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Fig. 7 Measurement Location in Reactor Vessel Upper Plenum 
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Fig.8 Vertical Distribution ofMeasured Reaction Rate 

for the 10B proportional counterand foils was also used to 
evaluate the contribution ofthermal neutrons to the reaction 

rates. Fig. 8 shows the measurement results of the capture 

rates Ofl97 Au， 58Fe and 59CO. The neutron tlux attenuates rapidly 
at about 120 cm above the core central plane due to the upper 

support plate ofthe core barrel. In all other regions， the neutron 
tlux attenuates uniformly. The uncertainly in the measured 
197 Au (n，y) reaction rate was in the range of 7 ~ 40%. The 

contribution ofthermal neutrons to the 197Au (n，y) and 58Fe 

(n，y) reaction rates are low. 

3. Neutron and Gamma凶 rayDose Equivalent Rate 
Measurements in the Reactor Head Access Area 

In order to evaluate the validity ofthe shielding design of 

the upper part ofthe reactor， the neutron and gamma-ray dose 
equivalent rates were measured in the reactor head access area 

(at positions NO.l to NO.8 in Fig. 9) at the 39% reactor power 
level. Rem-counters and NaI scintillation counters were used 

for the neutron and the gamma-ray dose equivalent rate 

measurement， respectivelテThemeasured dose equivalent rates 

were below the detection threshold of the detectors， i.e.， 
lμSv/h for the rem-counter and 0.1μSv/h for the NaI 
scintillation counter. 

Fig. 9 Measurement Positions in Reactor Head Access Area 

V. Shielding Measurements around the PHTS 

1. Activation Measurements of the Primary Sodium 
24Na and 22Na， creat巴dby the activation of primary sodium， 

are very important nuclides to consider in the design ofthe 

wall thickness around the primary heat transport system (PHTS) 

and in the evaluation of the exposure rates at maintenance 

activities. So， in order to evaluate the accuracy ofthe shielding 

analysis method and the design margins， the activation of 

primary sodium was measured during the power raising test. 

Sodium was sampled from the primary sodium purification 

system line and the activity ofthe sampled sodium was measured 

by the Ge semiconductor detector. 

Because the half-life of24Na (15 hr) is relatively shortヲthe
measured activities of 24Na were calibrated with the 

instantaneous complete mixing modepl9) composed of the 

overtlow tank and the cold甘ap.For 22Na (half-life : 2.6 years)， 
the measured value obtained by sampling was used. Taking into 

account the power history during the power raising test and 

extrapolating the measured values on the basis ofthe typical 

operation cycle， the activation of primary sodium in the 

radioactive equilibrium condition at the rated power was 
obtained. The results were 2.9x 108 Bq/cm3 for 24Na and 3.3x104 

Bq/cm3 for 22Na. 

2. Gamma-ray Dose Rate Measurements in the PHTS Cell 

Because of the activation of primary sodium， the PHTS 
cell and the PHTS piping shielding cell are exposed to high 

gamma-ray dose rates. Gamma-ray shielding is provided by 

the thickness ofthe shield wallラ andthe gamma-ray dose rate 
measurements in the PHTS cell were carried out in order to 

venかtheshielding performance ofthe PHTS cell and to obtain 

the basic data about the shielding design. Semiconductor 
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Fig. 10 Measurement Points in Primary Heat Transport System 
(PHTS) Cell 

Table 2 Results ofGamma-ray Dose Rate Measurements in the 
PHTS Cell 

(uni t R/h) 
Measurment point Measured Value叶

Hot Leg Piping ① 5.4 X 103 

Cold Leg Piping ② 4，Ox103 

Hot Leg Piping ① 2.2x103 

Wall of the PHTS Cell ④ 1.5 X 103 

Wall of the PHTS Cell ⑤ 1.1 X 103 

IHX ⑥ 2.8x103 

Wall of the PHTS Cell ⑦ 1.7x103 

Wall of the PHTS Cell ③ 1.7 X 103 

ペ・theaverage value betweeIl Loop'A and Loop'B， whieh is 
extrapolated to the power condition 

.. . . 

detectors and TLDs were used for gamma-ray detection in 

the core physics test ; TLDs， cobalt glass dosimeters， alanine 
dosimeters and film dosimeters were used and exposed during 

about 40 effective full power days (EFPD) in the power raising 

test. As an example， Fig. 10 shows the locations of the 
measurements with gamma-ray detectors. Table 2 shows the 

results of gamma-ray dose rate measurements in the PHTS 

cell， which were extrapolated to the rated power condition. 

3. Neutron Dose Rate Measurements in the PHTS Cell 

Foils of Co， Au and Ni were placed in the PHTS piping 

shielding cell and the PHTS cell in order to measure the neu仕on

flux. They were exposed during about 40 EFPD. Solid state 

track detectors (SSTDs) were also fitled to the wall ofthe PHTS 

cell to measure the neutron dose巴quivalent(with energy over 

50 ke V). In addition， the count rates of th巴DN/FFDwere 

observed. When the measured values were extrapolated to the 

rated power， the results were that the extrapolated measured 
59CO (n，y) reaction rate around the first penetration of the 
PHTS piping shielding cell was 4.6x 1 0.22 S-I. The extrapolated 

measured neutron dose equivalent rates (with energy over 50 

keV) in the PHTS cell were 0 .4~2.0μSv/h. 

There are three types of neutron source in the PHTS cell : 

the first is the neutrons leaking from the reactor core， and the 

second is the photo-neutrons generated in the concrete， 
especially perlite concrete. The third is the delayed neutrons 

coming仕omthe fission products ofthe uranium impurities in 

the primary sodium (mainly from surface contamination of 
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Fig.11 The Change in Count Rate ofDelayed Neutron Method 
Failed Fuel Detection System (DN/FED) at ReactorTrip 

the core fuel assemblies)， A photo-neutron is created by the 

(y， n) reaction ofheavy hydrogen in the concrete with the high 
energy (2.75 MeV) gamma-ray coming from 24Na in the 

primary sodium. Fig. 11 shows the change in measured count 

rate ofthe DN/FFD just after the reactor trip合om45% reactor 

power level. According to Fig.ll， the half-life of the count 

rate of this detection system was almost the same as that of 
24Na， which causes the creation of photo-neutrons. Thus， it 
was clarified that the majority of neutrons in the PHTS cell 
are photo-neutrons. 

VI. Shielding Measurements around the Fuel 

Handling and Storage System 

1. Dose Equivalent Rate Measurements around the IVTM 
and theEVTM 

Figure 12 outlines the measurements around the in-vessel 

fuel transfer machine (lVTM) and the ex-vessel fuel transfer 

machine (EVTM). The neutron source was 252Cf， the intensity 
(6.5x 109 n/s) and spectrum of which were known. Rem-

counters were chosen for neutron detection and ionization 

chamber survey剛metersfor gamma-ray detection. 
The IVTM is used to transfer the assemblies between the 

fuel handling machine (FHM) and the EVTM. The EVTM 

carries the assemblies to and from the ex-vessel storage tank， 
the fresh fuel storage system and the spent fuel handling 

facilities. The design requirements for the shielding of the 
EVTM and the upper guide tube ofthe IVTM are based on the 

criteria ofthe fuel transportation cask， that is not exceeding 
2000μSv/h at the surface ofthe equipment and not exceeding 
100μSv/h at 100 cm from the surface. Howeverヲ becausethe 

minimum distance for human approach is 400 cm合omthe center 

ofthe IVTM， the design requirement ofthe IVTM is that the 

dose equivalent rate should not exceed 100μSv/h at the 
evaluation pointA in Fig. 12. As a result ofthe measurements， 
when a spent fuel assembly is used instead ofthe neutron source， 
the estimated dose equivalent rates at the evaluation point A 

and point B (at 100 cm from the surface of the EVTM) are 

2.7μSv/h and 6.4μSv/h， respectively. 
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Fig. 12 Shielding Measurements around Fuel Handling and 

Storage System 

2. Dose Equivalent Rate Measurements around one Fresh 

Fuel Assembly and the Fresh Fuel Storage Rack 

A rem-counter and SSTDs were used for neutron detection 

and an ionization chamber survey-meter and film dosimeters 

forgamma帽 raydetection. The dose equivalent rates around one 

outer core fresh fuel assembly were 400μSv/h for neutrons 

and420μSv/h for gamma-rays at 20 cm仕omthe surface of the 

assembly. Values of 44 J.1Sv/h for neutrons and 52μSv/h for 

gamma剛 rayswere obtained at 100 cm from the surface. The 

neutron and gamma-ray dose equivalent rates at the en仕anceof 

the fresh fuel storage rack， where the 24 outer core合eshfuel 

assemblies were stored， were 0.009μSv/h and less than 

detection threshold， respectively. 

VII. Conclusion 

The measurements performed during the start-up tests 

demonstrated thatthe design ofthe Monju shielding fuIIy meets 

the requirements for safe operation ofthe reactor. The resuIts 

vaIidate the shielding analysis methods applied and wilI be of 

value in design offuture FBR plants. 
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