 GBq of equivalent tritium.

The copper extraction electrode of the
General Purpose Separator was removed and
replaced. The measured contact dose rate was
135 mSv/h (but the surface dose rate was more
than 10 Sv/h). The electrode was first wrapped in
an air-tight envelope and put in a sealed metal
box, and then was sent to storage in the ISR tun-
nel together with the ISOLDE targets. Despite
the high dose rate, the dose cost of the whole
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operation was only 100 |xSv received by a single
person.

To repair some fast connections inside the
Faraday cage, four persons received a total of
4.7 mSv. No particular radiation protection
problem arose in connection with the installa-
tion of the High Resolution Separator, which
went on for the whole shutdown period.

Several targets were transferred to the hot
cell for observation, and in a few cases for cut-
ting up. Some of them were stored in the ISR
tunnel inside concrete boxes. The most active
one yielded a dose rate of 110 mSv/h in contact.

The collective dose for work in the ISOLDE
complex during the long shutdown was
10.5 mSv, shared by 28 persons.

Just before start-up, the radioactive labs
and the target area were thoroughly cleaned.
The vacuum cleaner content showed an activity
of 17kBq, the main radionuclides being 172Hf,
173Lu,65Znand60Co.

Physics started on 9 May with 1.3 x 1013

protons per second incident on a CaO target. At
the end of the first run, which lasted 10 days, a
high level of induced activity was measured on
the vacuum chamber inside a bending magnet
in the target area: 50 mSv/h at the upstream end
and 160 mSv/h at the downstream end. This was
found to be due to a bad beam steering on the
Booster-ISOLDE line, which was corrected in the
next Machine Development session.

Among the isotope collections which were
carried out in further runs, it is worth mention-
ing a 147Gd-147Eu collection which showed a
contact dose rate of 22 mSv/h.

At the end of June the ventilation prefil-
ters of the target area tunnel were changed.
Gamma spectrometry showed mainly the pres-
ence of 7Be, with no indication of any radionu-
clides which could point to possible target leaks.

On 17 July, at the end of a 10-day physics
period, a sudden increase of radioactivity was

measured in the air released by the ventilation
system in connection with a uranium carbide
target being disconnected from the front end. In
the following nine days a series of incidents
occurred, with an important impact on the
experimental programme, which was delayed
until 25 August. First, connecting the next target
turned out to be impossible. Several futile
attempts were made, each corresponding to a
rise of air radioactivity, until eventually the
cause was found in a faulty connection flange.

On 21 July, when at last the target had
been successfully connected to the front end,
the locking piston was wrongly handled giving
rise to a target ejection which broke the water
cooling circuit and brought about a widespread
contamination of the floor of the Faraday cage,
and of the water in the retention pit. In the lat-
ter, the presence of alpha emitters was detected.

On 25 July, after the Faraday cage had
been decontaminated and a new target had been
connected, the front-end vacuum was found to
be spoiled by water vapour and an important
level of contamination was detected in the oil of
the primary pump, which showed a dose rate in
contact of 12 mSv/h. The pump was drained and
the oil was recovered as radioactive liquid waste.

Radioactive iodine was found on the air
filters at the ventilation outlet. The surface con-
tamination of the Faraday cage did not exceed
85 Bq/cm2. The specific activity of the water in
the retention pit was 16.5 Bq/cm3. Owing to the
strict limits for release of radioactive iodine and
the long half-life of 22Na, no release into the
drains could be envisaged before at least two
months.

As a consequence of the water leak, diffi-
culties arose when increasing voltage, and on
7 August it was necessary to clean the high ten-
sion insulators of the front end. The work was
carried out by five persons, who each spent 2 to
3 minutes in an environment of 5 to 10 mSv/h.
The total recorded dose was 530 |iSv.

On 17 August, on the transfer circuit lead-
ing to the balloons, the scuttle of a vacuum
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pump exploded, spreading about two litres of
contaminated oil across the target area. The oil
specific activity was about 90 Bq/cm3 and
included several iodine radioisotopes:
125j 126j 1 132j

reSidual
tamination was about 3.5 Bq over a 3 m surface.

The vacuum chamber of the High Resolu-
tion Spectrometer had to be modified. Since a
non-removable contamination by 22Na and
109Cd was detected on that chamber, which had
been used in the old SC-ISOLDE facility, special
precautions were taken when machining it in
the radioactive workshop of Building 109, to
avoid any dispersion of radioactivity.

A foam-rubber cushion was installed on
the wall carrying the shelves where the irradi-
ated targets are stored, in order to improve their
air-tightness. The result is encouraging, since the
thorium and uranium emanations have been
reduced.

At the end of the year, three technicians of
a British firm received a collective dose of
4.2 mSv whilst installing the rail for the new
robot. This dose could have been lower if the
work had been planned in collaboration with RP,
taking better account of the ISOLDE beam
schedule.

A check on some experimental apparatus
which had been used inside Hall 170 showed the
presence of some non-removable contamination
and the apparatus was not allowed to go back to
the University of origin. The ISOLDE coordina-
tor is collaborating with RP to ensure that such
checks are systematically made.

The total yearly dose to personnel at ISO-
LDE was 29.5 mSv, 46% higher than in 1994.

3.4 LEP injectors

One of the accelerating cavities was
replaced during the long shutdown. The maxi-
mum dose rate measured along the correspond-
ing section was 10 mSv/h in contact (0.5 mSv at
40 cm). Work was carried out also on some

probes located on coils upstream of section 25,
giving rise to a total dose of 2 mSv for three per-
sons. The collective dose for the whole shut-
down was 3.06 mSv and was shared by
11 persons.

An unplanned intervention took place in
LIL on 19 September. A connector in the con-
verter cooling system was broken and had to be
replaced in a working environment of 50 to
100 |iSv/h (the converter had been shielded with
lead). Doses to staff were negligible.

3.5 Antiproton Accumulator

A radiation survey carried out at the begin-
ning of the year showed that the dose rate levels
were close to those measured one year before.
Maintenance work performed during the winter
shutdown included servicing of the mobile
shielding curtain, removal of the ventilation cas-
ing used to cool the stripline, and other minor
activities, leading to a total dose of 1.55 mSv
accumulated by 10 persons. On the other hand,
no dose was received by people cleaning ele-
ments of the AA and ACOL rings.

On 13 April, a failure was found on the
lithium lens, which had to be replaced by a mag-
netic horn. This operation cost a total of
6.05 mSv to nine persons.

The magnetic horn was changed again
twice, the first time during the October shut-
down, and then on 19 November, after 48 hours
cooling time. In both cases remote handling was
applied. Thus the collective dose was reduced to
750 (oSv, shared by 5 persons, and to 750 nSv
shared by 8 persons. The horn removed in Octo-
ber was put together again at the storage area in
Building 232 and now gives a residual dose rate
of 45 mSv/h in contact. The horn which was
withdrawn in November is housed temporarily
at the end of the target zone and its contact dose
rate is 75 mSv/h.

The yearly collective dose has more than
doubled compared with 1994, mainly due to the
April work on the lithium lens.
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3.6 SPS ring and transfer tunnels

The most important activity in the ring
during the winter shutdown was the installation
of the new access system, which involved about
twenty technicians of an outside firm. During
the whole installation period, SPS sectors 1, 2
and 6 were kept permanently manned by a radi-
ation protection technician hired from a special-
ized firm. Warning signs and the indication of
the dose rate at the most radioactive spots were
updated regularly at least once a week. A map
bearing all such information was displayed at
each entrance door.

The rest of the work was mainly in con-
nection with the changing of cables damaged by
radiation. In the LSS1 long straight section, 15
persons were assigned to the replacement of
control cables and 5 to the replacement of kicker
power supply cables. The corresponding collec-
tive dose was 100.5 mSv. In LSS2 and in LSS6,
the separator cables were replaced, giving for
LSS2 a total dose of 34 mSv. In LSS6 one of the
ZS separators was also removed for repair and
reinstalled, adding up to a collective dose of
50.1 mSv.

An induced activity measurement was
made in the transfer tunnel TT10 to assess the
situation after the losses which had occurred in
1994 when transferring beam from the PS to the
SPS. Two high spots of 500 |iSv/h and 350 nSv/h
were found. The survey team found that in that
region the floor had sunk by about 10 mm and
proceeded with a realignment of the beam line.

The total collective dose for work in the
SPS complex during the shutdown, including
the target areas and the workshops, was
315 mSv. About 181 mSv were received in the
ring alone.

At start-up time, commissioning of the
new interlock system met with several difficul-
ties. For about a month, the access procedure
was very slow and had adverse effects on the
physics schedule. The situation was improved
later, but still it was found that the system did
not fully meet the specifications.

During the rest of the year, interventions
in LSS1 concerned the repair of two induced
activity monitors (leading to no dose), work on a
kicker magnet in a radiation environment of
140 |iSv/h, and on a vacuum gauge (40 uSv/h).
On the passage way in front of the TIDV dump
the levels observed were between 2 and
10 mSv/h.

Several machine elements were replaced
during the year. In LSS2, two shutters were
replaced on the ZS separators (working ambiance
1.5 and 0.65 mSv/h), and a camera on a beam
screen monitor (30 nSv/h). In LSS3, a bending
magnet (25nSv/h) was changed, with a total
dose of 0.7 mSv to personnel.

Three vacuum leaks occurred in LSS6. The
first time, there was also a water leak, but the
ambient dose rate was only 500|iSv/h; in the
other cases the dose rate at the time of inspec-
tion was much higher (respectively 40 and
18mSv/h), but a cooling time was imposed
which allowed the radioactivity levels to
decrease by a factor 3 and 6 before repair took
place. These interventions brought about a col-
lective dose of 24mSv for 22 persons, with a
maximum individual dose of 2mSv. Still in
LSS6, several repairs were performed on the elec-
trical and magnetic separators, and on the vacu-
um system, contributing doses of about 0.7 mSv.

Five water leaks occurred during the year
in the transfer tunnels TT20 and TT70. While
the dose rate due to induced activity was negligi-
ble in TT70, the three interventions in TT20
took place near a dump where the ambient dose
rate was of the order of 10 mSv/h.

Two radioactivity surveys of the ring were
performed, one at the end of proton physics on
16 October, the other one at the end of the
heavy-ion period on 14 December. In the latter
case the overall activity level was lower by about
of factor 2.

The total yearly collective dose in the SPS
complex, including the target areas and the
workshops, was 568 mSv.
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3.7 Neutrino

As soon as the neutrino cave was accessi-
ble at the beginning of the year, a thorough
cleaning of the floor was organized, in order to
avoid any contamination by the rust accumu-
lated from oxydation of the crane rack.

The main planned intervention concerned
the examination by endoscopy of the beryllium
bars of target T9. A special shielding cover for
the target box was built to protect the persons
during their work. The dose rate outside the
shielding did not exceed 25 \iSv/h.

Since some mechanical parts were stuck
on the supporting pedestal at the downstream
end of the target, the MANTIS remote handling
robot was employed. The machine was driven
from the top of the pit such that personnel doses
were kept within one third of the initial esti-
mates.

The above works resulted in a collective
dose of 14.9 mSv.

Other shutdown activities concerned the
replacement of a beam monitor, two vacuum
pumps, a vacuum chamber, and a fireproof door.
All doors were modified in view of the new
access system.

The proton intensity on the neutrino tar-
get after restart was very high (up to 2 x 1013

protons per pulse), and abnormal losses were
detected near magnet MPLV. During the year,
several inspections, repairs, and maintenance
interventions took place: servicing of the venti-
lation doors, pulling cables to the emergency
escape (3.9 mSv/h at the level of T9 target) and
through the escape shaft, repair of the reflector
cooling system (2.9 mSv/h). The total yearly col-
lective dose at the neutrino was 28.3 mSv.

3.8 TCC2, TCC6, TCC8, experimental
areas

During the long shutdown, most the work
in the target areas took place in TCC2 and con-

cerned tests of the emergency stops, replacement
of a bellow on the splitter tank (ambient dose
rate 2 to 10 uSv/h, collective dose 900 ixSv), work
on the TAX beam absorbers (collective dose
700 IISV), an intervention on the T4 target and
taking pictures for a film to be used for training.
Measurements on the vacuum chambers down-
stream of the splitters showed levels of 3 to
6 mSv/h. Samples of oil were collected and ana-
lysed by gamma spectrometry, but no measura-
ble radioactivity was found.

In TCC6, an access was requested to check
the target of experiment WA99, located down-
stream of the TAX absorber. In TCC8, there was
an access to visit the plug-in system, and some
induced activity measurements on the hadron
absorber of the NA50 experiment, which gave a
maximum oil.7 7 mSv/h in contact.

All monitors in the SPS experimental halls
were removed and calibrated. Some changes
were made on the EHN1 layout: interlock zone
134 on the H4 beam was extended and modified
in connection with experiment NA44, and zone
172 was created on the H2 beam for the CMS
Collaboration. A new catwalk was installed to
give access to the EU-RP Reference Radiation
Facility. A few radioactivity checks were made,
on the bent crystal of the EA Group (60 uSv/h at
a distance of 5 cm), and on some iron disks
which had to be machined outside CERN (no
activity detected).

In the West Area, the shielding of the calo-
rimeter in the H3 beam was improved by adding
20 cm of iron.

In ECN3, the rails of the electric train were
dismantled, without any dose being received.
Measurements on graphite-actinium-uranium
carrotts of the NA50 experiments gave 150 pSv/h
in contact, but no contamination was found on
the smears.

During the rest of the year, the main event
was an incident which occurred in TCC2 on
18 June. Because of a power supply fault, the pri-
mary beam was lost for about half an hour on a
bending magnet located on the beam line of tar-
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get T6. The RP technician on call was called sev-
eral times. Four hours after beam had stopped,
the ambient dose rate was 150mSv/h. A day
later the level was still so high that in agreement
with the physics coordinator, the engineer in
charge, and the SL Division Leader it was
decided to postpone replacement of the magnet
until 9 days later, during the June technical stop.
When the work was carried out, the ambient
dose rate had decreased to 5 mSv/h. The collec-
tive dose cost of the incident was 6.85 mSv for
82 persons, with a maximum individual dose of
600 |xSv.

In ECN3, measurements on the NA50 cal-
orimeter were made at the end of the year, show-
ing an increase by a factor 10 compared with
April. The maximum found was lOmSv/h at
10 cm.

In the West Area, 28 hours after the end of
the lead ion run, the induced activity on the two
calorimeters gave dose rates of the order of 10 to
30 |iSv/h.

3.9 LEP

There were three other minor incidents in
TCC2, due to water leaks, which resulted in no
significant dose to personnel. In one case, how-
ever, the intervention of the fire brigade was
required.

Other work in TCC2 was the taking out of
a dewar used to test radiation damage to silicon
diodes, the installation of instruments in front
of target T4 in view of lead ion operation,
inspections, replacement of magnets and of
beam observation equipment. A camera was
replaced in the TDC2 splitter area (ambient dose
rate 150 nSv/h).

In TCC6, a survey was made in view of the
planned replacement of cables during the next
shutdown. The levels were between 0.35 and
2 mSv/h. The dose due to this survey, plus that
for dismantling a collimator and for an inspec-
tion to study the possible displacement of target
Tl, amounted to 3.4 mSv for 20 persons. Other
interventions were required to repair the tem-
perature safety system of a magnet (total dose
0.15 mSv), to install the new access system, and
to carry out modifications required by lead ion
operation: in total 6.6 mSv were received.

Nothing special occurred in TCC8. At the
end of the year, the dose rate due to induced
activity in the target area did not exceed
40

In EHN1, the induced activity on the H4
beam line was checked before dismantling the
XCHV386 collimator: the maximum dose rate
found was 10 uSv/h.

During some periods when there is no
beam in LEP, it is necessary to carry out special
conditioning tests on the RF cavities. Control of
access to the cavity areas is then managed locally
by the SL/RFL Group. Outside such areas, ioniza-
tion chambers located on their external grids
will cut the safety interlock if the radiation level
exceeds some predetermined limits. However,
when conditioning superconducting RF modu-
les, no acces is currently allowed to the RA
machine tunnel, the expected radiation levels
being too high for a non-controlled area. The
possibility of installing some shielding is being
studied.

During the winter shutdown shielding
walls were installed around the separators in
regions RB26 and UX25. However, some weak-
nesses were detected during some separator tests.
A radiation monitor, normally installed in the
experimental area, was displaced and inserted
into the interlock safety chain.

In April, before beam was restarted, on the
request of a physicist some background measure-
ments were made in the ALEPH cave. The results
confirmed that the background radiation level is
2 to 3 times lower than above surface, with
higher values close to the walls and to the floor.

The usual search for induced activity at
the end of the beam period has shown that at
some hot spots in the injection regions, already
identified in the past, the radiation levels have
increased. New activated points have appeared
near the superconducting RF cavities, with
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maxima up to 30 |iSv/h at 40 cm distance after
30 hours of cooling. Some of the radiofrequency
regions have been classified as controlled areas.

3.10 Other areas and activities

The RP premises in the basement of Build-
ing 865, which have been used for many years as
a storage place for radioactive equipment, were
emptied and cleaned. In particular, 14 beam loss
ionization chambers, 11 mechanisms for mini
scanners and several flanges and collars were
moved to the main radioactive storage.

A check on the items which are on perma-
nent display on the first floor of Building 874
(Prevessin Control Room) detected a slight
radioactivity (1.6 nSv/h) on a sector valve. The
valve was replaced with a non-radioactive one.

The Harwell radiation monitors in the SPS
auxiliary buildings BA3, BA4, BA6, BA7 and
BA80 were replaced by simpler argon ionization
chambers. These monitors were originally sup-
posed to measure neutron and gamma radiation
escaping through the access shafts, but since no
neutron dose has ever been recorded in about
20 years, it was found that gamma detectors
would be sufficient. Actually, these monitors are
detecting mainly radiation from circulating acti-
vated water.

A check was made on 16 quadrupole coils
to be sent to England. Eight of them will be
burnt to destroy the insulation, while the other
eight will be repaired. All the work will be car-
ried out in a radiation controlled workshop.

The dewar and the diodes which were irra-
diated in the TCC2 target area were stored in the
Assembly Hall (Building 867). The dose rate at
10 cm distance from the dewar is 5 mSv/h and it
was decided to cover the storage zone in order to
avoid skyshine in the surrounding workshops.
The diodes show a dose rate of 0.58 and
0.86 mSv/h. Still in the Assembly Hall, measure-
ments were made at the time when a ZS separa-
tor, which was being tested, sparked. A
maximum of 9.5 mSv/h was recorded at 30 cm

from the high tension bar. Measurements of
induced activity were made on other separators
which had to be repaired, finding a maximum of
30|iSv/h. In another workshop, a target box
showed 70 \iSv/h.

In Building 904 (the so-called 'Clemsy
workshop'), a dump was brought from the PS for
machining and welding (400 uSv/h in contact).

Radiation levels in the various RF testing
areas were very low over the whole year. In addi-
tion to SM18, Building 112 and Hall 180, a new
testing zone was inaugurated on 23 March in
Building 2250. Its two bunkers are of the same
design as those of hall 180.

4. MACHINES IN OPERATION

4.1 LEP

Injection started on 22 April with elec-
trons and on 24 May with positrons, and the last
operation period ended on 27 November.

Physics started on 3 May with 4+4
bunches. Injection energy was increased from 20
to 22 GeV. For most of the year the beam energy
was 45.6 GeV as in 1995, but during the last
15 days it was increased to 68 GeV. Some tests
were made also at 70 GeV. In total, there were
1212 hours of stored beam at 45.6 GeV and 202
at 68 GeV. The integrated current was 6.6 Ah, to
be compared with 7.2 Ah in 1994.

Passive dose measurements were made in
the experimental barracks of the three accessible
experiments, giving results of the same order as
those of previous years (0.1 to 0.4 mSv). Similar
or slightly higher values were integrated in the
klystron galleries, except for UA43 and UA87,
where the 0.8 mSv measured were due to radio-
graphic tests which had been carried out on the
cryogenic lines. In front of the access mazes,
however, the doses are generally higher by a fac-
tor of 2. At the entrance of two mazes at Point 6
and of one at Point 2 the integrated doses were
measured as 1.28, 0.87 and 0.96 mSv gamma
dose and even 2.69, 0.27 and 0.28 mSv neutron

67



dose. It is the first time that neutrons have been
detected at the entrance of LEP mazes. Radio-
graphic tests also affected the dose accumulated
in the UJ55 and UJ76 galleries.

The active monitors detected a few beam
losses at the level of the telescopic shielding, but
although the instantaneous dose rates were of
the order of several tens of |iSv/h, the maximum
integrated dose was only 0.26 mSv for the whole
year.

Two radiation alarms in the klystron gal-
leries were found not to be due to ionizing radia-
tion but to important RF leaks (in one case
5 mW/cm2, while the limit is 1). The RF radia-
tion affected the detectors so that they showed
apparent dose rates of the order of more than
10 mSv/h.

Shielding walls made of iron and lead were
installed at all RB regions of LEP to reduce back-
ground in the experiments. Their usefulness has
not yet been confirmed.

Eight superconducting RF modules were
installed in LEP during the year. At the end of
1995,16 modules were operational.

Two radiation experiments were carried
out, at the two beam energies available in 1995,
in the RA43 long straight section and in the sur-
rounding areas (adjacent part of the curved tun-
nel, access maze, waveguide ducts and klystron
gallery). The original main goal of the experi-
ments was to assess the attenuation over long
distances of the synchrotron radiation streaming
from the arc to the experimental area. However,
the worry of the experimental physicists for syn-
chrotron radiation background having vanished
for some reason in the time between the two
experiments, the interest shifted to the absolute
levels of radiation inside and outside the tunnel.
With increasing LEP beam energy the radiation
level at the exit of the waveguide ducts will need
to be carefully watched.

Two series of measurements, at 45 and
68GeV, were also made to study the photon
attenuation up pit PM18. The results confirm

the attenuation curve established for photons in
previous experiments.

4.2 SPS

4.2.1 Experimental areas

The first physics period, from 18 April to
24 June, was divided into four sub-periods 1A,
IB, 1C and ID. Of about 6.7 xlO18 protons
delivered to the SPS targets, about two thirds
were for the neutrino experiments, 15% for the
muon beam, and the rest equally shared among
the Tl, T2 and T4 targets. During this period,
some increase in radiation levels was observed in
EHN1 during the CERN-EEC intercomparison,
but no alarm limit was exceeded. In beam H8B,
in the ATLAS zone, a 185 MBq 137Cs source was
installed. In the West Hall, beam H3 was not
operating during this period.

Period 2 (from 1 July to 10 October) con-
sisted of five sub-periods, 2A-2E. The protons on
different SPS targets were 8.3 x 1018, roughly in
the same proportions as in Period 1. In the West
Area, zone 103 was extended on the side of
beam XI for experiment WA98. No particular
problem occurred in any of the experimental
areas.

As in 1994, frequent checks were made to
ensure that film-badges were regularly worn dur-
ing beam operation in the experimental areas,
especially in view of the lead ion run. The situa-
tion appeared to have improved compared with
the past.

After a stop for three weeks at the end of
October, the third physics period was entirely
devoted to Pb82+ ion physics. On account of the
higher intensities expected, the shielding had
been further improved since last year, and the
interlock chain of the H3 beam had been modi-
fied. As a result, the radiation levels in the halls
turned out to be of the same order as in 1994:
high but under control (maximum 20 uSv/h in
the physicists barracks, about 30 uSv/h in some
non-occupied areas).
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4.2.2 Vopit

About 25 m3 of water were evaporated by
the Vo machine. Seven containers of radioactive
chalk were evacuated to radioactive storage. The
total mass of the residue was 110 kg and the
total activity 66 MBq (mainly 22Na).

4.3 The PS complex

4.3.1 PS ring

Frequent losses of short duration, due to
timing errors, occurred near ejection 16 over the
whole summer setting off radiation alarms in
the Linac 3 area and on the ring shielding berm
downstream of straight section 16. The recorded
radiation levels were of the order of several hun-
dred |oSv/h, with a maximum of 5.8 mSv/h. The
RP-PS section kept in close contact with the
Control Room staff until the problem was iden-
tified and eliminated.

An important beam loss, which lasted
three hours, occurred on 29 September on a
magnet near septum 16. A radiation monitor,
located in a maze linking the ring to Linac 3,
integrated 27.8 mSv and recorded a maximum
dose rate of 16.7 mSv/h. The corresponding val-
ues on the site near Building 588 were 6.5 JISV

for the 3-hour integrated dose and 4 |iSv/h for
the maximum dose rate.

4.3.2 East Hall

The fire detection system in the target area
of the East Hall was rebuilt during the winter
shutdown. Some PVC pipes showed a slight 7Be
activity and were sent to waste. The target area
was also cleaned. No dose was received.

After start-up, an experiment was set up in
the target area to determine the beam profile. A
copper plate irradiated during the experiment
gave 2 mSv/h in contact and was stored inside
the access maze waiting for its activity to cool
down.

At the end of August a steel plate was
removed. This had been laid down in 1983 to
shield the radioactive floor at the location where
the dump and the targets had been at the time
of high intensity physics. The dose rate from the
floor is currently 22|iSv/h compared with
lOOpSv/h 12 years ago. Gamma spectrometry

showed the presence of
hall.

60,Co in the floor of the

Measurements were made around a 95 kV
X-ray set which had been installed in the East
Hall to test a detector prototype for the ATLAS
Collaboration. In normal operating conditions
the dose rate at 5 cm, on the axis of the tube,
was found to be about 1.2 Gy/h. The area has
been delimited to avoid people crossing the
beam. Dose rate levels were found to fall off fast
with distance.

4.3.3 LEP injectors

During a survey in the klystron gallery,
radiation leaks were detected on klystron 13 dur-
ing normal operation (200 (iSv/h), and on
klystron 97 in connection with tests aiming at
increasing the frequency (20 to 160 pSv/h along
the waveguide). In the latter case, unusually
high radiation levels were also generated near
the access door to the CLIC Test Facility
(71 ySv/h neutron dose rate, 49 uSv/h of pho-
tons). Additional shielding was installed to avoid
a direct view of the access maze to door 611. A
radiation leak was also detected near a klystron
being tested at increasing power levels. The
cause was traced to a weakness in the shielding
near the waveguide. Up to 5 mSv/h were meas-
ured in the passage way in front of the klystron.

RPL dosimeters were exposed for eight
days on an RF module which was being tested at
CLIC-CTF. Integrated doses up to 10s Gy were
recorded.

4.3.4 Antiproton Accumulator

At the end of September, measurements of
integrated dose were performed inside the ACOL
hall during antiproton accumulation. The aim of
the measurements was to estimate the radiation
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levels in view of the project to install experi-
ments based on antiproton deceleration, so that
a decision could be made on whether access
could be allowed while the machine is running.
Most of the radiation turned out to be neutrons
with energy lower than 15 MeV; when normaliz-
ing to an intensity of 3 pulses per supercycle, the
maximum measured levels were 150 (iSv/h close
to the inner shielding of the accumulator and
30 pSv/h at the planned locations of the future
experiments.
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SURVEY REPORTS PS SECTION

No. Date TITLE

95-01 05.01 Ring survey PS

95-02 04.01 Ring survey Booster

95-03 23.01 Bilan des doses personnelles pour le complexe PS en 1994

95-04 30.03 Grand arret annuel du complexe PS en 1995

95-05 31.03 Exposition de dosimetres integrateurs T1D autour des accelerateurs du complexe PS en 1994

95-06 20.04 Remplacement de la lentille Ii par une corne magnetique dans la zone de cible AA

95-07 05.05 Cartographie au Linac II

95-08 01.05 Mesures comparatives entre les moniteurs de type PAX et le 'CERBERUS'

95-09 12.06 Mesures de radiations dans la galerie des klystrons et au CTF

95-10 27.06 Mesures de radiations au LINAC 3

95-11 29.06 Ring survey PS

95-12 29.06 Ring survey Booster

95-13 26.07 Augmentation des niveaux de contamination dans la zone cible d'Isolde suite a des
manipulations de cibles

95-14 21.08 Niveaux de contamination mesures dans la zone cible Isolde les 16 et 17 aout 1995

95-15 02.10 Tableau recapitulatif des analyses faites lors des vidanges de ballons a ISOLDE

95-16 04.10 Mesures de radiations dans le hall ACOL en vue de la future installation antiprotons

95-17 23.10 Ring survey PS

95-18 23.10 Ring survey Booster

95-19 23.10 ChangementderaimantBHZ03situesurlaligne'el7s'

95-20 20.11 Remplacement de la corne magnetique dans la zone cible AA

95-21 16.11 Mesures de radiations autour d'un generateur X installe dans le hall Est

SURVEY REPORTS SITE SECTION

No. Date TITLE

95-01 11.08 Resultats des mesures anthropogammametriques du personnel du CERN

95-02 Controle autour du generateur 'X-rays' du bStiment 7

95-03 30.11 Installation d'un generateur 'X-rays' au bat. 188
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SURVEY REPORTS SPS/LEP SECTION

No. Date TITLE

Mesures de rayonnement dans le hall ouest SPS pendant la periode ions lourds

Test de controle du lecteur de TLD Harshaw modeles 2000 A et B

Doses integr£es du 11 novembre au 5 decembre 1994 sur les Wigglers de polarisation du
LEP. Mesure de l'ozone en demi-cellule 755

Doses integrees en 1994 sur les cavites RF Supra en LSS4

Doses integrees en 1994 pres des kickers du LEP

Doses de septembre a d6cembre 1994 dans les zones experimentales du LEP

Doses integrees en 1994 pres des kickers du SPS

Doses integrees le long de la cloture de la zone ouest - periode ions lourds-novembre a
decembre 1994

Tavaux sur la boite a cible T9 au Neutrino

Travaux effectu6s au SPS pendant TarrSt machine du 4 Janvier au 3 mars 1995

Mesures effectuees au point 4 du LEP dans la zone expdrimentale

Doses integrees dans le SM18 de fevrier a mai 1995

Doses integrees en ECA 4 et ECA 5 pendant l'annee 1995

Doses integrees dans les batiments du SPS au niveau des stations de rerroidissement

Doses integrees dans le hall de montage du SPS du 14.12.93 au 14.12.94

Contrdle des rayonnements au SA2

Doses integre'es dans le SM18, mai a juillet 1995

Mesures sur des bobines d'aimants quadrupdles du SPS

annule

Mesure de 1'attenuation des rayonnements dans le puits PM18

Interventions en LSS6

Activite radioprotecrion - zone ouest SPS

Mesures de rayonnements en sortie des passages pour les guides d'ondes a L3 et a OPAL

Activite induite dans les zones d'injection et de radiofrequence du LEP

Mesures de rayonnement dans le hall Ouest SPS pendant la periode ions lourds 1995

annule

Doses integrees le long de la cloture de la zone Ouest - octobre a decembre 1995

95-01

95-02

95-03

95-04

95-05

95-06

95-07

95-08

95-09

95-10

95-11

95-12

95-13

95-14

95-15

95-16

95-17

95-18

95-19

95-20

95-21

95—22

95-23

95-24

95-25

95-26

95-27

01.02

09.02

09.02

14.02

14.02

23.02

20.02

28.02

29.03

29.03

08.05

05.05

23.06

23.06

23.06

26.06

07.-07

01.07

25.08

15.09

05.10

11.10

12.12

21.11

11.01
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Figure 1: Collective dose for the PS ring. Bars correspond to dose, the line to induced
radioactivity
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Figure 2: Collective dose for the SPS
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Figure 3: Evolution of annual collective doses per area within PS Complex
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