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The implementation of the real-time 

system for data acquisition, monitoring, 

logging and data retrieval for the 

Superconducting Low-Beta Insertion 

The real-time monitoring and data-acquisition system for the Superconduc-
1 

ting Low-Beta Insertion including all required functions and ��n· 

completed in October 1980. However, major services ���eAl::fvailable already 

� the beginning of 1980 throughout the test and running...:in period of the 

insertion. 

It provides important information about the eight superconducting magnets, 

their cryostats and the associated cryogenic system. This information consists 

of !38 digital' quantities and 341 analog quantities the latter being composed of 

251 elementary measurable quantities and 90 dependent quantities, i.e. data that 

are calculated as functions of elementary data. 

The system together with the Alarm system is running on a dedicated NORD

lOS computer on a round-the-clock basis (available also during ISR shutdowns•) 

(see Fig. 1). 

Data acquisition may be instantaneous by direct operator call or regular 

for ephemeral memorization and automatic monitoring. Memorization of data for 

further analysis (recording) is provided by means of a 2.5 Megabyte disk 

storage. Although in principle the memorized information is fleeting, data 

gained during a certain interval of operation may be kept forever on a disk 

copy. The interval of continuously recorded data may vary from one to several 

days according to the logging frequency chosen. 

Software for retrospective analysis exists that can graphically or textual

ly display information as function of time or render groups of data from a 

historical moment. Automatic monitoring includes alarm messages to SRC and A8, 

a computer-driven siren in A8 and alarm transmission to the SB division. The 

monitoring criteria are defined by the users in a data base. There may be 

different thresholds and settings for each quantity for four operation modes 

(magnet operation, liquefaction, refrigeration and stand-by mode). 
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The software is engineered in modules to such an extent that the dependence 

of programs upon user-defined facts is minimized. In this way, names of quanti

ties, identification texts, physical dimensions of quantities, the lay-out of 

data and even calculation algorithms can be defined and changed by the user in a 

large data base. 

The programs may be driven from one of two computer consoles (one in SRC 

and one in A8) comprising a visual-display unit (VDU) with keyboard and hard

copy printer (A8 only), a touch-panel and graphic-display screen. Hard-copies 

from either display may be output in SRC. A local alarm printer is provided in 

AB. 

The system is flexible, user-friendly and easy to use. Any Cryogenic 

operator, be he familiar with computers or not, can easily extract curves or 

figures that are relevant for him (see Fig. 2, 3 etc). 

Conclusions 

The system is indispensable to ensure the reliable working of the supra

conducting magnets and their associated cryogenics. Moreover, it is useful for 

the running-in or tests of the Low-B insertion as it helps to check the proper 

functioning of components and can elucidate the course of ·physical processes 

determining the operation of the plant. 

Encl. Figures 

L.A. Tausch 
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1981-01-07 12H06M205 DVSLCO=S, QF=i , OL.=99, SL•?) 

- SUPERCONDUCTING LOW-EETA QUAl'ITITIES - /STAND-BV/ 

Q MAME IDENTIFICATION TEXT SL YAU£ 

1 PC CRYOSTAT PRESSURE P15 
2 LC CRYOSTAT LHE LEVEL L14 
3 P803 CRYOSTAT PRIMARY VACUUM 
4 P804 CRYOSTAT SEC , VACUUM 
5 F16 CRVOSTriT &. TR , LINE FLOW 
6 T20 CRYOSTAT GAS-IN TEMP . 
7 T21 MAGNET GAS OUTPLIT TEMP , 
8 T22 MAGN . SCREEN GAS-IN TEMP . 
9 T23 MAGN . SCREF-N GAS-OUT TEMP , 

10 T24 TRANSFER LINE OUTP . TEMP , 
1 1  T17 MAGNET BACK TE�PEP..ATURE 
12 T18 MAGNET INTERM , TEl1P , 
13 T19 MAGNET FRONT TEMPERATURE 
14 GT MAG�;::T TEMP . GRADIENT 
15 DT. TEMP . DIFF . GAS-IN/MAG . BACK 
16 TI SINGLE-MAGNET MEAN TEMP . 
17 TAV MAGNET MEAN TEl·t0ERATURE 
18 TMIN TEMPER , OF COLDEST MAGNET 
19 TMAX TEl'IPER . OF WARi·lEST l'tt.:iGNET 
20 DTM MAGNET MAXIMUM TEM? . DIFF . 
23 TA LEAD A TEMPERATURE T4 
24 TB LEAD B TEMPERATURE TS 
25 TC LEAD C TEMPEP..ATURE TS 
26 TS LEAD 5 TEM:"'ERATURE T7 
f!7 TD LEAD D TEMPERATURE T8 
28 EA LEAD A VOLTAGE E9 
29 EB LEAD B VOLTAGE E10 
30 EC LEAD C VOLTAGE E1 1 
31 ES LEAD S VOLTAGE E12 
32 ED LEAD D VOLTAGE E13 
33 RA LEAD A RESISTANCE 
34 RB LEAD B RESISTANCE 
35 RC LEAD C RESISTANCE 
36 RS LEAD S RESISTAN�E 
37 RD LEAD D RESISTA�CE 
38 I4 QUADRUPOLE CURRENT 
29 16 SEXTUPOLE CUP-RENT 
40 112 DOvECAPOLE CURRENT 
-41 125 . SEXTUPOLE DIODE CURRENT 

· 42 I2G. DODECAPOLE DIODE CUP.RENT 
-46 TAVA LEAD A MEAN TEf'l?ERATURE 

· 47 TAVE LEAD B MEAN TEMPERATURE 
48 TAVC LEAD C MEAN TEMPERATURE 
49 TAVS LEAD S MEAN TEMPERATURE 
50 TAVD LEAD D MEAN TEMPERATURE 
51 T111NA LEAD A 11IN . TEMPERATURE 
52 TMIN3 LEAD B MIN . TEf<iPERATURE 
53 TMINC LEAD C 1'1IN . TEMPERATURE 
54 TMINS LEAD S MIN . TEMPERATURE 
55 TM IND LEAD D MIN . TEMPEP..ATURE 
56 TMAXA LEAD A MAX , TEMPERATURE 
57 TMAXB LEAD B MAX . TEl'iPEP..ATURE 

· 58 Tl":AXC LEAD C MAX . TEf'iPERATURE 
59 TMAXS LEAD S MAX . TEM?EP..ATURE 
60 TMAXD LEAD D MAX . TEMPERATURE 
61 DTMA LEAD A MAX . TEMP . DIFF , 
62 DTMB LEAD B MAX . TEMP . DIFF , 
63 DTMC LEAD C 1'1AX . TEMP .  DIFF . 
64 DTMS LEAD 5 MAX . TEMP . DIFF . 
65 DTMD LEAD D MAX . TEMP . DIFF . 
71 J1 COf"iPRESSOR POLJER 
72 P025 COMPRESSOR SUCTION PRESS . 
73 P024 COl·lPRESSOR DISCH . PRESS . 
74 T046 COMPI� . DEL . BEF . ORIF . TEMP . 
75 P047 COMPR . DEL . BEF . ORIF . PRESS . 
76 P048 COMPR . DELIV . ORIF . PRESS . 
77 FCOt1 COf'iPRESSOR DELIV . FLOW 
78 S161 TURBINE 1 SPEED 
79 5162 TURBINE 2 SPEED 
80 P130 TURBINE INLET PRESSURE 
81 T134 COLD'i30X LP/HP132 INL. . TEl'IP 
82 T135 COLDBOX COOLDOWN OUT . TEl'lP 
83 P31 1  COLDBOX VACUUM C PRIM.C\RV) 
84 PS12  COLDBOX VACUUM CSEC . )  
85 PS13 PRIMARY PUMP VACWM 
86 L163 COLDBOX GKW LHE LEVEL 
89 LDEW DEWAR LEVEL 
90 P123 DEW1'.'.!R PRESSURE 
91 L01 BALLOON 1 LEVEL 
9Z LC-2 BALLOON 2 LEVEL 
93 P023 BUFFER PRESSURE 
94 P129 CRYOSTAT RETURN PRESSURE 
95 T154 SCREEN VALVE BOX TEMP . 
96 PLS03 TR . LINE PRIMARY VACUUM 
9'? PL804 TR . LINE SECONDARY VACWM 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
? 
7 
? 
7 
7 

5 
3 
3 
7 
7 
7 
7 
7 
? 
7 
7 
7 
? 
7 
7 
? 
7 
7 
? 
7 
7 
7 
7 

5 
2 
2 
2 
2 
3 
4 
4 
3 
4 
3 
4 
4 
2 
4 

1 , 073 
0 . 0000 

7 , 800E -3 
0 . 0000 
0 . 2442 

195 , 1 
195 . 8  

0 . 0000 
207 , 7  
28'7 . 1  
· 194 . 8  
194 . 6  
195 , 2  

0 , 8485 
0 . 2673 

194 . 9  
203 . 9  
171 . 9  
262 . 2  

58 , 34 
289 . 0  
288 . 3  
289 . 7  
289 . 4  
289 . 8  

0 . 1954 
1 . 270 
0 . 0000 
0 . 1954 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 

6 , 838E -2 
8 . 547E -3 
1 , 099E -2 
289 . 7  
289 , 0  
289 . 9  
289 . 8  
290 . 5  
288 . 9  
288 . 2  
289 . 0  
288 . 4  
289 . 0  
291 , 2  
290 . 6  
291 . 5  
291 . 2  
292 . 1  

1 ,523 
1 . 545 
1 . 612 
1 , 412 
1 .579 
1 . 954 
1 , 778 
1 . 709 
6 . 624 
1 , 722 

· 0 . 0000 
0 . 0000 
0 . 0000 
0 . 0000 
1 , 087 

40 . 00 
285 . 7  
995 . 2  

0 . 0000 
980 . 7  

0 . 0000 
0 . 0000 
1 , 055 

38 . 29 
35 . 8? 
16 . 64 

1 . 058 
286 . 4  

0 . 8076 
0 . 0000 

BAR " 
MBAR 
MBAR 
L/Mil'I 
K 
K 
K 
K 
K 
K 

. K  
K 
KM 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
MV 
MV 
MV 
MV 
MV 
MUOHM 
MUOHM 
MUOHM 
MUOHM 
MUOHM 
A 
A 
A 
A 
A 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

. K  
K 
K 
K 
K 
KlJ 
BAR 
BAR 
C 
BAR 
MBAR 
G/S 
1/S 
1/S 
BAR 
K 
K 
MBAR 
MBAR 
MBAR 
MM 
MM 
BAR " " 
BAR 
BAR 
K 
MBAR 
MBAR 

REMARKS 

:t:OUT OF RAf'IG8I: 

ll:OUT OF RANGE:t 

:t:OUT OF RANGE'.!': 
:!:OUT OF RANGE:i: 
:!:OUT OF RANGE:t: 
:t:OUT OF RP."IGE:t: 
:!:OUT OF RANGE:t 

:!:BELOW RANG8k 
:t.P048 ERROR:!: 
:t.BELOW RANGE:t: 
)!(BELOW RANG8k 

)l(BB..OW RANG8k 

:t;OUT OF RANGE:I: 

I 
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1981-01-07 14H44M25S DYSLCO=S, G=CRVO) 
: . 

. ;-- SUPERCONDUCTING LOW-BETA QUANTITIES --

Q 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 a 
2 
2 
2 
2 a 
5 
5 
5 
5 
5 
5 
5 
5 

· 6  
6 
6 
6 
6 
6 
6 
6 

9 
g 
9 
9 

g 
9 
9 

10 
10 
10 
10 
10 
10 
10 

10 

NAME 

PC 

PC 
PC 
PC 
PC 
PC 
PC 
PC 

LC 
LC 

LC 
LC 
LC 
LC 

LC 
LC 

F16 
F16 

F16 

F16 
F16 

F16 

F16 

F16 

T20 
T20 
T20 
T20 
T20 
T20 
T20 
T20 

'T23 
T23 

'T23 
T23 
T23 
'T23 
T23 
T23 

T24 
T24 
T24 
T24 
T24 
T24 
T24 
T84 

I , .  

IDEl'ITIFICATION TEXT SL 

CRYOSTAT PRESSURE P15 1 
CRYOSTAT PRESSURE P15 : . .  2 
CRYOSTAT PRESSURE P15 3 
CRYOSTAT PRESSURE P15 4 
CRYOSTAT PRESSURE P15 5 
CRYOSTAT PRESSURE P15 6 
CRYOSTAT PRESSURE P15 7 
CRYOSTAT PRESSURE P15 8 

CRYOSTAT LHE LEVEL L14 1 
CRYOSTAT LHE LEVEL L14 2 
CRV0STAT LHE LEVEL L14 3 
CRYOSTAT LHE LEVEL L14 4 
CRYOSTAT LHE LEVEL L14 5 
CRYOSTAT LHE LEVEL L14 6 
CRYOSTAT LHE LEVEL L14 7 
CRYOSTAT LHE LEVEL L14 8 

CRYOSTAT &. TR . LINE FLOW 1 

CRYOSTAT &. TR . LINE FLOW 2 
CRYOSTAT & TR . LINE FLOW 3 
CRYOSTAT &. TR . LINE FLOW 4 
CRYOSTAT &. TR , LINE FLOW 5 
CRYOSTAT &. TR . LINE FLOW 6 

CRYOSTAT &. TR . LINE FLOW 7 
CRYOSTAT &. TR . L.INE FL.OW 8 

CRYOSTAT GAS-IN TEMP . 1 
CRYOSTAT GAS-IN TEMP . 2 
CRYOSTAT GAS-IN TEMP . 3 
CRVOSTAT GAS-IN TEMP . 4 
CRYOSTAT GAS-IN TEMP . 5 
CRYOSTAT GAS-IN TEMP . 6 
CRYOSTAT GAS-IN TEMP . 7 
CRYOSTAT GAS-IN TEMP . 8 

MAGN . SCREEN GAS-OUT TEMP . 1 
MAGN . SCREEN GAS-OUT TEMP . 2 
MAGN . SCREEN GAS-OUT TEMP . 3 
MAGN . SCREEN GAS-OUT TEMP . 4 
MAGN . SCREEN GAS-OUT TEMP . s 
MAGN . SCREEN GAS-OUT TEMP . G 
MAGN . SCREEN GAS-OUT TEMP . 7 
MAGN . SCREEN GAS-OUT TEMP , 8 

TRANSFER LINE OUTP . TEMP . 1 
TRANSFER LINE OUTP . TEMP . 2 
TRANSFER LINE OUTP . TEMP . 3 
TRANSFER LINE OUTP , TEMP . 4 
TRANSFER LINE OUTP . TEMP . 5 
TR1:!\NSFER LINE OUTP . TEMP . 6 
TRANSFER LINE OUTP . TEMP . ? 
TRANSFER LINE OUTP . TEMP . 8 

. . . 

-..... .,..-- ·· -· · · . �":":'f -: • 
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, • CRYOSTAT . /STAND-BY/ 

VAWE REMARKS 

1 . 071 BAR . ' 
1 . 065 BAR 
1 , 068 BAR 
1 . 067 BAR 
1 . 072 BAR 
1 . 065 BAR 
1 . 069 BAR 
1 . 076 BAR 

0 . 0000 u 
0 . 0000 " 
0 . 00•;)0 " • 
0 . 0000 " 
0 . 0000 " . . . ,• 

0 . 0000 ¾ 
0 . 0000 " 
0 . ee00 % 

0 . 0000 L/MIN 
0 . 2442 L/MIN 
0 . 0000 L/MIN 
0 . 0000 L/MIN 
0 . 0000 L/MIN 
0 . 0000 L/MIN 
0 . 2442 L/MIN . . . -
0 . 0000 L/MIN 

198 . 3  K 
188 . 6  K ' 
263 . 6  K : 

254 . 8  K . . 
173 . 0  K 

·. :- · . 

174 . 3  K . . · ·.• 
195 . 4  K ·. : - .  = · · 

.. 

.. 
. . 

. • ·  -

, .  

I 
; ' 

I 

, .  

. . . .  

- · < 

'· 

. . 

. • .  

-

. . .  189 . 6  K .-_� :(: -� t . . . , _  ., . . . -· · . 

213 . 7  
203 . 3  
870 . 3  
266 . 0  
190 . 4  

190 . 8  

208 . 1 

204 . 7  

286 . 9  
286 . 6  

287 . 1  

286 . ?  

287 , 4  

286 , 6  
287 , 2  

886 . 8  

K 
K 
K -
K 
K 

. K .  
K -
K 
K 
K 
K 
K 
K 
K 
K 
K 
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1981-01-07 12H09M22S DYSLC0=5 , DIG , QF .. 1 , QL•89, SL .. �) 

- SUPERCONDUCTING LOW-BETA QUANTITIES - /STAND-BY/ 

Q NAME IDENTIFICATION TEXT 

1 SLU1 HKS1 OPERATION MODE 
2 SLU1 HKS2 LIQUEFACTION MODE 
3 SLU1 HKS3 REFRIGEP..ATION MODE 
4 SLU1 HKS4 STANDBY MODE 
S SLU1 PCV1 13 BALLOON RETURN VAL\£ 
6 SLUl FSG26 COLDBOX COOLING WATER FLa.J 
7 SLU1 EZ812 PRIM;CiRY VACUUM PU1".P 
8 SLU1 PA1 10 EJECTOR SUCTION PRESSURE 
9 SLU1 HCV122 GHZ WITHDRAl,JAL VALVE 

10 SLU1 HCV123 LH'.::: WITHDRAlJ�rL VAL\£ 
1 1  SLUl HCV131 GHE RETURN VALVE 
12 SLU1 HCV132 GHE RETURN VALVE 
13 SLU1 LA163 LHE SEPARATOR LEVEL 
14 SLU1 PCV1 19 COLD EJECTOR SUCTictl Vrt..1/E 
15 SW1 HE127 LHE SEPARATOR HEATER 
16 SLU1 TCV124 WARM GHE MIXING VALVE 
17 SLU1 FS625 DIFFUSION PUMP WATER FLOIJ 
18 SLU1 TS138 ADSORBER TEl'!PERATI..JF£ 
19 SLU1 TS139 ADSOi?BER TEMPERATURE 
20 SLU1 PCV1 12 WARM EJECTOR FEED wt.VE 
21 SLU1 PS312 , 1  COLDBOX VACUUM 
22 SLU1 PS812 . 2  COLDBOX VACWM 
23 SLU1 PS813 COLDBOX PRIM;:;RY-PLMP VACUUM 
24 SLU1 P5713 COLDBOX COMPF.ESSED AIR PRESSURE 
25 SLU1 EV814 COLDEOX HIGH-'/ACUUN VALVE 
26 SLU1 FSG12 CO�.P�ESSOR COOLING WATER FLOW 
27 SLUl E2001 OIL PUi·1P 
23 SLU1 H\1033 COi•lPRESSOR PURGE Vr:t..VE 
29 SLU1 PDS022 COr-iPRESSOR OIL PRE�7.JRE 
30 SLU1 PS019 C0MPRESSOR SUGTIO�� PRESSL.RE 
31 SLU1 PS020 cor·tPi=cESSOR DELIVERY PRESSURE 
32 SLU1 PS021 cor·JPRESSOR BYPASS 
33 SLU1 PS710 COl'IPRESSCR COi"iPR , AIR PRESSURE 
34 SLU1 PCV014 GHE DISCHARGING Wd...VE 
35 SLU1 PCV015 GHE CHARGir'lG VALVE 
3G SLU1 TA038 1ST STAGE DELIVERY TEMPERATURE 
37 SLU1 TA039 2ND STAGC:: DELIVERY TEMPER.ATURE 
33 SLU1 TA040 3RD STAGE DELIVERY TEMPERATURE 
39 SLU1 TA041 COMPRESSOR DELIVERY TEMPERATURE 
40 SLU1 TS042 1ST STAGE DELIVERY TEMPER.ATURE 
41 SLU1 TS043 2�D STAGE DELIVERY TEi'!?EP..ATURE 
42 SUJ1 TS044 3RD STAGE DELIVERY TEi'iPEP-ATURE 
43 SLU1 TS045 COMPRESSOR DELIVERY TEMPERATURE 
44 SLU1 TA511 MOTOR WINDING TEMPEP..ATURE 
45 SLU1 TS511 MOTOR WINDING TEl'iPERATURE 
46 SLUS ES001 18-K\/OL T AC-t'-lETWORK 
47 SLUS ES002 18-KVOLT AC-BREAKER 
43 SLU5 ES003 MOTOR 
49 SLUS ES005 COMPRESSOR 
50 SLU1 EZ\/170 DEWAR AUXILIARY PRESSURE CONTRa.. 
51 SLU1 HCV1 18 DElJAR DIRECT RETURN VALVE 
52 SLU1 LCV1 17 LHE DEl,JAR FEED VALVE 
53 SLU1 LS165 LHE D:::LJAR LEVEL 
54 SLU1 PS131 DEl,JAR PRESSURE 
55 SLU1 SA161 TURBIM:C: 1 SPEED 
56 SLU1 SS161 TURBINE 1 SPEED 
57 SLU1 SS1G2 TURBINE 2 SPEED 
58 SLU1 SA162 TU�EINE 2 SPEED 
59 SLU1 TA134 TU?-BINE OUTLET TEMFERA'J1RE 
60 SLU1 TC\11 14  TURBINE INPUT VALVE 
61 SLU1 TS190 TURBINE 1 BEARING COOLING-WATER 
62 SLU1 TS191 TURBIM,: 2 BEARING COOLING-WATER 
63 SLU1 TS192 TURBINE 1 BREAK COO'�IMG-1,JATER 
64 SLU1 TS193 TURBINE 2 BREAK COOLING-WATER 
65 SLU1 IS1 10 ASSURED 220 VOLT M:;. POWER 
66 SLU1 151 1 1  4 8  VOLT DC POWER 
67 SLU1 1S112 NO-BREAK 220 VOLT PC POl,JER 
63 SLUG Pi",00G 13290/SL COOLING WATER PRESSURE 
69 SLUG PDA025 A8/SL 1,JATER FILTER DP 
70 SLUG PA02G A2/SL COOLING WATER PRESSURE 
71 SLUG PDAOGS B290/SL LJATER FILTER 
72 SLU3 VVL80G TR . LINE VACUUM Vf'LVE 
73 SLUS PU800 , 1 TR , LINE VACUUM PL."'.PING I.J'IIT 
74 SLUS PUS00 . 2  TR . LINE VACUUM PUPING UNIT 
75 SLU8 WL807 TR . LINE AUX . VACWM VALVE 
76 SLU3 \''v'S81G PRINCIPAL-VACUUM \/Pl.VE 
77 SLU3 PUS8H:l1 SPARE VACUUM PUMPING UNIT 
78 SLU3 PUS8102 SPARE VACUUM PUl'iPD'iG UNIT 
79 SLU8 WSS17 SPARE AUXILIA.'<Y VACUUM VALVE 
BC, SL8 W80G CRYOSTAT VACUUM VALVE 
81 SL8 PU800 . 1  VACUUM PUViPING UNIT 
82 SL8 PU800 . 2  VACUU:-1 PUMPING UNIT 
83 SL8 VV807 TRANSFER LIN::: VACWM-VALVE 
84 SL8 LS14 CRYOSTAT LHE LEVEL 
85 SL8 PS CRYOSTAT PRESSURE 
86 SL8 LCU1 TRANSFER VALVE 
87 SLU9 OREC QUENCH RECORDER 
88 SLU9 srn1 INTERLOCK Ril'IG 1 
89 SLU9 SIR2 INTERLOCK RING 2 

LOGICAL CONDITION 

OFF 
OFF 
OFF 
ON 
LOCKED CLOSED 
< 1M*:l:3/H 
OPERATIONrt.. 
> 1 BAR 
LOCKED CLOSED 
LOCKED CLOSED 
LOCKED CLOSED 
LOCKED CLOSED 
< 20 ¾ 
LOCKED CLOSED 
LOCKED CLOSED 
LOCKED CLOSED < 1 .  0 M*;f:3/H 
NORMAL 
NOP.J1AL 
LOCKED CLOSED 
> S , 0E-6 MBAR 
> 7 , 0E-5 MBAR 
> 1 . 0E-2 MBAR 
< 5 BAR 
CLOSED 
> 10 rn::i:3/H 
OPERATIONAL 
NOT CLOSED 
> 3 BAR 
> 0 . 95 BA.� 
< 19 BAR 
OPEN - O . K .  
> 5 BAR 
LOCKED CLOSED . 
LOCKED CLOSED 
< 190 C 
< 175 C 
< 145 C 
< 40 C 
< 195 C 
< 180 C 
< 150 C 
< 45 C 
< 70 C 
< 80 C 
UP 
OPERATIONAL 
3 KV NORrn.. 
OFF 
OPERATIONAL. 
LOCKED CLOSED 
LOCKED CLOSED 
< 200 MM 
< 1 . 4 BAR 
< 2500 1/S 
< 2600 1/S 
< 2600 1/S 
< 2500 1/S 
> 14 K 
LOCKED CLOSED 
< 30 C 
< 30 C 
< 30 C 
< 30 C 
OFF 
ON 
ON 
> 3 , e  EAR 
< 0 . 6  BAR 
> 3 . 2  BAR 
DP < 0 . 8  EAR 
CLOSED 
STOPPED 
OPERATIONAL 
CLOSED 
:l::l:AMBIGUOUSU 
STOPPED 
OPERATIONAL. 
:l:Jl:AMBIGUOUS.U 
CLOSED 
STOPPED 
OPERATIONAL. 
CLOSED 
< 90 % < 1 . 25 BAR 
LOCKED CLOSED 
OPERATIONAL 
OPERATIOMrd... 
OPERATIONAL 

. I  
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