
Air Pollution Monitor for TRISTAN 

K. Hanaoka, K. Kudo, S. Takeda 
KEK, National Laboratory for High Energy Physics 

Oho, Tstikuba-shi, Ibaraki-ken, 305 Japan 

Introduction 

In the summer of 198s. sixteen superconducting RF cavities 
were installed to increase the beam energy of TRISTAN and 
they began to be effective operation in November (1 I. One of 
the obvious problems created by the installation of 
superconducting equipment to the tunnel is oxygen-poor in 
case of bursting the liquefied gases. 

Air pollution in the tunnel from poisonous gases formed by 
synchrotron radiations is also becoming serious problem as 
upgrading TRISTAN. It is the purpose of this paper to show 
the special safety control problems and the system used in 
TRISTAN t,o give a solution for these problems. 

An air pollution monitoring system to detect a shortage of 
oxygen and contamination of the air in the tunnel is newly 
Introduced into the previous distributed safety and interlock 
system IDSIS) 121. The system includes detectors for oxygen- 
poor, for ozone and nitrogen-dioxide and for a small amount of 
smoke. It keeps watch on the environmental pollution in the 
tunnel and supervises the information which is necessary for 
sati%g operation for TRISTAN, DSIS and the new system are 
functionally subdivided, but the latter is hierarchically 
connected to the former to provide interlock signals for other 
accelerator devices. 

OxvPen deficiencv 

Oxygen deficiency at the Nikko area (one of the colliding 
points where superconducting cavit.ies were installed) is 

related to the burst of the cryost,at.s. Each cryostat for t.ho 
c,jvitirxs contains 1,100 liters of liquid helium and 100 liters of 
liquid nitrogen. The volumr of air in the related region is 3600 
m:j. Therefore, if the liquefied gases burst into the tunnel in an 
instant, the oxygen content in the tunnel falls into eighteen 
pc’rccnt after one hundred seconds for the worst. This 

Table 1. Influence of oxygen shortage 
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percentage is the ,Japanese guideline of environmental hygiene 
for working conditions. 

Table 1 gives the influences of oxygen shortages for the 
human health. The lower levrl of oxygen content that has no 
effect on human health is 16 percent from table 1. It takes 
three minutes to fall into 16% after the burst of liquefied gases. 
That is to say, the worker in the area must evacuate within 
three minutes. 

It is also required accuracy of +3’? for the oxygen dotcctors 
to be stable for at least six mont,hs without calibration, SIIUX the 
TRISTAN runs more than [our mont.hs aft.rr it once gets lo b? 
operated. 

Air pollution bv svnchrotron radiation 

The ozone and nitrogen-dioxidr arc> created by synchrotron 
radiations. The content of these poisonous gases in the tunnel 
gains in quantity as raising energy and intensity of thr, beaol. 

Ozone has an influence on the human respiratory organ; a 
person falls into difficult breathing f?om t,he ozone of 0.5- 1.0 
ppm and the capacity of human lungs is failing. It, is rcpoltcd 
that the nitrogen-dioxide of 5-8 ppm gives the same eff()ct as 
ozone of 0.5-1.0 ppm. To get useful information for abovtY 
influence, the detection of ozone and nitrogen-dioxide must be 
sensitive and stable, having enough rejection against the noise. 

Imulenicnt;ition 

(:onsidrring above rcquiremcknt:,, the main objrct.ivcs of the 
present system for the air pollution monit,or arta summnrlzcd 
in the following points: 

(a) quick response of the system; 
(b) high sensitivity of the pollution detection: 
(c) reliability and stability of the system; 
td) assurance for the safety of the personnel; 
(e) flexibility for future extension corresponding to 

upgrading TRISTm: 
tfi centralized monitoring of all informat,ion; 
(g) real-time graphic presentation of environmental status: 
th) visible and audible alarm. 

l)etect,ors: In consideration of these critcar-ion of (a~, it)) and 
cc:, we adopt the detector of oxygen deficiency with galvanic 
crll method with a compensation of the tcmpcratur(> Galvanic 
cc>11 is composed of olc~ctrnchrmical nctivr parts and thin 
oxygc’n penetriltiv? film. The output signal of’ galvanic ccl1 is 
proportional to the concentration of oxygen. The long term 
stability of the detector is within 5!i for 800 days. The detcct.or 
also shows good linearity as shown in Fig. 1. We installed 
fourteen oxygen dctect.ors on the wall at regular intervals of 
trn meters in Nikko arca 

The ozone and nitrogen-dioxide detectors arr introduced for 
monitoring the environmental pollution in the Lunnc~l. The 
detectors give an important information to the prrsonnel 
entering into the tunnel. The detectors used for these gasc’s arc 
also Galvanic cells like t,ho oxygen dotrctors. 
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Fig. 1 Linrarity of :m oxygen detector 
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Sctwork: CI~ 2 Shows schctm:ltic d(Lscription for t.h~ system 
l’hf> pro~r.;l,rlrn:lhI~~ ~c~lucnce controlli~r II’S(;) has bc~en uacd, 
liktx I)SIS. becaus;t, l’S(: permits a high system flexibility and 
ha-; proved its rc~li:;htlitj~ in many industrial installations. All 
WCs for l,SIS ;irc l,,~st~d on the Y;tsuk>3\va’s ~li~mocon-SC, but 
thr prrsrnt system consists of %?4,4-f’S(: by Gould. Gould s 
!MlA is fahter than Yasukawa’s PSC: in scan time and provides 
hig21-spcc>d rt‘motc Ii0 network. !)HIi\ is available for praphic 
tool using IfjM 1’C and compatibles. 

Sigti;tls from c>ach air pollution ti(~ttYtor around tllo tunnrl 
;,rt ~;tttl(~r(~d to thck local equipm~~nt. ‘I’h(> local cquipmc,nt 
tr.;lnsforms alI signals into I-fLOnv\ currt>nt. loop and transfers 
tij the input ports of the rttmotc I/On ‘I’hc remote IUs send 
sjgll:~ls in rp-;pnnsr to 984A’s cmnmands. 984.4 summarizes all 
signills and s:t,nds important, interlock functions to the l)SIS. 

(‘omt~~~~nication nc>twork of I)S1!\ includtxs a rclmotc I/O 
n(atwork and m:~s;tcr!slnvr notwork with two ports. 984.4 
rotltrols t\\r(l rt,motr I/OS t.hrouph high-spc>cd rc~motc 110 
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Fig. 2 A schematic description of the system 

network which operates at 1.5 >lbits!scc. .%last.erislave 
network connects 984A and t.wo remote intelligent terminals 
(J-3 100.SGTs by Toshilra~l for programming and data 
acquisition Thtasc terminals in the ccxnt.ral conLro1 room enable 
us t,o control thcx system and to display graphically the 
~~n\~ironmcntal data of the tunnc.1. using I!)200 baud 
communication ports. The functic,ns of the system are 
principally divided into two kinds. \vhich are for th(h intcarlock 
and for the monitoring 

Intcbrlock: Onci~ the oxygcxn content d(,tcctctl by :111y of 
fourteen oxygen dct cctors bccotnrs lowct~ than the 
environmental standard, 981A sends the interlock signals to 
I)SIS. Then I>SIS prohibits pt~rsonn(~l from cxnt.c>ring in1.o the 
t.unncl by controlling thr c>ntranco and announrcs the .statc of 
emergency for oxygen automatically. Thp t.inte-delay of thr 
deficiency alarm was measured within 15 SW. 
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l;lg, :1 I~ca-tlm(~ graphic prc5c‘ntation of environmental stat\ts 

hlonitoring: Thr present systfm 
monitnrs not only oxygen but also 
ozone and ni?rogcn dioxide. The 
rc‘al-time graphical information is 
sc,rviccable through the broadhand 
(1ATV network 13 I. 

li’ig. 3 shows an rsamplc of :hc 
rp,lI-timp gt’nphic prPsc’nt,:l1 ion Of 
c~tl~ironn~fntal st;itus:. NO:! ant1 

():I rotlt(lnt art Intlicntc>d in the 
rrtltr~r‘ of’ rhr ligurt and ~,xygc’!l 
lt’\.t3iS i‘rOtl1 ii)Lll’lt’t’l~ d?t?ct(lrS ilr(’ 
~hc,;~,n by b:+rs, on hith sidi5. 

,1-3100-$(:‘1’:, stow all data of L 
;~hovc in!i)rmation in order to rcf?t 
;IS il Il’t‘tld ilt ilIly tiltl? IJig ~1 
bho~.s the trend of t,lic oxygen 
content of onr of the detectors. 
‘I’ ti i s graph shows some 
fluctuations in the range of 2 3?2,. 
The sources of fluctuations are 
considrred as following: 
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Fig. 4 A trend of the oxygen content 

(a) humidity in the tunnel; 
(b) temperature of surroundings; 
(c) pressure of the atmosphere. 

The humidity in the tunnel is controlled in the range of 
30-45%. The alteration of the detector sensitivity by this 
humidity is within 1%. Temperature of surroundings is 
controlled 20-24’C. This temperature fluctuation is almost 
negligible. The deviation of atmospheric pressure is within 
2%. The effect by this deviation is estimated 2%. The most 
probable candidate for the fluctuation in Fig. 4 is the deviation 
of atmospheric pressure. 

Fig. 5 shows the t,rend for 03 and NO2. NO2 measures 
about 1 ppm, but the content of 03 is changing from Oppm to 
O.ORppm according to the beam intensity. 

Conclusion 

The system of air pollution monitor for TRISTAN has 
installed to meet the requirements according to the TRISTAN 
upgrade. As a result of six months usage from last October, the 
system is confirmed stable work. 
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