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Installation of a Tandem-type Accelerator Mass Spectrometer

Toshihiko MIZUSHIMA, Orihiko TOGAWA, Yoshihiko MIZUTANI,
Shoji KABUTO* and Tadatoshi YAMAMOTO'

Department of Facilities
Mutsu Establishment
Japan Atomic Energy Research Institute

Minato-machi, Mutsu-shi, Aomori-ken

(Received January 5, 2000)

Tandem-type accelerator mass spectrometer (hereinafter referred to as Tandetron) was installed at
the Ominato Facility of Mutsu Establishment, JAERI in April, 1997. The objective of its installation is
to investigate the mechanism of the mixing and circulation of seawater in the ocean, by collecting
seawater samples around Japan and analyzing the horizontal and vertical distributions of “C contained in
the samples. The Tandetron consists of two lines to measure isotopic ratios of carbon and those of
heavier iodine. The adjustment for the carbon line was finished and the measurements of seawater
samples were started. The iodine line, on the other hand, is on the final step of its adjustment and
performance tests are being carried out with a TOF (Time of Flight) detector. The iodine line will be

used to analyze '”

I released from a spent nuclear fuel reprocessing plant and other nuclear facilities.

In this report, we summarize the status of installation of the carbon and iodine lines for the
Tandetron. The report describes the situations of their adjustments until now, the outline of the
Tandetron, tests of measurement performance, evaluation and inspection of shielding performance,

problems and their solutions, and so on.

Keywords: AMS, Tandetron, Carbon-14, lodine-129

* Mutsu Marine Laboratory, Japan Marine Science Foundation
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1 489 | 21 488 | 41 493 | 61 496
2 484 22 482 | 42 491 62 498
3 4881 23 494 | 43 500 63 498
4 491 24 490 | 44 490 | 64 500
5 484 | 25 493 | 45 498 | 65 496
6 485| 26 485 | 46 498 | 66 496
7 484 27 490 [ 47 487 | 67 497
8 483 | 28 4871 48 495 | 68 499
9 489 | 29 492 49 491 69 499
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12 486 | 32 488 | 52 498 | 72 498
13 479 | 33 491 53 498 | 73 507
14 494 | 34 487 | 54 497 | 74 502
15 498 | 35 492 | 55 497 75 500
16 498 | 36 493 | 56 497 | 76 501
17 490 37 495 | 57 496 | 77 500
18 496 | 38 496 | 58 497 78 504
19 493 | 39 492 59 497 79 500
20 4871 40 4871 60 502 | 80 501
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1 488 | 21 485 | 41 495| 61 500
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3 487 | 23 483 | 43 498 | 63 498
4 4931 24 488 | 44 495 | 64 500
5 485| 25 493 | 45 494 | 65 505
6 493 | 26 493 | 46 496 | 66 503
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8 482 | 28 496 | 48 500 | 68 502
9 493 | 29 482 | 49 498 | 69 500
10 485 | 30 4931 50 502| 70 499
11 484 | 31 492 | 51 500 71 499
12 497 | 32 483 | 52 504 72 500
13 489 | 33 497 | 53 506 | 73 500
14 496 | 34 494 | 54 500 | 74 503
15 485 35 495| 55 499 75 503
16 491 36 488 | 56 499 | 76 503
17 498 | 37 500 | 57 501 77 500
18 486 | 38 490 | 58 496 78 501
19 488 | 39 492 | 59 503{ 79 60

20 487 | 40 496 | 60 503 | 80 60
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ROCH T FERFHBILE, ORI, FoTrhnrodRXL—va VAT LADY T
ROHFITHHISAENTE Y . analysis scanT''C scan®&RTH 2 L IC L VWITA D, analysis
scanZ T o -BBRIXAFRROERIDEBY THY, ZORERE, K6 ~H221277,

#£3 '*C Analysis Scan —EXR

No. B F 4 77 AN 1 1
1 |RI Source Einzellens 980615A1 Me6BR IT)
2 |RI Source X-Steerer 980615A2 7HRBF)
3 |RI Source Y-Steerer 980615A3 X8ZM &)
4 |RI Extraction Voltage 980428C]1 9B
5 |RI Target Voltage 980428C3 X102
6 |RI Recombinator Magnets 980529A3 H1z8®R &)
7 |RI Recombinator Slotlens 980529A8 12288
8 |RI Recombinator Y |-Steerer 980529A6 X132
9 |RI Recombinator Y2-Steerer 980531A3 X148
10 |RI Recombinator X3-Magnet 980529A9 X152
11 |RI Recombinator X4-Magnet 1021-009 X162
12 {RI Q-snout Voltage 980504B1 X178
13 |Stripper Gas Up Scan 980530A3 X185 M
14 |Stripper Gas Down Scan 980530A4 X192 B
15 |33°Deflector 980601A3 2088 'C EE E)
16 |90°Magnet 980504A2  |M21BE  'C ZWE )
17 |Pan to position 980615B2 X228
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15 C14: Rl Recomb. X3—Magnet Analysis Scan
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&4 Results of the first day (Jun 8,1998)

JAERI-Tech 2000-004

sample "2C curr. B¢ curr. "o Be/'%c "c/'%c
# (nA) (nA) (counts) (x10%) (x10'9
1 159.10 169.24 173542 1.09667 1.42440
2 162.94 173.26 178163 1.09623 1.42770
3 163.64 173.94 178703 1.09588 1.42549
4 165.91 176.42 181426 1.09629 1.42799
5 169.24 180.01 184323 1.09655 1.42198
6 169.08 179.78 184744 1.09621 1.42644
statistical error{ 0.236%
mean| 180150 1.09631 1.42567
standard deviation 0.00028 0.00225
rel. Standard deviation 0.025% 0.158%
"c/'"%C Samplel Sample2 Sample3 Sampled Sampleb Sampleb
Run?2 1.41425 1.42221 1.40236 1.42832 1.42523 1.41406
Run3 1.43073 1.41683 1.42937 1.43231 1.40859 1.43149
Run4 1.42802 1.42251 1.40240 1.41938 1.42572 1.43020
Run5 1.42595 1.44057 1.44556 1.43819 1.42282 1.42632
Run6 1.43830 1.42936 1.43077 1.43520 1.42510 1.42119
Run? 1.42276 1.42674 1.43225 1.42282 1.42647 1.42963
Run8 1.41082 1.43571 1.43575 1.41973 1.41995 1.43220
Standard Deviation| 0.00948 0.00825 0.01666 0.00757 0.00631 0.00663
Average| 1.424404 1.427704 1.425494 1.427993 1.421983 1.426441
Rel. Standard Deviation|  0.665% 0.578% 1.169% 0.530% 0.443% 0.465%
Final Standard Deviation| 0.00225
Final Average| 1.425670
Final Rel. Standard Deviation| 0.1580%
Sc/’c Samplel | Sample2 | Sample3 | Sample4 | SampleS | Sample6
Run2 1.09760 1.09711 1.09691 1.09723 1.09744 1.09719
Run3 1.09702 1.09654 1.09623 1.09674 1.09727 1.09693
Run4 1.09696 1.09629 1.09611 1.09638 1.09654 1.09625
Run5 1.09667 1.09623 1.09573 1.09610 1.09658 1.09616
Run6 1.09639 1.09616 1.09552 1.09611 1.09632 1.09579
Run7 1.09598 1.09579 1.09549 1.09599 1.09608 1.09578
Run8 1.09605 1.09548 1.09515 1.09551 1.09563 1.09536
Standard Deviation| 0.00058 0.00052 0.00059 0.00056 0.00064 0.00065
Average| 1.096667 1.096229 1.095877 1.096294 1.096551 1.096209
Rel. Standard Deviation|  0.053% 0.048% 0.054% 0.051% 0.058% 0.060%
Final Standard Deviation| 0.000279
Final Average| 1.096305
Final Rel. Standard Deviation| 0.0255%




%5 Results of the second day (Jun 9,1998)

JAERI-Tech 2000-004

sample 2C curr. B¢ curr. "c Be/%c "“c/'%c
# (hA) (nA) (counts) | (x10% | (x10™®)
1 206.23 219.38 162459 1.09669 1.44032
2 234.64 250.00 183210 1.09842 1.42736
3 233.91 249.12 182780 1.09800 1.42847
4 226.40 24111 177624 1.09788 1.43438
5 229.21 24391 180175 1.09706 1.43721
6 212.46 226.10 167325 1.09713 1.43973
statistical error| 0.239%
average| 175596 1.09753 1.43458
standard deviation 0.00067 0.00558
rel. Standard deviation 0.061% 0.389%
"“c/"%C Samplel Sample2 Sample3 Sampled Sampleb Sample6
Run1 1.43984 1.41874 1.43766 1.43254 1.44202 1.44118
Run2 1.43242 1.44232 1.41417 1.42514 1.42372 1.42975
Run3 1.44734 1.42830 1.44114 1.43090 1.44183 1.44136
Run4 1.43660 1.43183 1.42826 1.43886 1.44661 1.44872
Runb 1.44542 1.41563 1.42114 1.44445 1.43185 1.43764
Standard Deviation| 0.00616 0.01068 0.01122 0.00746 0.00927 0.00688
Average| 1.440324 1.427364 1.428474 1.434378 1.437206 1.439730
Rel. Standard Deviation|  0.428% 0.748% 0.785% 0.520% 0.645% 0.478%
Final Standard Deviation| 0.00558
Final Average| 1434579
Final Rel. Standard Deviation| 0.3891%
3c/'%c Samplel Sample2 Sampled Sampled Sampleb Sampleb
Run1 1.09740 1.09897 1.09829 1.09734 1.09703 1.09699
Run2 1.09675 1.09764 1.09753 1.09849 1.09635 1.09570
Run3 1.09652 1.09807 1.09850 1.09727 1.09645 1.09729
Run4 1.09665 1.09973 1.09811 1.09813 1.09793 1.09835
Runb 1.09613 1.09771 1.09756 1.09818 1.09756 1.09734
Standard Deviation| 0.00046 0.00090 0.00044 0.00055 0.00069 0.00095
Average| 1.096690 1.098424 1.097998 1.097882 1.097064 1.097134
Rel. Standard Deviation|  0.042% 0.082% 0.040% 0.050% 0.063% 0.087%
Final Standard Deviation| 0.000667
Final Average| 1.097532
Final Rel. Standard Deviation| 0.0607%
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£6 FoF horoEiRikiE (CCCllE)
TH B 6H 8H 6H 98 1 T
Taget Voltage TKV 7KV
A | Extraction Voltage 28KV 28KV
#{ Cs Temp 143Degrees 145Degrees | 1¥)
>| lonizer Current 18A 18A
J%| Einzel Lens 27.08KV 27.37KV &)
Rl X Steerer 22V =25V E)
Y Steerer 71V 70.5V )
Slot lens 16.3KV 16.3KV
A1 Y Steererl 30V 30V
51| Y Steerer2 80V 80V
#| Magnets 78.71A 78.71A *)
Magnet3 -1300mA -1300mA
Magnet4 550mA 550mA
SN} Terminal Voltage 2500KV 2500KV
| Q-Snout 45KV 45KV
#| Stripper Gas 56.3% 56.3% &)
Q-Ploe Focus 66% 66%
Q-Pole Astigmatism -2.2% -2.2%
110 degree magnet 108.34A 108.33A F)
B | 33 degree Deflector 40.55KV 40.55KV
#| 90 degree magnet 107.7A 107.9A *)
43| X1 Steerer 2450V 2450V
#ri X2 Steerer 1550V 1550V
| Y1 Steerer -500V -500V
Y2 Steerer -3500V -3500V
HVI Vacuum 7.6E-07mBar 5.8E-07mBar
E| HV2 Vacuum 7.2E-07mBar 6.1E-07mBar
ZZ| HV3 Vacuum 1.2E-06mBar 1.3E-06mBar
| HV4 Vacuum 8.1E-07mBar 8.9E-07mBar
HVS Vacuum 5.7E-08mBar 5.9E-08mBar
Al LE column Current 373 uA 372 uA
#| HE column Current 65 1A 65 uA
& | Upcharge Current 129 uA 129 u A

) BBOREMEIT. MIEDCEHETH) U —LBEDETT 4= XLV EDD,
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4. 3 T HBEIZRD S BEER OPERERER
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MEEEZ 2250k VELMEEDESMON i 4 AL 2RE L, N i KO ko
DE T hu L OEERES# 8IZ/RT,  Analysis scan &% Mapping %17 - 7-H2813 3% 9
EBYTHY, TORERFREIK2 3~K4 8277,
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%7 Result of Nickel test

ref sample inner fc(Ni58) | det. fc(Ni60) |Ni60/Ni58 ratio
no. no. nA(DC) nA(DC)
59 604.0802 224.9631 0.37241
5 625.0731 231.6994 0.37068
runi
16 4741491 1771211 0.37356
17 440.4583 162.6799 0.36934
59 512.8105 190.6575 0.37179
5 519.0945 192.0502 0.36997
run2
16 423.2027 158.6233 0.37482
17 403.3176 148.6139 0.36848
59 490.1681 182.2185 0.37175
5 532.2564 196.2226 0.36866
run3d
16 420.3997 157.4962 0.37463
17 360.6306 133.0782 0.36902
59 530.0258 196.9182 0.37153
5 564.4089 208.9982 0.37030
rund
16 417.3333 156.1550 0.37417
17 365.3417 134.8362 0.36907
average 480.1719 178.2707 0.3713
rel.std. 16.755% 16.746% 0.584%
sample runi run2 rund rund average rel.std.
59 0.37241 0.37179 0.37175 0.37153 0.37187 0.102%
5 0.37068 0.36997 0.36866 0.37030 0.36990 0.237%
16 0.37356 0.37482 0.37463 0.37417 0.37429 0.150%
17 0.36934 0.36848 0.36902 0.36907 0.36898 0.098%
average 0.37149 0.37126 0.37101 0.37127 0.37126 0.053%
rel.std. 0.501% 0.735% 0.749% 0.588% 0.634%
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8 A T O OEERKREE (NI, IRIE)

Nickel (10/8)

lodine (10/12)

fodine (10/13)

Bi lonizer Current 18.00 (A) 18.00 (A) 18.00 (A)
Bl Cesium Reservoir Temp 68.00 (°C) | 66.00 (°C) 68.00 (°C)
lon Source Bl Target Voltage 7.00 (kV) 7.00 (kV) 7.00 (kV)
UTVIRER) Bl Extraction Voltage 28.00 (kV) 28.00 (kV) 28. 00 (kV)
Bl Source Einzel Lens 22.90 (kV) 22.90 (kV) 22.90 (kV)
Bl ESA Y-Steerer -120.00 (V) -120.00 (V) -120.00 (V)
Bl ESA 7745.00 (V) 7750.00 (V) 7750.00 (V)
Bl Bouncer Y-Steerer -30.00 (V) -30.00 (V) -30.00 (V)
Bl Magnet 117.30 (A) 177.04 (A) 176.86 (A)
Bl Blanking X-Steerer -250. 00 (V) -250.00 (V) -250.00 (V)
Bouncer Bl Blanking Y-Steerer -100. 00 (V) -75.00 (V) -75.00 (V)
(AGHER) Bl Blanking Voltage 600.00 (V) 600. 00 (V) 600.00 (V)
Bl Magnet Y-Steerer 200. 00 (mA) 0.00 (mA) 0.00 (mA)
B! Bouncer Einze! Lens 18.60 (kV) 18.50 (kV) 18.50 (kV)
Recomb Magnets 2.80 (A) 3.25 (A) 3.25 (A)
Recomb Steerer 1000. 00 (mA) 1000. 00 (mA) 1000. 00 (mA)
Q-Snout 40.00 (kV) 40.00 (kV) 40. 00 (kV)
Terminal Voltage 2250.00 (kV) 2500. 00 (kV) 2500. 00 (kV)
Stripper Gas 49.00 (%) 49.00 (%) 48.00 (%)
Accelrator G-Pole Focus 68.00 (%) 68.00 (%) 68.00 (%)
(MEE ) G-Pole Astigmatism -0.80 (%) -0.80 (%) -0.80 (%)
LE Column Current 312 A 312 uA 312 uA
HE Column Current 59 uA 65 uA 65 uA
Upcharge Current 116 uA 128 pA 128 uA
HE X-Steerer 1 1900. 00 (V) 1900. 00 (V) 1900. 00 (V)
HE X-Steerer 2 1500.00 (V) 1500.00 (V) 1500. 00 (V)
HE Y-Steerer 1 -2000.00 (V) | -2000.00 (V) | =2000.00 (V)
HE Y-Steerer 2 -1000. 00 (V) -1000.00 (V) -1000.00 (V)
Hevey Element | HEL 115 Magnet 298.34 (A 340.29 (A) 340.23 (A
(SHTER) HEL Q-Pole 1 Focus 0.00 (%) 0.00 (%) 0.00 (%)
HEL Q-Pole 1 Astigmatism 0.00 (%) 0.00 (%) 0.00 (%)
HEL 65 Deflector 174.52 (kV) 173.98 (kV) 173.98 (kV)
HEL Q-Pole 2 Focus 54.00 (%) 54.00 (%) 54.00 (%)
HEL Q-Pole 2 Astigmatism 0.00 (%) 0.00 (%) 0.00 (%)
inner Bounce Voltage 0 V) 1.2 (V) 1.2 (V)
TOF Bounce Voltage -1100 (V) -540.9 (V) -540.9 (V)
Inner Times 0.7 msec 2.0 msec 2.0 msec
TOF Times 0.3 msec 8.0 msec 8.0 msec
Bouncer Setup Inner Deley 10.0 usec 10.0 usec 10.0 usec
TOF Deley 10.0 usec 10.0 usec 10.0 usec
Sweeps 5000 2000 2000
Wait 100.0 u sec 100.0 usec 100.0 u sec
Gate Deley 10.0 usec 10.0 usec 10. 0 usec
Number of Block 600 200 200
HV1 (Rl Source vacuum) 1. 6e-7 mbar 1. 7e-7 mbar 1. 7e-7 mbar
HV2 (Rl Recomb. vacuum) 9. 7e-8 mbar 1. 1e~7 mbar 1. 1e=7 mbar
HV3 (@-Snout vacuum) 1.6e—7 mbar 1. 7e—7 mbar 1. 7e=7 mbar
Vacuum HV4 (Q-Pole vacuum) 2.2e~7 mbar 2. 4e-7 mbar 2. 4e~7 mbar
(WZRE) HV5 (HE Analysis vacuum) 3. 4e-8 mbar 3.9e-8 mbar 3.8e-8 mbar
HV6 (B! Source vacuum) 1.5e~6 mbar 5. 4e—6 mbar 5. 8e~6 mbar
HV7 (Bl Bouncer vacuum) 3. 5e-7 mbar 8. 0e—7 mbar 8. 3e-7 mbar
HV8 (HEL Analysis vacuum) 3. 0e-7 mbar 2.4e-7 mbar 2.4e-7 mbar

w
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#9 '*°1 Analysis Scan & U Mapping — &R
No. B &= 4 77 AN i %
1 [BI Extraction Voltage 1006-062 23 28 Ni Scan
2 |BI Source Einzel Lens 1008-010 24 ZM  Ni Scan
3 |BI ESA Y-Steerer 1008-008 25 2B Ni Scan
4 |BI Bouncer Y-Steerer 1006-057 26 ZM  Ni Scan
5 {BI ESA 1008-024 X 27 Z#  Ni Scan
6 |BI Magnet 1008-003 28 M NiScan )
7 |BI Blanking Y-Steerer 1008-004 29 B8 Ni Scan
8 |BI Magnet Y-Steerer 1006-056 30 2 Ni Scan
9 |BI Bouncer Einzel Lens 1008-009 31 28 Ni Scan
10 {Q-Snout 1006-062 32 28 Ni Scan
11 |Q-Pole Focus 1008-014 33 2B Ni Scan
12 |Q-Pole Astigmatism 1008-015 34 M  Ni Scan
13 |HEL Q-Pole2 Focus 1008-016 35 28 Ni Scan
14 |HEL Q-Pole2 Astigmatism 1008-017 36 2B Ni Scan
15 |HEL 115° Magnet 1007-033 37 B Ni Scan
16 {HE Y-Steererl,2 1007-030 [X] 38 288 Ni mapping
17 |HE X-Steererl,2 1008-032 39 Z#  Ni mapping
18 |Blanking X-Steerer, 1008-019 X 40 288 Ni mapping
Recombinator Magnets
21 |BI ESA Y-Steerer 1012-003 41 28 lodine Scan
22 |BI ESA 1012-006 42 M lodine Scan
23 | BI magnet 1012-001 43 8 lodine Scan
24 |BI Blanking Y-Steerer 1012-008 44 B8 lodine Scan
25 |R1 Recomb.Magnets 1012-005 45 28 lodine Scan
26 |HEL 65°ESA 1012-007 46 8 lodine Scan {¥)
27 |BI Blanking Y-Steerer, 1008-100 47 28 lodine mapping
Recombinator Magnets
28 |BI Blanking Y-Steerer,| 1008-101 X 48 28 lodine mapping
Magnet Ysteerer
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T = 2mE (271 OAFFHR)
Tz = 8m iFQ" (1 29 [ U)Aﬁﬂ#?ﬁ&])
Tew = 01mE (27 1L12° I AHBTOR HERE)

Toewr = 102 m & (1 [ED sweep (270> 5 EFH)
2,000sweeps,20blocks (D% E T 1 [ OHITE (single analysis) (272> % B (Tunge ) 13,
Tawe = 10.2 m X 2000 X 20 = 408 #
Thd, TNHD/ATA—F—&H T 5 R E&NH(S1,52,83,54,55,81,82,....) IZEH D #iFH
ENTRIZETHECHELHRYIRL-,

F— & OfHE, FEOKXEZMNTIHE L, 7 1 OEREE, doxr¥—( 4 HES
WO v 77 9777 5F =Ny 7 OBRIA L ZAXAL T, 1 OH T M, EHA A
BRI LDH T M Cnte DIEERA L TKRDTZ,

ter ] m%?ﬁ{@ : reT ]D(' = lcup X Tswccp /TIIT
hee l (/)7:] ‘7 :/ ]\ & : res CntDC = Cntdcl X Tsn\cﬁp ;‘!TIZ‘)
P T (L EORE) 0 Rese = (PChitoc /Tange) /{Tloc /(5 X 1.602 X 10™)

10A128 BOUSH O BIZIT- 7= BIER R % FRLUTMRAL T "7 Iey '*7 Cntoc KT Range
RRDT, REBIZEO-LORE 10 KUK 11 THD, oIz, "1/ HZ20T, dBk
OHEEBR B IR AE L TEDT-HONRR 12 KUK 13 THD, ZORPOFTZRZE ("stat.
error per sample”,"stat. error per run") i, 1./ sqrt{average (" ** Chtocsccca smpteor ) } TR S 4155
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RN R T A HEEZE L RB Ol S OMMEEREL LT 5 2 & L) BEERBEEDN
TEND, B1HARVE2 HOERBEO 2 11" | hOEEMERE (FAxHESERE) X, Ths
0. 61%F TR0, 86% T, FHEOFAMEIX, TREFNO0. 445K T0.63%THY, ZDOZ ENnLEBD
EWERENEDHR AN, B, TOBBOZ T burOERRKEEZ R 8IRT,

Ry 2 7Ty ROWRIZ., 2 HOMMEEREDKERROKIZIT 72, 1EONRY 275
v REELORE (single analysis) & 3 [BIFTVY, 122480 (Tawe X 3ED) 22" 1 DA T FH3EE37
A S, FHEROFKHBEEIL 1644% Th o7z, TORD'*" 1 OERENR OFHIT 343nA T
HY, N7 ZF 0 RE (VT TEROTE) A 8.99X10"THDHZ L EMER LT, 7

A%, BRHIBICRITHEIBIRHBE LI, SRIOBES A CBRHEBITED T MEREIZHE
THRB L FEFORBREIT) TETH D,
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#10 Results of the first day (Oct.12.1999)

Sample45 Sample47
Do ™ Do ) 7] 7 DG LA T, /7]
1211 curr. (nA)| '®1 counts | ratio(E-10) 2 curr. (nA)] "?°) counts | ratio(E-10)
runi 137.47 6013 1.0935 runl 151.07 6661 1.1023
run2 120.01 5152 1.0732 run? 143.16 6228 1.0876
run3 152.54 6624 1.0856 rund 149.04 6287 1.0546
rund 206.59 8991 1.0880 runéd 141.59 6113 1.0793
rund 163.69 7208 1.1009 rund 136.88 5936 1.0842
runé 128.53 5560 1.0814 runb 142.55 6215 1.0900
run’ 115.86 5026 1.0845 run/ 139.47 6183 1.1083
run8 91.92 3986 1.0841 run8 128.33 5620 1.0948
run9 86.93 3880 1.1158 run9 111.45 4844 1.0865
ave. 133.73 5827 1.0897 ave. 138.17 6010 1.0875
std. 0.01245 std. 0.01530
total 52440 total 54087
rel.std. 1.14% rel.std. 1.41%
Sample5i Sample52
U B Do T8, 17T T Do DG ) 7]
21 curr. (nA)] '?l counts | ratio(E-10) 271 surr. (nA)l "®l counts | ratio(E-10)
runt 200.63 8783 1.0944 runl 196.33 8515 1.0842
run2 165.00 6990 1.0572 run? 188.62 8177 1.0838
rund 146.31 6297 1.0759 rund 177.77 7704 1.0835
rund 132.99 5716 1.0745 rund 156.32 6728 1.0760
rund 116.67 5064 1.0851 rund 134.14 5884 1.0966
runé 111.563 4898 1.0979 runB 119.69 5173 1.0805
run 104.33 4654 11162 run’ 109.72 4650 1.0595
run8 106.02 4498 1.0607 run8 112.32 4769 1.0615
run9 101.70 4650 1.1430 run9 105.40 4537 1.0761
ave. 131.69 5728 1.0894 ave. 144 .48 6237 1.0780
std. 0.02732 std. 0.01160
total 51550 total 56137
rel.std. 2.51% rel.std. 1.08%
Sampleb3
N bo DG ) 7] - LY B D 28, 72,
27 surr. (nA) '®1 counts | ratio(E~10) amp'e 21 urr. (nA) '®1 counts | ratio(E-10)
runi 93.35 4049 1.0843 Sampie45 133.73 52440 1.0897
run2 111.92 5001 1.1171 Sampled? 138.17 54087 1.0875
run3 110.82 4888 1.1027 Sample51 131.69 51550 1.0894
runé 107.49 4723 1.1009 Sampleb2 144.48 56137 1.0780
rund 114.57 5014 1.0941 Sampleb3 103.13 40699 1.0963
runb 115.61 4967 1.0741
runl 101.52 4479 1.1030 ave. 130.24 50983 1.0882
run8 89.11 3922 1.1004 std. 0.0066
run9 83.82 3656 1.0904 total 254913
rel.std. 0.61%
ave. 103.13 4522 1.0963
std. 0.01241
total 40699
rel.std. 1.13%
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#11 Results of the second day (Oct 13,1999)

Samplel4 Samplel1b
7T 06 EETI Ly DG (LATI ™, 7,
2N curr. (nA)| "*1 counts | ratio(E-10) 27} curr. (nA)| "?) counts | ratio(E-10)
runi 21.62 960 1.1100 runl 14.47 678 11717
run2 28.14 1274 1.1320 run? 15.48 742 1.1984
run3d 35.01 1529 1.0919 run3 17.42 825 1.1840
runé 40.56 1852 1.1416 run4 17.86 841 1.1769
runb 48.70 2227 1.1433 rund 19.13 773 1.0103
runé 59.04 2527 1.0700 run6 23.17 1061 1.1448
run’ 77.56 3439 1.1085 run/ 26.56 1194 1.1238
run8 93.63 4211 1.1243 run8 29.61 1345 1.1355
run9 90.72 4071 1.1218 run9 33.82 1497 1.1066
runiQ 88.96 3914 1.0999 run10 39.76 1774 1.1153
runti 85.54 3753 1.0968 runit 4492 1935 1.0770
ave. 60.86 2705 11127 ave. 25.65 1151 1.1313
std. 0.02249 std. 0.05450
total 29757 total 12665
rel.std. 2.02% rel.std. 4.82%
Sample16 Samplet7
LY ™ DG ml/ml 7 bo ™ Do 28, /777,
"2} curr. (nA)] '® counts | ratio(E-10) 21} curr. (nA)]'*l counts | ratio(E~10)
runt 19.59 911 1.1625 runt 26.25 1146 1.0915
run2 24.55 1106 1.1262 run2 34.66 1533 1.1056
run3 30.62 1396 1.1398 run3 48.91 2188 1.1183
runé 39.83 1790 1.1236 run4 63.71 2893 1.1352
rund 50.20 2238 1.1146 rund 73.77 3287 1.1140
runé 59.76 2660 1.1128 runb 87.64 3944 1.1250
run’ 70.57 3172 1.1237 run? 99.09 4539 1.1452
run8 79.63 3538 1.1107 run8 102.00 4421 1.0841
run9 78.49 3444 1.0970 run9 102.59 4499 1.1010
runiQ 79.27 3509 1.0670 run1Q 99.25 4414 1.1118
runil 87.75 3877 1.1046 runti 94.19 4261 1.1309
ave. 56.39 2513 1.1166 ave. 75.64 3375 1.1148
std. 0.02424 std. 0.01867
total 27641 total 37125
rel.std. 2.17% rel.std. 1.67%
Sample53
(LI LT 28, /777, oot Do LT 2, 77,
21| curr. (nA) '®l counts | ratio(E-10) P 127 curr. (nA) '®l counts | ratio(E-10)
runi 26.88 1181 1.0983 Sample4b 60.86 29757 1.1127
run2 36.81 1637 1.1118 Sampled47 25.65 12665 1.1313
run3 42.91 1909 1.1123 Sample51 56.39 27641 1.1166
runé 50.13 2159 1.0768 Sampleb2 75.64 37125 1.1148
runb 60.46 2617 1.0822 Sample53 71.34 34683 1.1048
runb 73.54 3351 1.1392
run? 84.57 3911 1.1562 ave. 57.98 28374 1.1160
rung 102.27 4446 1.0869 std. 0.0096
run9 104.40 4563 1.0927 total 141871
run1 102.99 4495 1.0911 rel.std. 0.86%
runii 99.82 4414 1.1055
ave. 71.34 3153 1.1048
std. 0.02434
total 34683
rel.std. 2.20%
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BONRETDMAEIL, WEERI T ABEBASNTOLIIERY L 7HRETHY . ZOMEBEXX
494173,

Fr7bharscid, BFESHRRY Y VAU EOTRA A 2MET S, T bDA A2 hif
RYDHREMR DD H 7 ha RO ERBRERIE, RV vy b, 7Ry hFx8— 7
7IT AN TETHY, MEAEEL, 70b, =vFL, @, FUILETHD, TNHOTT
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D : &% DAEBIZHITIMEYEE(uSv/h)
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TROLND,

BHABBEROBESIZ, TROEHEZ (1) RIZRATBE,

1) EREY 7 Z@HS50cmBEN - COBMEMNEE . 2.5uSv/h

2) MURBRBAERONE : MER S > 7 REDS60ecmPEBD Z o 7 LT
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5.2 MEGEAENOOXBRIZLOBRBLEERRURELE
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BEKNIZSI B AV EEZIT ) BATON T, REBREAERD O &bV R 5n T,
TOMBEIZAL (K49BH) Thb, ZOMBIZBITHAHREYERITIL3IuSv/hTHY ., 1
W OBEBE L EIT6.2X10'uSvThH D,
QEFRRMERICBITIMEYE
AR AT O I WEB KIREROME LB A (K198 8) T, BRI 8aTH D,
TOMBICBIT ABMEBEYREET.3X10 uSv/hTH Y, 1 EBOBE Y BIX4.5X10'uSvT
H5,
QRIFEENICBIT I RELYE
HIHSN TEBEEAZITOMEIRCA (M49B8) T, BRI InThb, ZOMEICE
FOMEBEYERIITX10"uSv/hTHY . LEBORELEIZL8uSvTH D,
QEETER BT HIHREYE
HEFER T, ERSE TEYONA, BEVIZEEFTAOEMRATERVEL IIZHRST
W5, BEBREER»LBEFNERETT, HLEWEIRDA (K5088) T, HEEI48
mChd, ZOMBIZHTHBEYNERITL.IXI0 uSvhTHY, IAMOBRELEIL 2.8
uSvCTH 5,

.3 AHE#REROE LD

BxOMEBIZB T HHREYELR RS BOFMS R+ R IURT,

OF BRI OHEHEADI L ALHNIZE TS 1 ABOREYREIZ, 1nSvEEZ D2 &137R
Y,

QEFHEFMERICEIT S LEMOBRBELEIL, 300 SvEBZ D Z LERW,

@HEFBERICBIIDZFZ LT o OFERIZH) 3 ARORBELRIT, 250uSvE@BR DT &
X,
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By il 72 S y o b w|l, L 10'? 5 5 T
# w|7 v <7 A b vt 10° | # 7 G
MOYEE |y v v v K EIAEALL | eV 106 | # H M
mE R|* v | mol RFEREL | u oty E m) ok
* Elr v 73 cd 102 | ~ 2 b h
T w M| Y7 v| rad 1eV=1.60218x10°'J 0|7 %) da
ik M ATIITY | st 1 u=1.66054x 10" kg 0| ¥ v d
102 + v F c
107 | 3 J] m
3 BEEOZHE O SHATHN w0l w470 a
®4 ST L HITHENIC N
e 10 > n
% # |ies |BOSIEE 5B B O I B
A " Hi~ w» V| Hz s % W X B 107" 7x4b f
2 =a-b¥v| N | mke/s’ AV rZbo—LA A 107 7 b a
£ B, W h|lt R A | Pa N/m? 5 - v b
IHINFE— HH BB | 2 — | Jd N-m I _ ™ bar GE)
IR, me®E|7 » +F| W | Js # W Gal LRl 543 [EERBLIR] W5 KR, [EEX
Bk, E@H|7 -2 ¥ C A-s * a0y - Ci ERER 1985 EHITTIC L %, £/7L, 1eV
&L, BE, £ES) K v bV W/A A % R BEU 1 uDiEiiz CODATA D 1986 £F#E%E
8 B R®BR|7 7 7 F F C/V 5 K rad Bz & - 12,
- R - S / A I B N I ¢ V/A v L rem . s ~
Aav sy s s vR|V-Ava| S A/V 2. RACRER, /o b, Tom ATy
43 | = — Y| Wb} V.s { A=0.1nm=10"""m TMBETNTO A ARORLLUDTL
L L :; 3";:2 1 b=100 fm?=10"%* m? cTREmLE, 4
157 SRS ) |t b | bar=0.1 MPa=10°Pa 3. barid, JISTREKDIEHEROT
vy REBE jevyorEl C | Gal=1cm/s? =10 m/s? BIBHE2DANF ) — IR hTL
A ®lwv — 4 | Im cd.sr al=lcm/s = m/s %
i 2 1Ci=3.7x10'°Bq e A
v 72 k) Im/m . 4 ECPMEHAIS 4T bar, barns
" " g~ 2 L o| B & 1 R=2.58x10"*C/kg ) ! _
a L U TMEDHL | mmHg 2% 20857 5
w W & ®|r v 4| Gy | Jke Irad=1cGy=10"Gy —IKARTLS
g B M4 RB|vy-~nt| Sy J/kg lrem=1¢Sv=10"*Sv °
7 = &
/1| N(=10°dyn) kgf 1bf £ |MPa(=10 bar) kgf/cm?® atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m®)=10P(#7 X)(g/(cms)) 1.33322 x 107* | 1.35951 x 107 | 1.31579 x 107* 1 1.93368 x 1072
B 1m¥s=10'St(Z b — 7 2) (cm?¥/s) 6.89476 x 10™* | 7.03070 x 1072 | 6.80460 x 10™* 51.7149 1
x| J(=10"erg) kgfem kW= h cal GHE) Btu ft « 1bf eV 1 cal = 4.18605 J (it#&i:)
S
W 1 0.101972 | 277778 x 10”7 0.238880 | 9.47813 x 10™* 0.737562 | 6.24150 x 10'® =4.184J (M{LF)
¥
1 9.80665 1 2.72407 x 107 2.34270 9.29487 x 10°? 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (EBEERTHK)
. 4.18605 0.426858 | 1.16279 x 10° 1 3.96759 x 10°° 3.08747 261272x 10" (LR | PS (ILE /)
"’ 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 102" =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323800 | 1.28506 x 107 1 846233 x 10'® =1735.499 W
1.60218 x 107'% | 1.63377 x 10°2°| 4.45050 x 1072°| 3.82743 x 10"% | 1.51857 x 10722| 1.18171 x 10~ 1
i Bq Ci 0 Gy rad i} C/kg R # Sv rem
% e &t =1
1 270270 x 107" ) 1 100 ) 1 3876 = 1 100
fig 3 & &
3.7 x 101 1 0.01 1 2.58 x 10" 1 0.01 1
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