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Abstract

The Operation of KEK-PS has been getting more and
more tight, and the beam intensity higher and higher.
Fortunately, machine troubles do not increase, but the
residual activity has increased according to the machine
time and the beam intensity. When a machine trouble
happens, users ask us “repair the trouble as fast as
possible’. So, we must consider “How to decrease the
human DOSE”.

We have ancther trouble caused by the radiation,
which is the deterioration of the equipments watching in
the PStunnel, likeafirealarm and a TV camera.

1 OPERATION OF KEK-PS

1.1 Fiscal Schedule

The fiscal year of Japan is from April 1 to next
March 31. As the typical machine schedule, the fast
extraction period for the experiment of neutrino
oscillation is operated from April 1 to the end of April.
After about two weeks shutdown, the fast extraction
mode resumes to the end of June. Then, only the booster
operation mode continues for about three weeks, while
the beam to main ring is stopped for the cooling down of
the man ring. After two months shutdown, fast
extraction mode resumes and continues until Christmas
season. The operation resumes from the begging of
January. It changes to dow extraction mode from middle
of February and continues to the end of March. Therefore,
there are two short shut downs (for about three weeks) in
May and Christmas & New Year, and one long shut
down (for about two months) in summer. Almost every
three weeks, we change the run number for the reason of
publishing the run summary. Almost every Monday noon,
we take two hours machine shutdown, when we enter PS
tunne for the small maintenance.

1.2 History of the Beam Condition of KEK-PS

Figure 1 shows the “History of operation times of PS’
from Fiscal Year of 1985 to 2001 (17 years). Blue colour
shows “Physics group experiment”, that is “user time”.
Green shows “Accelerator group tuning and study”. Red
shows “Accelerator Failure’. Brown shows “Other”,
which means the scheduled short shut down for small
maintenance and the troubles caused by experimental
group. Purple shows the Booster mode operation time to
neutron and meson laboratory, while the main ring
operation stops for cooling down. Comparing with the
beginning year of the operation, the present operation
time has double increased. The machine time is about
6000 hours (250 days) per year.
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Figurel: History of operation times of PS

There is a compromised decision between user and
accelerator group that the total amount of time for
accelerator tuning and study should not exceed 15% of
the whole machine time.

Figure 2 shows “the history of the averaged intensity
of the booster ring from FY 1979 to 2002". Every bar
shows the averaged intensity of every ran. The present
intensity of the booster is amost four times larger than
that in the begging of the operation
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Figure2: The history of the averaged intensity
of the booster ring

Figure 3 shows “the history of the averaged intensity
of the main ring from FY 1979 to 2002". Until February
1999, there was only sow extraction system from the
main ring. But at 1999, we made the fast extraction
system by the request of the neutrino oscillation
experimental group. As the beam loss at the fast
extraction period is about half in the case of dow
extraction, we can increase the beam intensity to the
double.
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Figure3: The history of the averaged intensity
of themain ring

; i ] Figureb: typical residual activity in the booster ring
1.3 Residual Activity! (4 Gays after bear, sop)
Figure 4 shows the plan of Booster ring. The 40MeV

H- beam is injected from Linac and accelerated to Figure 6 is the plan of main ring. 500MeV beam is
500MeV. At the middie of 500MeV-BT, there is a injected from the booster ring, accelerated to 12GeV, and
blanching point to the booster user line of Neutron &  extracted from EP1 or EP2. There is another extraction
Meson group and to the main ring. line from the internal target. There are slow extraction
systems for both EP1 and EP2 line, but fast extraction
system is installed only for EP1 line. Usually we use the
fast extraction system of EP1 line for the neutrino
oscillation measurement, but we aso use the dow
extraction system of EP1 or EP2. In rare cases, we use
simultaneous extraction using EP2 mainly, EP1 and
internal target line additionally.

Figure 4: Plan of booster ring

Figure 5 shows the typical residual activity in the
booster ring. In this case, the operation was stopped at
July 12, and after four days, the measurement was done.
These values are on the surface of the beam duct. Green
circles show 1 and 10 mSv/h. Especially at the extraction
point, the activity is very high, 50mSv/h.

Figure 6: Plan of main ring



Figure 7 shows the typical residual activity in the main
ring 4 days after beam stop. Green circles show 10 and
100mSv/h. Especially near the extraction point, the
activity is very high, from 10 to 50mSv/h.
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Figure7: typical residual activity in themain ring
(4 days after beam stop)

2 TROUBLES OF KEK-PS

2.1 Machine Troubl&?

From now, we will introduce the typical repair
working for the trouble of magnet with high radiation.
The run schedule was simultaneous extraction mode of
EP2 main and EP1 additional, and the run would
continue to July 26, 1999. But, at July 10, septum magnet
D and E at EP2 line broke down. As there were no spare
of septum magnets, we stopped the simultaneous
extraction, but continue the single extraction of EP1 line.
Fortunately, there was no schedule to use EP2 line until
next April 4th, while we only used the EP1 line. Just a
few days before resuming the extraction of EP2, we
removed the broken septum D and E from EP2 line. Next
day, we moved septum D and E from EP1 to EP2 line
because we had no spare magnets and did not have
enough time to make new ones.

2.2 History of DOSE of PSMembers

Neverthdess the long cooling time at EP2, the
maximum residual activity on the surface of the magnets

was about 20mSv/h, and one at EP1 is 150mSv/h because
of short cooling time.

Figure 8 shows the DOSE of individual person from
1997 to 2001. Every section surrounded by green bars
shows the DOSE of same group members. In the KEK
rule, thelimit DOSE per year for man is 20mSv/year, but,
when you are exposed to hear 7mSv/year (as blue dotted
lines show in the figure), you will get the alarm card that
warns not to exceed 7mSv/year. The maximum DOSE is
near 10mSv/year in the case of the main ring group in
1999, which is much higher than 7mSv/year. The
members of main ring group and vacuum group suffer
much higher radiation than another group. The bar at the
right end shows the averaged DOSE of all PS members.
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Figure 8: DOSE of individual person separated
by PS maintenance group

2.3 Supporting List

Therefore, another group should support the main ring
group for repairing the magnet. At first, we made the
order list for supporting work, which was proportiona to
thetotal DOSE. It isshown in Table 1. Actually there are
56 members in PS group, but we simplify the number to
20 in these ligts. For instance, the person suffered low
total DOSE is listed on upper order. But we do not want
that young man not having a baby exposes to high
radiation. And there was a complain that the man of low
DOSE must use his valuable time to another group work
for long hours. So, we took another formula as Table 2.
This formula depends on not only the total DOSE (S),
but also man’s age (Y) and his working time (H). For
example, supposing two men with same DOSE, one is 20
years old and another 60. In the case of 20, the value of
the term of (-Y/20+5) is 4, on the other side, in the case
of 60, itsvalueis 2. So, even if two men suffer the same
radiation, young man suffers twice radiation effectively.



But there was another complain. The DOSE of the man
who just becomes PS member is very small. But actualy,
all people suffer about 1mSv from nature every year. So,
we decided to add 14mSv to the total DOSE from 1989 to
2002 (14 years). The Table 3 is made by the find
formula.

Now we compare the position in these lists in the case
of Mr.E, J, Sand T. Mr.E isold and low DOSE, Mr.Jis
young and low DOSE, Mr.S is middle age and high
DOSE, Mr.T is ald and high DOSE. In the second list,
Mr.E’s position becomes lower because of long working
time. Although the working time of Mr.J is short, his
position also becomes lower because of his young age. In
the third list, we are sorry that Mr.E comes to the first
position and Mr.Js position becomes lower because of
the bias DOSE. But, if you have suffered high DOSE,
your position dose not move in spite of your age, like

Mr.SandT.
[Total Do: T otal D ose| Workind Total Dose Workina
e A% | e 02 | Time A% |Te9-cz | Time |Point
Order|Name| (yc.y) (] Order| Namel o]~ (msv)__|_(hour) Order| Name | (cer) )| mn |
A 8 B T [20 3% 69| a1]
B 58 A 1 [14 | 479 ZIEEE
C | D 2 14 9| C 200 166
D 71 H 2 7| D 271 140
(5 Em 355 C 2 6 | F 357 24|
F 357 T a7 H 479 28
G 366 F 357 5| B 158 o5[ ¢
H 479 G 366 A 118 ]
T 279| o | 3% N 680 16
J 520 L 680 M 720 73
K 602 K 602 G 366 69| 59
L 680 J 520 K 602 a1
M 7.24 M 7.20 N 8% a1
N 808 N L3 7 520 23
o) 970 o) 970 o 970 10
P 2448 P 2448 P 2448 00| 3]
q 3298 R 3600 R 3600 00[ 1
R 36,00 Q 3298 Q 2% 00 153
9 | s 5753 15 [ 6691 T 6691 10| 183
T 91 S 5753 S 5753 00[ 75
N=S N=S(-Y/20+5)+H/2 N=(S+14)*(-Y/20+5)+H/2
Table 1 Table 2: Table 3:
(proportional  (depends on age & (bias DOSE of
tototal DOSE)  supporting hour) 1mSv/year)

2.4 DOSE Caused by the Supporting Work

Therefore we asked PS members to support changing
magnets along the final supporting list. Two of the
supporting members worked at the same time by the
instruction of one of the main ring group who stayed in
the weak radiation area. The limit of exposure DOSE per
day is 0.5mSv, but the alarm levd is set 0.35mSv.
Therefore, when the supporting member’'s DOSE was
close to 0.35mSv, we asked the man at next position of
thelist to join the supporting work.

Table 4 is the individual DOSE caused by changing
magnets at March 29 and 30, 1999. As shown in Table 5,
total number joining the work is 46, and the averaging
DOSE is 0.28mSv/person. Nevertheless the members of
the main ring group stays in low radiation area, they
suffered a lot of radiation as shown in pink colour
column because of their long stay in tunndl.

Fortunately, it is unusual that the severe trouble
happens to need the supporting work.

Date Total Personal Time DOSE
(March) | Number Name Start End Difference (mSv)
1 A 9:38 1059 121 0.208

2 B 9:38 11.00 122 0.218

3 C 1055 1145 0:50 0.29

4 D 10:55 1125 0:30 0.3

5 E 11:22 1154 0:32 0.18

6 F 11:25 1154 0:29 0.16

7 G 1304 1422 118 0.31

8 H 13:04 1324 0:20 0.33

29 9 | 1304 1330 0:26 0.36
10 J 13:04 1417 1:13 0.33

11 K 1325 1510 1:45 0.31

12 L 14:45 1552 1.07 0.27

13 M 15:10 1552 0:42 0.2

14 N 940 1151 211 0.213

15 (o] 9:38 957 0:19 0.124

15 o] 1329 14:10 0:41 0

16 P 958 1620 6:22 0.161

17 Q 13:04 1550 2:46 0.32

18 R 934 10:10 0:36 0.313

19 S 935 10:13 0:38 0.341

20 T 955 10:30 0:35 034

21 U 10:02 10:37 0:35 0.35

2 \ 10:30 1138 108 0.42

23 w 10:30 11:39 1:09 0.37

24 X 11:25 1150 0:25 0.33

25 Y 13:00 1337 0:37 0.32

30 26 Y4 13:00 1345 0:45 0.31
27 a 13:35 1409 0:34 0.32

28 b 1355 1513 118 0.32

29 c 14:09 1515 106 0.33

30 d 14:52 1514 0:22 0.15

31 N 935 11:22 1:47 0.318

32 [e] 951 11.03 112 0.35

33 P 10:12 1540 5:28 0.24

34 Q 11:10 1503 353 0.34

Table 4: Individual DOSE caused by
the supporting work

Date Totd Total DOSE Averaged
number of [MSv* men] DOSE
People [mSv/men]
29/3/99 23 5.694 0.25
30/3/99 23 7.392 0.32
SUM 46 13.086 0.28

Table 5: Total DOSE caused by the supporting work

3 DETERIORATION OF EQUPMENTS
3.1 Fire Alarmand TV Camera

Fire darm measuring smoke and CCD camera are
very important equipments for watching the operating
condition in PS tunnel. But, they are very weak for
radiation. As shown in Figure 9, the lifetime of the fire
alarm set near the extraction places of the booster ring is
few days, and one in other placesis few months. A CCD
camerais set at the corner of the ceiling of booster room
where the radiation is supposed to be weak. But, the
lifetime of the camerais few months.



Figure 9: Thelifetime of firealarm and TV camera
in the booster ring

Figure 10 shows the case of the main ring. The
lifetime of fire alarm set near extraction place is few days.
But, the lifetime set other place is few months. On the
other side, the lifetime set in the neutron and meson line
isfew years.
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Figure 10: Thelifetime of firealarm in the main ring

We suppose that the lifetime depends on the radiation
during operation. Therefore, we measured the radiation
field near extraction of the booster ring. We also
measured in some places of the neutron and meson line,
and near EP1 line. As shown in Figure 11 and Picture 1,
we stretched ropes tight along red lines and hung plastic
bags containing radiation monitors at red numbers. Near
extraction point, we also stretched a rope from the ceiling
to the floor to measure the vertical mapping.

Table 6 is the typical measured result. These values
show that how much mGy is irradiated to the places by

accelerating 1* 10* protons. Aranine dosemeter measures
the radical of amino acid by ESR. Aluminium thin plate
measures gamma ray from Na-24, which tels you the
guantity of high-energy neutron more than 6MeV. Gold
thin plate tells you the quantity of thermal neutron by
using imaging plate. There are big difference between
the place of long life (A3) and the place of short life
(M3,B13 and M1). But it is strange that there is not so
big difference between the place of few months (B23)
and few days (B1 and B17).

Figure 11: Measuring points of radiation field
near booster extraction

Picture 1: Horizontal and vertical ropes hanging
plastic bags containing radiation monitors

Aranine Al Au
Place || radical (ESR) v (Na-24) Imaging Plate Life of Note
Name >6MeV n (thermal Fire Alarm
m(_-,)lllo1 4prm)ns

B1 0.03 0.08 0.62| Few Days | Ceiling (near BR Ex.)
B17 0.05 0.07 051| Few Days | Wall (5m from BR Ex.
B23 0.02 0.06 0.39 | Few Months| Wall (2m fromBR In.)
A3 0.02 0.03 0.04 | Few Years NML Line
M3 0.71 110 25.00| Few Days | Cailing (near EP1)
B13 3.50 130 0.75] Very Short | Beam Duct (BR Ex.)
M1 26.00 60.00 150.00 Very Short near EP1 Septum

Table 6: Radiation (mGy) irradiated by accelerating
1* 10" protons at various places in PS tunnel



4 SUMMARIES

4.1 DOSE caused by working in PStunnel

In the most severe case, the residual activity at
working area is ImSv/h. As the KEK rule, the limit of
radiation DOSE is 0.5mSv/day. So, the working time
should be about 30min. There was a record that shortest
working time was 5min. The list of supporting work
under high radiation is made by some formula, which
consists of accumulated DOSE, age and supporting time.
For the accumulated DOSE, we add 1mSv every year.
Fortunately, the number of using the supporting list is
small, averages once per two years.

From the fiscal year of 1997 to 2001, the highest
DOSE of PS members was 9.7mSv/year. This value is
lower than the limit of KEK rule, 20mSv/year, but higher
than the alarm level of 7mSv/year. In the same period,
the averaged DOSE of PS memberswas 1.1mSv/year.

4.2 Deterioration of Equipments

There is the deterioration of equipments watching PS
tunnel. The lifetime of the fire alarm measuring smoke is
few days. On the other side, the lifetime of one
measuring temperature is long, but the response is no
good, because it is the mechanical type. So, we want a
company to make a fire alarm using a photo-multiplier.
But, they do not want to make new type, but they try to
shield the fire alarm by thick iron, lead and polyethylene.

The lifetime of CCD camera is very short (few
months). We use phototube camera to watch H' stripping
foil. The camera's life is long (few years), but it is not
colour, and now out of making. We have no good idea on
TV camera

5SACKNOWLEDGEMENTS

We would like to express our gratitude to
Mr.Kouji.Okazaki for his help collecting data.

REFERENCE

[1] Takenori SUZUKI, “Practical Radiation Control at
KEK”, Presented in this workshop

[2] Hikaru SATO, et al., “Status of the Maintenance for
the KEK 12GeV-PS main ring and power supply”,
Presented in this workshop



