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Abstract

A total of thirty-three irradiation tests were carried
out using the Inpile Fission Product Behavior Test Loop (FPL-IT)
from September 1982 through April 1984 in order to study the
béhavior of fission products released from failed fuel in an
LMFBR primary cooling system. After the irradiation tests,
the loop was cut into many pieces to measure the deposited
fission products and corrosion products.

Gamma ray spectroscopy of all test pieces was obtained to
investigate the fission product and corrosion product distri-
bution along the loop. Long-livéd fission products, such as
95zr, 95nb, 103Ry, 106gp, 137¢s, l4lce and 144ce, were detected
throughout the whole loop. The Zr, Nb, Ru and Ce depositions
showed some down stream effect along the loop. Cs showed
higher deposition at valves and a cold trap. Corrosion prod-
ucts, such as 54Mn, were detected at the electromagnetic pump,
but 60co could not be detected throughout the loop. Uranium
deposition was measured based on the activation analysis on the
test pieces by using an experimental reactor. The results
revealed that the uranium deposition distribution has a down
stream effect. | '

The depbsition behavior of short-lived non-volatile

'* Work performed by Toshiba Corporation under contract with
Power Reactor and Nuclear Fuel Development Corporation.
** Toshiba Corporation, Research and Development Center.
**% Nippon Atomic Industry Group Co., Ltd., NAIG Nuclear
Research Laboratory.

*#%** Toshiba Corporation, Nuclear Energy Group.
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fission products was analyzed by using the gamma spectra along
the 25 meter-long delay line during irradiation. The obtained
deposition behavior for several non-volatile fission products

was as follows:

1) ©Sr and Y nuclides deposition is irreversible. The activa-
tion energy for the deposition process was found to be
9.2 v0.3 (kJ/g-atm). The deposition of these nuclides on
the stainless steel surface is controlled by the diffusion
process through the boundary layer of sodium between 170
and 530°C.

2} The deposition rates of Zr and Ba, as same as Sr and ¥, are
controlled by the diffusion through the boundary layer of
sodium between 170 énd 350°C. At the temperature above -

. 350°C, the effective deposition rate of Zr and Ba becomes
smaller, compared with the diffusion model, due to the

increasing desorption from the stainless steel surface.

3) The deposition behavior of Zr is strongly influenced by
the oxygen concentration in sodium and the deposition rate
becomes very low with the increase in the oxygen concen-

tration.

The K factor (roughness factor) of irradiated fuel (U0}
in the FPL-II was calculated using the volatile fission products
gamma ray data and the thermal neutron flux on the fuel. The
average value of K factor was about 0.4. It is necessary to
examine the reéson why the value was lower than 1.0. One
approach is to investigate the exact value of burn—up_which
will be obtained from the post-irradiation test of fuel in late
1985. _

In parallel with these analyses, noise signals of DN count
rate were investigated to develop a sensitive fuel failure
detection system. The results showed good sensitivity of DN

noise.
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Table 2 - 1

Main specifications of Inpile Fission Product Behavior

Test Loop ( FPL -1 )

Sodium Inventory
Main Structural Materials
Main Pipe
Maximum Temperature
* Inpile Plug
Experimental Loop System
Purification Loop System
Maximum Sodium Flow Rate
Cover Gas
(Gas Pressure

Cover

Container Size

4.8ky
SUS 304

i3
1/4B Sch 40 ( 3.8 mm

2.2 mm

Outer diametor
Thickness

550°C

600°C

350C
5£/min

Argon
—1~1.9kg/m2Q3

26m¥x2mlx25mE

Table 2 — 2

Irradiation samples specifications

Irradiation Samples
Enrichment
Total Weight

Size

TUO2
20%
100¢g

0.5~0.6mm¢ granular




Table 2 —3 Components of r—ray detection system module

Module

Model

Detector-1

PGT. Pure Ge
Detection Efficiency 10%

High Voltage
Power Supply-1

CANBERRA Model 3105

High Vol tage
Buffer -1

NAIG Model D—1338

Pre Amplifier-1

PGT

Main Amplifier-1

CANBERRA Model 2010

BIN-1

NAIG Mode! D-101A

Detector-2

CANBERRA Pure Qe
Detection Efficiency 10%

High Voltage
Power Supply -2

CANBERRA Model 3105

High Voltage
Buffer-2

NAIG Model D-133

Pre Amplifier

CANBERERA

Main Amplifier

CANBERRA Model 1413

BIN-2 ORTEC Model 401A
Peak Hight .
Analyger CANBERRA Series 80

Floppy Disk

CANBERRA Mode! 8662

Printer

TI Silent 700 Model 745

X—-Y Plotter

YHP 7004B




Table 2 — 4

Length,
detector positions and FPL—1 main loop

sodium volume and surface area between

Length (em) Volume {em3) Surface area(em2)

cumlative cumlative cumulative
Uraniom Capsule 10 10 30 30 306 308
Uranium Capsule~VA-3| 4490 450 298 328 1298 1604
VA-3 14 464 7 335 36 1640
VA-3~D-1 30 494 21 356 89 1729
D-1~D-2 133 627 92 448 393 2122
D—2~DND-1 73 700 51 499 215 2337
DND-1~D-3 190 890 131 630 561 2898
D-3~D—4 403 1293 280 910 | 1189 4087
D—4~D-5 338 1631 234 1144 998 5085
D-5~D—6 403 2034 280 1424 1189 6274
D—6~D—7 338 2372 234 1658 998 7272
D-7~D-38 403 2775 280 1938 1189 8461
D-8~DND~-2 73 2848 51 1989 215 8676
DND-2~D-9 185 3033 128 2117 547 9223
D-9~EMP -1 160 3193 111 2228 472 9695
EMP -1 79 3272 862 3090 2457 | 12152
VA—4 14 3286 7 3097 36 | 12188
VA-4~D—10 143 3429 99 3196 422 | 12610
D-10~H—-1 104 3533 72 3268 307 | 12917
H-1 100 3633 185 3453 478 | 13395
H-1~D-11 187 3820 130 3583 552 | 13947
D-11~VA-2 131 3951 91 3674 387 | 14334
VA-2 14 3965 7 3681 36 | 14370
VA-2~Uranium Capsule 440 4405 298 3979 1298 15668
A~VA-—5 40 40 28 28 118 118
VA-5 14 54 7 35 36 154
VA-5~B 209 263 145 180 617 771

ET — 480~1500 364~899




Table 2 — 5 Components of delayed neutron detection system module

Module Model

5 LND Type 2521

He Proportional Resolution FWHM 10%
Counter Power Supply 2,600V
Pre Amplifier OSAKA DENPA Model PA-5PC

High Voltage Power

Supply ORTEC Model 459

Linear Amplifier OSAKA DENPA Model MPS-1221A

Single Channel

Peak Hight Analyzer OSAKA DENPA Model MPS—-1233

"ORTEC Model 449 (DND—-1)
Linear Rate Meter O0SAKA DENPA Model MPS—-1252A
(DND—-2)

Pre Amplifier Power | g g4 DENPA Model PS—5D

Supply
Recorder YOKOGAWA
Preset Scalor Timer OSAKA DENPA Model PST-11
- NAIG Process Memory D-172
Multich 1 Seal " Readout Controlier D-167
ditiehannel wealor #  CRT Display CRT-2

HP Digital Recorder HP—5055A




. - - Inpile Plug Cooling System

. - - - Nitrogen Gas Regulating System

-— - - - Argon Gas Regulating System

, | | | l | I l | | I ' ‘ - : Pressurised Air Regulating System

E ! I Shielding
J Container [ ]
! Sodium r Controll
System I:I System
Inpile Plug ' Emergency
n
i Power Supplier

Core @3 : m X—

Reactor
(TTR)

Base Rack

Fig 2 -1 Ippile Fission Product Behavior Test Loop (FPL-I) diagram
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vV Na Valve (Manual)
B Blower
Ls | i
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Inpile Fission Product Behavior Test Loop (FPL-II) flow diagram




Fig2 -3

Inpile Fission Product Behavior Test Loop



Fig 2 -4 Uranium diaxide

irradiation samples



Fig2 ~5

Uranium Capsule



High Voltage e ————— =) [~ . F———""
Power Supply j Single Channel | _ _! Multi Channel 1 | Digital ‘
:_ | Analyzer :_ | Sealor :- —!Printer'
5 L______._......__n b e e e d I
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Fig 2 - 6 7-ray detection system diagram



Fig 2 -7

Photograph of FPL -1 Loop

Without insulation
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Fig 2 - 8 7 -ray detection positions and delayed neutron detection positions
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Delayed neutron detection system diagram
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Table 3 -1 List of performed FIUL;H experhnents+)
N | e VST | R R | T e | Ruraiet | S N arein) g
1 7. Sep. 82 500 507 100x4 normal 0.08 lppm drain
2 9. Sep. 82 200 5.0 100x4 normal 017 ippm drain
3 |19.0ct. 82 350 5.0 100x4 normal 0.08 lppm | drain
4 |21.0ct. 82 350 5.0 100x4 normal 0.10 1ppm dratn
5 |16. Nov. 82 420 5.0 100x4 normal 0.18 lppm drain
6 |25.Nov. 82 420 5.0 100x4 normal 0.10 1ppm drain
7 [30.Nov. 82 500 5.0 100x4 normal 010 lppm drain
8 7. Dec. 82 530 5.0 100x4 nomal 0.08 l1ppm drain
9 14. Dec. 82 170 50 100x4,38 | normal 1997 1ppm no drain
5.3/25/10/05/10/
10 |15 Dec. 82 500 25,500,250/ 100x4 test scram 1972 1 ppm no drain | DN exp.
1.0/0/42,736./50
11 [ 16. Dec. 82 270 5.0.72.0-5.0 100x4 test scram 1.38 1 ppm drain
12 | 25. Jan. 83 225 5020750 100x4 test scram 1952 1ppm drain
5.0-38-32/21.70.6/
13 | 27.Jan. 83 500 0.1/0.6,21,327387” | 100x4 test scram 298 1 ppm drain DN exp.
4607210060746
14 |22. Febh. 83 530 1.0 100x4 test scram 043 1 ppm drain
15 1.Mar. 83 300 5.0.2.0/50 100x4 test scram 163 1 ppm drain IP bypass exp.
16 12. Apr. 83 530 1.0 100%x3.5 iest scram 1847 1 ppm drain
Exp. for elimina-
18 | 20. Sep. 83| 2807500 |2.0./5.0 100x2 normal 4718 1ppm drain tion of precurser

nuclide influence




Table 3 - 1

( Continued)

' *

Exp. Date Na c"I‘emp Na Flow Rate TTR Power | Type of TTR | Duration 8c})(r¥gerr]]t— Na drain R K

No. C) (£ /min) (W) x(hr) Shut Down | Time(hr) rat?gn or not emarks

19 §18.0c¢t. 83 530 2.0 100x4 test scram 0.17 lppm |drain
20 8. Nov. 83 170 1.0 100x4 test scram 4265 lppm |drain

21 | 29. Nov. 83 170 5.0 100x4 test scram 19.060 1 ppm drain

22 | 13. Dec- 83 400 1.0 100x 4 test scram 4492 1 ppm no drain | Temp. gradiemt exp.-

01~70(kW) _ o gk . TTR power depen -

23 | 15. Dec. 83 500 5.0/0/4270 100%158 normal 0.90 1 ppm drain dence exp.

24 | 26.Jan. 84| 270 ' 5.0 1004 normal ~0.00"* | 1ppm |drain ‘

25 | 31, Jan. 84 300 1.0 100x4 test scram 1992 1ppm | no drain | Temp. gradient exp.
26 | L.Feb.84| 500 |2070/Z07L07 1 q00xy normal ~0.07"" | 1ppm |drain  |DN exp.
27 | 14. Feh. 84 500 5.0 100x4 test scram 010 12ppm drain Higher oxygen exp.
28 | 28 Feb. 84 500 50-0/50 100x4 test scram 3722 12ppm | drain Higher oxygen exp-
29 | 13.Mar. 84 420 5.0 100x4 test scram 0.18 12ppm drain Higher oxygen exp-
30 | 22 Mar. 84 270 5.0 10 0x'4 test scram 0.15 1Z2ppm drain Higher oxygen exp.
31 |27.Mar.84| 500 | 20707EO07T070 1o0xy test scram 0.10 1ppm |drain  |DN exp.

32 | 17. Apr. 84 500 5.0 100x4 test scram 2055 1 ppm drain

33 | 24. Apr. 84 500 10 (5.0 after 100x4 test scram 4098 1 ppm drain

irradiation)

* duration time of sodium circulation after TTR shut down,

*% sodium drain before TTR shut down

+) Data for Exp. Mo 17 was omitted from this Table because FPL- ' was not operated in this experiment {Only 7-ray
measurement for long connting time along the loop was done ).
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Table 4 - 1

Gamma-ray count rate for each long-lived fissin prodnct at each loop equipment test pieces (cps)

Location Test Piece 14403, 1410, 2357) 103p., | 106Rp 1370 44p_ %y . 95,7 BNb Other
No. 133.5KeV [145.4KeV [185.7KeV |497.3KeV [511.8KeV |661.6KeV | 696.4KeV | 724 2KeV |756.7KeV | 765.8KeV| Peaks
ET -TOP TE-31-1 - - — — - _ _ . _ _
ET-CENTER TE—31—2 766-1 |613-2 [990-2 !161-2 |704-2 | 846-2 | 417-2 | 1.64-1 [179-1 |7.10-1
ET-BOTTOM TE-31-3 |1.33+1 |599-1 | 14240 |1.28-1 [621-1 |476-1 | 335-1 | 1.144+0 |1.3940 |535+0
EMP-TOP1 TE-24-1 |265+0 | 3.40-1 |160-1 [140-1 |220-1 {515-2 | 1.04-1 | 1.3840 |1.6240 |643+0 |1.19-1F
EMP-TOP2 TE-24-2 |290+0 | 436-1 {234-1 |[104~1 |249-1 |542-2 |121-1 | 12040 |144+0 |594+0 |158-1
EMP-CENTER TE-24-3 |252+0 |232-1 [190-1 |677-2 |200-1 |940-2 | 923-2 | 1.00+0 |1.19+0 |502+0 |116-1
EMP -BOTTOM TE-24-4 |1.98+1 | 1.33 131 534-1 [ 12840 |259-1 | 804-1 | 417+0 |491+0 |1.93+1 |1.81-1
DT-RIGHT TE-33-1 |156+0 |7.23-2 |275-1 |635-2 |374-1 |214+0 | 155-1 | 430-1 |551-1 [209+0 |33g-gF
DT-CENTER TE-33-2 |859-1 | 1.30-1 |207-1 — 286-1 | 163+0 | 944-2 | 314-1 |364-1 14540 |411-2
DT-LEFT TE-33-3 |9.69-1 |599-2 |207-1 ;308-2 |270-1 |1.7140 |877-2 | 313-1 |375-1 [150+0 |346-2
DT -UPPER-RIGHT |TE-33-1U|831-3 - — - 0.31-3 | 621-3 - 851-3 |751-3 |[295-2
DT-UPPER-CENTER|TE-33-2U| — — - — 1.26-2 | 530-3 — - - 600-3
DT-UPPER-LEFT |TE-33-3U| — — 810-3 - 101-2 |610-3 - 450-3 |360-3 |1.64-2
ICT-TOP TC-3-1 33440 — 525-1 — 458-1 |6.26+1 |225-1 | 461-1 [535-1 |2104+0
|cT-BOTTOM TC-3-2 3.38+0 — 550-1 - 501-1 |647+1 | 217-1 | 427-1 |515-1 |201+0
0T -MESH-TQOP TC-3-1M |4.88-2 - — —~ 1.84-2 | 922-1 - 752-3 ]150-2 [4.07-2
CT-MESH-CENTER |[TC-3-2M |548-2 - — — 247-2 | 12140 — 1.26-2 [154-2 [536-2
CT-MESH-BOTTOM |TC-3-3M |549-2 — — — 210-2 1.2640 - 9.19-3 |1.19-2 525-2
VT-1(ET) TE-32 - - - — — 4.20-3 — — — —
VT-2(CT) TC-5 - — — - 9.01-3 — - — —
VT-3(DT) TE-35 - — - — - — — — — —
* °iMn peak 834.8KeV, x* 22Na peak 12745KeV, — can not be detected, +) count rate (cps)




Table 4 - 2

Relative

gamma-ray count rate for each fission product at each loop equipment test piece

(normalize 9°Nb count rate as 1.00)

'Location TestNI;.ie(:e 144Ce 141Ce 235U 103Ru IOGRh 137 Cs 144Pr 95Zr 95Zr %Nb other
ET-TOP TE-31-1 - — - | - — - - - - -
'ET-CENTER TE-31-2 |10840 | 863-2 |139-1 | 227-2 |992-2 | 119-1 | 587-2 |231-1 | 252-1 1.oo™
ET-BOTTOM TE~31~3. 24940 | 1.12-1 [265-1 | 239-2 | 116-1 | 8980-2 | 626-2 |213-1 | 260-1 ]

EMP-TOP1 TE-24-1 [412-1 | 529-2 |249-2 | 218-2 |342-2 | 801-3 | 1.62-2 | 215-11 252-1 | 1.00 1.85-2F
EMP-TOP2 TE-24-2 |4.88-1 | 7.34-2 [3.94-2 | 1.75-2 [419-2 | 912-3 | 204-2 |202-1 | 242-1 " 266-2
EMP - CENTER TE-24-3 |502-1 | 462-2 |378-2 | 1.35-2 [398-2 | 187-2 | 1.84-2 | 1.99-1 | 237-1 ] 231-2
EMP-BOTTOM TE-24-4 | 103+0 | 689-2 [679-2 | 277-2 |663-2 | 1.34-2 | 417-2 | 216-1 | 254-1 " 9.38-3
DT-RIGHT TE-33-1 |746-1 | 346-2 |132-1 | 304-2 |1.79-1 | 1.0240 | 742-2 | 206-1 | 264-1 | 1.00 162-2%%
DT*OENTER TE-33-2 |592-1 | 897-2 |143-1 — 197-1 { 11240 | 651-2 §217-1 | 251-1 o 2.83-2
DT-LEFT TE-33-3 | 646-1 | 399-2 |1.38-1 | 205-2 {180-1 { 1.14+0 | 585-2 | 209-1 | 250-1 " 231-2
DT-UPPER-RIGHT |TE-33-1U| 282-1 - — - 316-1 | 211-1 | —  |288-1 | 255-1 | 1.00

DT -UPPER-CENTER| TE-33-2U[ - — - — 210+0 | 883-1 - - L - ]
DT-UPPER-LEFT TE-33-3U| — — 494-1 — 616-1 | 372-1 — 274-1 | 220-1 #

CT-TOP TC-3-1 | 1L.59+0 — 250-1 - 218-1 | 298+1 | 1.07-1 | 220-1 | 255-1 | 1.00
CT-BOTTOM TC-3-2 1.6840 — 274-1 - 249-1 | 322+1 | 1.08-1 |212-1 | 256-1 u
CT-MESH-TOP TC-3-1M | 1.20+0 - - — 452-1 | 227+1 — 1.85-1 | 369-1 | 1.00
CT-MESH-CENTER |TC-3-2M | 1.0240 — - — 461-1 | 2.26+1 - 235-1| 287-1 "
CT-MESH-BOTTOM |TC-3-3M | 1.05+0 — - - 400-1 | 24041 — 1.75-1 | 227-1 "

# 54Mn peak 8348KeV, =% 22Ng peak 12745KeV, — can not be detected,

+) normalize




Table 4 - 3

Results of the uranium activation analysis

Location Sample Peak Count Correction Ultg) Surface [ U l%?gr?Si_
No, Counts Rate(cps) Factor Area(em?) (g /om?)

Standard Sample STD 33356 1197 - 316.8 - —
TE-1 §-1 19923 728 23¢9 5716 295 19.4
TE-2 5-2 19145 69.8 2.23 511.3 26.3 19.4
TE-3 S-3 20423 74.7 233 571.8 30.7 186
TE-8 S-4 14787 53.6 2.53 4455 28.3 15.7
TE-18 S-5 16809 61.1 2.38 4777 29.5 16.2
TE-31(ET) S-6 1349 484 4.15 6 6.0 335 1.97
TE-24 (EMP Inner Pipe) S-7 6593 23.9 2.36 183.7 235 7.82
TE-24(EMP Outer Pipe) | S-8 2044 7.34 3.15 76.0 25.4 2.99
TE-26 5-9 139865 50.6 - 3.20 5319 23.6 22.5
TE.-27(MH) S-10 2438 8.93 4.54 1332 491 2.71
THEH-30 3-11 11239 40.6 2.03 270.8 26.9 10.1
TC-3 (CT) S-12 4571 1.6 4 3.79 204 35.8 0.57




Table 4 —4 Decontamination factor after washing by HNO3 solution

95 95
Sample 4400 108, 106ph 13704 Zr Zr 95Nb
P (724.2KeV) | (756.7KeV)
+tD I TE-3 [|68.2 4,22 2.10 4 3.5 3 3.6 33.3 29.6
H.L.[TE-27] =* * 1.6 7 * 335 39.7 254
+2)
C. L. | TE-26 * * 3.99 NS * * 102
+1) H. L. :Hot Leg +2) C. L. :Oold Leg
* gamma ray peak was not detected after decontamination experiments
le, 235 and Pr were not also detected after decontamination
experiments
Table 4 - 5 Decontamination factor after etching by
aqua regia (FINO3+HCI1)
Sample Etching 1440, | 103R, |196RH | 13706 957, ¢ 957,y
Depth (724.2KeV) |(756.7KeV)
Hot Leg TE-3 2.74m * 186 990 227 263
Piping 7.14m 118 175 277 529
Main Heater| TE-27 | 3.74m * * * * * * *

* gamma ray peak was not detected after etching experiments
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Fig 4 — 8
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B (em®/sec), dAFAEDONE (om) ThH B, 4 Re, Scid, + MV o o0kl
e L (g/om sec ) B LUBEO (g/cm )2 BnwT,

v-+d

Re =
© T u 0

(5-10a)

S¢ = —— ' : (5-10b )

. 0

THRbLbEANG, 2@ vEHF M) Y £ OHHE (em/sec ) T B, M TIR~NALS
: ‘ 12y

WD & LTk Stokes —Einstein OXFFAN208Z4TH 2, Ta2bbH

_ k -T
6T

(5-11)

T, k@EFEAY < EH (erg/K), THBHEE(K), r G 2WE0EE
(m)f&ao%;f%ﬁ%ﬁﬁwr&Lfsﬂ+@4¢y¥@f@5L3x1NS

(em) DEZRAWT(5-11)XRLYVDEFHEL, B (5-10a )L (5~
10b)XICL>TRe, Sc&FHEL, BBEIC(5-10)RWIY ky 2FELT,
ERTBON AL FEEEMK & —H I 520 OMERKTS BUBERS (- )
T, K=8 -k OFRRNHBM LA, HEHIh2SOEE4 Sr ks & Ui
B Table 5 - BWCART, c ORR, BHINASOBE, 1 Vv aBES LU
BREEAEMBRC—COEZ LI LEBbhok, 2OZ &ML, St OUBEE
B, BENEBLECH PV v hERE 2R BT A28 B OHMHICL - THXE I
ThaTEREH/RIND,



84 Y, Zr BLKUNb OiLEEHORN
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Hfl T~ L oK, YRE, Th BSOWEERTHEN T 5 A0 o8& %2 A&k

HErw, T2 T, YZr# I U Nb O A — TR AR b, FOEFAHETS2 YOI
EEBHEEN TS, M, Ze il Ze A ICES 2BEA 2\, E A Nbicd YNb AL
WS 2@ % ¢, Zr X UNb O EEEE, &+ 2r 21 U NbO »— 7R S5
MELhRD B,

1) Ve rvir OUEEBOET (HEA2 -~ C)

Fig ~ 10749y s¥Fz—YRH2bhd Lo, "2 2ERED §3.2
%%,Zr@ﬁ&ﬁfééwam%ﬁgfémféo&caf”Yu¥ﬁ%ﬁaﬁb
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HERLTLB2OTCHUEAE2—CRET 5, HoT Y2ro r—7HHmE, Y L
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b, YEZr ORBEBOBF e %5 CEHTE 2, M 7Y W, BATICHEY 27
MEBRELEwn,
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HEB OBMAT IO LRI PP #WE LTS/ NLAH b LABEET RO 7 HHE
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25, 27, 28, 29, 30, 32, 33 © 12 O MAHRBRTH 5o Lr © v — P HLHA A %
SIRREZELLEIKCPRigs ~9KF VY A RBE, ELZ NS A—2-LLTRT, HE
%@ﬁb%%ﬁNﬂG@%%%%?oE¢%&M2L3&2&3&16?@@—0%&
N T 2D v — T RABOES S 2, ThE, Fh YV AEREEF L) DA
VRO r BAEHERETRT ADTH L, PIAAFERN 322 LTFI6KDOWTH, F
Y Y ABRPOF -2 0OHE, F ) va FrBoF— 21 ) SROCETHEES
B, POERRAOBELI® 2L TH D, TLT, 7T434KeVO K- 272N T,
o FP (B> ) vo KERL THEETHHEBH IV%F‘aﬁJ;LJ:D}E%ﬁFP) or
BICL BIHE BB LA YT AR T2 DA R R ER oo EETE
DT BOBRICONTHEE LkER, T434KeV¥—20a80 Y2r o s EERK
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mLikiowk, ZrofEmE T

THE Lz ki 1 4 0 9™ Nb
B, BEEREOYNbICERT
HLEacHHaAhaTrBTS A '
- T1/2=16.8 hr

B ldbdoi, \\\6

. a7m
?ﬁb&%ﬁf%ﬁﬂti | MLT%=1WH
S5, NodBEOF Vv s T43.4KeV
AT BB TS B C & T - ray
59 %ﬁ{fcﬁ’.%bf‘ﬂfler —.m__Tll/=72-2min

2

DL BEETHR L “TONo,
#Far CERB 14 ) ORIck
HEHNLTSH P ) 2P CEEBLERDL T434KeVOr BERBT 2D, 71 Y
VAREBERE MUY BT, HHROEZER IUVERACHRCERELLID LEES
iéo—ﬁ,%&MZQZUbiﬁﬁﬁﬁfbU?A@%ﬁ?ﬂ%&%ﬁﬂiot%
TRV AFRPL VMV B THEES LTERAOAMIKER R, MTICR<3
BITRER TS, BERPE Vv BT OUBEEERCEN Rh ok TlhD,
FRVYABEMRIT0CToNE, YZr pOMHRBETER L MNb iE, £ & <
CAFMYHF REHEEERC L T TREHRHICL L2 - TBB LW LR EE TN B,
B, Fig 5- 9% 5L, HFICERN 28 330BEHREH Th s, EBN 280,
BRRRESR (12ppm) ©F b V7 BRI IV NV BOor SIS — 22 H
BIC1DORIER LAYDO TH B4, TOMOr—7HAMEELERKERD, 1+~
EFCREBH—CHHL ThERB B ok, CAEHLAKF I ) Y ahOBBE
B2 Y2 OUBFBCHFCKREZBBEEL TV L EL LR, Zr OBEBICE
HZBAMBEZLE o TnD L BEEIN 2, TR TLERBLELS (fc4,) B2
REEF PV 24 (1 ppm, BEOERREN ) FCIMEFIO X SKEZE TR A WS
Zr DBEWC L 2BAEOTEESR S b, Hlt TERN 16 0N OHE (Fig 5~ 9@
©18) ) LRBN.33 OEMOE (Fig 5 - 90 16) ) # B LABE, MEE b ICFH
PV AR v YROUERERTH A%, FRAOCHRBICEZELZERZ bND, BN
160k, METHTHLISS B> ) 9 4 %58 0.24m sec THEBSEAHF b+ U v
LAEZ NV LTRIZE L 2OKX L, EEN 33 Tid, BEFEIEE 0.24m, sec THER
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No 16 & [E—O&HETS ok, BAETRICHEREE 1.2m sec & L2DERIEM%E
AIRMELTH PV VAPV BRI T BEIZE2TTE2 > Tnd, 71 U v 4 OFFERR
MEERL, 2OMEERDAC LI v~ THSHFOFHIELITLAZ &b b,
Zr ORFEIC L2 BARRIA LA ICE-TY 2 BRI N 2,

BRLAXSK 2 OBBHE Sr © LORKREMT RN EBER S A, £
P ALEREER EROIZ LR, ThADKEREDHEELLNDZOT, 1
L PP B AED &\ LEE LAMERIT 7 » 2BnT, "2 ORI 2 &
EBEEBERDR. TaHD, YL T ONBEEEHK, , Kg& 5 4 —2
—~&L, (5-8), (5-9)RX%fAn, FEEBN2REICL) ERERLEN
ETMOBTHDLE TR, BELTRDOELEL DK, KqOEERDI, Fig5-9
P S T ORELFB TR T, RRI1ELBITEREDL, EORRKOWTIFHE
CEC—BL, EBN28E, Zr B —7CH— A LTn5 O THFETE
&hoﬁﬁf%BﬂﬁwY&”h@%%EEE&ETﬁms—9K%$©%%é%
BTE EWTRT. MIEHEA024m  sec OB, TYOUBREEH T LML 2 %
WO R 2 Tk CRINEBRHSRE b %o Y WERM S 3T BTH D, HES
024m,/ sec DHEEKE, BERXBITER LA TYRKEBF P Y val >TER
OHMACHET 2 E TR 2T BDIIADEARBREL TR, RoT YO RS
TEHLT, (5-2)RCLHHAORI2RECEDY Y2r OUBREEH O S
rRoE DI, YORBEREEHOENMRAERL Th i, cORLLL,
BULL 9% T2 OUWEEBHORRERFESL LN 5,

M Fig 5 - 9 ORBN 30 I n TRATED TN T 5 A1, BFTAR (F8)

-E#&Dfﬂfhéotoﬁm,be?APVVE%GE%%WELk%%Téé
H, T434KeVOTHE—2 1, P 125 0BG FPTH % HMTeD ¥ -2 &
E&%?L#%%ﬁ%30@%@§ﬁﬁ%&ﬁéét&ﬁa,EEZTWCTEﬁ%%
EOBEIE, TeOo—HEEMKRETHCENEEINLE (ERNh 24T zO L
IERBEREAILN AN ) HoTTeOBRBEZEHL >+ Vv A FOBRERROALD
CEB% 205 EAEETA 5, |

2) "N o7 BRERKRIOROE Y2 XU T2 OUFEEH (KFESF5—>D)

6 6
”musamxww@&bﬁmrﬁ&ﬁmTéZ#ﬁ%@nwﬁfabf99%&
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bt M7 (EBH 168K ) OBETERT 54D, SN KO LnRELTHO
TRAET ~2EH-T  No D v ~7HEHE RO, Fig 5 - 10 1T Nb © ~—
7R 37 & #Et
AL TS5, BICERN 2L 32 20, 33 THE, “Zrs FREIKC + 1) v sfEERh s

1

HRELEVCTRT, VTR E RO AERE, Y7r 0ES L &

MU O T BIE AR T TR ENGIA RO R, FABEDADICHETRE LA
HBNI6ICDNT, # b ) pafBlB L Mo hOREE RS R Ty

mﬁmﬁmTNbufh99Akﬁ@&f@5&mﬁﬁﬁ&ﬁtﬁ?%&M1a3g
B30T )y AEBELFUY B TA—THRAMAKESBRBE & 1 7HIC
BEB—KFHFTrTerdb, SAOEHRBR CLEABORREBA, 1Y, %Eﬁi\h
32, 330 F P VY AERFO N —TRAFLENT, BRI H S 25 m O HEEE »
5&&?%&%ﬁiﬁbfh&@ﬂ&&b&ﬂ%oL#Lcoﬁémomfmxwf
53, |

No@EEBF ) v s THEBERTHIH, + VT atr—Fnbrry ik
TH, BEICEEL TS T2 ORFBECORER LTS 220 ( ToroF 2%
BESR ), 7PV vabvyBor—TYHAKOT — 23, BEcs2 r
Dr—THARERLT S LEELLbRD, £2T, “Nb DA —7HHHE O2r ©
AEDHEH%E L (HHFE~2—>D), Yar LABOFET, Y10 % o
EEEEBOHAMET 2 o/, BITESEE Table 5 - 10 KR+, RN, 28 32 ¢+ &
BN 16 DF } ) & o FREOT — 2O WTEABITEF b i D ok T ABBE
REXBORBEN. 28T, BRF L Fv B0 E% 1 ooMFTARKELA
2, MEOMILCENREAER N ERbhok, COZEMD, BEF Y v 4k
REATIBREBRRT TR, BECHELTwA Y2r 2 bR EETER L Nb
B, BEKELET o T TH 2 EABBRE oTwR WEE 2 LN, A% EY
W, BRBRRBECEES PV vath (170C) ONb KD T3 & 6h, FRPF
LGP UvyRTHBRCENRZ (Figh- 1001 )8K), 2OoREOhERE
RHOBFTELIER RN L2bAh ok (Table 5 - 1088 ). #oTNb &
BFIV VLB IVEREREF M) v 250 nTR, P2 ELETCHELE
TZrhbERLTEE IND O REBEICL EE oTn b ERHREN D, LiL,
| EREBETRENT, NoThBFSREEDERTH E9 2COWTE, TNodN
—~TASFELLEHEREABOI P, FissionF = — > OLBERCHET 2842 Nb O
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A&z BN CEFORBFEHZEITTE2CEBBETH S,

3) YORBESHOT &b
g%rﬁlﬁgme%%ﬁﬁ#BﬁbBﬂﬁWY®%%E§E&®EE&F@%%

+ Arrhenins 75 » b % Fig 5 - 11 € R Fo M, Zr 2 bBbRk Y O HEE
EEHE N 2 bB ok TYOBREHA LT T, E ARPRE SO LBRE
EHOBEREE 2 EB TRT. Zr pbkok VY OREKRERE, BREXE X
B RIBARRDA TR IR, T-FRPEIELINTNE, —HNo» 6RD
Y TR, —HOF—2TKRESETAEORD D, MPRARTRLALLD
W, SroBELAGUEREYAFBLAROERROBE KFHEOBEKRLER LR,

Mf~ﬂ©$%ﬁﬁ%hka#ﬁ&%%é@K@?é%%m$ﬂ%Té%ﬁ,C
ODEALABED TR, YOUEZESHE Sr L AR, BEIE TS S LEEINS,

4) Zr OUBEBHOE LD
Figs - 121, %r o BE EHOBE KEEERT Arrhenius 7R > M %
Tt, 2EORDOIK TNo 2 bBbhk "Zr OUBFRECROBREKREELI T T,
B mick 28 oS RE EROBRERFEEER CRT
ML PR 12 m,sec © F — #, BILE 0.24m sec OF — £ TH b o JREM
12m/ sec A, Boh A B REZHE ®Sr 0B LERD I —H LAWY,
350 CHUTFTE, 200COMNEHWIHRICTT L9 *?Sr OBREREYE LT
REBRLICAREL T LRbh ok, Thb D, 350CHUTORE T, Zr OBE
CIABAERE TRV OLEFEIh, FLIT0COERT, + bV V4
B0 7 BSOS CEBEL R Ao hEn e L hb b EETE S (Figh- 9,
1), 22 R,
BMAZIONFEZEDHE T L DL EUTOL TR B,
- @ 350CHTOEEBEFM )Y amTE, BEABEECLIZ2BAREE >TWY, K
IR OUEBFEHETT
® 350THMETRE, BEKIZBARAETY, »—7HNORBEAHEF Y 74
ERIFHOEMIKHE -, FHIILT 5,
@ FrYVvaFOBRRBRERZ (12pm) ik, Zr OUEEBHCREZERESL,

BiEC t2BAEOEEIKRE (X D,
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urﬁ&kxﬁmerfruwAﬁg,@i%ﬁ%@ﬁ%%ib%ﬁ&ﬁ%%@

ERTCLRERANK,

5) Nb OEHEHD % &8
BWbQW—fﬁﬁﬁ#Bﬂ.E%KNb@%bU?A*@%%%@&Xb%C&@

f%&h#,ﬁ%%&%%#BNb®$%KOMT§&bé&uT@&kbfé%o
® BWRFMVYLHPTEN GEBRETS S,
@ BRSO ARTEABHMECTEAE (XY, BEICHE Lk Zr © Wi 82 <4
T BNo i, BREKEEE >Tna,
® BERRAREF )y 2T, QLAROREBE T2 C LA EEIN B,
M Ef~7 Xk 5tNb 3, TPV U ARE, REBESORF L VR~ 28
GRS NoOF 1 ) 0 a0 HAEBE DS KM, “TNo UAOEKEE B 2,
Nb & BEEE T2 B 2BEEER W THEN 257% SWERD B,

5.5 BaditBEEHORIK
4)
B TR~ X 5, Ba OUBEBEN OFHRE LeAhEE, "2Bats 3,

RIS 2HTRNAL O, B, BOMBBELELOBEA ICIXBEED HE2H
BREOUFEH T RLTOCT(RHE~7—>D), Lior BAEKSL v 425,
OUEEH 2RO Tz OHICEHRT 2,

1) "“"BaOWEEE (#HE <% -~ B)
“%aﬁfﬁﬁ%DEME—i%%ﬁmm?éﬁ,@OFP®Tﬁ©%%%%H%

%@ﬁgmo%@¢f2%4merﬁf—ﬁ%&&%ﬁ%%%ﬁ%<wof, o8

DY — 2% FnT B O BB OB EFT% 5,
M%a@*ﬁﬁﬁI%Sﬂféé®f?%%$@@ﬂﬁﬂﬁ,ﬁ%*QTﬁ2&9

PrERn, REEHOMNTOMER L LAKRE, SN 19, 20, 21, 22, 24, 25,

28,29, 30,32 330 11 OHHRBTS 5,
Fig 5-131C, Bohk Bao v~ YNBSS HStEZL 230 Y v

ABRES IUREE 7 A— 2 ELTRT, B EBEOEE K ER T — 2 B o
Wb, 'Ba I AEHBD 4T3 HFEHETH 2 Y20, OMSEBETER TS,
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ZCTUBAF—vBIRBTHELT, C OBBEEE LT " Ba0o LB HEEH
R, Figh - 13HE I T T OOBREEB TR T, /A Table 5 - 11K, Ba
OUEEEEH OB NEO BRSO TE L0 TRT o B b hAkH EEEH
IR K E R BEE AL T 5o BN 28 26, 30 AERERERBRTS 55, B
b R M RS ORBTE LN WEREEN L KER C, 71 Y
AFOEEBRERETBaOLSEERICKE E%@%E—iftlﬂt L i A

2) MLa o7 BREEERS S RO A YPBa OUBEHED (KFE < —>D)

21, d&dBEO 983 NBBETH sUEHED B bOBNBLETER
?6%@,Mﬁm@»—fﬁﬁﬁm,%%Nﬂ—yDKEL,“%h®»—7Wﬁﬁ
&ﬁb?ttﬁﬁﬁéﬂ%o%tﬁ,Mﬁm@Tﬁﬂ%%%&%hTM%a©%%$

. BOmITETE S,

211X 64 12K eV ICHHE ICHV 7 B EH I L,t,s)' AR HE B 92.5 é}%é%fcb, z
DE—2%FnsD S/NEO IWBHETHO T X2 t vEAWT, "La ©
N —TRUEBEDI A RO, BITOWHR L LAERE, FBN 19, 20, 21,22, 24,
25, 27, 28, 29, 30, 32, 33D 12 OWHRBR TH 2, Fig 5 - 141 ¥Lad 7 B H
FETBELRAr— THAESHEHABEL L KR T, HREFBER Ba & L8
BEREDATL, REAFHS “PBa LHBIHEMUL TR, 20 WLaor— 7R
AfiE "Bao A —TREHE SR L, BR LABREFECL >C "PBao B HEE
EHERDR,

Fig5 - 145 TRDOBRERBTRL, BbhrdBRERHOEE HA
ORREEBTE LHTTable 5~ 12(CRTe chbOBEEHE 2Ba0 7 BH
B AR E BT L, MEEARD L —H Lk, ChICLD ¥l 03
&%, “Ba OUBAMERDLTREC & FEHINE,

3) BaDHEEBHOILD

Fig 5 - 15c '2Ba OB EEEHRORE (KFEE R b T Arthenius 75y P 2R
To BEOADIK MLa 2 0B Obh ke MR OUBEREEHOBEKFEI R T B
KR 2Sr O B EETHOBERERHEEF TR T MELEIEE 12m Ssec
OF— %, BALE024m, sec OF —~2Thd, BapbBohiT —FIBREDN

HEEIKENDE, S OREEGFE LRI IL{—FHL TWE,
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5.6

—ﬁMﬁﬁ#%%%ﬂkf&ﬂ@ﬁBﬁﬁlhm@%@f_;@§§%¢g(,ﬁ
HL25EA%ZY oTLEATHE, PO 28 OBEKELEOEBEE 350 CUT O
BRETHZER2IC—H LT 2, AL, 420CHUETR ERERHI SAR TR IO 2D
Pho ThbLYSr OBELABIKIS0 CLUT TRIE LRSI &% 525, 350
CULTRBEEC L 2BAROBRAEEARAE LTI 5CE D, BEXEOWLE
BELDIENW 2N EFTES NI ED230LE 4605,

La LB LB ORI

4}
A TR A L DK, La OUBEHWHONE & L Bthid, “La T3 2,
T Mla O BAIE #E % A\ TLa OhEZEB O BT 7% 5 .

1) ML o as

6)
a1 397.3KeVICH 2 DR EE MM T2, T TE O E—2%BAnT

MM DR EEBOEFEIT O .

MTald R BmAA A 30.9 @‘S')Gé& OT, WEEBHOFITICE, BREFOr#= <2
PrE Rk, WEER OB OWR & LAERE, EBAN 21, 24, 28, 29, 30, 31,
320 F M) Y ARESN 1.2m, Sec @ THEOBERLBR TS B, 15 “Lad 397.3KeV
DE~7L, BRERCZ5LMOTPREBOTEL M ST 240, BATE 1.2m, Sec
OWMBEOREITRE L,

Fig 5 - 1618, Bbhi MLaor—TRUBSH M BE L LI T MY 2
SREBRICRST, "MLad, €4EREC T3% BB ETH 2 14B. oL oL
B3 B, "MBa BYBMA 1L9BTHE 2D, + 1)y AMAS 12m secDBE,
TAVvAZABBIABET LD - 90HMAZ CH M) v aBBET2 23.5 F
O, "Ba® 3,4 pB% LT MLa RERT B, 0T MBa BLER TS 2
CEBLUBF 22— CCETH L LT MBa%k L *La OUFEBEEB K, Ky
ERTA—F~LL, ZrOBEEAMBIC(5-8), (5-9)RXEBLTEER
RN ZREC L VTR L EREROS TR 2T ok, L LEIEOKE, I
REXRE, 22 MLaOKBRELER CK 22 HHABELSTATWE LD, Bbh
7Ky Kl 100BHWRELEU#R L2 oo 22T, B2 O LHEEEM
DK, (i “2Ba 0BT TR L N flR BV, WLa DK 03 % AT A— 22 LT,
(5—8),(S—Q)KE%hfﬁﬁ%%ﬁLto%@%%%Tmm5—13%%ﬂ
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BonkhBRECHIFEECKRE ZBEEEFAT WIS, BaOWBERETEH &
EDVEDRNERIB Ok, T AFRN 28 29 0 OERRREFEROK EE,
BEOBEREOCEROKIBEERERZ, 7V V2 POBRERRED LaOiLEE
BcREszpErEL R LR EN K,

2) LaDRBEEBHOELD

Fig 5 = 17 1€ " La O %3 B SO BEKFEL RS Arrhenius 77 » F &R
To BEOADI 28 ORB HEFHOBEKRFEERBR TR T,

MWLaoK, fEk, ¥SrofirI<—&HT230355%, 170CTOHEHE,
2 X DN EWEER Lk, BOAKTF—2ORMESRSE D I RV Dd CEMEE
%%mféﬁhﬁ,fruﬁAﬁ%ﬁﬁﬁﬁﬁg$ké<&%@ﬁﬁ%ﬁmﬁbnf
Vw3, M, BIELAEISIKK WMLao Y —2 &, tho FPOBEERITBRD, FE
 QRBWHESH T — 2B, REHEBIKIZ rfR~<2 ~8i1 (€
BT )SOHMENF 7=y 25 FALT, €— 2 RETIRERLETSS 5,

5.7 BiFETILOKRS
5 6% CIKRNTERIHICSr CDOnTi, 17020 530 COoRERET #H#
BRECIIEN=TA+RBERATELC & B¥bh ok, Zr, Nb, Ba, La €2 W Tl
F YU ABENI00 CUTORRE TREEEREC L2 F » 0 EATESR, B
Bl s EBERSCEBRKRA DAL OCRD, BEAE=T» TR OREEDE
FLEREDLTRCEFBEYL THL Wb ok, £ T, FPOR, HEEER L=
FAl XY, Zr, BaSO FPHBOLEEBM T EUENCHRF T 5, 2 T PERSH =T

rERN, RCHEBBET v2HEFL LAFPOREET 1 ERNT, BRRICERZ
TZ9,

1) DEB®H =T~

FPOF MV v adh T OB, HHAROWHEHBBKL oTXELERTHWE EFE
'zgnaoitba,fru¢A¢m&méhﬁFPu,fbuagwﬁwy&mh
LEEAREEE OB HEET A EABEBMICL > THH L TRECHET 3, £O
S IC LB MESBEE R, HESEAE thSrs0F)h ) v aROTPRE &
EEEH O b )y & B FPRECESKECEXE 2 5,
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CNLOFP B EFHEYD KEEJT%E%J (atoms/en’ /sec)it, BEZ DT

1
Fu Y- VC&%%EE@J-‘ETW&D,

i=8ky*(T—Cg) (5-12)

TRbAIND, cTlT,
C: 7Yy a0 v giEhho FPEEOBE (atoms, /o )
Cs: BEEABI #1357+ U v 4 FP BHEDBE (atoms, o’ )
ky, : WEBBRE (on sec )
S 1iE (T4 »%> 2 )R ( dimension less, Table 5 - 8 ICRAh T
B HRED)

TERDIN, kLB (5-10)REFLTS B,

2) FPEEOF L VY arfColEeT

HEWEBB =T+ 28K 2 LT, FPRECEE~OR, BERSrHX =72
AT 2. B, RAEBR:HAT AMEEALTT, MPICRLABEGR, ASHNO
RICEALZBED F b ) v adf
FPRESHETRT. j, C,
Cs MR TEHE LA AT X~

»

X

}—Té E)o

CW

ceeEHEreT, T, ovo

BESMH
Flwnss2—2—%EAT2,

Ta, FpasemcmE+ s
EEE, J &, FPAREAL

FEY P aD
BiETsEEE2RbL, The ) v & Dih

Cs

AR ...

RUTOL 5 BT ( Lan- prapmy
gmuir €7 A ), @l%iﬁﬁ?
( atoms “em% sec ) i,

—
J

Hﬁ%ﬁﬁ? ( atoms,cm®,/ sec ) 1T,
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(5-12b)

c T,

% BEEEEH (o sec)

W B B ( sec™!)

CVW . BEEHOPPEEOBE (atoms, on?)
j=§;_ (5-12¢)
thEFr VoA PrPOMERSICHEATS &,

P |
a

dt
T, 0=27r, a=mr?(rZOGOEE), LHBEER DL, CON—

S oA BEEE, 7 )P ADHNEADRTH S0, TOHAE x& T2

ks,

dC{x, t) 8 C(a, t)
dt B ot Ox

LB, Lo CHEERYO PP OBAIE o THERE T 5 L, EEHE T POMKSEE

0C () t)  da (5-132)
dt -

A BT 22 A ICaRICET B, FRXOIC,/0t=0&2FT, ClEad

SO LD,
) _ 4 A sy, @2l ) (5-14)
dx av v dt

& ﬁéo —jj‘%ﬁcogﬁ CW(CC': t) tts
(5-15)

0t
L hDHA, GBI FPOMEEE T hETEEORE T4 CEMKCEZE T30

LOCW, 0t=0¢,%nb, EX2b
‘(5—16)

j=A4-CV(x)
(5-16)Re:M@2EDE

PEE b, (5 -12a), (5 -12b) X2 RAL,
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s,

H
k

w = . : —
CV(x) e Cs (x) (5-17)

ErbY, KNEZE2EHEHALT,
CW(x) =KW - C5(x) (5-17a)

t#H{, Tz,

(—
KW = —%

5-17b)
A+ (

Tdb, TZT(5-12), (5~14), (5 - 17a) REFET EXTC (2)2E

T5¢&,
aClx) _ 4 Sk K¥ a1t - T (5-18)
dx v | A-K"+8-k
E kB, £ T,
,_i S'kL'KW - )
« _v{R-K“’«{-S-kL -(ﬁ/a)+1} ° lga)'
EF L, (5 - 18) =4,
dC () _ _ - . T2 (5-19)
dx

LD, x=0 (BHESREE) COWIREE Co (atoms /ad ) & LT,

’

Clz)=Co-e %" - (5-20)

EBOT, (5-2)RE&<ALEKE 3,
—HEROBECY (x)ik, (5-12), (5-16), (5~ 17a)z b Cgla)
EHELT,

S'kL'KW

L - . 5-21
T KVFS kg C(a) ( )

CW{(x )=
EEmB, CORBEDEBEK, (en) EEET 5 &,

CY{(x)=K,-C(x) (5-21a)

&k B
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3) kiEE=F v iEREREE OBER
ENETARNTEAUEREEEHK (on/ sec) &, (5-1)Xkb,

aclz) _ K- (4/a)+2
v

Cla)=—0a-Clx) (5-22)
dx _ ‘

TRbINAk, c0A%F (5 - 18a)RCEEEIhAka’ EHELTERT S L,

(5-23)

K=J{S'M’EN }

EVOIBRCRBZ LA bhb, CCTHIKEEEZL2OE, FPORBEHK OV
TThH b, TZT(5-23)RCHUTORADEHEALA L ETHBEEEEHK 22 kg,
K, ALK KEEReTED LS CEERDENLAEHRH TH. M, k. K.,
£—

K ARBETK) 0ENTs b, BE, BARERGTS 5 LT, k, k @&

3, Arrhenius #@

X(T) =Tc>u' exp(—%) | | (5-24a)
+ LU,

= %" —= 5-24b

kK (T) =kg- exp ( RT) . | ( )

LED B, C TRy, K BEERT, B, BEELERORIGEED B = %~
¥—THB, LAL, 7} Vo AHFPOK, KOEBKDOLATHEL,
#oT, FPOF MY v a2 CORFEZEBE EEMCHENTLADICE, RAD
ko» o) B, BOMEERDZ2BERS 5,
® %>, kp, R OBE
L ORME, BREEESHEECENBECKTT 5, LERBETOAE, (5-
17 )RIHVKY > 1 ¢ ixbnb, coMFEE (5~ 23)XCMRATEE,

LY, BBFMETFr»E—BT b, TROLODUEEEREHER=T VLS &
LW %B, MTable 5 - 8FEEhALOK, SEOTEEDCETDL 5,
® 13KoBa |

e DA, BIEEERIEE I IEE T e CO L EICH,
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(5—1%)K$DKW:K/1b%H5#5,Cﬂ%(5~%)ﬁﬁﬁl?%b

S-kL(T) -& (T)
K=
K (T)+8 Ky, (T)

(5-244)

EhBo M, TSk kbR, OOBEEMBICKS Sk (T) & % 5,
&Gwﬁﬁﬁﬁ,@ééhﬁ®dﬂ>q©%émﬁﬁféoL#L?ﬁ&&
ABETS 2B 4KE, KOEEAWTK(T) 2 ERC LV BT 2 4T B
(ke l& (5~ 10) Kb BMATEE) o
® A<KoBs
COBEE, BERESFFELRENC E2BHEL, GRS M) v 4 hCOER
¥ FP (Br, Kr, I, Xe% ) 0SBICMY T2, 20 L5, (5- 17p) &
VK= X(T) /KM & 2225, KT, K(T) #H5E LT,

‘k_o' exp (—(E/RT)
Ko -exp (=E/RT)

W~

-

= ko - exp (= E/RT) (5-24e)

EBF B, ky, BEHFLWAS 2—2—LThTIn, 22T,

% o : |

N =—~, E=% —F (5-24f)
—
ko

T,

CNETTR, AURTETH oAFlERNTEAR, EEOBAKE, zolk
SEMERE VWS R, L L LEREORELL, Zr, BaSOHEFEESH
KOBEERFHELCOWT, RO L 5 2 EEMNEBITRTE 2 5,

Y, ZrOnTTHHH, +h Vv aBEHFI00CUTTH (200COM%E
B <), %%E&%ﬁ@ﬁﬂi%ﬁ@ﬁ&%?ﬁﬁﬁk%%C&z&xfb. ERB+1rVy
AHTH, ERALODS 3E@ 0% >k #RILLTED, —F, 71 ) va
BEH300CUEC 23 KON TK OEAKE (& AR DIC, EAEET Vb
bEATNEIOLELLND, HHFELA(5-14)RH~5 (5 - 16 )R,
iﬂ#&bk%h(*ﬁ%ﬁﬁﬁif@)&ﬁmo$éfﬁiaﬁ5,g%r@g
SN —TRAEHEAEHFECHEL TR EWI S 2BEOBEICIE (5- 14)
ﬁﬁ&ﬁbamﬁb,i%@%%@ﬁ%wm@rmﬁaﬁm;

—7, BaOBAICEEEEH 10.655 & HBHE N 2B, BHPICKSTE
Kﬂﬁb,(5—14JKMT@%%#TNTéTH§%CtK&%o
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4
22T, Pig5-150 Lazb@bhi  Ba OWE 120/ sec T OUHEE

EEHOBEERES 2 RTS8 2BwC(5-1Tp), (5~23)X:2EEE L

T,
KT . Sk (T)-K¥(T)"
: A-K¥(T)HHS-k,(T)
. LE
KW (T) = kg -exp BT;)F
A+Kp - exp (—ﬁ

—

REBOS, ko, B, ko, BEOED0ERERT 2 —2— & LTHREOF /A2
FHECL 2T TR EiCi b, ThoEDDAZ ;!—-ﬂ—offa“:biz‘?i 5 EEE
D5,

5.8 # =
chd COENIKE D, Sr, Y, Zr, Nb, Ba, La D& FPEEOREEE»H

57&>VC7297E0 Ch b ELEHIERDOISCER B,
® Srik, 530CAHL170COMTEOUBLEB IAEKILTD 5,
@ Y3 SriArEELWHEERHETTRT.
® Zrid, 350 CHUTOBR CRIOREFHEAMBHE TS 54, BRICABICD
DB L EAROFESKRE (R, FRHALAEELNTC 25, BICH
b)Y AROBREREC L DS 2 BAEOEEAERICKE C £ B,
@ No@, BEEDF b )y o CEBRTS 2, ERESIVERERET TR
U Y AR LR DT B o
" ® Balk, 350CUTOEBTEREXTOUBEEDIWHEIETS 24, BRKEZ DK
NTBECL ABAROFESAKEC 2 ), BRI 2AUBEEN NI kD%, B
ARICL 2BEREZ Zr BAE (&,
©® TLaW, Ba b/EE%LWHEE®HERT.
M, AOORHRBRTECEEL 2 oAOR, 7 VY AROEREREER TS
25, BFOREK 2 SEL S AORL ENbOBTHY, HOFPRETH,
BREBEOLE LBEALEXRTWERER oK,
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Table 5 - 1 923 deposition rate constant

Na Flow Na Temp B N Deposition Rate
- (m/sec) o) xp- o Constant (em/sec)
-2
170 21 (143+010)%10
200 2 | (181+007)x1072
24 (2264007 )x102
270 * _2
30 (ZOQi&OG)XIO
, 3 (290+0.07)x7102
350 - L
. ' - (310+007)x10
1.20 L -2
_ (378+021)%10
420 (361+031)x1072
29* (335+009)x102
7 (420+010)x1072
500 27% (404+008)x1072
28* (390%010)x1072
32 (425+010)x107%
530 8 (455+009) %1072
048 530 19 (211+£007)%x102
170 20 (277+021)x107
300 25%F | (592%018)x1073
400 2 g ¥k (867%022)x1072
024 '
500 33 (116+005)x1072
14 - (1.26+0.03)x1072
530 167 (1.3140.10) %1072
o -2
16 (1.21+0.04)%10

* higher oxygen concentration experiment
*%  temperature gradient experiment

+ measured during irradiation

++ measured after irradiation
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Table 5 - 2 °*8r deposition rate constant
Na Flow Na Temp Exp. Na Deposition Rate
{m/ sec) ) p- Constant { cm/ sec)
170 21 (1324007)%10 "
200 2 (176+007)%x1072
24 220+0.10)x1072
270 ( ) -
30%* (196+010)x10
—2
350 3 (3.of:w_ro.16)><10_2
120 4 (343+038)%x10
5 (375+022)%102
420 6 (40720.16) %102
29%* (3.25+0.14)x10-2
7 (4.4620.40)%x107%
500 28%* (383+018)x107%
31 (391+0.25)x1072
32 (411+018)%x107%
530 8 (460+032)x1072
0.60 500 31 (234+027)%x1072
170 9 (517+075)x1073
225 11 (734+060)x1073
0.48
270 12 (966+113)x1073
530 19 (1.85+021)x1072
170 20 (204+£023)x1073
300 25 (548+043)%x107
400 22 (787+063)x1073
0.24 P
- 31 (914%+165)x10
500 -
33 (1.04+011)%10
14 (1.10+0.22)%x1072
530 3
16 (968+1.22)%x10

% higher oxygen concentration experiment

k% temperature gradient experiment
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Tabhle 5 - 3 938r deposition rate constant
Na Flow | Na Temp Deposition Rate Constant (e sec)
{m sec) s)) Exp- N
590.2 KeV 8759 KeV
170 21 (130+030)x1072 | (135+026)x1072
070 24 (238+017)x102% | (231+0.26)x1072
30%* (219+012)x1072 | (1944023)x107¢
350 (339+0.16)x1072 (280£032)x1072
4 (368+018)x1072 (3.05+026)x1072
1.20 5 (370+018)x1072 | (367+046)x1072
420 6 (375+017)x102 | (348+t040)x1072
29 % (346+017)%x1072 | (261+0.26)x1072
7 (420+024)x107% | (376+051)x1072
500 28% (379+018)x1072 (310+031)%x102
31 (386+044)x102 | (336+050)x1072
32 (372+017)x107% | (346+023)x1072
530 8 (427£020)%107% | (3.95+056)x1072
0.6 0 500 31 (230£032)%x1072 | (1.76+029)x1072
048 530 19 (249%019)x10°% | (176+023)x10>2
170 20 (257+022)%x107% | (285+052)x1073
300 25%% | (619+025)x10"% | (549+051)x1073
400 22%F% | (9142035)%x1073 | (747+059)x103
0.24
500 31 (118%016)%x1072 | (775%+140)x1073
33 (1.214+006)x1072 (9.25+085) %1073
530 14 (1.19£005)%x1072 | (940+088)x103
16 (1.21£0.03)x1072 | (884+052)x1073

* higher oxygen concentration experiment

*x

temperature gradient experiment
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Table 5 - 4 %8y deposition rate constant
iti Rat t t
Na Flow | Na Temp Deposition Rate Constant (¢cm/sec)
{m.sec) (@e)] Exp. Na
_ 749.8 KeV 1024.3 KeV
* -2 -2
1.20 500 27 (1.66+1.11)%10 (1.65+£1.09)%10
0.48 530 19 (162+034)x1072 | (168+032)x1072
207" (238+248)x103 | (201£200)x1073
170 ++ -3
20 (542+316)x10
300 25 %% (521+1.24)%x102 | (546%+1.08)x107°
400 2 k¥ (534+122)%x1073% | (615+097)x1073
0.24 :
500 33+ (766+1.17)x10° | (927+1.16)x1073
33Tt | (1.04+040)%x107% | (918+235)x1073
14 (1.032007)x102 | (1.01+0.06)x107%
530 - a
16 (975+£053)%x10 (864+t035)%x10

* higher oxygen conceniration experiment

** temperature gradient experiment

+ measured during sodium circulating

++ measured after sodium drain
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Table 5 -5 928 deposition rate constant obtained by using
92y deposition distribution pattern along the

delay line
Na Flow Na Temp Deposition Rate
. Exp. Mo
{m.sec) o Constant (o sec)
170 21 (1.37+050)x1072
200 2 (187+019)x107%
31=0. %1072
270 24 (231£017)%10
30% (216+0.17)x1072
-2
550 (290£010)x10
(334+012)%x1072
1.20
5 (375+016)x102
420 6 (370+014)x1072
29% (332+0.16)x1072
7 (427+022)%x1072
500 27% (405+0.22)x107
28% (307+046)x1072
32 (390+£038)%x1072
530 8 (455+024)x1072
048 530 19 (2.06+0.14)x1072
170 20 (4.73+117)x10™
300 25 %% (564+092)x1073
0.2 4 400 2 2%%¥ (782+1.00)x1078
500 33 (1.05+014)x1072
14 (1.02+0.12)x1072
530 3
16 (9.80+1.30)%10

* higher oxygen concentration experiment
**% temperature gradient experiment
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Table 5 - 6 %Sy deposition rate constant obtained by using My
' deposition distribution pattern along the delay line

Na Flow Na Temp Exo. No Deposition Rate
(m./sec) &s)) P Constant (om/ sec)
170 21 (1.01+0.15)x102
200 2 (1.87+0.05)x10 2
070 24 (185+0.20)x10° 2
30% (1.83+018)x1072
—2

350 3 (251£0.09)x10
(262+010)x1072

1.20
5 (316+011)x107%
420 6 (296+0.10)x1072
29% (269+027)%x1072
7 (348+041)x1072
500 28%* (4244044)x1072
32 (406%037)x1072
530 8 (399+046)x1072
048 530 19 (201+053)x1072
170 20 (474+497)x10™
300 25 (333+069)%x1073
: 400 22 (547+092)x1073
0.24

500 33 (756+163)x1073
: 114+041)%x1072
530 14 ( ) R

16 {1.09£0.20)x10

* higher oxygen concentralion experiment

*% temperature gradient experiment
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Table 5 - 7 Deposition rate constant for Sr isotopes

(dimension=1x10"%m/ sec)

— Tel —

F. V. (m~sec) 0.24 0.4 8

Temp. ('C) 170 300 400 500 530 170 225 270 530
S1gr 0.265 { 0534 | 0575 [ 0913 | 0.970 - - — 1.6 5
2gr 0277 | 0592 | 0867 | 1.16 1.26 - - - 211
Bsr 0271 | 0584 | 0831 | 1.02 1.0 6 — - - 2.13
g 0204 | 0548 | 0.787 | 0977 | 1.03 0517 | 0734 | 0,966 | 185

F. V. (m/sec) 0.60 1.20

Temp (C) 500 170 200 270 350 420 500 530
28r - 1.43 1.8 1 2.18 3.00 3.70 4.23 455
B3y 2.03 1.33 — 2.35 3.23 3.6 5 3.73 411
%3 2.3 4 1.3 2 1.76 2.20 3.26 3.91 416 4.6 0

F. V. =Flow Velocity




Table 5 - 8 S8ticking coefficient for Sr isotopes calculated by using modified mass transfer model

{dimensionless)

—gZ1 —

F V. (m/sec) 0.2 4 0.4 8

Temp () 170 300 400 500 530 170 225 270 530
gy 046 0.5 1 0.40 049 0.49 — - - 0.4 7
929 0.4 8 0.5 6 0.6 0 0.6 3 0.6 4 — — — 0.6 0
B8y 0.47 0.5 6 0.58 0.5 5 0.5 4 — - - 0.61
g, 0.35 0.52 0.5 5 0.53 0.5 2 0.50 0.54 0.5 8 0.5 3

F. V. (m/sef;) 0.6 0 1.20

Temp (Q) 500 170 200 270 350 420 | 500 530
25r — 0.6 5 0.7 0 0.6 1 0.6 3 0.6 4 0.6 0 0.6 1
BSr 0.51 0.6 0 — 0.6 6 0.6 8 0.6 3 0.5 3 0.5 5
%3y 0.59 0.6 0 0.6 8 0.6 2 0.69 0.6 8 0.59 0.61

F. V. = Flow Velocity



Table 5 - 9  2'Y and 97%r deposition rate constant obtained by using
% deposition distribution pattern along the delay line
Na Flow | Na Temp Deposition Rate Constant (em/sec) N? Circulating
(mssec) | CO) Exp-No Time after
m/sec) | (C Ty 977, TTR Shut Down
E S + -3 + -2
170 21 (660%£630)x10 (1.06+048)Yx10 19.00 (hr)
21%% 1 (684+395)x107% [(1,11+030)x1072
200 2%F 1 (4.75+333)x1073 [(201+025)x1072 017
270 24%FF 1 (120+049)x1072 [(1.56+027)x1072 0.00
30F% [ (178+£057)x1072 |(1.72+026)x1072 015
550 3%F 1(211+029)x1072 [(217+012)%x1072 008
4%¥% 1(196+028)x1072 |(218+013)x1072 010
1.20
_ 5% 1(3.01+048)%1072 |(211+0.14)x102 0.18
420 65 | (385+070)x1072 |(201+0.16)x1 072 0.10
297 1(335%081)x1072 |(170+020)x1072 018
7F* 1(320+058)x1072 [(239+018)x102 0.10
277 1(190+043)x1072 |(80.9%173)x1073 0.10
500 2g% + R —_— 3722
32% | (150+034)x1072 (6.35%324)x107! 5055
32%F | (270+076)x1072 |(1.15+025) %1072 '
530 8** | (460+1.05)x1072 [(219+018)x1072 0.08
0.48 530 19%% | (2914298)x1072 [(970+089)x1073 0.17
170 20%F (2.63i0.67)><10_3 4265
2 0%* (266+062)x1072
300 25% X (269+076)x1073 1992
400 2 2% X (415+0.72) %1073 4492
0.24 . ]
+2 X -
500 33 (8_.30_247) 10 1098 °
3 3%* (1.73+026)x1073
14*F | (1.70£313)x1072 |(611+074)x1073 0.43
530 16* —_— (358+027)x1072
R _ 1847
167" | (1.57£848)%x1072 |(511+049)x1073
* measured during sodium circulating, #*% measured after sodium drain
+ higher oxygen concentration experiment, x temperature gradient experiment
© sodium flow rate changed from 0.24 to 1.2m.sec after TTR shut down

data can not be analyzed
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Table 5 - 10 °7Y and 7%r deposition rate comstant obtained by using
97Nb distributionr pattern along the delay line
Na Flow | Na Temp | Exp Deposition Rate Constant (cm,sec) Na Circulating
) : Time after
CIC ;
(m/sec) | () N o7y o7, TTR Shut Down
21% | (1.414059)x107% | (872+3.65)x107°
170 _ _ 19.0
21%% | (1.08+0.34)x107% | (7.77+235)x1073 0(hr) |
200 2%% | (1154027)%x1072 | (1.61+0.16)X1072 0.17
270 24%% 1 (73744.81)%x1073 | (2024+031)x10"% 0.00
30%F | (1.48+0.53)%x1072 | (1.88+0.26)X1072 0.15
350 3¥% 1 (2164029)%107% | (2044+012)x1072 0.08
4%% | (2404042)x1072 | (20740.16)x1072 0.10
1.20
5%% 1(3124099)x1072 | (1.97+029)x102 018
420 %% 1(4.204+1.08)x1072 | (1.91+£0.20)x1072 0.10
29%¥ 1(3.40+0.78)x1072 | (1.9140.18)x10™2 0.18
7 1 (8704£1.29)x1072 | (1.96+0.29)x10 % 0.10
500 27%% 1 (1724062)%x1072 | (7.25:£278)x1073 010
2g %+ _ —_— 37.22
39% 20.55
530 8%% | (4.86+273)x107% | (1.68+0.35)x107 2 0.08
0.48 530 | 19%% | (4.86+144)%X1072 | (892+013)x107° 0.17
20% (1.4140.64)x1072 '
170 - _ 265
20%* (2624+056)x1073 4
300 25 %X (4.52+0.99)x107° 19.92
400 22%X (3.75+0.66) %1073 4492
0.24
33% _ o
500 . _ .98
0 3g%* (9.61+261)x10 % 40
14%% (7.66+065)x10"% 0.43
530 i6* e
" _ 1847
167 (8.62+0.22)x107° }

¥ measured during sodjum circulating,

+ " higher oxygen concentration experiment,
© sodium flow rate changed from 024 to 1.2m,sec after TTR shut down
data can not be analyzed '
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X temperature gradient experiment




Table 5 - 11

14284 deposition rate constant

Na Flow

Na Temp

Deposition Rate

{ m~sec) (°C) Exp. No Constant { emsec)
170 21 (1924081 )x10"2
24 (2144+096)x1072
270
30% (1.794+087)x10"2
3 (4024+071)X10"2
350
4 (2964+077)%X10"2
5 (2844£043)x1072
1.20 -2
420 6 (349+045)X10
29% (428+112)x1072
7 (3.97+039)x10%
500 28% (3.854+066)%x1072
32 (5.02+102)%x1072
530 8 (315+0.23)x1072
0.48 530 19 (1.464072)x1072
170 20 (1764+243)x1073
300 25%% | (9.85+434)x1074
0.24 400 22%% | (566+286)x1073
500 33 (9.774+480)x1078
530 16 (1.314+022)x10"2

* higher oxygen concentiration experiment

¥% temperature gradient experiment

— 125 —




Table5 — 12 !42p, deposition rate constant obtained by using
1421 deposition distribution pattern along the delay line

Na Flow | Na Temp Ex No Deposition Rate
{m/sec) (°CH p- Constant ( em/sec)
170 21 (1.36+031)%x1072
200 2 (1.79+015)x10"2
270 24 (2284018)x1072
7
30% (2454020)x10"2
550 3 (270+013)x1072
4 (286+010)x10"2
1.20 _ 5 (328+011)x1072
420 6 (3184+014)x10~2
29% (321+012)x10"2
7 (2924+012)X10"2
c00 27% (3.004+010)%X1072
28% (2954+031)x10"2
32 (349+028)x107?
530 8 (2994012)x102
0.48 530 19 (1.68+010)x102
170 20 (1.74+112)x107%
300 25%% | (407+1.39)x1073
024 400 22%% | (739+170)x107 3
500 33 | (709+122)x1078
ca0 14 (9.784+1.14)x1078
16 (6.79+091)x1073

* higher oxygen concentration experiment

¥¥% temperature gradient experiment
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Table 5 — 13 **1a deposition rate constant
Na Flow | Na Temp Bxo. Mo Deposition Rate

(m,sec) (C) p- Constant ( emsec)
170 21 (857+097)x1073
200 2 (1.584+041)x102
24 (2434058)x1072

270
30% | (1.314+016)x1072
3 (238+013)x10"2

350
4 (2274+011)x102

1.20

5 (3414+022)X1072
420 6 (2574+016)x102
290% | (2274095)x10"2
7 (279+059)X1072
500 28% | (427+183)x1072
32 (3824+139)x102
530 8 (29874+067)X10"2

* higher oxygen concentration experiment
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mass nhumber

t1 2" half life

Fy : fission yield
91 91 o1 g1
o1 Br Kr Rb Sr ( independent)
t1,2 0.b54sec 8.57sec 58.7 sec 9.48hr
Fy 0.42% 3.09% 2.23% 0.17%
92 “Br Kr *Rb 2gy |—| Y | -92Zr
t1,9 0.365sec 1.84sec 4.54gec 2.71 hr 3.53hr { stable)
Fy 0.02% 1.52% 3.31% 1.10% 0.01%
93 BKr Rb Bg,| — Py HBzr
t1o 1.29sec 5.85sec 7.5min 10.2hr 1.56X10%yr
Fy 0.52% 2.97% 2.78% 0.10% 0.00023%
94 9Ky %Rp Mgy |—| oty Mzr
ti,9 0.20sec 2.73sec 74.1sec 19.0min  ( stable)
Fy 0.26% 1.60% 4.15% 0.39%
97 “"Rb 78r Ty (— 2| — "™
t1,9 0.172sec  0.40sec 3.70sec 16.8hr 72.2min
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Table 6 — 1 Fission product release fraction (%) calculated by
using each FP nuclide cqncentration in sodium
) Exp. N 22‘ Exp. No. 33 ‘ Exp. No. 28 Exp. No 32
Nuclide | Half life 400°C 500C 500°C 500°C (fi;ervii:k) IS(L\;Zaf ;
0.24m sec 0.24m/sec 1.2m/sec 1.2m/ sec
8RBy 55 sec 0.851+0.04 0.8640.04 0.9140.06 0.964+0.06 0.904+0.04 0.9140.04
8pr 16 sec 0.51£0.03 0.50+0.03 0.60+0.03 0.62+0.03 0.56+0.03 0.51+0.02
89Rb 15.2 min 0.80:|:0.0? 0.86+0.02 0.81+0.03 0.83+0.02 0.8340.03 0.780.03
0Ky 32.3 sec 0.94+0.02 0.91£0.03 0.69-0.02 0.76+0.02 0.83+0.02 0.7840.02
'134T_.e 42 min 0.49+0.04 0.5940.02 0.52+0.04 0.58-0.04 0.55+0.04 0.4740.08
136my 46 sec 0.67+0.02 0.6610.03 0.70+0.02 0.70:0.03 0.684+0.03 0.69+0.08
139%e 39.7 sec 0.5740.02 0.55+0.02 0.3740.02 0.4240.03 0.4840.03 0.50i0.02.
140y¢ 13.6 sec 0.47+0.06 0.4840.09 0.4940.08 0.5540.08 0.50-0.09 0.37--0.04




Table6 — 2 k factor for each fission product nuclide

Release fraction (%)
Nuclide k factor (—)
measured calculated

86, 0.90+0.04 0.44+0.02

88pr 0.56+0.03 0.284+0.01
2.03

89Rb 0.83+0.02 0.414+0.01

WKy 0.83+0.02 0.4140.01

134mpe 0.55+0.04 - 0.48+0.04

136m ¢ 0.68+4-0.03 0.60+0.03
1.14

139y 0.48+0.03 0.4240.03

140y 0.5040.09 0.4440.09
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D,
Fig 6 - 1 Fisgion chain
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mass number
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Table 7 — 1 Delayed neutron precursor nuclides“‘)
Grou Half life Emission Rate" Delayed Neutiron Precursor
P (Average) (n/sec) Nuclides
1 55.7sec 1.05x 108 87Br
2 24.6sec 476%108 136 , 1377, Mlcg
3 159sec 2.54%10°% 8B
4 5.2sec 6.44x 108 8Br,%Rb, 387,878, 137T¢
[<14] 94 139 85 135
B ;] . r -A- H S r
5 2.2sec 1.10 x10° T BRI, TAs b
Se

% Emission Rate/203x10%"

Fission Rate




Tabte 7 - 2 Steady state count rates for delayed neutrons under constant
loop conditions and calculated data by using analytical model

Sodium Condition Count Rates (cps) DND-1.DND-2 Ratio
Exp.
. Flow Rate | Experimental | Calculated
T A J DND-1 DND- 2
emp ('C) { £/min) No Resul ts Value
2.0 19 2145 756 2.84 2.84
530 16 | 1527 403 3.79
1.0 _ 3.75
14 1492 373 4.00
5.3 10 3491 1361 2.57 251
10 3436 1315 261
13 3440 1256 27 4
23 3416 1256 272
26 3354 1235 272
5.0 27 3263 1292 2.53 2.55
- {28 3405 1349 252 °
31 3376 1338 2.52
32 3410 1349 2.53
464 13 3367 1342 251 259
10 3273 1241 264
2 .
4 23 | 3234 1168 277 264
384 10 3195 1216 2.63 267
3.6 10 3052 1152 265 269
500
324 13 2916 1103 264 272
i 10 2471 907 273
25 26 2370 808 293 277
31 2431 901 270
214 13 2232 810 276 281
10 1543 410 377
26 1553 372 4.18
L0 31 1464 355 413 3.75
33 1608 410 3.92
0.64 13 1206 249 4.84 5.11
0.5 0 10 1045 191 5.48 599
014 13 241 3 5.4 681 721
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Table 7 - 2 (continued)

Sodium Condition

Count Rates{cps)

DND-1.DND-2 Ratio

Exp.
. Flow Rate _ Experimental | Calculated
- D-2
Temp('C) (£/min) No DND-1 | DN Results Value
5 3444 1348 255
420 5.0 6 3260 1298 251 255
29 3333 1321 2.52
400 1.0 22 1519 385 3.95 3.75
5.0 15 2654 1058 2.51 255
300 20 15 1586 559 2.84 284
1.0 25 1094 252 434 375
11 2054 815 252
270 5.0 24 2307 894 258 255
30 2027 818 248
2.0 11 1104 392 282 2814
5.0 12 1333 503 2,65 255
225 :
2.0 12 590 196 3.01 284
730 212 344
0 ;
o 21 865 231 3.75 255
170 2.0 9 261 610 4.28 284
10 20 151 239 6.33 3.75
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Table7— 3

experimental

k factor calculated by using delayed neutron

results and analytical model

Sodium Condition DND-=1 DND-2 -
" Exp.
Temp. ("C) | Flow Rate No, Count Rate Count Rate )
k f
(¢ min) (cps) factor Cops) k factor
5.3 10 3491 0579 1361 0.568
i0 3436 0579 1315 0.565
13. 3440 0.580 1256 0.540
23 3416 0.576 1256 0.540
5.0 26 3354 0.565 1235 0531
) 27 3263 0550 1292 0.555
28 3405 0574 1349 0.580 .
31 3376 0.569 1338 0.575
32 3410 0.575 1349 0.580
464 13 3367 0.580 1342 0.600
42 10 3273 0.584 1241 0.580
’ 23 3234 0577 1168 . 0.546
3.84 13 3195 0591 1216 0602
500 3.6 i0 3052 0.581 1152 0.591
3.24 13 2916 0.584 1103 0601
10 2471 . 0.568 907 0577
2.5 26 2370 0.545 808 0b14
31 2431 0559 901 Q574
214 13 2232 0.561 810 0572
10 1543 0581 410 0579
10 26 1553 0.585 372 0.525
’ 31 1464 0551 355 0501
33 1608 0.605 410 0.566
0.64 13 1206 0.580 249 0611
050 10 1045 0.599 191 0654
0.14 13 241 112 354 1.19
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(CZOZ LR DNHHEROEBKN T 27 ) v o BEREOESE ATt
EERLTWD, )

COE»L, A—MBEGT TORERISZEANRIEELCREWC b2 5,
zze, ARQ@QERLATFHECELTE, XB3) TRNAKREBER L0 T %
LT Ed, BL, DNEIHERBEOCETECH > THA T EBEHICEEETERT ~
ODNBREHEEOREEHOBEMRGERD D, TOf, BBHLLF MY v ah~
OFPHREERORBEKFES, BRERE~OREBFOTREE, HORMOEBTETA
T b,

—FHeoMid, A—REXBETREWTRERIE 25 LFHE, RMS fEH
ChBLEDBELIRLTE, COBARMKECETRKI>T v 7% 7w
A b DNtH#HRE To+ b ) v 2 OBTRENERL, EFEHO FPEEVEL
KBTH B, |

ESET~OREOHRELBE L LTCEEEZEEL L TDND- 1 &£ DND- 208
EOh#HED Y, Pigs-8EETHHMRE>TCcOEERLA,

M@k, &S5 £/ min DBAKEFH270C L VERORBTRER ~ORA
DEBEBEAEERTE 55, ThIDECRETRESEATEC EERLT
£ b Pig8-17, Fig8-8RICTHMEICH T 2ERIILHM3) ORBL A (~HKL
T3, |

tnKﬁLTRM&EK%?éﬁﬁﬂ,FmS-SMfﬁ%lbh&e%ﬁ@Mﬁ
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EORRKEROLAEBOOLNE 0D, Fig8-—7hb) TERFHHEOBE L ETFMH
MARE Y, EELZ2REKFMHERIRA LM 2w, {EL, DN REtEEOHEK S 5
LT ERE2E2 2L FHINLBEEXRTY, Fig8-9@KFALATE- 14 ©
RICTFHELRMS HEAEHFIL T nokAEETRE R b AR W,
LRMSEOHERIC 2V TH, BRATHBREESOANMBE LU SERTERY
ZBRLTERTACERBETS B,

%%, FPLOEEBREHCHEEFELAZWPRM- 1 ® RMSE (Table 8 — 4 )%&%E
D7 Fig 8- 9 b)IIKER L %,

) FEECSRARBBHOER 5 2 — 2 kFEE

P Y Y APMBEDRS £/ min OFEEDODND- 1 & DND- 2 © APSD BATRE 2%
# Fig8-10, Fig8-11IC, %14/ min OBECKER% Fig8-12, Fig
8- 13 IKET,

54/ min OHREOHKRECE, BBBEOEARBOF -2 CHELT2C-010
APSD 3 & T/RL 72, Table 8~ 4 KHME TR LABD C- 01 O SHEFEI TS
fH, RMSESRICMO 7 — 2 ICHSTHIETE BB/ T, Stz i Fig 8 -10
Fig8- 1125 3B b ZMHKIC, ABBEOCREL DN REBEMFTOLAREEH
FCHEERARBEOEMETIEE T 3,

TARCO2HOKE, Fig8-7ThIKEFWVWT54,/min, 270°C OB&( C-11
EC-17 )ORMSERKE O, #0006 Hz DEBHAFOEEK LS 3O T
BHZLERLTV S, COBABERBORGHHBERBCHA LR B0R, Fig
8- 4 CER»PLIHL 2 ARIERROITH H, ORI Fig8- 14T APSD
OHERTEY, EEROBFERIALCANKCESGRELCNRS, # & TRIT, &t
BREERAL, $IUHHRERLEMBREL OHBEBIT 2T 2> A EE Fig8-15
f)~dICR L, ChOORREFFT (BRE7 -V 2ZHRIFFKLZ230TH
A%, FEFOae—-v L IHELAEKRKE ZhbO/ESRM0.0045Hz %
FLETHEREFR THECEEZBR 23> TLHLTWET Edbh b, L
PLEHEL, BEEHMOREFEKE T2 chll LoFREPFTHE 2 & i
LS, 831 THRNAARETF MR IZ2FEXRITOEREEART AL 20N,

%, nt—uyzfxyffcbi&i\?@%%%ﬁ]hfhéo

— : %
]1W—-ICPSDXYL/EAPSDXX APSD,, ]
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(3) FHERBETFHEOFEO A DO FHEN

TR, HEEEEORTRAE, MbAR=F» LI 2FSRFNOKG%
RETHEMTH 2> FRFMCOATENS,

HTHDCT 2> 2BITE, 821 0K ) TRERAETCOHEr—2ALFEINE
BEF(Table 8 -32M) 2 AVABEOCAR =T VAETH b5, FIT HEOHRA
THRNARK, FAEIAALAREF LV OZLUERRIE I I 2D EERFESO Fal
BEFOMMIM BRI TLILHERD D, CODKE—RICEAESTELHEE CH
NTHD, BAHEERTEERTIhTwawe &, Rt LE 5, LEBES
L BT, FORERHIAELETET Vv ERRTIONEVAERD LD
KfTh-kbDTHY, BECEEFACTHEZA I Dok D, TOBTIE
BETHEAVAVWATEOARET » 2 HA L %,

Fig8-16 %, ABRBBOEAREBCHEHLETHC- 01 OFTERTS b, DND
-1 (FfBa)® LUDND~2 (FAHb )DOAPSD% (3-8) KNI - THE¥SE
BEhboBEE50MELTERLALIOTS S, (HLFig8—-10~Fig8-15 &%
%Y, AROMBEABRAREE>ThE, TRCOFHTHELALE, (8-11)
ROMBEEERL T, BEFIORBIKIHRITIE, Table 8-5(@PHETH »7%,
Table 8 - 5 bICIXEEBORBMAESEHGI IR L. ThLOBRAL C-01
OBAIIRTE-12 & TE— 16 DHE AT 28 \» 3 00, HEFO ML H kTR
P oTWhwdz &, #oTFig8-16R1FELUZIOTHH, HEEETETILD
HOGBOEBELL BT T tBBLR LR o7,

—F, @ Tae—~vyRERLAC- 07 KXt 2FAKOHENERIL Fig 8- 17
ETable 8- 6 KRTHBITHoik, Fig8- 171, FHEHE¥EZTOMN0.0045H2 %
PLETAERSEEIETE- 14 E TE- 160EFBRI-TELAZIDOTHHT L
ERLTWA, LA L%EHD, Table 8 -6 b TE-12~TE- 21 ORES|
OEICHIERE IT > T &, TAZAEREMCRARICED Tl
BEGAC 2 ch boRBRERB*ERIKAVWRZ LR LILT L, BALNLTD L,
zhib, C-07DHBAKEDND-1, DND- 2, PRM- 1DfiicwFhrl D
CEEGELRBIRLTIENTILEDS 2T Liibhok, 24, SAFIEELE
BREESHWEETRSOBALABERES (Fig8 -4 2R ) OB/ IKKE, EHRET
DHEARELCMOTELEL 2VHRC 22 LBHLATS D, MBOBFTI
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BEDEWEZ LAk,

BEFBIKHETE- 14 2AWnTC-07 2B LAKE RO APSD % Fig 8- 18 [,
TREESLHEBLAR O TFAMEEE® Fig 8- 19 KR T, Table 8 — 71T
CDEEOREOESHFTHMETR Lk, &% & OFHT T Table 8 — 8 TR LA
BITAIEAWTWE,

Fig8 - 18 DAPSDE Fig 8~ 17T KHE~NTH0.0045Hz O — 2 BB H IR T
Wihe, ThideF»REMOEWRKIZ 3D TH 3, BIL, Fig8— 1708
KAWABEOAR =7 v T, HEMEERERA % % PRM- 1 O 7
RAT 5 ADO T r»REBMMOEBIC I BRI TLE 5D L, Fig 8- 18
DEFH TR 31 CBRNE D ELEBCRBSAREINILDTD S,

Table 8- 725, Chod4 BEEHVABTIEEIBO (EZLY 230 TH 2L
BEAL 5.

C-07T ORI HNTLETE~ 14 0D h KO BREEH 2B A K, DND
-1, DND-2 03 BECH T 2SR TELLOFEXR ORI 22 % <X
L5, Table8-9 AT HERER 2B L, (COoBFOBEROR, V=7 v
— P2 OREHBEOADO7 4 2 RAWTELY, TATFT—2ELEHO
F6100BE Lk, - CTHEOTable 8- 10 FDC-0TOEEBETFR 2 T
nh, RAFOHMEE (8-10)R0/ 4 XFEX+ENBFERBEN THLLT
ROXIVOTH2, )eoRERZBEITH, BEESOREVWKIAMBERES T
BEn, PTRIBRERETOFRLEBKRE(ZLZOATE- 142BWABATDZ
EtBbhb, COFRE, RBTHAESTHEZREXBRNESGHND, FEREKHOT
OFPI)VLBETHICELEEEL, HEOENCAWLIBERBOMNFLLT
TE-14 2R L &,

(4) BTEELEHHE OEREMKTY

EERBTHEOIET— 2 (Fig8-3) &, REPHEOEB-RETOF — 2 cH
HNFTHC-01, OH 134 —2OF—Z2LAREF A% BALTCEBLhASERE &
Table 8 - 10IC% L T/RT, TPOMHEIL, Fig8-18 KRLAK %L APSD OF
KEFR»LOFESOERICL 290EEERDL LAIOTSH b, FEWMAICKE Table
B-9 LAMOFEEERL TH 5B, Table 8 -8 OEETHALHBL AL,
DND-27%5DND- 1 ~OFEZE kD, TORILEBRNTS B,
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8.4

=
KETE, DNEFFD Y 27 AL L 5 EEFREBEKEOREZMN L3 ¥ 54200

FAF M) Y AMERS L/ min OBEE 1L/ min OBEDELLDWT, FHE
FREOAUBECH T E2HEHEETEILOFEONROBEXRBTH LTI RLAIONR
Fig8-20, Fig8-21T» b, Fig8—7 tARKELEREHO T — 21xHs
—ROBEREPFHLTRLTD S, BT, 2O2HDOEECDWTa A~ T 5,

ETELBTEE, BEZH»LO0F 500 300TEHVEWBERHFLFWT
DHFLh, BLICREKTESBOOLNLERA T 5, FRZOFLEELS £/ min
270 C(C-11, C-17T)OHRFKPEETH 5, ThidFig8-2200H56%
ARIC, TR~ PFig8-100#0.0065Hz OF@HPLHE b Fig8-14 ORE
EBICREAL T EICE b, 37, Fig8~-20IKRORBEY 2N bDs—
ZTDND- 1 BEOEZTEIEKREL Z2TWnHED, ThETE~ 140TDHUNDE
STCORELEHCRAT IS OEEERT IO LEEIN S,

WiCE4L 5 &, Fig8-20b)& Tigd - 21 blOKEDLEREEERRICE
LHAIE R EE S b THAFKELEH~OFSSAEML T 2 RTARBD LN
AERTHb, COBBERRI)THRN A,

BEL b, OTHRNAEHEFHECET 2 B8ELHRFEETO T T 5BEREH
RAKI S TR ELCEFBELRE R R,

%% Fig8- 21T, 14/min, 400C(C- 08 ) OBHICHLEHNKRELL %

2 TWBOEFig8 - 23 0BBBEHICALALH 1000 BEHOR TR OREL

Zxzbh b,

il

EENBEROBRR BN KERLAFPL - I# 08 - BITOER 28 V%A,
EFEEEBL T TOEBAREL M & & ok,
® FPL-IO%H4CHANBEEOENRREBICAL T IABREETTH 5N %5 DN

FEHEEHTETRERICERTERTEZE ST W,

@ BMABEHEORELE L ) DNRFAMERBTEIVv— VA —20KEHTET LR

HHRSORENBEECENT 5, N5, BENFOBEEFERIAR TS 5,

® EERKIAKBEECEBHIFBERSOREZETRLZ 5,

ChLOBERHHECEORBEORTHE LA OTH H, DN HHEREOZE

— 248 —



BEEIOMTHBEFUEL L > THFAZMEFBLAZR TR Z 1,

—HRRBHERB ES O T2 oEL 2L, FROOSERBILE BB SoEHT
BHITN230LEER > TVwo e, WHOEL Twa WEEEERE T O Hxs
BN TRHFCHFRABOh 2hokdt, SHEERT — 200% - BFEE Lt
BRERAREOBEZRE I A LCEBEZ2HNARBOLAA LS L 2,
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Table 8 = 1 Thermocouples position
along the FPL-I experimental loop

Thermo Position Distance®1)

Couple No (cm_)

TE-12 Uranium Capsule
-13 | . Inpile Plug 13
-15 VA-3 457
-19 Delay Line
~-24 EMP-1 3232
—25 VA-4 3279
- 4 3316
- 5 EMF-1 3384
- 6 H-1 3582
-7 3647
- 8 3733
- 9 3904
—-10 VA-2 . 3959
—-11 Inpile Plug 4276
-12 Uranium Capsule 4395

#1) Distance from the Uranium Capsule
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Table8 — 2 Noise measurement conditions
Conditions
Data Exp. No.
Sodium |Sodium TTR R k
] , emarks ~
No. Temp. [Flow Rate| Power (Table 3~1)
°C) |{£4/min} | (kWt)
Inpile plug bypass teat(correspond
C- 1{500~300 5.0 100 to non—fuel fajlure situation)
( See Fig.2-2)
c- 2 300 2.0 0 Flow change from Inpile plug bypass 18
’ | to normal fl w after TTR shut down
c- 3 Isolation Amp. “Zero”’mode { Noise —
measurement of measurement system)
C—- 4 530 2.0 100 19
C- 5 Isolation Amp. input (H,L) _
short (same as C-3)
C- 6 170 1.0 100 20
C- 7 170 5.0 100 21
C- 8 400 10 100 Delay line tr_ace heate'r OFF ( Temp-
eratnre gradient experiment) -
Cc- 9 400 1.0 0 Measurement for Itgmperature noise
in the same condition
c-10| 500 (5)'0/0/4'2/ 100 23
C—-11 270 5.0 100 24
Cc-12 300 1.0 100 Delay line trace heater OFF 25
_ 5.0,/0/25/
C-13 500 0.1.0,0,/5.0 100 26
C-14| 500 5.0 100 | Higher oxygen concentration(lz%m) 27
C-15 500 5.0 100 Higher oxygen concentration (12ppm) 28
C-16 420 5.0 100 Higher oxygen concentration (12 ppm) 29
C-17 270 5.0 100 Higher oxygen concentration (12 ppm) 30
_ 50,0,/25
C-18 500 0,/10,/0,/50 100 31
C-19 500 5.0 100 32
C-20 500 1.0 100 33
%) Usual oxygen concentration is 1ppm
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Summary of noise data

Tahle 8 = 3

Time Constant

of Linear Rate

Meter (s) .

10

10

10

0.5

0.5

0.5

0.5

0.5

10

10

10

10

10

10

10

10

10

10

10

10

10

0.03

0.03

0.03

0.03

0.03

10

10

10

10

10

i0

10

10

10

10

O

Measured signals

O
O

S

O
O

o000
OO |010

O|0|0]0

olo0|0|010
ololololo
ololo|o|o
ololo|o|o
lo|lololojo
olojolo|o
ololo|olo

o|Cc|O |00 |0

O|0|10]0|0 |0

ORNOREORIORRCRLO,

OO0 |010]|0

OXNCRIONICRICRICIRORIONIORAORI®,
OJNCRICRICRICHICNORIONICHNC
ORICANCNICRIONICRNORECR G ORE®;

Q|00 |00 |0|0
2101010100~

O|O|O0O0]O |00

OO0 1010 |0
QOO0 |00 |0
OO0 |0]0 |0

olololololo

olo|ololo|o
o|lo|ololo|o

Data
No.

C_

C..

c- 4| OO0 |0O{0O |0

6

C_

7

C_

8

C._

9

C_

C-10

Cc-11

C-12

C-13

c-14| O|O|O|0|O|O

C-15

C-16

C-17

C-18

C-19

C-20
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Table 8 — 4

Mean and RMS values of typical signals in each measurement

Exp. Condition Mean value (m), RMS value (0), and their ratio (0.m)
Data TTR FPL-I DND-1 (3%) DND-2 (%) Capsule Qutlet Temp. TTR Power (PRM-1)
Na Power Fﬁa Temp, m v 0/m m g g/ m o 0/m m ag 0/m
e {= f=? o,
am) |emns| 0 | cps)|cersy| #) |eesyfers)| ) | o | co | o | aan| awey | @)
Cc-1 100 494 | 399, 25 | 1.00 | 40 1] 021 211 513 | 129 | 025 100 | 0115 012
C-4 | 100 195 | 530 | 2230 | 167 075 | 840 | 743| 088| 510 | 094 | 018 99.0 | 0145 | 015
C-6 | 100 1.00 170 177 | 771 436 40 | 187| 4671 172 ! 207 1 120 | 990 | 0.146] 015
c-7 | 100 495 | 170 924 | 116 126 | 300 | 684| 228 | 174 | 165 | 095 | 990 | 0174 018
C-8 | 100 106 | 400 | 1548 | 150 0.97 | 447 | 748| 167 | 393 | 084 | 021 990 | 0151 | 015
Cc-9 0 .07 | 400 0 - - 0 - - 397 - ~ 0 - -
| 19 2290 1090
a C-10 100 ,._,g 500 (1%131,?]0v.) 791 34.5 (“i‘%%lo"') 318 292 493 3.13 0.63 99.0 0.151 0.15
°|° C-11 | 100 499 | 270 | 2310 | 207 0.90 | 1040 | 103 099 | 270 | 163 | 060 | 990 | 0125 013
c-12 | 100 1.04 | 300 | 1110 (101) | (0.91) 305 | 468 153 | 299 | 126 | 042 | 980 | 0125 013
2230 28
- 505 . 22 . .8
C-13 | 100 23 | 500 |mifiplvy 401 18.0 (1111?118,]0\7) 173 | 2009 484 | 324 | 067 | 969 | 0146 015
C-14 | 100 504 | 500 | 3400 | 143 042 | 1500 | 954| 064 | 500 | 086 | 017 | 980 | 0132 | 013
C-15 | 100 504 | 500 | 3450 | 148 0.43 ) 1580 | 101 064 { 500 { 095 { 019 | 987 | 0124 | 013
C-16 | 100 508 | 420 | 3360 | 156 047 | 1540 | 108 0.70 | 418 | 102 | 024 { 988 | 0129 013
C-17 | 100 496 | 270 | 2060 | 219 106 960 [114 1.18 | 268 | 159 | 059 | 981 | 0162| 016
C 5.0 5 'zigiO v 7 11'2‘710 19 7.9 99 77 | 9 5
-18 | 100 08 00 |dnifialvy 431 | 187 |dnifialvy 191 |17 4 384 | 0 75 | 0156 | 0.16
C-19 | 100 5.00 500 | 3440 | 144 0.42 | 1580 | 978 | 062 | 495 | 093 | 019 | 978 | 0157 | o016
C-20 | 100 1.04 | 500 | 1640 | 106 0.65 | 490 | 591 | 121 | 498 | 093 | 019 97.9 | 0142 | 014
(*) RMS value of 1.30x103~ 1.67X 1071 (Hz) component

(%) Low-pass filters (7=10s)

wereused in analysis of C—6 ~C~10(See Table 8 — 3 )




Table 8 — 5 (a)

( 1.000
-0.007
-0017

0.030
0011
-0010
-0.035
k—&OlS

Normalized covariance matrix of innovation seguence
of Data No C-01, produced by eight variables.AEb1nodel

1000
-0.023
-0.006
-0.006
-0.035

0.001

0.014

1.000
0.050 1000
-0.073 0049 1000
-0.037 0116 0202 1000
-0.050 0114 0280 0297 1000
0017 0025 0014 0013 0028 1000 |

Var. name — (DND-1) (DND-2)( ¥ 1% )(TE-12)(TE-14 )(TE-16)(TE-21 }(PRM-1)

Table 8 = 5 (b)

1000
-0.008
~-0.019
-0.008
-0.037

0.007

0.040
| —0001

g2 =

rate

Normalized covariance matrix of original data N C-01

1.000
-0.030
-0.015
-0.056
-0012
—-0.025

0.002

{(0;: = ;)
1000

~0.042 1.000
0179 0203 1000
0.005 0673 0097 1000
-0.039 0216 -0115 0127 1000
0011 -0182 0054 -0158 —-0100 1.000 |

rate

Var. name —(DND-1) (DND-2) ( F10% }(TE-12)(TE-14)(TE~16)(TE-21)( PRM-1)
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Table 8 — 6 (a) Normalized covariance matrix of innovation sequence
of Data No C~ 07, produced by eight wvariables AR-model

i000

-0004 1.000

0019 0019 i.600

0010 0006 -0129 1000
0021 0012 -0063 0.232 1000

0037 0023 -0024 0291 0755 1000
0028 0034 0002 0362 0389 0494 1000
0020 -0001 -0023 -0005 0.022 0017 -0.023 1000 |

(Uij= O'ji)

L

Var. name—(DND- 1) (DND-2) (F19W, 5 (TE-12)(TE-14)(TE~16 }(TE-21)(PRM-1)

Table 8 — 6 {(b) Normalized covariance matrix of original data No C-07

1000
0.684 1000

0.335 0307 1000 I~
0.297 0373 0073 | 1.000 >~

0'2 = : e

0343 0432 0086 | 0983 1.000>~_

0.324 0485 0194 | 0864 0874 1000~
-0.024 -0053 0109 0253 0240 0483 1.000

0359 0343 0097 -0300 —-0280 -0217 -0.296 1000 |

Vanbhnm—{nmn—l)(DND—z)(Fqggug(TE—l2)(TE—14)(TE~16)(TE—21)(me—l)
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Table 8. - 7 Normalized covariance matrix of innovation sequence
of Data Na C-07, produeced by four variables AR-modle

1.000
2 0008 10060
ad =
0.057 0004 1060
0019 -0.008 0.019 1000

Var. name — (DND-1) (DND-2) (TE—14) {PRM-1)

Table 8 — 8 Associate matrix of four variazbles AR- model

[ 1 0 1 1
1 1 1 1
r =
0 0 1 0
0 0 0 1
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Table 8 — 9 Integrated noise power contribution ratio
to DN signals in Data Ne C-07,

2) Contribution ratio to DND-1 and DND-2 Y from
Temp.
Signal
DND- 1 DND- 2 Temp 2 PRM- 1
0.866 0. 0.109 0.025
TE-12
0044 0772 0177 0,007
0.850 0. 0.125 0.025
TE-14 .
0034 0.746 0213 0006
0883 0. 0.020 0.026
TE-16
0.051 0.780 0162 0007
0884 0. 0.091 0.025
TE-21
0.155 0722 0112 0011
70.883 0. 0.089 0028
TE-22
0.134 0709 0146 0,011

note 1. Contribution rates to DND-1 (upper) and DND-2 ( lower )
2. Various Temperature signals were used in AR modeling of
four variables (DND-1, DND-2, Temp., PRM-1 )
3. Association matrix used in these analysis is shown in
Table 8 — 8
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Table 8 — 10 Decomposed variances of DND-1 and DND-2 to each noise source contribution.

— BSZ

Exp. Condition Varience of DND-1 (CP8%) Varience of DND-2 (CP8?)
Date Contribution from (%) Contribution from (%)
Flow Temp .
No Rate . Capsule TTR Total Capsule TTR Total
(£/tin) (0 DND-1 | Qutlet | Power DND-1 | DND-2 | Qutlet | Power
Temp. |(PRM-1) Temp. |{(PRM-1)
c-1 glugssed 5 9 0 1.0 0 0 1.0 0 0.04 | . 0 0 0.0 4
ovpassed| Lo | (997) | C 03) | ( 0 ) ¢ 0 )| (996) | 01)| (o02)
2465 3.3 27.5 2772 0.2 53.8 1.0 0 55.1
C-4 195 530 | ggo) | 12) | ¢ 99) ( 04) | (976) | ( 18) | ( 0 )
_ 16.4 428 0.3 59.5 0.1 2.8 0.6 0 3.5
C-6 100 170 (276) | (719) | C 05) ( 17) | (8L5) | (165) | (0.3 )
864 | 46.5 1.7 1346 3.8 17.7 24.0 1.2 46.7
C=7 | 495 170 | (642) | (346) | ( 12) ( 82) | (378) | (515) | ( 26 )
220.2 - 36 . 1.2 224.9 1.2 54.1 0.3 0.3 55.9
C-8 106 400 1 (979) | ( 16) | C 05) ( 21) | (969) | ¢ 05) ] (05 )
~ . 2640 | 1593 5.4 4286 16.9 6 3.6 24.3 0.3 1050
C-11 | 499 270 1 (516) | (37.2) | ¢ 13) (161) | (606) | (231) | (0.3 )
54.1 473 1.3 1028 0.6 165 4.4 0.4 21.9
C-1z | 104 300 | (527) | (460) | ( 1.3) ( 26) | (756) | (201) | ( 18 )
199.8 3.5 1.9 205.2 1.4 84.7 2.1 2.8 9 1.0
C-14 ) 504 500 1 (974> | ¢ 17> | ¢ 09) ¢ 15) | (930) | ¢ 23) | (31)
_ 1974 20.0 2.6 220.0 4.7 95.9 0.2 0.2 101.0
C-15 5.04 500 (898) | ¢ 91) | ( 12) ( 46) | (950) | C 02) | C02)
' 2366 5.6 2.3 2445 21.4 93.9 0.8 03 | 1164
C-16 | 508 420 1 (o68) | ( 23) | ¢ 09) (184) | (806) | ( 07) | (03)
2849 | 180.3 124 4776 34.9 60.7 311 2.4 1291
C-17 | 496 1 270 1 (597) | (37.8) | ( 26) | (27.1) | (47.0) | (241) | (1.9 )
~ 2021 5.1 13 2085 1.9 923 0.9 0.0 95.7
C-19 500 500 (969) | ¢ 25) | ( 06) ( 20) | (971) | C 09){ (0.0 )
~ 103.9 8.3 0.1 1123 2.9 298 2.1 0.1 34.9
C-20 1.04 500 (926) | ¢ 74) | ¢ 01) ( 83) [ (853) | ( 61) | (03)

(*) Contribution rate (%) in parentheses () Low—pass—filters (7T=10s)were used in analysis of C—-6~10
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(D Noise measured points
(% measured in limited case)

Fig 8 -1

Thermocouples position at FPL-1

experimental loop
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TTR TTR
Reactor Room Control Room
: Isolation Amp. DC- Amp. To Data Recorder
(YEW 3125) (NAIG) ( TEAC R-280)
DND-1 Linear Rate | 4 S o—H] H L 5
DND - 2 Meter L0 o’E_L L 5
0.22 ¢
7] M .
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Fig 8 = 7 Temperature dependence of mean and RMS values
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Table A -1 Thermal

neutron flwx

Na Temp. | Na Flow - \ Na Dens. Count Rate | Production Rate | Production Rate | T. Neutron Flux
. xp- No _ _
('c) (m/sec) o (grem) Cr (cps) Ne (dps) Nc¢  (dps) p (e - secl)

0.24 20 284 386%10° » 636x10°

170 0911 - 607x1072 4 -
1.20 21 28.1 382x10 629%10

24 305 416%10° L, 700x10°

270 1.20 0.887 - 504x10 2 ¢ g
30 29.3 309%x10 672x10

N .k _ ;"

280 048 18 0.885 182 * 248x10 310x102¢* 800x10
300 0.24 25 0.880 30.2 412x%10° 5.90x10 206 698%1 ("
400 0.24 22 0.856 323 441%10° 577%1072¢ 764x10°
420 1.20 29 0851 315 430x10° 574x10 726 749x%10°
0.24 33 327 447x10° 7.93x10°

27 313 428%10° 7.59%10°

500 o 28 0832 321 439%x10° 564X10%¢ 7.78%10°
31 321 439%x10° 7.78%x10°

32 325 444x10° 787%10°

530 048 19 0.825 315 431x10° 560x1072¢ 7.70x10°

* irradiction time 2.0 hr
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Fig A- 2 Thermal neutron flux calculated by using 24Na
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