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SUMMARY 

I. Project Title 

Studies on Safety Measure of LMR Coolant 

II. Objective and Importance 

LMR has the advantage of maximizing the heat efficiency and 

operating with low pressure by using liquid sodium instead of water as 

a coolant. Special handling technique is required due to high reactivity 

of liquid sodium. Especially, sodium fire could be caused by rapid 

reaction of sodium and air or moisture. Also, generation of reaction heat 

and hydrogen gas which are followed by water leak in secondary system 

including the SG has risk to expand pressure and damage the 

sorrounding equipments. Therefore, to solve these problems, follows must 

be studied, essentially. 

- Analysis of sodium fire phenomena and development of the protection 

system 

- Purification of liquid sodium and cover gas 

- Security of safety for secondary system of LMR for sodium-water 

reaction 

- On time detection technology for water leak and development of the 

detection system 
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1. Sodium fire safety measures 

The rise of temperature and pressure, release of aerosol in reactor 

from sodium fire, resulting from a major sodium spill and a pipe rupture 

of sodium coolant systems in a LMFBR, must be considered in the 

safety measures of plant. It is necessary to understand the 

characteristics of sodium fire with the various type of leakage. In 

connection of sodium fire, safety technologies such as emergency 

measures against sodium fire, protection from fire and fire propagation, 

and extinguish could be reflected in design of the liquid metal reactor. It 

is very important to make an establishment of safety measures for 

sodium fire by performing this work and is the objective of this work. 

2. Sodium / Cover gas Purification Technology 

The performance of a liquid-metal heat-transfer system can be 

seriously impaired by the presence of impurities in the coolant. Impurities 

can cause plugging of coolant flow and also deteriorate structural 

materials using liquid metal container. Hence impurity must be controlled 

to keep its concentration within the specific limitation. A common 

means of purifying liquid sodium systems is low-temperature 

precipitation of impurity. The process is referred to as cold trap and the 

important concerns to be required as an auxiliary system for the liquid 

metal reactor. 

Sampling and impurity determination methods and procedures have 

to be standardized for each impurity species. On-line monitoring 

technology is important to check out abnormal operational condition, to 
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understand the structural reliability and to guarantee the continuous 

operation of sodium purification system. 

Cover gas purity is maintained below the control limits to keep 

sodium purity maintenance. The reliable method for the purity control of 

cover gas is to be developed. 

The objective of present work is to investigate the technologies for 

measuring of impurity concentration and purification of sodium and cover 

gas. 

3. Analysis of sodium-water reaction characteristics 

If the water leaks from a defect, such as pinhole or vibration and 

welding defects of heat transfer tube, in the tube wall of the steam 

generator, it may cause a sodium-water reaction(SWR) at this point 

producing a high temperature by exothermic reaction and then taking 

place the corrosion of tube material and pressure build-up by reaction 

products. In this case, initial leak size enlarged with time and finally 

the tube failure occured. Therefore, the stability evaluation of the steam 

generator, first, and secondary system was required for safety of the 

secondary system. To the evaluation of the first and secondary system 

including the steam generator, we have investigated the characteristics 

analysis for micro and small leaks phenomena, and developed the 

computer code for analysis of initial and quasi steady-state spike 

pressures to analyze large leak accident. Also, water mock-up test 

facility for the analysis of large leak accident phenomena was designed 

and manufactured. These data shall be reflected to the design of steam 
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generator, and supported to evaluate the safety of the primary and 

secondary system included in the steam generator, in KALIMER. 

4. Development of water leak detection technology 

Because the water leak detection technology is applied to a degree 

of micro leakage or small leakage, not large leakage, it is necessary to 

detect initial water leakage into sodium. 

Generaly, physico-chemical methods are applied to detect water 

leakage. At present studies, hydrogen detection by the diffusion method 

and water leakage by the acoustic were treated with a preference. The 

performed work scope are as follows ; 

-Preparation and test of hydrogen detector, and surveying the 

acoustic leak detection method 

-Modification of hydrogen detector and conceptual design of acoustic 

leak detection system for water mock-up test 

III. Contents and Scope 

1. Sodium fire safety measures 

A. Sodium fire characteristics 

(1) Analysis of sodium pool fire characteristics 

(A) Comparison and modification of sodium pool fire model 

(B) Analysis of sodium pool fire using Pi approximation and S4 

method 
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(2) Modification of sodium spray fire model 

(3) Preliminary analysis for sodium fire mitigation in sodium loop 

building 

B. Construction of medium sodium fire test facility 

(1) Literature survey of previous codes 

(2) Conceptional and basic design of medium sodium fire test 

facility 

(3) Detail design of medium sodium fire test facility 

(4) Manufacture of test apparatus 

(5) Construction of concrete test cell 

2. Sodium / Cover gas purification technology 

A. Construction and operation of small scale sodium loop 

(1) Design of sodium loop 

(2) Construction of sodium loop including test equipments and 

other components 

(3) Design and installation of control system for the loop 

(4) Pressure test and sodium filling of calibration loop 

(5) Calibration of equipments 

(6) Measuring of oxygen concentration in sodium with PTI 

B. Na-analysis technology 

(1) Sampling equipment and procedure 

(2) Oxygen concentration determination by the wet method 

(3) NaK alloy preparation and handling 

(4) Cover gas purification equipment 
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(5) Preliminary experiment for cover gas purification 

C. Purification analysis and conceptual design of the packings for a 

cold trap 

(1) Purification analysis of a cold trap for the sodium cleanup 

(2) Conceptual design of the packings 

3. Analysis of sodium-water reaction characteristics 

A. Analysis of micro and small leaks phenomena 

(1) Introduction 

(2) Reaction of sodium and water 

(3) Analysis of micro-leak phenomena 

(4) Analysis of wastage phenomena 

(A) Introduction 

(B) Factors affecting wastage 

(C) Wastage experimental results in other countries 

(D) Wastage equation 

(5) Experimental analysis of micro leak phenomena 

(A) Reaction apparatus 

(B) Leak experiments 

(C) Results 

(6) R&D for DBL of each country 

(7) Conclusion 

B. Analysis of large scale water leak event 

(1) Assessment of reaction phenomena 

(A) Pressure transient 
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(B) Bubble behavior 

(2) Codes for analysis of pressure effects 

(A) Model of sodium-water reaction 

(B) Estimation of water leak rate 

(3) Development of SPIKE code for analysis of ISP 

(A) Governing equations 

(B) Boundary conditions 

(C) Computer program 

(D) Calculation and discussion 

(4) Conclusion 

E. Test facility for the characteristic analysis of the sodium-water 

reaction 

(1) Objective 

(2) Preface 

(3) MDP system 

(A) Method of approach 

(B) Summary of the experiments 

(C) Design of the equipments 

(4) Pool type KALIMER system 

(A) Summary 

(B) Simulation of the KALIMER secondary system 

(C) Decision of the scale-down factor 

(D) Design basis 

(E) Composition of the loop 

(F) Design, manufacture and installation of the main equipments 

- 2 1 -



(5) Conclusion 

4. Development of water leak detection technology 

A. Evaluation for performance test results of hydrogen detection 

system with very small amounts of hydrogen in Ar gas 

B. Investigation for technology of passive acoustic leak detection 

C. Design and construction of water mock-up test equipments 

IV. Results and Proposal for Applications 

1. Sodium fire characteristics 

A. Sodium pool temperature, gas temperature, oxygen concentration 

calculated by flame combustion model were generally higher than those 

calculated by surface combustion model, because the flame temperature 

was always higher than the sodium temperature by a layer of sodium 

vapor between the flame and pool surface. 

B. Although flame combustion model had not a remarkable advantage 

over the surface combustion model, it proved to be a sophisticated and 

advanced model. 

C. Results obtained from PI approximation and S4 method showed 

better agreement with the experimental values than those of the surface 

and combustion model. But difference in results calculated by two 

methods and experimental values increases with time rather than that of 

surface/flame combustion model and experimental values. 
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D. The effect of variance on pressure appears greatly by introducing 

Gaussian distribution function, which can represent various sodium drop 

size distribution. 

E. Partition of sodium loop building reduces the effect on sodium fire. 

F. Basic and detail designs for medium sodium fire test facility were 

carried out and medium sodium fire test facility was constructed. Design 

data are as follows 

- Test cell material '• Concrete with high strength 

- Test cell dimension ; 48m3 (3x4x4m) 

- Design temp. ; 700° C 

- Design pressure ; 1 bar (max.) 

- Test cell thickness ; 45cm 

- Operation temp. ; 530° C 

2. Sodium / Cover gas Purification Technology 

A. Construction and operation of sodium loop 

A small sodium loop was designed and constructed. During the loop 

operation, we found two leak points on the loop and then repaired. 

Sodium transfer and filling into the loop were carried out successfully. 

And we obtained favorable results in the calibration tests of EM pump 

and flowmeter. Also we found the possibility of measurement of oxygen 

content in sodium by use of the plugging temperature indicator. 

B. Na-analysis technology 

Bypass sampling equipment which is prerequsite for sodium purity 

determination was installed on the sodium loop for equipment calibration. 
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Sampling and oxygen concentration determination by the wet method 

procedures were prepared. 

Cover gas purification equipment was constructed in laboratory scale. 

Oxygen can be removed from the cover gas, the mock gas, by using 

NaK bubbler, and detected 2-3ppm level in the online stream by using 

the gas chromatographic analyzer. 

C. Purification analysis and conceptual design of the packings for a 

cold trap 

The analysis for the sodium purification in a cold trap was carried 

out. The calculation was made to solve the longitudinal temperature and 

the saturated impurity concentration profiles from the temperature 

gradient between the coolant and the bulk flow of sodium in which the 

impurity crystals appear. In addition, conceptual design of the packing 

materials which can be structurally assembled in the cold trap column 

and lead to enhance the purification efficiency was studied based on the 

theory of impurity nucleation and crystal growth. It seemed that high 

turbulence in the zone of precipitation could be obtained by the use of 

corrugated wire mesh due to the localized change of flow direction. 

3. Analysis of sodium-water reaction characteristics 

As a micro and small leaks phenomena, following results were 

produced. The mechanism for plugging and reopening at the leak path, 

and data for reopen time of plugged path were analyzed and surveyed. 

Also, micro-leak test apparatus was designed and fabricated and 

operated, and as the experimental test, corrosion phenomena of material 
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was analyzed. Wastage phenomena was investigated through the 

literature survey and analysis in micro and small leaks region. And 

wastage equations and the characterictics for materials presented from 

other countries were surveyed and analyzed in small leak field. Scenario 

for the leak enlargement and analyzing program for propagation during 

the leak progressing was surveyed and analyzed, simply. 

In the steam generator, if small amount of water is leaked, it is 

extended to the large leak event which is the next stage by the heat 

and corrosion. In this case, safety analysis for not only the steam 

generator but also primary and secondary exchangers and vessels are 

required. To settle the basic technology and to acquire the design data 

of the steam generator for conceptual design of nuclear reactor, 

understanding of the sodium-water reaction characteristics, and 

supervisory countermeasure according to the water leak and estimation 

for the leak characters are required. In addition to that, analyses for the 

behavior of the reaction products(including heat), leak processes, and 

pressure changes in the reactor are required, also. 

In first stage, spike pressure test by the drop hammer will be 

performed. Through that, the effects of pressure on the IHX and the 

flow phenomena of water/H2 which is possible to flow into the IHX will 

be confirmed. And analysis for the propagation of initial spike pressure 

and the quasi-steady state pressure, and verification of the code will be 

performed. 

In second stage, through the sodium-water reaction test, pressure in 

reaction zone, conversion, initial spike pressure for the demonstration 
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conduct will be analyzed and codes for that will be verified. Considering 

the effects of water pressure on the adjacent tubes during water leaks, 

finally reflect these data to the design for steam generators and their 

system. 

4. Development of water leak detection technology 

Throughout this experiment, it was very helpful to understand the 

mechanism for the detection of hydrogen. When the gas is injected into 

nickel membrane, the output signals have some problems in signal 

processing. The detecting signals are very sensitive and weak due to 

very small content of hydrogen. And electrical noises from the external 

device are intruded upon the signals, so it is very difficult to analyze the 

signals. In this study, however, the difference of detection signal 

appears when the Ar-H2 gas are used with low content hydrogen. The 

experimental results are useful for the development of water leak 

detection system. For finding technology of acoustic detection, we 

investigate passive acoustic leak detection, and design and construct 

water mock-up test equipments and instrument system. 
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3 4 4 ¥ Afji74 4 ^ 4 4 4 4 4 $ 3 ¥ $ $Af44 4Af3 4 ¥ ¥ £ 4 
A4, ¥ $ 4 3 # 3 ¥ 3 4 3 - 4 4 4 4 4 € 3 A S 4 4 4 4 . 4 4 4 44 
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-g-¥S 4 4 # ¥ £ 4 4 ¥ 4 3 4 4 4 4 ¥ 4 4 4 $ 4 4 i | - 4 4 4 3 

3 4 ¥ 4 ¥ 4 4 i f 4 4 4 4 ^ ^ i - 4w}^o.s ¥ S J 4 A S 4 i f 

4 4 ^ 4 4 ¥ 4 4 ¥ 4 4 s # 4 ¥ 3 , ¥ £ ^ 4 3 4 4 ¥°11 4 4 4 

3 ¥ J I 4 4 4 4 4 4 4 3 1 4 ! 4 $ 4 4 44oil 4 4 4 4 53:4-. 

£- 4 ¥ 4 l44£ofl¥ # 3 47fl ¥ 3 # *fl444 4 4 4 3 4 4 oil 

4 ¥ 4 S 4 4 i £ t i ¥ flame combustion models ¥ 3 4 4 ¥ 3 4 flame 

combustion model 4 a 4 4 i £ l 4 4 i f # 4 3 4 4 4 4 3 A 4 3 4 

¥ # 4 4 4 3T413:3O11 £ 3 4 4 Sl¥ ¥ 4 4 ¥ # ¥ 4 4 A 4 ! 4 3 1 

4 4 4 A 4 A S 4 4:AS flame combustion £ c i 3 4 ^ . A 4 4 4 3 ^ 

3 ¥ 3 ¥ 4 ^ £ S t A 4 , 2 4 4 A 4 ¥ ¥ ¥ 3 4 4 4 4 ¥ *H444 4 4 

NACOM code4 43 4 ¥ £ c ! ¥ ¥ 3 4 4 ¥ ¥ 3 4 4 4 4 ¥ 4 4 4 A 

4 4 4 4 . 344£ofl¥ $ 3 4 4 4 3 4 4(48m')¥ 3 3 : 4 4 ¥$ofl4 4 4 

7flAfjL £Af^3¥ ¥ 4 47fl 4 4 4 47fl # 4 4 3 , 4 7fl^^ 3 4 A £ 

3 $ ¥ 4 4 4 3 4 s £)¥, 4 4 A 4 4 3 , 4 4 ¥ ^ 3 # 3 4 4 3 , 4 4 

4 4 4 3 ¥ 4 4 4£ofl ¥*344 4 4 *&± 4 4 ¥ ¥ ^ 4 <i34 4, 4 

4 4 4 °J144-¥S¥ $tfl4A sfl4s£Sl CONTAIN-LMR 3 4 A £ ! 

4 ¥ 4 4 i ¥ ¥ A 4 4 4 ¥ ^ 4 ! ¥ 4 4 $4 4 4 ^ 4 i 4 ! 4 4 

4 4 4 4 ¥ ¥ * 3 4 A 4 4 4 4 . 

i f ^ 44711A4 ¥ A 4 4 ¥ 4 4 ^ ¥ s 4 4 3 3 3:4ofl 4 ¥ $ 

J2.44. ^ 4 KALIMER(Korea Advanced Liquid MEtal Reactor)4 4T41! 

4 4 14 ^ 24 i f / 4 4 4 3 : 4 ^ 4 ¥ 4 4 4 1 - 4 4 4 , 4 4 4¥74 

3 * 3 4 4 4 4 4 . 4 ¥ KALIMER JL¥ ¥ 3 4 S4¥ i f ^ 4 4 4 ^ 4 

4 4 ¥ ¥ 4 4 4 4 ^ 4 ¥ 4 4 4 &A4, 4^- 3414 A 4 4 4 ^ 4 4 

^-4 A ¥ 4 4 *fl¥44. i f ¥ 4 4 4 ¥ 4 ¥ 4 4 ¥ ¥ A 3 4 4 4474 

4 4 A4A 4 A 4 , i f 3T11 4 ¥ # £ S ^ , # ¥ # ¥ £ 4 $ 3 ¥ 
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plugging temperature indicator! 4 ¥ 4 4 . 

£- 4 ¥ 4 4 ¥ i 3 i f 3 4 ¥ A ! 3 4 4 A , 4 ! 4 ¥ 4 4 ¥ A 4 4 

4 71114 4 ¥ , i f 4 341 ^ # ¥ # ¥ A 4 ¥ 3 4 ¥ ! ¥ « 4 4 . 3 4 

4 i f ¥ A ¥ 4 4 47414 4 ¥ 4 4 4^ 4 ¥ 4 3 4 4 . i f ¥ A 4 4 

4 4 ¥ A 4 4 # ¥ 3 4 ^A, 3 4 ¥-^4], # A S ^ , plugging 

temperature indicator ¥ 4 4 4 . 4 4 7fl3$4 $ A # ¥ # 4 4 i 4 4 4 

^ ¥ A $ 3 4 ¥ ! 4 4 4 , NaK! 4 ¥ 4 3 7113-4! 4 4 4 ^ - 4 ! 4 

¥ 4 4 447)]A$ 4 i ! 73)44¥ ^ 3 4 5P Pm444 ^ ¥ $ £ 4 4 4 

i 3 4 f ^ ¥ $ 3 4 ¥ 4 3 ¥ ¥ * 3 4 4 4 . 4 4 i f 4 3Til! 4 4 f £ i 

^ ¥ 7111444 4 4 7 l i 4¥7> ¥ 3 ) 4 4 4 . ^47114 # ¥ # 4 4 # 4 

¥ i f JL¥¥43-0)1 3 3 4 ¥ £ ¥ 4 s ¥ 4 ^ ^ ¥ £ ¥ £ 4 £ 4 # ¥ 

# ¥ A ! 4 ¥ 4 # £ S ^ o ) i 4 4 i f 3T1143-¥ * H 4 4 A , 3413L1:¥ 

¥ 4 ¥ 4 ¥ $ 3 # 4 7 f l 4 4 4 ! # ¥ # ^ 3 4 1 3 3 4 4 4 ¥ ¥ 4 

3 S £ 1 1 3 4 4 4 . 

4 £ , i f - # 4¥°1] 4 4 4 ¥ ¥ 4 ¥ 4 3 4 3 ^ $ 4 4 3 4 4 4 

4 ¥ 4 3 3 ^ 24T11¥4 3 3 3 4 3 3 3 4 ¥*lls 4 ¥ 4 4 ^ ¥ 4 441 

¥ ¥ s 3.4-^4 &¥ 4¥?4 ¥ s 3 4 4 &4. 4_¥¥ ¥ s $ 4 ^ - ^ 4 4 3 

3 3 ¥ 3J7f44 ^ 4 4 4 4 4 ¥ 4 4 A S 3*34:n. SIA4, 43^4 # ¥ 

# S ¥ 4 314A ¥ # s ¥ # 4 3 3 4 ¥ 4 4 4 4 4 $ 4 ¥ 4 4 , 4^3. 
# ¥ # 4 14^ 4 ¥ 4 3 4 *D4¥47r ¥ s 4 ¥ 4 4 4 4 4 A 4 4 . 

4 3= ¥ # 4 3 ¥ ¥ # ¥ 4 4^^] ^ 4 4 4 *U44 4 # 4 ¥ # ^s.9] 

4 3 4 4 4 re-openo)l 4 4 4 $ 4 ¥ 4 ¥=34A SIA4, 4¥A«S3#4 

corrosiono)) 4 4 wastage 4 4 4 ¥ 4 , DBL1344 4 4 logic 7fl̂ -$o)l 

4 4 4¥?4 ¥=344 # A 4 , 4 4 A ¥ # 4 l4Ao,4¥ initial spike 4 3 4 

quasi steady-state 4 3 4 *H4 4 4 4 code 7ll!Ml 4¥7> 3 $ 4 4 4 A , 
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4 ! ¥ 4 4 4 4 4 A ¥ - # 4 ¥ 4 4 4 4 4 , 3 3 . $ ¥ 3 # ¥*11 4 ¥ 
4 4 $ 4 s ! $ 4 4 7 3 4 7d*lAj %7\o)} 4-§-4JL 4 4 . 

214, $ 4 4 7 3 4 ! £3-4 24 4 ¥ 4 4 4 $ 4 4 A S 4*11 # 4 ¥ 
# 4 ¥ 3 ¥ 7 f $ 4 4 4 ¥ 4 4 # ¥ # # #4*f^ 3 4 4 4 3 A S $A 
4 4 . 4 ¥ ¥ 4 ^ 4 # 4 ¥ # 4 4 A i ¥ £ ^ 4 4 A S ¥ # 4 3 3 € 
74¥3 4 4 4 4 ¥ 4 4 ! Af34 7J-444 ¥ # 4 4 4 ! 44*114 4 4 . 
# ¥ # 3 # 4 ¥ 4 7fl4¥ KALIMER SGU4 # ¥ # A4JL! 3.7H TA 

# 4 A ¥ # 4 A 4 4 3 ¥ 4 4 4 4 4 4 ¥44"4 4 4 4 4 4 4 4 3 4 
a i t ¥ 3 A S 4 4 . 4 4 4 # ¥ # 4 3#£- 4 ^ ^-#4 044 ^ 4 ^ 
¥ # A4JLO)14-«4 ^ 4 £ ±% ^ # 4 o j4^ 7 ] 3 ^ ^ H ^ ^ - § - *i 

4 4 ¥ 3 4 ^ ¥ 3 4 4 . # ¥ # 3 # 4 ^ A S ¥ 4 4 3 4 4 ^ 4 # 4 
3 4 4 ^ 4 3 ¥ 4 ¥ 4 , ¥ 4 ¥ ¥ 4 4 4 4 4 4 ¥ i 3 # ^ 4 ¥ f ^ ^ l 
4 4 ¥ # 3#^o)i 45V 4 # 4 ¥ 3 3 A S ¥ * 3 4 4 4 . ¥*34 4 ¥ ¥ ¥ 
i 3 # 4 4 4 4 ^ 4 3 , ¥ 3 ^ 4 4 # 4 4 ¥ 4 , ¥ i 3 # 4 4 7fl44 £ 
4 4 3 # 4 4 ¥ 4 3#4^E f l 7 f l ^ 4 4 ! 4 A *fl4 4 3 ¥ 4 4 4 4 
4 4 4 4 4 ! 4 4 4 . 
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*H2# ̂ ^ 3 . ^̂ 11 *M^ £ ^ 4 

*ii i ^ A># $t*y <&^ ^m 

1 . >H ^ 
i f 4 4 ¥ 4 A 4 3 4 4 4 4 A 4 4 7f4 ¥ 3 ¥, # 3 4 4 , ¥ 

¥ 3 4 4 4 ^ 3 3 4 4 s ¥ ¥ 4 4 . 1 ) 4 4 4 4 4 3^fl¥ ¥ # ¥ ¥ 4 4 

4 4 3 ¥ i , ¥ # ¥ 4 4 £o<b 3.7) ^ 4 4 , i f ¥ £ , ¥ # ¥ A ^ ¥ # 

3=4 ¥ 4 i f 4 43H1 4 4 1 3 4 4 . ¥ ¥ 3 4 4 4 3 ¥ ¥ & ¥ 4 4 

oj]4o)i 4 4 4 ^ 4 ^ 4 4 4 3 - 4 4 4 ¥ 4 ^i^ ^3.7} 4 4 3 A S ELA] 
4 4 . 4 4 ¥ 4 4 # 3 4 4 4 3 ¥ ^ 4 4 3 4 # £ 4 4 4 4 4 4 ^^ 
¥A7f £ 4 4 43=4 i f 4 3-44 ¥ 4 4 i 4 4 *fl¥oll ¥ ¥ 3 4 4 A 

4 ¥ 4 4 S 4 ¥^7flo)l 4 4 ¥ 4343=4 ATII 4 4 . 4 4 4 4 4 ¥ 4 ¥ 

4 4 4 4 4 4 ¥ 4 4 4 i f M s 4 4 4 3 ^ ¥ £ $74 ^ 4 ¥ 3 4 

4711 ¥ 3 ¥ 7 4 4 3 A S $ 3 4 4 4 4 s 4T414 4 4 S 4 3 3 3=3" ^ ¥ 

4 4 t ¥ i 4 ¥ S4¥ 3 4 s £ ! 7fli43Jl44 4 ^ $ 4 4 A 4 4 ! 4 4 

4 3 ¥ ¥ 4 4 3 $ 4 4 3.3 4 4 . 

4 4 i f ¥ # 4 4 4 s 4 4 4 4 47l143-# $3 -3AS 0 ^ 4 . 4 4 . 

4 4 ^ ¥ S 4 4 ^ ¥ 4 *$A^ ^ 4 4 s $ 4 4 ¥ 4 4 *1I4, ¥ i ^±, 

i f - ¥ A 4 s 4 ¥ *1I44 47fl 4 3 3 ¥ 744 3 4 ^ 3 ^ 44741¥a24 

4 4 74144! 741414 ¥ S4¥ $ 3 A I £ S 4 CONTAIN-LMR 34A£7f 

4 4 4 4 4 4 4 4 4 ¥ 4 A 4 4 . CONTAIN-LMR 3 4 A £ ¥ Q4 3 

¥ S ¥ 4 3 4 CONTAIN 3 4 A £ S ¥ 4 ¥ 3 4 ^ 4 S £ S 4 
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SNL(Sandia National Laboratories, USAH4 4 4 4 4 4 . 
3 474)44 i f ¥ # 4 4 4 4 4 ¥ 4 4 4 4 4 4 4 ¥ 3 4 4 3 4 

4 ¥ 4 4 4 A 3 A i f 4 4 ¥ 3 ¥ 4 ¥*34 43143 4 4 4 4 4 *fl 
4 A £ 4 A 4 4 4 ! 3 $ 4 4 4 4 4 ¥£74 4 ^ $ ^ £ s f̂l 4 3 4 4 
4 4£7> ^ 4 4 - ^ TJ^.^- <y^4 ô cf 

4 4 4 £ 4 ¥ 4 1 4 4 £ 4 ¥ # 3 4711 ¥ 3 # *H444 4 4 4 3 
47414 4 ¥ 4 £ 4 4 i £ c H # flame combustion models ¥ 3 4 4 ¥ 4 
4 flame combustion model 4 £ 4 4 i £ ^ 4 4 i f # 4 «H144 4 3 
£ 4 3 4 ¥ # 4 4 4 3 4 ^ 3 4 £ 4 4 4 4 ¥ 4A> 4 ¥ ¥ Pi ¥ A > ^ 4 

S444¥ 4 ¥ 4 4 ¥Af 4 3 4 4 3 4 4 *fl! ¥ 4 4 A 4 ! 4 3 1 4 4 
4A3ASA4 4:AS flame combustion £CU 3 4 A £ 4 4 4 3 * 3 ¥ 3 
¥ 44AS4A4, 244£o)l¥ ¥ ¥ 3 4 4 4 4 # *11444 4 4 NACOM 
code4 4 3 4 ¥ £ ^ 1 - ¥ 3 4 4 ¥ ¥ 3 4 4 4 4 ¥ * H 4 4 A 4 4 4 4 . 

344£o1l¥ $ 3 4 4 4 3 4 4 ( 4 8 m 3 ) ¥ 33 -44 ¥ ¥ 4 4 4 sklbyji 
£A>43¥ ¥ 4 4 4 4 4 £ 4711 4 4 4 3 , 4 4 4 4 3 4 s £ 3 ^ 
4 4 4 3 4 s $m, 4 4 A 4 4 3 , 4 4 ¥ 48^1- 3 4 4 3 , 4 4 4 4 
4 3 # 4 4 4Ao)i ¥*344 skfl 45 : 4^ l¥ ¥ ^ i 4 o)i444, 4 4 3 
4 ofl^)-g-^_g. ^cflAfji sfl4j2£°J CONTAIN-LMR 3 4 A £ ! 4 ¥ 4 
4 i f ¥ £ 1J44 ¥ 3 4 ! ¥ 4 4 4 4 4 4 ^ 4 i 4 ! 4 4 4 4 
4 4 ¥ ¥ = 3 4 A 4 4 4 4 . 

2. 4 i # 3M ^ £*» 7 1 ^ 7 m 

7>. #S l 3^11 S-Aj « 4 
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(1) # 3 4-711 <4i s . ^4 43n ¥ 4 

4 ¥ 4 4 i f # 3 4 A 4 4 4 &¥ ¥ 4 £c"l¥4 7fli>44 3-3 4 
A4, 4 # ¥ 341 ¥ 7f4 £ ^ S ¥ ¥ 4 4 . 3. 4 4 ¥ Atomic 
Intemationalofl 4 4 4 7fl1>4 £ 4 ^± £cl(SOFIRE II, SOFIRE Mil, 
ASSC0PS)S4 i f # £ 4 4 4 i f 4 4 i 4 4 ¥ 3 4 A , S 4 ¥ £<i 
¥ flame <^± £^(SPM, CONACS)S4 4 £^o) l4¥ i f # £ 4 4 
4 s ¥ 4 4 4 i 4 4 4 i f 4 « 4 4 ¥ 3 4 ; ] i t ¥ A O|4 . 2 ^ 5 ) 4 
4 ¥ ¥ S 4 # 3 4-7))! ¥ 4 i 4 4 £ 4 ^± £ - i 4 4 4 4 4 ^ ¥ 4 £*l 
4 ¥ 4 A 4 A 4 4 4 4 3 1 4 4 4 ^ 4 4 t i ^ i ¥ £ 4 i f # ¥ 

£, ^ 4 743: ¥ £ ¥ 4 4 ¥ A 4 ! 4 4 4 A 44.6> 

4 4 4 £- 4 ¥ 4 4 ¥ flame 4A £ ^ ¥ s £ 4 4 4 4 4 4 4 4 4 4 
1 4 ! 4-7114 3 3 4 4 s ^ 4 4 A 4 SOFIRE 114 ¥ 4 1 4 4 4 A 4 
S 4 A S 4 flame ^± £ € 3 4 A £ 4 4 4 3 ^ &AS4 3 ¥ 3 # 4 
4 ¥ 4 ¥ 4 4 4 ! ¥ 4 4 # 3 i f skfl 4 4 ¥ * H 4 4 A 4 4 A 4 4 4 
4 . 

(7\) i f 4 A £ " i 

¥ 4 ¥44°f l4 4 ¥ ¥ 744 4 4 4 ¥ 4 4 4 4 i f # 3 $47} ¥ 
4 4 4 . 

2Na(I) + ^02(g) ► Na2CKs) , AH = -423*7 (1) 

2Na(I) + 02(g) > Na202(s) , AH = -518*7 (2) 

i f # 3 47flofl4¥ 4 4 4 4 4 4 ¥ 4 4 i f 4 4 4 $ 4 ¥7fl4 

¥ ¥ ¥ 4 4 4 $ £ A 4 4 4 . ^ 4 4 4 4 4 4 ¥ ¥ 4 A 4 4 4 ¥ 4 3 ¥ 

1 ¥ 4 4 A S 4 ^ € ¥ SI4 ^ ¥ 4 -£ 4 ¥ o f l 4 ¥ 4-3-44 SI4 &4. 
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© I ^ ^ i £cl(SOFIRE Mil, ASSCOPS, SOFIRE II) 
SOFIRE MII¥ SOFIRE I I ! ¥ 4 s 4 4 7fl144 4 A4 1 3 4 - 4 4 4 

4 ¥ ¥ 4 *)14 4 4 =LA 7fl44 3 4 5L£44.7) ASSCOPS¥ # 3 4 ¥ 
¥ 3 4 ¥3-4 3 4 ^ . A S 4 # 3 4 i 4 4 4 4 £^^r SOFIRE MII4 
¥ 4 4 4 . 

4 4 3 A S # 3 4-7fl¥ 4 i 4 i f $ 4 4 4 4 4 4¥4$cfl 4 i ¥ 
4 4 7 k i S ¥ 4 , i f $7 l¥ i f # £4o)14 ¥ ^ 4 4 . 3 4 3-Efl44 
# £ 4 4 ¥ £ ¥ ¥ 4 500 - 650°C44 i f # ¥ 4 4 4 3 A 4 4 4 $ 
4 4 . 4 4 4 ¥ £ 4 4 4 4 i f 4 $1H1 4 4 4 i f # s ¥ 4 ¥ ^ 4 ¥ 
i f $ 4 ^ 4 4 A 3 &<434. 4 4 ^ ^-4 4 4 7f3:S¥44 4 i ¥ ^ 
¥ 3 4 3 4 . 4 4 4 4 4A ¥ 3 ¥ 4 ¥ 4 3 4 $-g-4¥ 4 i 4 4 4 4 
4 4 4 4 . 4 4 4 <^^t ¥ 3 # 47444 4 4 4 SOFIRE MII/ASSCOPSofl 
4 ¥ 4 ¥ 4 3 4 i f # £ 4 4 o.% 1.14 4 ¥ £ 4 <^± £<i# 44 
4 4 4 . o.^ 1.H4 44-U+ S.^O\)A] H 4 ¥ # £ 4 4 4 4 ¥ 4 4 7k3 

4 4 4 4 3 1 34-¥ 4 ¥ 4 4 ¥ 3 -434 4 4 4 £ 4 4 4 . 8 ) 

1 

N = B (Gr Pr) 3 (3) 

i f $ 4 4 ¥ 4 S 4 ¥ 4 3 # 1 3iM14 Lewis Number¥ 4 4 1 

4 4 4 . ^ 4 £ S 4 4 4 7414 4 - # l 34" 4 4 4 # 3¥ t4 ¥ 44.9) 

4 4 4 4 (3)4AS¥4 (4)3 4 37114 A (4)4¥ 4 4 7 k 3 s ¥ 4 # £ 

4 A S 4 4 4 ¥ 4 A 4 # flux! 44 \S4 . 
1 

0 o2 = K{CaY0) = BD0\g-^r(Tp- Tg)Sc] ' (CaYQl) (4) 

4 ¥ 4 3 4 # £4o)14 3 3 4 4 A 7 4 4 4 A 4 4 4 ) ¥ 4 4 i 4 ¥ 

-g-ofl 4 4 4 4 ^ 4 <g^ ^ 4 4 4 5 ) 4 . 4 4 * 4 7\^ 40)1 (4)4o)i 

zjw.-q.-i- A 4 3 A S 4 4 ¥ 4 4 ¥ 4 A ¥ A 4 4 4 4 3 4 . 
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Gas 
Radiative Heat Transfer Path 

Convective Heat Transfer Path 

I 
00 

Oxygen Flux p 

4>02 

Tgp 

Na20 
Na202 

W Sodium / ' 

Ceil 
Structure 

Fig.1.1. Sofire-MII/ASSCOPS computational model for sodium 
pool combustion. 



BrNa = BDo\g-&r(Tp- Tg)Sc] x Na-o2P o2 (5) 

SOFIRE MII/ASSCOPS44¥ 4 i 4 4 4 4 i f # £ 4 4 4 744 

4 3 4 . ¥ £ 4 ^ £ lgofl4¥ i f 4 $ 4 4 ¥ 4 4 # 3 4 J i 4 4 4 

<&JL 4 4 . 4 4 4 A<I# Af-g-t4 3 . 4 4 4 &¥. 4 ¥ 1 4 ! £ 4 4 4 3: 

3 4 4 4 ¥ i f # 4 ¥ £ 4 4 4 4 4 ¥ 4 4 4 4 ¥ 3 A S 4 4 £ 4 . 1 0 ) 

© Flame ^± S.*£ 

SPMA£4 41)- ¥ 3 ¥ # 3 ^± ¥ 3 # 3 4 4 * H 4 4 ¥ 4 4 4 . 

SPM4 « ) 3 ¥ i f # 4 4 4 4 4 ¥ flame sheet3-°fl4 4 i 4 4 ¥ 4 4 

¥ flame <^± 3.*£°\] 4 4 # ¥^L 4 4 ¥ 3 4 4 . 4 4 4 flame sheetsA4 

<^±^t 4 ¥ 4 4 4 4 4 4 ^ A 4 i f 4 4 i ¥ i f # s ¥ 4 4 4 4 ¥ 

mass flux4 4 4 4 A S ¥ 4 4 ¥ 4 ¥ # 1 3 4 4 4 4 4 4 4 ¥ 4 4 4 . 

4 i £ c i 4 4 4 4 3 ^ ^ 743: ¥ # £ c l ¥ SOFIRE 1144 4 ^ ) 4 A 

M ¥ 4 4 4 . 

Diffusion flame model =4 4 4 4 4 3 4 4l£4 o.^ 124 4 4 4 4 4 

4 . Flame4 # £ 4 Afol4 440)^4 one-dimensional sodium vapor 

diffusion 4 7 4 4 4 4 . 

0Na = YNa(0Na + d>N) - CfDNa ~ ^ (6) 

4 4 3 4 4 ¥ N274 ¥71)43 & 4 4 47} 743:S¥4 A 4 ¥ 4 &4 

4 ¥ 4 ( 6 ) 3 4 4 <Z>N2¥ OAS 4 3 € ¥ 4 4 . i f 4 # ¥ ! 4 # £ 4 4 

4 £ 4 3 : 3 4 A flameofl4¥ 04 4 4 ¥ 3 4 3.34°114 (6)44 *fl74 

4 4 3 4 . 

YNa — PNa.sat I P ot Z=0 {pool surface) 

Y,wa — 0 at 2 = 0 (flame zone) 

4 4 4 3 4 3.3.AS44 (6)4# # 4 (7)44 4¥. i f 4 mass 
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oo 

Radiative Heat Transfer Path 

Convective Heat Transfer Path 

Conductive Heat Transfer Path 

Gas 

Oxygen Flux 
* 0 2 

Na Vapor 
Flux 

Sodium Pool 

Cell 
Structure 

Z=lf 

Z=0 

Fig. 1.2. SPM computational model for sodium pool combustion. 



flux7r ¥ 4 4 3 4 

Cf DM, . 
® Na = ] In (7) P — P 

•* •* Na, sat , 

4 4 4 4 7 1 - 3 S 4 4 flameAS 4 4 4 ¥ 4 ¥ 3 4 i 4 mass flux¥ 

( 4 ) 4 4 4 4 4 ¥ 4 4 3 4 . ¥ , ( 7 ) 3 4 ( 4 ) 4 4 4 4 4 4 ¥ 4 1 ¥ (8)4 

4 4 A 4 4 . 

C,D f '-'Na 

I, In 

= BDr 

P PNa.sal 

I 
3 (8) — ( Tp- Tg)Scj x Na-o2 (CaYo2) 

( 8 ) 4 4 4 ¥ ¥ flame°11 4 4 i f 4 mole f lux! 4 4 4 ¥ 44°)1 £ 

¥ ¥ ¥ °c}^*)7} ^ 4 4 3 4 i 4 mole f lux! 4 4 \ U 4 . 

( 8 ) 4 ¥ ¥ 4 4 4 4 4 4 & ¥ 4 ¥ ¥ , flame4 # £ 4 A f 4 4 4 4 l f4 

flame ¥ £ T f ! £ 4 4 A 4 4 4 ¥ 4 4 4 ¥ # 4 4 4 4 4 ¥ 4 3 3 4 

4 A 4 4 . 4 ¥ flameo)144 4 4 3 A¥4°11 4 4 4 7 f $ 4 4 . # £ 4 4 

f lame44°f l44 4 4 4 3 i 4 ¥ 4 ¥ 4 1:4. 

r ^ - x 
1 i — A Na 

dzT, It (9) 
dz - ' ,a dzL 

4 4 4 4 r = (rhCp)Na-(mCp)Na20-(mCp)\a202 

(9)4o)14 r ¥ # 1 4 ¥ 4 4 4 4 ¥ A 1 ¥ 3 = ¥ 4 4 \ 5 4 . 4 ¥ 4 1 ¥ 3 

4 3 : 4 4 4 4 4 ( 9 ) 4 4 47} 4 4 3 4 . 

TfP = T„, at 2 = 0 (pool surface) 

T/p — T/, at z= 1/ (flame zone) 

4 1 4 ^ 4 flameofl44 ¥ £ ¥ 4 ¥ 4 ¥ 4 1 4 . 

dTf„ , / r \( Tj-Tp 
dz ' *='' N2 exp r 

N2 
h\-l 

' I r 
exp 

/, (10) 
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FlameAS¥44 4 ¥ 4 # A 4 4 4 flameo114 °fl4 4 ¥ 4 4 ¥ 4 

4 1 4 . 

Qb = M Tf- Tg) + Ffga( T/ - T/) + F A , ( Tf* - T,4) + 

4-iFfwia ( Tf — Tw ) + A fy I ^ J 7/-T, 
e x p , T ^ / / 1 _ 1 

(11) 

e x p f e 

(11)44 A ¥ - 4 4 4 44*11 4 4 3 - ¥ f l a m e A S ¥ 4 4 4 74A, # £ 4 

£ S 4 4 ¥ ^ ¥ A 4 4 3 4 ¥ 4 4 \ H 4 . ^ 4 4 4 4 4 ¥ (10)4°114 ¥ A 4 

# 1 4 ¥ 4 4 4 4 f l a m e A S ¥ 4 # £ 4 A S 4 4 3 A ! 4 4 \ H 4 4 i7 f l 

¥ 4 4 4 ¥ 4 3 3 i 3 ¥ ¥ J L 4 4 4 ( 8 ) 4 4 ( l l ) 4 ¥ ¥ 3 4 # 4 ¥7114 

4 4 4 ¥ If 4 Tf74 1 3 4 4 . SPM¥ 1 ^ # 1 3 ^ 4 3 ¥ 4^14711 4 ¥ 

3 4 4 4 ¥ 4 SOFIRE MII/ASSCOPS4 3 ¥ A 4 4 &¥ 3 4 A £ 4 
3 4 S ! U S 4 4 . 4 ¥ 4 4 3 4 S S ¥ # 4 4 4 74344 ^ ^ ^ 
# 4 # 1 3-44 (mass allocation ratio)4 flame4 # £ 4 4 4 ¥ A 4 1 3 4 

741 ¥ ¥ 4 4 4 . 

(4) 1 3 4 £<S 

SOFIRE MII/ASSC0PS4 SPM44 1 ^ # 1 3 4 £ I i o i l 4 4 $_S.i& 

4 4 ¥ 3 4 4 A£74 ^7i4 7 4 i ¥ # # 4 4 3"¥ 4 ¥ 4 $ H 4 ¥ ¥ 4 ¥ 

¥ 4 4 4 ^ 4 4 A £ ¥ 4 4 4 ^ T 4 1 ¥ 4 # 4 ¥ A 44¥tfl 4 4 . 

SOFIRE MII/ASSCOPS # £ ¥ 447434 1 3 4 3 4 A 4 4 # 4 4 4 

4 4 4 4 lumped parameter4 743# 4 ^ 4 A 4 4 . 4i°fl 4 4 4 4 4 

4 743:4 4 ¥ ¥ ¥^r Rayleigh number! 744 A 4 4 4 44 4 474A4 

¥ £ 4 4 7 4 3 4 4 4 ^ ¥ 4 i f 4 i 3 4 # ¥ 4 3 " 4 4 4 4 743¥ 4 

4 4 4 . ^ 4 4 ¥ & ¥ 3 " 4 # s ¥ 3 4 ¥ 4 4 4 4 4 3 ¥ 3 : ! 743 44 
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4 ¥ 4 4 4 4 3 ¥ 4 4 3 ¥ U4 4 4 . 4 4 4 3¥o)l¥ 4 $ - 4 4 4 4 

3: 4 ¥ £ C I4 Af-g-440): *>4 ^ ^ . g . SPMS.tj]_g. ^^-ev 24/34 

4 33., 4 4 S0LFAS4¥ s £ 4 7fli44 oj^. P N C 4 4 7fl ̂ $ 4 4 

4 n ) SOFIRE MII/ASSCOPS44 4 4 743.4 4*v 0)144 ¥ 4 3 ¥ 4 ¥ 

4 1 4 4 4 4 £ 4 4 4 . 

(12) 

- 2 { ^ ( ^ - Tj + Fgma( Tg- Tj)}Am 

SPM4 3 ¥ 4 A 4 3°)1A4 4 ¥ £ ¥ flame¥£o)l 4 4 4 £ 4 £ A S 

4 4 743:ofl cflfj- 4 4 4 - 4 ^ 4 ^ - 4 ^ - 4 

C ^ - ^ = {h/g(Tf-Tg) + F/ga( T/- Tg
i)}Af+ 

Fpga( Tp'- T/)AP- (13) 

Zj{^gw,( Tg— Tun-) + FgMa ( Tg — Tm )}Am 

(13)444 Fpg(F{g)¥ #(flame)As¥4 743.S ¥ A 4 4 ¥ ¥ A 4 1 3 4 4 

¥ ! 4 4 4 4 Fgw¥ 7 4 i s ¥ 4 ¥ 4 ¥ A 4 s ¥ A 4 4 ¥ ¥ A 4 4 3 4 T 4 1 ¥ 

! 4 4 4 4 . 4 ¥ 4 3 4 4 ¥ hpg(hfg)¥ ¥ 3 4 4 3 ¥ (3)4AS¥4, ¥ 4 4 
4 3¥°ll¥ Jacob 4 4 3 A S ¥ 4 4 4 4 A 4 4 . 1 2 ) SOFIRE 
MII/ASSC0PS4 SPM 4 ¥ £ ¥ 3 4 4 !"¥ 4 ¥ 4 1 4 A 4 4 i-f-# 
4 4 4 4 144 43A74 74344 .$ i f # 4 4 4 1 3 A ¥ 4 ¥ 4 1 4 
£ 4 4 4 

dTL = a, - ^ - (for pool) (14) dt ~ "» dx2 

SOFIRE MII/ASSCOPS44 i f # £ 4 4 3 4 i 3 ¥ 4 ¥ 4 1"4 
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dT, A k = 0 = -T-{Q„-FPga( Tp'- Tg') dx " = 0 ANa 
(15) 

— 2^Fpm a ( Tp — Tm ) — hPg( Tp— Tg)\ 

SPM4 3¥ ^±^-& 4¥ 44AS £444. ¥, Qb7} flame4 34 

44 3A $ ¥44¥44AS 4444. 

dTp> _ 1 I , dT 
ck~]*=° ~ X Na 

[xNj~^\x^+F,pa( T^- Tp') 
(16) 

-Fpga( Tp'- Tg')-XFpu,o( Tp'- Tm')] 

^¥344 3¥ 3T413:3¥ 4¥4 14 £344. 

dx ''-<> " Am \r*»Awi °K lf~ im - ^ ' - = - L -{^^7- ( V- Tj) 

+ Fpw , a ( Tp — Tm ) 

+ Ef„.^( Tj- TWJ') (17) 

+ Fgw, a ( Tg — Tm ) 

' "gwi\ * g * un)i 

(17)44 A€-$ 44¥ flameAS¥44 ¥A41 flux! 44^4. 3.4 

4 SOFIRE MII/ASSCOPS4 4 ¥ 44¥ ^444 &S44. 

(4) 7}+ ¥# £<i 

SOFIRE MII/ASSCOPS¥ -i44 74i ¥#-§- 7)14471 444 ¥74 

4 44A44-I: 4 4 A 44. ¥, 4344*11 44 7}^ ¥#4 ¥£44o)l 
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f 4 3 - A ! 3 ¥ A S 4 4 ¥ l i 74A! ¥ 4 4 4 i f 33-A S43 4 15 
psi 3 A S 4 ¥ 4 . o. 4 ¥ 4 4 ¥ , i f 4 4 A ^ ¥ ^ - £ ! 74 4 4 ig 
0°C 4 4 4 4 4 744444 3 ¥ 3 £ ! 4 ¥ 4 4 3 ¥ A S 4 4 ¥ l i 
7 > i ! 4 4 ¥ 4 4 4 4 3 ¥ 3 £ ! 4 ¥ 4 4 3 ¥ A S 4 4 ¥ l i 743 
! 4 4 ¥ 4 4 4 4 3 # 15 psi 3 A S 4 ¥ 4 . i f 43-Aofl ^4*v 4if 
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4 £ ¥ 4 . spray fire ¥ 4 4 ¥ ¥ # 4 4 4 ^ 4 i $ £ ¥ 3 ¥ sampling 
4 ¥ , video camera,74s4 33-4 4 ¥ # 4 ¥ 4 4 4 4 H A ! <§JI i f f 
¥ 4 4 4 4 . i f 4 ¥ 4 ¥ A ¥ l i 7}A4 4 3 A S £ 3 4 A £ f ¥3= 
7))S ¥ 4 ¥ A ! # 3 4 A , 4 ! 4 4 4 4 i f ¥ 4 3=¥ ¥ 3 4 £ ¥ 4 4 . 
5*1 ¥ 4 3=¥ motor - operated valve 4 31 A] 7_>o.£ 3 ^ 4 4 . i f ¥ 4 
4 s $- 4 ¥ 4 s 4 3 4 ¥ # 4 ¥ 4 4 4 3 ¥ 4 4 4 4 3 4 4 , 4 i ¥ £ 
£ 4 , ¥ £ ¥ £ ^ 4 ! 47fl $ s 4 4 4 4 ¥ 4 4 . 

4 3 4 S ¥ fire fan¥ 180°C 4 4 7444 $. ±%- aj)£-i- <*JL 4^-

¥ i f ^ i f 4 4 ^33#¥ drain tank4 4 # 4 A «J)£! 4 ¥ 4 . ^ 4 

A 4 3 ¥ 4 4 ! 3 ¥ A S 4 ¥ ¥ l i ! ¥ 4 4 4 15 psi ! 4 ¥ 4¥°11 

dry steam ¥ 4 4 4 ¥ 4 4 4 i f ¥ NaOH ¥ ¥ 4 431s 4 4 4 4 7414 

4 4 . 
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(4) 4 ¥ 1 4 ^ A # 

# 3 471H1 4 4 4 3 ^ 1 4 4 4 4 4 ¥ ¥ 3 4 A 4 o. 4 3 4 ¥ 

0114 AJ144 4 4 . ¥A 4 ¥ ¥ * 3 4 ¥ ¥ A 4 4 £ ¥ 4 4 ¥ i f # 4 

¥ £ , 4 3 ¥ 4 4 7434 ¥ £ , 4 A $ A £ 4 ¥ ¥ A 4 4 4 A 4 4 # 4 3 1 

4 4 S ! ¥ 4 s 4 4 SOFIRE I H 4 4 4 4 4 S 4 U 1 H 3 S 4 4 4 . 4 
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3 AAf# - s | 4 ^ 4 741444 4 4 4 i f # £ 4 4 3 4 A 4 4 O ) 1 4 4 
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4 . 3 . 4 4 i f # 4 4 4 743:, 7 4 i 4 ¥ 4 4 3 4 4 4 4 4 4 4 A ^ ¥ 
A 4 4 4 4 . SPMS£4 7)14¥ 34£°H 4 ¥ 4 £ 1.14 4 3 A 3 4 3.4 
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S ! -5-4S ¥*34 4 A 4 £ 1.2¥ 4°H 4 ¥ 4 3 4 S ! 4 4 4 A 4 4 . 

3 ^ l.4¥ 4 33 :3 P15-14 P15-2ofl4 3 4 4 A ¥ A ^4°fl 4 ¥ 
i f # 4 ¥ £ 4 4 ! 4 4 4 A 4 4 . 4 4 3 A S 4 3 1 4 4 4 4 4 3.4 
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Table 1.1 Experimental Conditions for Pool Fire. 

Test no. 

P15-1 

P15-2 

P30-1 

P30-2 

P30-3 

pan 
diameter 

(cm) 

15 

15 

30 

30 

30 

Initial 0 2 

Conc.(%) 

19.5 

10.8 

19.0 

15.5 

11.5 

Sodium 
quantity ( g ) 

800 

1,400 

4,100 

4,500 

3,800 

Sodium 
temperature 

(t) 
230 

220 

230 

235 

220 

Chamber 
volume 
(m1) 

1.8 

1.8 

1.7 

1.7 

1.7 

Pan depth 
(cm) 

5.0 

9.0 

6.5 

7.0 

6.0 
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Table 1.2 Main Input Data for SOFIRE E and SPM 

Computer Program. 

4 s ¥ 3.4 ¥ £ ( t) 
4 3 ¥ 4 A 4 ¥ £ CO 
4 3 ¥ 4 4 4 4 4 3 .4¥£ (°C) 
4 3 ¥4^1 4 4 4 3 .443 (atm) 
4 3 ¥ 4 4 4 4 4 i7l 4 i ¥ A (%) 
4 A ¥ 4 4 4 4 4 4 ¥ 4 4 (cnf) 
4 s ¥ # 4 £ 4 (cm) 
4 s ¥ ¥ 4 * (g) 
Pan 4 4 3 (cm) 
4 3 ¥ 4 # 4 3 (m!) 
4 3 ¥ 4 4 ¥ 4 3 (m!) 
4 3 ¥ 4 4 $ 4 3 (m1) 
4 3 ¥ 4 ¥ 3 (nf) 
4 3 ¥ 4 ¥ 4 ¥ 4 (mm) 
4 3 ¥ 4 4.44¥31 (mm) 
4 3 ¥ 4 ^13 (m) 
4 3 ¥ 4 (SUS 304)4 4 3 A £ (W/m°C) 
4-3 ¥ 4 4 3 4471) (Mineral wool)4 
4 3 A £ (W/mt) 

£ 1.1 %$. 

50 

50 

1 

£ 1.1 4 £ 

£ 1.1 # 3 : 

£ 1.1 4 £ 

£ 1.1 % £ 

£ 1.1 % £ 

5.9 

0.3 

0.3 

1.72 

7 

15 

1.2 

0.038 

43.24 
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A Test 

Non-flame model 
Flame model 

Fig. 1.4. Comparison of measured and computed sodium 
pool temperatures for test P15-1 and P15-2. 
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4 4 4 £ 4 ^± £ ^ 4 4 4 i 4 4 ¥ £ ¥ i f # 4 ¥£74 4 4 4 
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4 4 4 74144 3 £ 4 ¥ 4 4 4 . 4 1 4 flameAS4 AJ-44¥ofl44 4 

±9] ^ A V ^ £ 7 4 $7444 4 i ¥ A 7 4 t 4 4 7ll 4 4 . 3 ^ 1.7, 2.8, 2.9¥ 

4 3 £ 3 P30-14 P30-3444 i f # 4 ¥ £ , 4*)-g-7H 743^4 ¥ £ , 

4 i ¥ A 4 £ 4 ! 4 4 4 A 4 4 . 3*?H4 £ 4 * 1 4 4 ^-4 4 3 £ 3 

P15-14 P15-2ofl44 1 4 4 4 ¥ 4 3 3 ¥ A 4 A 4 A 4 3 £ 4 ¥ 4 4 

474 43244 AA3- ^Af47fl 3¥3- i - ¥ ¥ 4 4 . 4 ¥ pan4 3 3 4 A 

3 i f 4 ¥ 4 3=4 4 4 3 A S & 4 3 A S 4 4 4 4 4 3 4 4 ¥ 4 3 3 

AS $ 3 4 4 . 4 4 4 $ ^ 4 7 j £ 4 $ $<§ ^ 4 ^ A J A ^ _ ^ H ^ 

4 4 A 44=4 4 34-S74 ^ 3 4 A <>H 4 ¥ 4 3 4 ¥ * 3 4 4 4 A £ 4 
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Fig. 1.5. Comparison of measured and computed system 
gas temperatures for test P15­1 and P15­2. 
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Fig.l.6.Comparison of measured and computed system 
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Fig.l.ZComparison of measured and computed sodium 

pool temperatures for test P30-1 and P30-3. 
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Fig. 1.8. Comparison of measured and computed system 

gas temperatures for test P30-1 and P30-3. 
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Fig. 1.9.Comparison of measured and computed system 
oxygen concentration for test P30-1 and P30-3. 
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3 4 4 3 $ 4 ¥ 4 4 T 1 1 € ¥"4 4 4 4 4 4 ¥ 4 4 7fl¥4 33.9] ^ 4 , 

£ 4 A S 4 A 4 S 4T41 ^ 4-333=4oll 4 4 3- 4 £ s ^-4 

43-°flA4 4 4 ¥ . 4 4 1 4 £ 4 4A £ € 4 4 4 4 flame ^.± £*i 

4 ¥ ¥ 3 ¥ 4 $ 4 4 ¥ ¥ 4 4 4 4 i f # 4 4 4 4 4 ¥ flameo114 ^ 

7} 3 * 3 4 4 ¥ 4 4 3 4 A 3 .4A4 £ < i £ 4 W £ A 4 4 *ll¥oll £ £ S 

¥ 3 , A 4 ¥ 4 i££ 3 £7f l^4 4 4 4 4 . H*b £443. 4 3 4 4 4 4 4 

4 $ - i £ 4 4 ^ 4 A 4 4 £ € 4 4 4 4 ¥ A 4 4 ¥ = 8 4 4 4 3" 3A 

s £4 

(2) Pi ¥¥4«14 S4 M^-i- 4 ¥ 4 # 3 4711 ¥ ^ 314 

i f 4 # 3 4£o)l 4 4 *H43 4 A<i4 ¥ $ 4 I t ^ A 3 4 

£ 4 3 $ Atomic International15* °IM 7 f l^4 £ ^ S A 4 # £ 4 4 A} 4 

4 i 4 4 4 4 4 ¥ 7 r3 £ S # 1 4 4 surface combustion model4 

Hitachi16'44 711144 £ € s # £ 4 A S ¥ 4 ¥ 4 4 4 l s ¥ 4 i 3 4 

4°11A4 i f 4-7fl 7} 4 4 4 4 ¥ flame combustion model17'18' S 4 ¥ 4 

3 4 . Flame combustion model¥ flame4 ¥ £ 4 flame4 # £ 4 4 4 

4 4 4 1 ¥ # 4 3 ¥ 3 ¥ 4 4 i *H44 ¥*,§¥ 4*11 4 3 * r s s 

A ¥ 4 ¥ 4:4 surface combustion model (SOFIRE II code)¥ LMR4 

i f # 3 4-7)) «D4# 4 4 4 $ £ < i £ 4 4 4 3 J 4 ^ A 4 4 . 

3 s} 4 flame combustion model4 surface combustion model°HA4 4 

3 ^ *1144$-§- *D43- 4 ^44 4 4 43Tik§- ¥*fl ^4, $ Planck 

function^ 4*11 ¥ 4 4 4 . 3 4 4 4 ^ 1 ^ ¥ s 4 ¥ o f l 4 ^ ¥ 4 4 4-7114 

4*11 ^ 4 ¥ 4Al#ofl 4sfl SLA} <§ TA^ ^ . ^ o^-g. 4 4 ^ 4 . 

^ , ^^1 ^ - ¥ S 4 ¥ 4 ¥ participating media74 ¥7fl4A n ufllofl 9] 

44 ¥ A 4 4 ¥ 4 4 , £-¥ 3 4 A 3 ^ 4 4 4 nfl¥o)l Planck functionAS 
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*r 3 4 4 4 ¥A4 4 3 ^ - 4 4 4 # # *D43- ¥ Si A , ¥A4 4 3 i 4 4 

^4o)i 4*114 ^ 4 4 4 1 ¥A4 1 3 ^ 4 4 4 ¥ # *U414 ¥ 44.1 9 ) 4 

4 4 ¥A4 1 3 £ 4 3 4 ¥ # 4 4*11 744 4 4 A 4 ¥ 4 4 A S ¥ PI 

¥ 4 ^ 4 s4 4 4 4 44.20'21) 

^r 4 ¥ 4 A 4 ¥ flame combustion model4 surface combustion model 

4 4 i f # 4 3 4 4 4 4 3 A 4 3 4 # # 4 4 4 3 4 £ 3 4 £ 

4 4 4 4 ¥ 4A4 1 ¥ ¥ Pi ¥ A 4 4 4 S4 4 4 # 4 ¥ 4 4 ¥A4 4 3 

£ 4 3 4 # # 4 ¥ 4 4 A 4 , 4 ! 3 ¥ 4 4 i f # 4-7})! 4 1 4 4 4 

4 . 3 4 3 3. 1 4 ! flame combustion model4 surface combustion 

model4 1 4 4 4 3 # ¥*fl 4 ¥ 1 4 4 4 A ¥ 4 4 4 4 . 

(74) Radiative Heat Transfer Equation 

4 4 , ^ ¥ 3 4 3 4 A 4 ! 1 A 4 ¥ 4 1 ¥ £ 3 " 4 ¥ 7)1444 4A4 

4 3 £ 4 4 4 ¥ ¥ 4 ¥ ¥ 4 4 4=4¥ 4 4 4 ¥ 4 4 (20)4 1 4 4 

4 ¥4(phase space)44 6 4 4 3 ¥ - 4 ¥ 4 3 4 3 4 4 ¥A4 4312-

4 3 4 ¥ # 4 4 444*1 4 4 . 

V-(^+pi = P(\-co)Ib+^-[ I(r,#QT<t>(*&Wm , o m 
4TT M" (.21),) 

4 7lA4 ^ scattering albedo!, lb ¥ Planck function^, ¥ 

scattering phase function# 4 4 4 4 ¥ solid angle# 4 4 ^ 4 . 4 4 

4 ¥A4 4 3 ^ 4 3 4 ¥ ¥ ¥ 4 744 4 4 4 ¥ 4 ¥ 4 ^ A S ¥ Pi 4 

^ 4 S4 4 ^ 4 4 4 . 

CD Pi approximation 

Differential ¥A4^AS ¥ 4 4 A 4 ¥ 4 4 4 ¥ 43" ¥ 4*114 6 4 

4 4 ¥A4 4 3 ^ 4 3 4 ¥ 4(21)4 1 ¥ 3 4 4 4 4 4 3 4 3 4 s e 

A44 4 4 . 
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V • — VG - 3/?(l - co)G = -\2nB(\ - co)L 
Pi (21) 

3T)1 £ 3 ¥ Marshark 3 7)1 £ 4 A S 4 ¥ 4 1 4 . 

[ - - 1 [ V-(«G) + G = 4^7 
3/J .U i w (22) 

44A-1 G ¥ incident radiation-fr, ¥ 3 ° H A 4 4 emisivity! ¥ 
f n 

inward normal 4 4 ! 3 4 A ¥ 4 ¥ 4 1 4 3 4 € 4 . 

/ » . " « ' ~ ^ ) (23) 

47lA4 a l ¥ anisotropic coefficient! 4 4 \ H 4 . 

Pi ¥ A 4 ^ ¥ 4 ¥ 7)14AS ¥ A 4 1 3 1 4 3 4 # # 4 ¥ ¥ 4 3 4 

S4A4, 4 3 A S ¥ # 4 3 ¥3174 & ¥ 3 ¥ ( 4 & 4 4 ¥ 3 ¥ H 

¥ * f l l 1 4 ¥ 3-3-4 ¥ 3 4 4 4 . 

(2) S4 method 

S4 411 ¥ 4 $ 4 ¥ 4 4 ¥ H A S 4 (21)4 ¥ A 4 1 3 4 " 1 4 3 4 ¥ 

4 ¥ 4 4(23) 3 4 4 4 3 4 A S 4 4 ^ 4 . 

*.f+^^f=-^w<i-»>/.+fiv^, nM 
dx dy dz 4;r , (24) 

S4 4 H ¥ £ ¥ D 4 4 # 4 3 ¥ 3 ) 4 4 3 4 4 4 1 ¥ A 4 1 3 4 " 143 

4 # # 4 ¥ ¥ 4 3 4 S4A4, 7 ) 1 4 4 4 4 3 4 4 4 memory A ¥ 3 = 4 

¥ 4 3 4 4 4 . 314 4 4 4 S4¥ 3 ¥ 4 4 ¥ & ¥ ¥ 4 4 ¥ 7)144 

¥ 4 4 A S 3 7)14 4 7 J 4 ^ ^ 4 4 1 4 4 . 

i f 471)74 4 4 4 ¥ £ 4 4 ¥ ¥ 4 A 4 4*11 1 ^ 4 ¥ 4*41-4 
^ 4 4 4*11 - a - A } ^ x j . ^ ^ -2^-z M S ) £ i 4 A > 1 4 . ^ ̂  

4 4 4 1 * H 4 4 4 4 * f l 4 ¥ Pi ^4^4 S4 4H-§- 4 ¥ 4 4 4 (21)4 
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¥ 4 4 3 1 4 3 4 ¥ # 4 4 *)14*fl4 4 4 . 

(3) Surface combustion modeH4 3 ¥ 

Surface combustion modelo)14¥ i f ^ 4 4 4 4 4 4 3 4 £ 3 

o)144 ¥ 4 4 ¥ ¥ Planck function# 4 ¥ 4 4 & A , 4 A 4 4 3 1 4 3 

4 ¥ Pi ¥A>»g4- s4 4 ^ ¥ 4 ¥ 4 4 4 A 4 4 ¥ ¥ ¥ 4 4 . i f # 4 

4 4 4 4 4 3 A 4 3 4 4 374)^3-1- ¥ A 4 4 3 1 4 3 4 ¥ # 4 4 

¥ 4 ¥A4 4 ¥ # 3 ¥ 4 4 4 ¥ 4 1 4 . 

i f #o)144 <* A J £ H M H £ 4 ¥ 4 1 A 4 , 

dTB d2T. 
dz' (25) 

3 4 £ 3 ¥ 4 ¥ 4 1 4 . 

at z=/s : 

dT. 
dz 

at z=/b : 

1 O T -T 
A _ { e - % _ * , A _ _ L } 

r = /i 
«fe (26) 

/̂7> 
= A ' 

cPft' 
dz z=tb ^ 

3 ofl 4 4 4 3 A 4 3 4 ¥ 4 ¥ 4 1 A 4 , 

(27) 

dTiv d " 

^ c/z ^ 

3 4 A 3 ¥ 4 ¥ 4 1 4 . 

at x=6> : 

(28) 

dT.. 
dx 

i ,QV+ Q„ + Qv +Q^+ QyP , 
; — { - —; + k 

T -T 
g Ul 

'ff dx (29) 
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at x=le 

dx 
= hJ!_(Tw, -Twr) 

(30) 

© Flame combustion model°fl4 3 ¥ 

Flame combustion model°flAl£ surface combustion model4 4 4 

744s i f # 4 4 4 4 4 4 3 4 £ 3 4 4 4 ¥A4 !¥­§­ Planck 

function^ 4 ¥ 4 4 &A, Pi ^ A 4 ^ 4 S4 4 ^ ¥ 4 ¥ 4 4 1 3 1 4 3 

4 ¥ # 4 4 ¥A4 ! ¥ # ¥ 4 4 . 3 4 4 4 (8)4 4 (11)444 ¥A4 

! ¥ ¥ 3tflS Planck function^ 4 ¥ 4 4 ¥ 4 4 . 

i f # 4 4 4 1 3A 3­3 4 ¥ 4 ¥ 4 1 A 4 , 

(PC„), 
dT„ 

= A, 
d2T 

" " dt " dz1 

3 4 £ 3 ¥ 4 ¥ 4 1 4 . 
at z=ls ■ 

(31) 

dT„ 
dz 

at z=lb 

1 
{-

:=b *«. ' Ap 

■ + X, 
dT, fp 

dz 

dTfi 

dz = x> 
z=lb tf 

4 4 4 4 1 3A 3"34¥ 4 ¥ 4 1 A 4 , 

(32) 

(33) 

{
P

C,)
' dt 

£r -
7? 

3 4 £ 3 ¥ 4 ¥ 4 1 4 . 
at x=0 '■ 

(34) 
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dT... 

jr=0 dx 

at x-le '• 

dT 

*., ^ , + '» dx (35) 

dc = V4^­^) 
(36) 

( 4 ) ¥ ¥ 4 44 

i f 4­7117V l ^ ^ i | ^ 4 ^ . 4 . ­̂Aj­ofl 4*fl ! ^ ^ 1 4 1 

44­7)1 ^ 4 ­ . 4 4 ^ i , vfl«­4 ¥ ¥ 4 ¥ 4 ¥ 4 1 ¥ 4 ¥ 4 3 4 4 ¥ 

¥ # £ ¥ 4 ¥ # 4 4 ^ t ¥ 4 4 . 

V « = 0 
d(pu) 

(37) 

+ V (puu) = -VP + V­(/i + ^,)Vu + pg + S 
a , r - , ^ ■ r , , - ~ ^ ( 3 g ) 

4 4 4 ¥ k­epsilon £ ! ¥ 4 ¥ 4 4 ¥ 4 4 . 
M 
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—* Radiative heat transfer 

• ♦ Convective heal transfer 

•► Conductive heat transfer Surface Combustion Model 

+ 
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f wall f 
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& —Awl 

I- ­ . ( 
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—\roo, = (e» ­ FP,<T(TP' ­ 7V ) ­ hn(TP ­ T,)} 

i Sodium Pool I 

Floor 
T T 

► • + 
Air 

Heat conduction equation for Sodium pool.Wall and Floor 

Fig. 1.10. Surface combustion model for sodium pool 

combustion. 
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~* Radiative heat transfer 

* * Convective heat transfer 

­ ► C onductj ve heal transfer Flame Model 
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dt 
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Flame 

m-p. i 
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■I Xni.~\f«* +Ffp<r(Tf' - 7V) 

Sodium Pool 

Floor 

Heat conduction equation for Sodium pool, Wall and Floor 

, ,3T d'T 

Fig.1.11. Flame combustion model for sodium pool combustion. 
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"** Radiative heat transfer 

* Convective heal transfer 

► conductive heal transfer Surface Combustion Model with Pi and S4 method 
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­V q, 

?>(*,; f)dn 

Sodium Pool r 

Floor 

• ­ ■ ♦ Air 

* Heat conduction equation for Sodium pool.Wall and Floor 

Fig.1.12. Surface combustion model with Pi and S4 

method for sodium pool combustion. 
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-► Radiative heat transfer 

■ * Convective heal transfer 

■ ► Conductive heat transfer Flame Model With Pi and SA method 

Air 

wall 

etc 
1 \Q-al 

-Xm \ Awl + K,^l) 

Gas 

dT 
pCp—+VpCpvT = V-K^7T-V-qR 

a 
v(sl) + fS = (l-w)/X<, + ^Ll(r,s')t(s,s-)dn 

An 

Flame 

1 \ 
3TP. 1 J 3Tfr I Qt-

& iNc, I A AP°°t 

Sodium Pool 

Floor 

- -► Air 

* Heat conduction equation for Sodium pool.Wall and Floor 

, ,3T S'T 

Fig. 1.13. Flame combustion model with Pi and S4 method for 

sodium pool combustion. 
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Geometry for Pi and S4 method 

Qxm, Qxp,. Qym, Qyp, Qzp, Qzmw : radiative heat flux at wall 
Qzmp : radiative heat flux at pool 

Fig. 1.14. Schematic of rectangular geometry for Pi 

approximation and S4 method. 
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Fig. 1.15. Comparison of measured and computed sodium 

pool temperature. 
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Fig. 1.16. Comparison of measured and computed system 

gas temperature. 
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Fig. 1.17. Comparison of measured and computed system 

oxygen temperature. 
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Fig. 1.18. Comparison of analysis results of flame temperature. 
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Fig. 1.19. Comparison of measured and computed sodium 

pool temperature. 
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Fig. 1.20. Comparison of measured and computed system 

gas temperature. 
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Fig. 1.21. Comparison of measured and computed system 

oxygen temperature. 
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P = CRT, 

(58) 

(59) 

© 4 4 o ) 1 4 4 1 ¥ 4 

4 4 A S 4 ! 4 1 ¥ 7l£o)i4 4 ^ £ s 4 4 4 4 4 4 4 1 4 ¥ 1 4 

^S 4 4 4 4 4¥ofl 4 ¥ ! 4 1 4 : 4 £ 4 4 4 . 4 4 4 4 4 ¥ £ ¥ ^ 4 4 

114 4- 4 l7 f l s 4 1 4 4 4 A 74344 44oll44 4 4 4 A ¥ 4 

3 4 ¥ 4 ¥ 4 1 4 . 
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ifl w C [ i , dT = Q* (60) 
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(2) <4¥^4 ^ A # 
¥¥ 44°fl4 i f 44 A4°H 4-i- ¥4A! 444¥ 44 3.7] ¥ 

£ ¥4 (drop size distribution)¥ ¥¥3 $4 £A 44°fl 444 ¥ 
A4 44 ¥4 4444. SPRAY £A°fl4¥ 44 W 44 £4s¥4 
44 s%^ ofl̂  3.4^ 7flA>̂ 4 4^4 iog-normal 344 ¥£ ¥4¥ 
A4¥44A4, 44°fl4 44 A 4 ¥ 134 4 ! %^ti% # ¥ 4 A 43 
444. 44 1¥ 4 ! WSH 444¥ £ 4 ! ¥344 444 
NACOM ££o)H¥ i f 44 ¥£°fl 4:4 334 4444 
Nukiyama-Tanasama ¥£ ¥4¥ 4¥44 4 A! ¥¥ 4444A4. 
414 W °-*14 A4 Dm¥ £44 444 1¥ 4¥ 344 44:4AS £ 

4^4. 

dRNT = I 3.915 \ 6 AH p y n /_3 .915Z) \ 
<#> \ £>„ ] 120 e X P l Z?m j 

Morewitz¥4 ¥ ¥ 3 i f 4 4 A4 ¥£ofl 4 4 4 3 4 4 4 4 i 
f oj)4 3 4 - O J 4 4 ^ 2i 3-§: £ 4 4 4 & ^ 4 £ £ £ ^ 4 4 4 . 4 

£ . Wallis4 4 4 4 Weber number &4 12 4 4 £ 4 4 ¥ 3 ¥ 1 3 

3.4 4AJ-4 « . o s | 01)4^. o j . ^ 4 . 4 4 ^vo.^ ^ M 1 3 3 D c r o . ^ . ^ . ^ ^ 

¥ 4 4 4 A S £ 3 « ¥ 4 4 . 

Y gPNa 

44°H4 ^4 aNa¥ 44 ^4 4 ¥ A ̂  °J}41 i f 4 £4 44¥ 4 
444. i f 4 3¥ 4 4 A S ¥ 4 ¥3£ 444 44 43¥ 4 8mmS 
414^4. 

3^ 1.23°fl Nukiyama-Tanasama ¥£ ¥4¥ 44 434 3"¥S 
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Fig. 1.23. Nukiyama-Tanasama distribution with 

drop diameter. 
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4 A 4 . 4 4 1 4 4 4 4 4 4 3 ¥ A 4 4 ¥ 3¥°11¥ ¥ 3 ¥ £ ¥ 4 ¥ 

£ 3 4 A ¥ £ 4 . 

£ 4 4 o f l 4 ¥ i f 4 4 A 4 ¥ £ ! 4 4 3 -£& D m 4 ¥ 4 & 04 

¥ 7 4 4 £ ¥ ! # ¥ 4 4 4 1 ¥ Gaussian ¥ £ 4 ¥ S 7 4 3 4 A . 

dRo 1 / i D-Dm 2\ 
-^ = = 72^ e x p ( -2 ( —— }J 

i f 4 4 4 3 8mm 4 4 4 3 ¥ A 4 ¥ £ ! 8mm 4 4 4 ¥££°11 £ 
4 4 4 4 ! 3 ¥ 4 4 A 1 4 . 4 4 4 Gaussian ¥ £ 3"¥¥ 
Nukiyama-Tanasama ¥ £ 3-¥°11 4 4 4 ¥ 4 & o ! £ 4 4 A 4 4 4) 
¥41 £ 4 44=4 ¥ 4 3 4 1 ! 7fl3t ¥ Sl¥ 4 3 4 4 4 . 

£ 1.34 4 s 4=. A-H744 £4.0114 £ 4 433M- ^^ .544£4 , 4 

4 4 £ 1 4 4 441 i f ¥ A 4 3 : ¥ 2.72kg, 4.08kg, 5.62kgAS ¥ 4 3 

4 . 4 1 - 4 4 & f ¥ SPRAY ^ NACOM 4 4 £ £ 4 Atomics 

International (AlH>H ¥*S4 4 3 ^ t ¥ 4 4 ^ 4 ^ 4 4 4 4 4 ¥ 1 4 

3 : 1 4 4 Tfl 4 ¥ ¥ ^ 4 S 1 4 . 

3 ^ l .24¥4 1.254 4 4 A4 4 4 £ 1 4 4 4 4 4 4"4 ¥74 ¥ 

4 ¥ 44:4 4 ¥ S £ 4 4 4 4 4 . 4 f 3 ^ 1 4 4 ^ 0 . 

Nukiyama-Tanasama ¥ £ ¥ 4 ¥ 4 4 4 ¥ 4 4 4 & 4 4 . 4 4 3 . ^ 

3 ^ Ai-4^4 TJ-^-O. Nukiyama-Tanasama ¥ £ ¥4414 4 4 £ ¥ 

4& (oNT)¥ £ 4 4 4 ¥ 1 4 Dmo114 Gaussian ¥ £ 4¥4l ¥ 4 A ! 

4 4 0.5*11. 141. 24 7}^-t}ji 3 ¥ 4 4 ¥ £ 3-¥°114 4 4 £ 4 3 ^74 
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Table 1.3 Initial Parameters for Sodium Spray Fire codes. 

Volume mean droplet diameter 
[mm] 

Mean sodium leak rate [g/sec] 

Initial sodium temperature [°C] 

Initial cell gas pressure [atm] 

Initial cell gas temperature [°C] 

Initial oxygen mole fraction [%) 

Sodium spray duration [sec] 

Run #1 

3.69 

824.6 

538 

1.07 

23.9 

0.8 

3.3 

Run #2 

4.57 

1511.1 

532 

1.07 

20.0 

1.5 

2.7 

Run #3 

5.33 

985.96 

532 

1.07 

23.9 

0.0 

5.7 

- 1 3 2 -



05 

Run#1 

.1,... ,1, , I I I i i i | I I I I I I I I L L 

0 10 20 30 40 
Time [sec] 

Fig. 1.24. Effect of variance on pressure with time. 
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Fig. 1.25. Prediction of pressure with variance. 
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4 # ¥4A74 £4-3-4 4 4 4 ¥ ¥ A 4 3 ¥ A 4 4 . ^ . 3 ^ 1.254 
Dm = 4.57mm, oNT = 0.2859 (Run #2) ^ 3 ^ 1.264 Dm = 

5.33mm, oNT = 0.3335 (Run #3)4 £ 1 4 4 ¥ 4 & 4 £4-4 4 ¥ 4 
4 ¥74 ¥ 4 4 4 4 ¥ 43 :¥ 4 ¥ 74¥£4. 

35- 4 4 37] 7} ¥743-4 4 4 1 4 4 A S 44=4 A 4 4 4 4 4 ¥ 
£ 4 4 SI¥¥ 4 4 4 4 1 4 4 A S 4 ¥ 3 3 4 oJ-#4°fl*l ¥ 3 ¥ 4 A 4 
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Table 1.4 Comparison between Computational Results 

and AI Experimental Data. 

Run #1 

Run #2 

Run #3 

SPRAY 

0.038 

0.044 

0.045 

Maximum pressure rise [atm~ 

NACOM 

0.043 

0.043 

0.041 

this work 
(O = ONT) 

0.029 

0.035 

0.041 

AI experiment 

0.034 

0.051 

0.040 
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4 ¥ £7d ( 3 ^ 1.23)44^ 4^- ^ 4 ^ - ^ oi£ufi o-g 1.25 ^ 3 ^ 
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4 4 . 4 4 4 ^ 4 s ¥ 4 4 4 4 A A ¥ 4 4 4 £ 4 A ! 4 4 4 i f 4 4 
£441 ^ -££ ^ 3 4 Ai*,§44oi: ^- 3 4 4 -

4 4 4 - ¥ s 4 711^44444 3 4 4 4 4 3 A } 3 ¥ 4 4474 i f 4-̂ fl 
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Fig. 1.26. Prediction of pressure rise with variances. 
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¥ 4¥°11 Af-g-̂ ) CONTAJN-LMR/lBAMod 3 4 A A ^ 4 4 4 
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¥ 4 4 4 4 ^ 4 4 flow path44 A ! ¥ 4 4 4 ¥ 4 4 ¥ 417444^ 

o] 4 ¥ 4 A 4 4 . 3 £41 4 ^ ¥ flow path3-4 ¥ 4 4 ¥ 4 s 4 inertia4 

flow path 44k4 7}4£ 4 ^ jLf-4 4*1- v\% 44-i- £4^-£SAi flow 

Path4ofl ¥7fl4¥ 4 3 4 ! 4 4 4 4 A # ¥ T ) ] 4 4 ¥ 4 ^ 4 A , ¥ £ 4 

4 ^ ¥ flow Path3-o11 ¥7fl4¥ 7fls4 inertia! ¥ 4 3"ASAi flow path 

! 4 4 3 3 4 4 3 4 S 4 4 £ # ¥ 71144^ 4 £ 4 4 A 4 4 4 4 A S 

41 £41 4 ^ ¥ 4 4 4 4 ¥ ¥ 4 4 4 A4.g-7.474 mass flow rate4 

volumetric flow rate! 4 3 4 4 A ¥ ¥ 4 3 4 ¥ 4 ^ 4 4 4 . 

A ¥ 4 3 4 ¥ ¥ 4 4 4 i, J A 4 4 4 4 4 A ¥ A S £ 4 4 4 3 ¥ k4 

mass flow rate¥ 4 ¥ 4 4 4 £ 4 4 4 . 

Wk.u = mk.uWi/mu (61) 

Q,j = HuW.j (62) 

4 4 4 4 

WtJ : Total material mass flow rate from I to j 

Wkyl) : Material mass flow rate of component k from I to j 

mk,u ■' Mass of component k in the upstream cell 

mu •' Total mass of the gases and condensable material in the 

upstream 

Q,j '■ Convective energy transfer rate from I to j 

Hu The cell specific enthalpy 

3 ¥ 4 4 4 S # 4 3 ¥ 4(61)4 gravitational settling term4 £ 4 4 4 . 

Wk.n.ij = mk.uW,j/mu + P k.n.uVg.n.uA.j (61) 

4 4 4 4 

Pk.n.u Aerosol component mass concentration in size class n in 

the upstream cell 
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Vs,n,u ■' Component of the gravitational settling velocity along the 

flow path axis from i to j 

A,j Flow area 

(74) The inertial flow model 

Inertial flow model¥ lumped parameter frictional resistance?r4: 4 4 

4 flow pathoj­°fl ^ 4 4 ^ 7}^9] inertia! £ 4 4 £"i44. A34 4 3 

4 4 4 flow path?} #z}7] 44441 4 £ inertia41 4 4 4 £ ¥ ¥ A 4 ¥ 

74¥ 3 4 4 « A S 4 4 4 4 . ¥ 7fl4 44 4­44 3 3 4 £ ^ 4 £ 

inertia¥ 4 ¥ 3 4 S 4 4 4 4 44 . 44474 04 4 ¥ 4 3 4 A 4 * S ¥ 

¥ 4 4 inertia 4)¥oll A ! ¥ A ¥ 4 4 4 A S 44&­I­ 74441 4 4 . 4 3 

4 *!¥£oil 4 4 4 flow path! 4 4 3 3 4 4 4 4 4 aov3¥ £ 4 S 4 

4441 4 ¥ 4 ^ 4 4 A S J L ! 4 4aov3A.S 1­47441 4 ¥ 4 4 4 . 4 4 

4 £ 4 4 4 A ! 4 3¥44l 44 . Inertial flow model̂ A} * ! a
0

v 3 4 ^ 

4 ¥ 4 £ 4 £ 4 4 4 . 

dw,/dt = (AP ­ CFC|WJW„/(O1JA
2«)A1J/L1J (62) 

4 4 4 4 , 

Z\P .' Driving pressure difference 

CFC •' Turbulent flow coefficient 

Pu '■ Gas flow density 

A,j •' Flow path area 

L,j ■' Flow path length 

Turbulent flow coefficient, CFC¥ ¥ 4 ^ ¥ S 4 4 3 4 A S ^ 3 4 4 

«ov#4 ofl4s#¥ 4 4 4 4 4 4 ^ 4 4 447<444 4 ^ 4 4 ¥ 4 4 . 

CFC = ^ (63) 

(4 ) Quasi­State flow model 
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Quasi­State flow model¥ A ¥ ¥ A 7 } flow path4°fl ¥ 7 ) ) 4 ¥ 4 3 4 

4 S 4 4 ¥ 3 4 4 « A S ¥ 4 £ 4 4 4 A 7 4 3 4 4 . 4 4 A ¥ 4 3 " ¥ 

linear flow coefficient(CLFC)4 turbulent flow coefficienkCrcH 4 4 4 A 

4 4 4 . 

¥ 4 3 A ¥ ¥ A Wijofl4 £ ! 4 4 ¥ 4 ¥ 4 4 4 £ 4 4 4 . 

AP = CLFCW, ♦ CFC I W„ IW,/ P „A2,j (64) 

(2) i f ¥£^34 ¥¥3 4711 SLQ 
¥ ¥ 3 4­711 £ ^ 4 Ai­g­s) ^ ­ i ­ a . ^ ^ ^ 4 ^­4,0. 22,680m343 ¥ 4 

18m, 4474 28m, ¥4" 74 45m£A4. i f 3 4 ¥ A , catch pan, Intermediate 

Heat Transfer System(IHTS), separator, sodium dump tank, sodium 

piping, auxiliary vessel, control/HVAC74 4 ¥ 4 4 Si 4. ^ 3 4 4 3 , 4 

4, 3 4 4 7fl^^ ^ £ 4 £ 4 4 4 ¥ £ 4 A A 4 4 O ) 1 ^ #<i474 ¥ 4 4 4 . 

ZL4A 4 ­ i 4 ¥ 4 ¥ liner7} 4 4 4 4 S!A 4¥°)l¥ catch pan4 4 4 . 

£ f ¥ £ 1134 ¥ A 3­4¥ stainless steels 4 4 4 4 A S 7 4 3 4 4 3 

4 4 4 A 4 ^ 3 4 ¥7fl4¥ i f ^ ¥ A ¥£7fl£ heat sinks 4 ¥ 4 4 

4. 

3 ^ i.27¥ i f ^ 4 ¥ £ 4 3 ¥ ¥ 4 4 4 4 3°11 i f ¥ ¥ 3 4711 

! £ 4 4 4 4 4 CONTAIN­LMR £ ­ i ¥ 4 4 4 A 4 4 . i f ¥ ¥ 3 4 

7fl¥ 12 lo)14 47<§4A 4 14 4 3 4 4 ¥ 4 £ 4 14 4 24 4 4 4 4 

4 ¥ over­pressure exaust valve7} 4¥4A£A} £ ¥S(flow path)! ¥ 

4 4 13 2S 4 ^ o)i4s.^­£oi 4 ¥ 4 A ¥ 4 A 4 244 4 3 4 ¥744 

£ 4 4 4 4 4 4 4 4 ¥v4 ¥ S ! ¥ 4 4 4 3, 4 4S ¥ 4 4 A ¥ 4 3 

4 4 A ¥ 4 3 4 4 4 . 4 4 s ¥ ¥ 4 ¥ ¥ £ ^ 4 4 s # 4 4 3 ¥ 4 4 A 

4 4 4 4 i f ^ 4 ¥ £ UJ34 4 ¥ ! 4 4 4 ­i, ¥ 4 4S 3 4 4 4 
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Fig. 1.27. CONTAIN-LMR model for sodium spray fire in 

sodium loop building not partitioned by multi cells. 
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3 4 4 3 4 ¥ £ ¥ lOmbS 4 4 4 . 

4 4 4 34 4 44 4 3 4 3 4 ¥ 130mbS44 4 344 4 5S ¥41 
74 A S ¥ ¥4- 4 34 4 3 4 4 4 4 4 4 ¥ 4 £ 4 44 431iA74 4 4 
A ¥ 4 4 4 . ¥ 4 4 4 3 ¥ i f s}4 u
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Table 1.5 Characteristics of the Safety Venting Systems. 

Safety venting system 

With 
partition 

Without 
partition 

Row path area(m2) 
AP beginning to 
open(mb) 

Turbulent flow 
coefficient, CFC 

Flow path area(m2) 
AP beginning to 
open(mb) 
Turbulent flow 
coefficient, CFC 

Over 
pessure 
valve 
between 
celll and 
cell2 

1.0 
10 

2.0 
0.1 

1.0 
10 

0.5 

under 
pessure 
valve 
between 
celll and 
ceU6 

1.0 
-40 

0.5 

under 
pessure 
valve 
between 
celll and 
cel!5 

1.0 
-40 

0.5 

Over 
pressure 
valve 
between 
cell2 and 
ceU3 

1.0 
10 

0.5 

1.0 
10 

0.5 

Over 
pessure 
valve 
between 
ce!13 and 
cell4 

1.0 
130 

0.5 

1.0 
10 

0.5 

Over 
pessure 
valve 
between 
cell3 and 
cell5 

1.0 
10 

0.5 

Over 
pessure 
valve 
between 
ce!15 and 
cell6 

1.0 
10 

0.5 

Over 
pressure 
valve 
between 
cell6 and 
celT7 

1.0 
10 

0.5 



Table 1.6 Sodium Spray Design Base Leak in 
Sodium Loop Building. 

Case 

Partitioned 

not 
partitioned 

Sodium Leak rate (Kg/second) 

Time (second) 

1 

10 

10 

10 

10 

10 

10 

5 

10 

170 

900 

10 

170 

900 

100 

10 

170 

900 

10 

170 

900 

200 

0 

0 

0 

0 

0 

0 

300 

0 

0 

0 

0 

0 

0 
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Table 1.7 General Parameters and Sodium Loop Building 
Building in CONTABSkLMR Code for Sodium 
Fire Analysis 

Initial Pressure 

Gas Temperature 

Sodium Temperature 

Gas composition 

Free Volume in each cell 
- Partitioned 

Cell 1 
Cell 2 
Cell 3 
OH 4 
Cell 5 
Oil 6 
Cell 7 

- Not partitioned 
OH 1 
Oil 2 
OH 3 

Major Equipment 
Steam Generator 
Control/HVAC and Duct 

IHTS 
Seperator 
Sodium Dump Tank 
Catch Pan 
Auxiliary vessel 

1.0e5 Pa 

308 OK 

823 OK 

N2:79.2%, 02:20.8% 

2,250m3 
2,250m3 
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Fig. 1.28. CONTAIN-LMR model for sodium spray fire in 

sodium loop building partitioned by multi cells. 
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Fig. 1.31. Pressure in each cell of SLB with partition. 
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Table 1.8 Aerosol Size Distribution Cell 1 in Sodium Loop 
Building with Partition and without Partition at Run 
time 46s. 

simple aerosol conditio 

diameter range (m) 
1 000E-07 to 3 162E-07 
3 162E-07 to 1 000E-06 
1 000E-06 to 3 162E-06 
3 162E-06 to 1 000E-05 
1 000E-05 to 3 162E-05 
3 162E-05 to 1 000E-04 
1 000E-04 to 3 162E-04 
3 162E-04 to 1 000E-03 
1 OOOE-03 to 3 162E-03 
3 162E-03 to 1 000E-02 

ns in cell 1 w 
component 
na2o 

3 648E-05 
2 717E-03 
1 011E-01 
4 163E-02 
3 198E-03 
7 805E-05 
4 069E-07 
2 124E-10 
7 955E-15 
0 000E + 00 

hen cells is partitioned by multi-cells 
densities (kg/m**3) 

na2o2 
3 648E-05 
2 716E-03 
1 011E-01 
4 163E-02 
3 198E-03 
7 804E-05 
4 069E-07 
2 123E-10 
7 954E-15 
0 000E+00 

nal 
0 000E + 00 
0 000E+00 
0 000E + 00 
0 000E + 00 
0 000E + 00 
0 000E+00 
0 000E + 00 
0 000E + 00 
0 000E+00 
0 000E+00 

net 
7 296E-05 
5 433E-03 
2 021E-01 
8 326E-02 
6 396E-03 
1561E-04 
8138E-07 
4 247E-10 
1591E-14 
0 000E+00 

component total (kg/m**3) 1 487E-01 1 487E-01 0 000E+00 2 975E-01 
component total (kg) 3 332E+02 3 332E + 02 0 000E+00 6 664E+02 

simple aerosol conditions in celll when cells is not partitioned by multi-cells 
component densities (kg/m**3) 

diameter range (m) 
1 OOOE-07 to 3 162E-07 
3 162E-07 to 1 000E-06 
1 OOOE-06 to 3 162E-06 
3 162E-06 to 1 000E-05 
1 000E-05 to 3 162E-05 
3 162E-05 to 1 000E-04 
1 000E-04 to 3 162E-04 
3 162E-04 to 1 OOOE-03 
1 OOOE-03 to 3 162E-03 
3162E-03 to 1 000E-02 

na2o 
3 168E-05 
3 075E-03 
5 374E-02 
1213E-02 
4 028E-04 
3 825E-06 
9 012E-09 
2 999E-12 
8 942E-17 
0 000E+00 

na2o2 
3 168E-05 
3 074E-03 
5 373E-02 
1212E-02 
4 028E-04 
3 825E-06 
9011E-09 
2 999E-12 
8 940E-17 
0 000E+00 

nal 
0 000E+00 
0 000E+00 
0 000E+00 
0 000E+00 
0 000E+00 
0 000E + 00 
0 000E+00 
0 000E+00 
0 000E+00 
0 OOOE+00 

net 
6 336E-
6149E-
1 075E-
2 425E-
8 056E-
7 650E-
1 802E-
5 998E-
1 788E-

-05 
-03 
-01 
-02 
-04 
-06 
-08 
-12 
-16 

0 OOOE+00 

component total (kg/m**3) 
component total (kg) 

6 938E-02 6 937E-02 0 OOOE+00 1 387E-01 
6 218E+02 6 217E+02 0 OOOE+00 1 243E+03 
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Table 1.9 Aerosol Density in each cell of Sodium loop building with Partition and without 
Partition. 

Cell 

Aerosol 
Density 
(Kg/m3) 

partitioned 

not 
partitioned 

Cell 1 

2.97E-01 

1.38E-01 

Cell 2 

4.97E-02 

5.35E-02 

Cell 3 

3.42E-03 

9.71E-05 

Cell 4 

1.53E-06 

2.33E-04 

Cell 5 

5.19E-04 

Ce!! 6 

5.00E-05 

Cell 7 

8.59E-09 
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ftcictor v t ja l 
Rt»ctor ovi r / 

L I I « ' 5 < 

a) Single containment bl Douole containment 

Fig. 1.38. LMR single/double containment systems. 
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r ^ s r - T . { i C T 0 I > „», 
*OEC HAHOi." 

I B FUCl CLAOCHHC 

t—? iNTe^utoore 

«pr FRiftlAAT 
CONTAIMMCMT 

C 3 S£CO«0A*T 

Fig. 1.39. LMR single/double containment systems. 
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1 REACTOR CORE 
I EMERGENCY CORt 

COOUHG SYSTEM 
3 PRIMARY SOOIUM 

PUHP 
CIHJERMEOIAIE teAT 
• EXCHANGER 

5 REVENTING SYSTEM 
6 STEEL UXER 

A INKER 
CONTAINMENT 

B OIHFR 
CONTAINMENT 

Fig. 1.40. LMR multipe containment systems. 
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Containment/confinement 3Ef l¥ £ A f s 4°H steel dome 4 ¥ 4 4 

A 4 ¥ 4 4 ¥ 4 S lvol%/day 4 ¥ ¥ 3 474 4 A £ , 4 ¥ 4 4 ¥ 4 ¥ ¥ 

4 s 4 1 4 4 S1A4 4 £ 4 4 ¥ ¥ 4 4 4 4 4 4 4 ¥ ¥ 4 4 4 ¥ s 4 # 

4 7J4. 

Multiple containment ¥ 3 A ! 4 ¥ 4 4 4 4 ¥ 4 A J - 4 ^ 7\^ Aj-Efl 

! £ 4 4 4 . 

(2) ^41^¥AiL 4^%4 3.7} 

4 ¥ 4 4* f l¥¥S° f l4 4 4 4 " ¥ s ¥ ¥ £ 4 4 ¥ 4 4 A 4 ¥ 5. 1.10 

4 4 4 . 

(3) 4 4 " ¥ 4 £ 4 ^ 3 

4 * f l ¥ ¥ s 4 £ 3 4 4 ! 4 4 4 4 ¥ 4 4 A 4 ! ^ 3 * 4 ^ 4 ^ 4 

A ! 3 4 4 £ 4 ¥ 4 4 4 . 

- Compartmentation = f(the constraints of the equipment and 

layout of the heat transfer systems) 

- Maximum size guidelines ; 20,000 ft3 (27x27x27) for U.K. 

• A 4 J I 4 N 2 7 f £ S ¥ 4 flooding 4 ¥ Si A nfl7l 7f£ 4 

A E ^ ¥ 4 ¥ 4 4 fume ¥ ¥ 4 4 4 t ¥ 4 ¥ ¥ A ! 4 

3 A S 4 244 

4) SNR 300, FFTF 

- Super Phenix ; 4-7114 4 4 ¥ T ) 1 4 4 4 4*11 4 4^4 4 ¥ 100 m3 

4 4 4 ¥ 4 A S 7 ^ 4 (94' . 4.) 

M-. 4 i l - si-Ail 4*4 A444 3-$ Af*0v 
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Table 1.10 List of Containment Size for LMR 
Experimental Fast Reactor 

Plant 

Rapsodie(France) 

FBTR(India) 

JOYO(Japan) 

BOR-60(USSR) 

Fermi(USA) 

Gross volume, m 

15,000 

15,000 

18,600 

7,900 

Plant 

KNK-n (Germany) 

PEC( Italy) 

DFR(UK) 

EBR-H(USA) 

FFTF(USA) 

Gross volume, mJ 

5,000 

18,000 

11,500 

14,000 

64,100 

Demonstration or Prototype Fast Reactor 

Plant 

Phenix(France) 

PFBR(India) 

PFR(UK) 

BN-350(USSR) 

PRISM(USA) 

Gross volume, m3 

31,000 

74,000 

Plant 

SNR-300 

MONJU(Japan) 

CRBRP(USA) 

BN-600(USSR) 

Gross volume, mJ 

323,000 

130,000 

1 70,000 

Commercial Size Reactor 

Plant 

Super Phenix 1 

SNR 2(Germany) 

CDFR(UK) 

BN-1600(USSR) 

Gross volume, m3 

dome ; 6,500 
contain ; 170,000 

180,000 

Plant 

Super Phenix 2 

DFBR-lOOO(Japan) 

BN-800(USSR) 

EFR 

Gross volume, mJ 
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A¥¥ 4^-4¥ 44¥ 41 ¥ 4 I 1 4 A S 44444 4 ¥ 4 4¥ &¥ 
4 4 ¥ %v^raioi: ̂ 4.28) (ZL3 i.4i - £.3 1.47) 

- 444 44444 ^ 4 4 3 ^ 4 £ i 44 43- # 3 ^ -°-4 ^ 3 
• 4 3 4 <!-§- 4 4 ^ 4 4 A A ! 4 4 4 4 4 

- ¥ 3 ¥ 4 4 ^3 4 4 4 3 4 74434 2/3! 4 ¥ 4 l/3¥ 3-¥°H 

4 4 
- ¥ 4 3 ¥ A 4 4 ¥ 4 4 ¥ ^ ¥ 744 
- 4 4 ¥ 4 A 1A 4 4 4 347> 4 4 4 4 

• i f 4 ¥ ^ 4 ¥ ¥ ¥4441 4 4 4*11 
- 4 4 £ 3 ¥ ¥ 3 ! 4 4 A S 4 4 , 4 4 3 £ 4 4 4 ¥ 260° C 4 4 4 

4 4 ¥ 4 A , ¥ 4 4 , ¥ 4 ¥ , 4 4 4 £ 3 4 4 ¥ 244 4 4 4 4 

¥ 44-44 4 4 4 A S 4 ¥ 
- System temp ¥ 4 i 4 ¥ ¥ ¥ £ £ 4 25° C 4 4 4 4 4 £ ! ¥ 

4 4 . 
- ¥ ¥ A £ £ 4 ¥ 4 ¥74¥ 3%(98° C ) 4 A , 538° C 4 4 ¥ 12%¥7> 

£ 3 ! £ 4 4 4 125 - 150%s 441 
- £ £ 4 ¥ 4 ¥ 7 4 ¥ Na2 O, Na2 02 ¥ 4 44 100%¥74 

(l/3¥ fume AS 143 74¥) 
. ^£ .4 . 4 4 A 4 4 4 4 ! A4 4 catch pan 4 4 

( i f ¥ 4 4 1.54 4 4 ) 

4 . ^ Ave- SfAfl 4 ^ X\*£ 7flM Ai4 

(1) 4-711 4 4 4 ^ z}g. 

- 144 ¥ £ (Ignition temp.) ; Self-sustaining temp. I.T. = f(the 
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NOTE: OFTEN THE TRACE HEATING CABLE 
.IS OVERLAIO WITH STAINLESS STEEL ."OIL 
I *v. 1 MIL THICK) TO ACT AS AN ENCLOSURE 
TO THE HEATING COILS. THE INSULATION 
IS APPLIED ON TOP OF THAT. 

i , / i ' / < , ' f f / y , - / 

TRACE HEATING 
CABLE 

INSULATION 

VALVES 

1 
RIGID 

INSULATION 

'A 
RESISTANCE 
HEATING ELEMENT 

I 
J 

EXTERNAL FURNACE 

^ VALVE BODY 

- PARTING LINE 

SECTION A - A 

Fig.l.41.Pipe heating of sodium systems. 
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SCHEMATIC OF TRACE HEATING 
& INSULATION OF A TANK USED 
TO HOUSE LIQUID METALS. 

FIRMLY ATTACHED 
TO TANK SURFACE 

NOTE: OF THE LIQUID METALS GENERALLY 
USED, (Nt. Nik, LI) ONLY NiK IS LIQUID 
AT ROOM TEMPERATURE. HENCE 
NEED FOR TRACE HEATING. 
OENERALLY DESIGN FOR 600 F I260°C) 
TRACE HEAT SYSTEM CAPABILITY. 

Fig.1.42. Tank heating of sodium systems. 
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PIPE WALL 

RESISTANCE 
ELEMENT 

.001" FOIL 
STAINLESS STEEL 
WRAPPING FORM 
A SHEATH 

ELECTRIC HEAT 
ELEMENT 

INSULATION 

INSULATION JACKET 

PREHEAT THERMOCOUPLE 
AND JUNCTION BOX 

STAINLESS SHEATH 

HEATER 
DETAIL 

Fig. 1.43. Preheating and insulation systems. 
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OPENINGS K PENETRATIONS: 

(ALL OPENINGS FROM TOP) 

A. MANHOLES.ACCESS 
OPENINGS (TOP ONLY! 

B. PIPE CONNECTIONS 

WELDED 

TANKAGE 

NOTE: 
HEEL 
VOLUME 
IS S% 

C. INSTRUMENTS U.g.) 
PRESSURE. TEMPERATURE. 
LEVEL. QUALITY/SAMPLING 

Fig. 1.44. Design guidelines of manholes and pipe connectoins. 
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OBJECTIVE: IN THE EVENT OF A SPILL/RUPTURE. 
CONTAIN TOTAL VOLUME. 

GOAL: 1.5 X TOTAL VOLUME 

LIQUID METAL TANK 
VOL X ft3 

CATCH PAN VOL. 1.5 XV. 
(OR COVERED SUMP| 

Fig. 1.45. Containment volumes of sodium systems. 
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PROBLEMS RELATED TO LIQUID METALS 

• MOST ARE NOT LIQUID AT ROOM TEMPERATURE 
(EXCEPTIONS. NaK, Hg.) 

• REQUIRES TRACE HEATING TO LIQUID TEMPERATURE 
PLUS77°F (25°C) 

• REQUIRES ALL WELDED CLOSED SYSTEMS FOR EXTENDED 
SERVICE 

• REQUIRES INERT GASCOVERAGE 
(ARGON, NITROGEN, HELIUM) 

• HIGH THERMAL EXPANSION-SPECIAL DESIGN 

• FROST OR AEROSOL OCCURS AT 500-1000°F (260-538°C) 

• VISIBILITY IMPAIRED DURING A FIRE DUE TO DENSE SMOKE 

• CORROSIVE IN CONTACT WITH AIR/WATER 

• OFTEN INCOMPATIBLE WITH WATER AND MANY 
ORGANIC COMPOUNDS 

Fig. 1.46. Problems related of sodium systems. 

- 1 7 8 -



SYSTEM DESIGN TO CONTAIN SODIUM 

ALL WELDED CONSTRUCTION USED 
IF POSSIBLE 

WELDED MANHOLES USED IF POSSIBLE 

INSTRUMENTS-SPECIAL DESIGN WITH NO 
ENVELOPE PENETRATIONS WHERE POSSIBLE 

WHERE POSSIBLE, OPENINGS ARE IN 
GAS SPACE 

FREEZE SEALS USED WHERE APPLICABLE 

TANK OPENINGS ON TOP OR SIDE OF 
VESSEL 

Fig. 1.47. System design to contain sodium. 
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surface to volume ratio, the oxygen molar fraction and 

humidity of the gaseous atmosphere, and the degree of 

sodium purity) 

• 1-3 4711 ; ¥ 4 ¥ 4 4 4 4 1- £ 4 4 disturb 4 4 #-§-
4 250° C 4 4 4 4 ¥ ^ 4 4 4 &A4, 1- £ 4 4 agitation 
3 A 4 4 ¥ 4 ¥A7f ^j3.4 4 4 4 

• ¥ ¥ 3 4-711 ; ¥ ^ 4 4 ) £ 4 4"A4 ¥ 4 ¥ 4 4 4 4 ~120 
°C£ ¥ ¥ 4 4 £ 4 4 4 ¥ 4 4 . Fine mist 4 3 ¥ ¥£74 
4 ^443 ¥ 4 4 . 

- 4 A 4-4 ; 4 i ¥£74 10% 4 4 4 ¥ 4 4 ¥ Na2 02 74 ¥ 3 
¥ 4 A £ 4 4 4 4 ¥ Na2 074 ¥ 3 ¥ 4 4 4 ¥ 
¥ 4 4 4 4 4 4 ¥ ¥ 4 S £ 4 3 

(2) 44-4 i f 4-711 4 ^ 4 ^ 

¥ ^ 4 4 ¥ £ 4 i f 4-711 4 ^ 4 4 ¥ 4 £ 4 4 3 4 4 ¥ 4 4 4 ¥ 4 
29) 

(74) 4 £ 4 4 S 

(D 1-^ 4-711 (JARI°11 4 ¥ 3.2m3 ¥ £ ) 

- 41314 ¥ 4 4 4 4 ¥ ¥ A ¥ 4 i74 4 ¥ « 4 4 4 4 3 4 4 . 

- 4 i i £ ¥ A ¥ 500° C 4 4 0.5-1.1 kg/m2 min 4 4 . 

- 41^4 ¥7H14 4 ¥ 4 444-41 ¥7-3 3 ¥ ¥ Na2 O 4 A , 

71144 ¥ 4 4 4 4 ¥ 4 4 4 4 4 ¥ S Na202 733^4. 

- 21m3 ¥ £ 4 (Mitsubishi Heavy Industries) 4 4 4 £3°H4 

550°C 4 i f 1500kg! 4 4 ^ v ¥ 4 ¥ test cell 3 £ 

© ¥ ¥ ^ 4-7)1 (Hitachi 4 4 ¥ 2m3 ¥ £ , ¥ 4 ¥ A 30-
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50g/sec) 

- 4 4 ¥ 4 ¥ 4 74i 4 4 ¥ ¥ ¥ A 4 4 3-3*1 -1-5474 -g-^ 

74 # 4 ¥ 3 4 4 A &¥ 7444, 4 3 4 i 4 £ 4 1 T 4 1 4 A 

7434 &A4 factor 2~7 4 4 4 . 

- 4 i i £ 3 ¥ 4 3 4 i 4 £ 7434 344 80% 3 A 4 4 . 

- ¥ ¥ 4 ¥ 4 4 4 4 A 4 ¥ ¥ 4 4 4 4 4 4 4 A ¥A74 £ 4 . 

- ^ 3 47114 4 4 7 4 4 s ¥ ¥ A 4 ^ 4 4 ¥ MHI °H 3 £ 

® 4£- (MHI) 4 4 4 S ( £ 3 1.48) 

- 4 4 7113 

• Integrity of container cell(MONJU) 3 ¥ ¥ 

• Computer code (SOFIRE D) 3 ¥ ¥ 

- 4 4 £7l 

• 21m3 (cylindrical vessel ; diameter 3m, high 3m) 

- 4 ^ 3 4 
• 530° C4 sodium ¥ 44 lm3 ¥ spill 

- 4 ^ 3-4 ^ 4 4 ^ 3 
• Thermocouple for measuring temperatures of inert gas 

• Catching pan 

• Pressure sensor 

• Gas sampling system for oxygen concentration 

• Liner wall and concrete 

• Manhole of vessel 

(4 ) ¥ 4 4 S 3 0 ' 

CD FAUNA facility(£3 1.49) 

- Aerosol behavior 
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•i> 3 .960mm 

CONCRETE 
NOZZLE FOR COLUMNAR 
OISCHARGE MORTAR 

MAN HOLE / 

BASE STRCTURE 

\CATCHING PAN 

NOZZLE FOR POOL OISCHARGE 

Fig. 1.48. Schematic figure of test vessel in MHI. 
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file:///CATCHING


pr> 
H & $ ■ 

§■ 

-Kx>^(2)--r-c><j 
ATI 

9 10 
CZHZZhi 

==£■3= 

1 1 ( \ / 

1. FAUNA-Vesse! 
2. Aerosol generator (Pool/Spray) 
3. Na-tanks 
4. Vacuum pump 
5. Gas supply 
6. Separator (electrostatic filter) 
7. Separator (wet cleaning) 
8. Gas meter 
9. Heater 
10. Air humid ificatlon chamber 
11. Blower 
12. Measuring section 

Fig.1.49. FAUNA facility. 
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- Chemical transformation 

- Code 3 ¥ 4 4 (PARDISCO and KONVEC) 

- Aerosol ¥ 3 4 4 4 A 4 ^ 

(2) NALA facility(£3 1.50) 

- NALA-I(forced convection) ; sodium evaporation 

- NALA-II (natural convection) ; sodium evaporation 

(4 ) A 3 A ESMERALDA facility ( n ^ 1.51) 

- Modelling 4 4 

- Extinguishment 

- Operation (behavior of various reactor components in 

accidental condition) 

- Interaction with materials 

(3) 7flHl Ai^ 

i f ¥ ^47ll£ 4¥4¥ 44^¥S44 *£*$ 74¥4 i f 47111- £ 
4 4444 4*114 4¥4 ^¥ 4¥¥ A44¥ ¥¥A i f $^ 4^4 
4¥ €A£ 44. 

(74) 44^-¥s ^47fl¥#S 44 ¥¥£(4 48m3)47fl¥3 44 
(4) 4T?£ i f 47fl 34= ¥4¥4 
(4) ¥¥£ i f 47114 3 4 A £ 3¥¥ 44 4s4¥ 
(4) i f 47)14̂  4344¥ 44 44 4s * 4¥ ^¥ 

(4) 7fl^s. 4 4 

i f ¥ 4^44 ¥^4¥ %3, i f ¥£¥ 4" ¥ 4¥ 4^41, i f 
471) 4¥4, 471) ^3¥ 44 3 « 4474 ^A44, i f ¥¥?¥ 44 
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P — 1 m P\ 

Gas 
survey 

I 1 .Wall heating 

2.2-m1 

vessel 

130'C 

;<*>-

|oo£~]-^J 

Temperatures 

-©-

p i Aerosol 
measuring 
technique 

\ Argon ) 

1 kg sodium 
+ UOj. Nal.SrO 

External 
'heating 
(40G-to 700*C) 

Fig. 1.50. NALA facility. 
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r-~u vJ 
OFFICE 

CONTROL 

ROOM 

ELECTRONICS 

WORKSHOP 

IB 

LTSST 
na 

IT 

STORE 

rvi 
SODJUM 

GENERATION 

a HEi 

• COMBUSTION 

flES/OUES 

TREATMENT 

3 6 0 0 m 3 

CAISSON 

fa^ffi^aajg" 

F 
TECHHICAL QUARTERS 

J\ 

i/v/ 

EJ H 
11 SG TOWER 

STANOARO 

VENTILATION m 
EXPERIMENTAL 

VENTILATION 

Fig. 1.51. ESMERALDA facility. 
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4#3 74£ ^£4 4¥¥444 i f 47fl 33# 4441 ^A4 ¥4^v 

3 4 f£ ^A44, A¥ 444 44¥ 4¥4S i f ¥ ¥^44 341 
i f ¥3 43-AS 744 44444. 

4-. ^irJE. 4i f - 5}-711 4^ 4
A
i TA3I 

(1) ^41 4 ^ 

¥ 4 A i f 4-711 411444 4 4 ¥ A ¥ ¥ 4 ¥ 4 4 4 A474 4 48 

m
3 4 A , # 3 4-711, ¥ ¥ 3 4-711 £ £4*§ 47111- 4 ^ 4 4 ¥ 4 4 4 4 

4 4 . 

¥A 34¥3¥ £414 4^4 44 ¥VA4, 4^ 4s ¥ 44, ¥£, 41 
4S#£4, 74£ ¥44s ¥4- ¥ 3 4 A 4441- 444¥ 4AE^AS 

¥344 44. 43 4H £3¥ 4¥4 ¥v4. 
- - i 3 47fl ; • i f ¥ £ = 300 - 530° C 

• i f ¥ 4 = 0.2- 0.5 m3 

• 4 i ¥ A = 0.5 - 20 % 

- ¥ ¥ 3 4-711 ; • i f ¥ £ = 300 - 530° C 

■ i f ¥ ^ - 4 4 = 60 min 

• 4 i ¥ A = 0.5 - 20 % 

- £ 4 3 4-711 ; ■ i f ¥ £ = 300 - 530° C 

• i f ¥ 4 = 0.02 -0.1 m3 

• 4 i ¥ A = 0.5 - 20 % 

• ¥ ^ - 4 4 = 1 - 5 min 

(2) 4-741 4 ^ 4 4 ¥ ^ 
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4 * U ^ s 4 ^4*f ls 4 ¥ 4 ¥ i f 4 ¥ * s 4 4 4 4 ^ 7f¥4 4 
4 744 ¥*§4 i f 4-7114 ¥ 3 ¥ 4 4 4 A i f 4-7114 4 4 4A 4 4 
¥ ¥ 3 4 4 4 4 ¥ ¥ £ i f 4-711 4 4 4 4 4 43A74 £ 3 1.5241 £ 4 
4 4 44 . 

¥A 4 4 4 4 A ¥ l-<g, ¥¥*§, i f 4 4 , i f 4 4 $ i f i 4 
4 4 ¥ ¥33 t ¥ 4 ¥ i f ¥ £ 4 s 4 4 ^ , 44*14 3 4 4 4E)]S 
4 ¥ i f - g - ¥ 4 4 4 4 4 4 ¥*fl£, i f ¥ 4 4 4 4 ¥ 4 4 4 ¥ 4 4A, 
4-711 4 3 A 3 4 3t4 i f ¥ £ 4 s 4 4 44 i f ¥ ¥^-44 4 4 i 
f ¥ ^ ^ £ , ¥ £ 4 s 4 4 H 4 74A £ 3 ¥ £414 ¥ 4 ¥ 7f£ £ 3 4 
¥ , 4-711 4 3 ¥ 4 ¥ ^ 3 ¥ ¥ 4 1 4 4 4 4 4 ¥ 4 M 3-4(steam 

generator), 4^4 4 ¥ 4 4 i ¥ A ¥ £ 4 4 4 4 4 4 ¥ ¥ 4 ¥ 4 3-4, 

4 1 4 s # 4 ^ 4 4 1 - A 3 4 4 4 4 4 4 3 - 4 , 4-7l)43¥ ^ 4 4 4 4 3 

4 4 ¥ 4 4 ¥ 4 4 3 ¥ « 4 4 4 4 4 4 3 H A 4 4 , i f 4-711 4 3 

4 4^44 4 4 , ¥ £ , 4 i , 4 4 s # ¥ £ 4 4 ¥ ¥ ¥ 4 , 4 ^ - Data 

aquisition system, 4 4 S # , 4 i ¥ ¥ 4414 ¥ 4 ¥ Sampling system, 

4 4 3-4 "A 4 4 4 ¥ £ ¥ 4 4 4 A 4 ¥ 3 4 ¥ ¥ ^ * 4 ¥ 4 ¥ 4 4 4 , 

4 ¥ i f ^ A 4 4 ¥ ¥ ¥ ^ : 3 4 4 s ¥ 4 4 A i f ¥ 4 ¥ 4 4 4 4 4 

4 i ¥-3- 3-4, £ 4 A 4 4 4 4 ¥ 4 4 3-4 ¥ 4 4 4 . 

(74) ¥ £ 4 s 4 3 € 

¥ £ 4 s 4 3 H ¥ 4-71174 1 4 ^ 4 ¥ ^ A S 4 4 ^ s 4 4 1M3 74¥4 

4 ¥ i f M l - 7 f l444 4¥°H 4 4 ¥ 3 ¥ 4 4 4 A , 4-7fl 4 4 ^ 4 

4 - 1 4 4 4 ¥ components4 3 ¥ 4 4 4 4 ¥ 4 A M 4 i 4 ¥ 3 , i f 

4 4 4 4 4 4 ¥ ^ ¥ ¥ 4 4 4 4 i f 4 A 4 4 4 4 4 ¥ 4 s ¥ 4 ¥ 4 ¥ 

4 4 4 4 . 

4 3 ¥ 4 £-41¥ ¥ £ 4 s s 7 f l 4 4 4 £ - S £ 4 s 4 ¥ 4 3 4 , 4 3 , 
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1/2" (3/4") n 
3/4" 

b 

T-104 
Mixing 
Tank 

(o-oJ 

H-101 
Steam 

Generator 

Lighter: 5 ) 

Vent 

S-104 
I Pool Pan I 

Vent 

Ven 

b 

r j j-{Xj-

h y « 01 
Dissolver 

T-103 
Sodium 
Supply Trapping 
Tank Pot-2 

S-106 N , 
Oil 

Reservoir Trapping 
Tank Pot-1 

Fig. 1.52. P&ED for medium sodium fire test facility. 



4 4 ¥ A443IA A ^ s 4 Iiner74 4 4 4 4 4 4 . 4 3 3 - 4 4 4 4 ¥ 3 
£ ¥ £ 3 1.53, 54, 554 3"A4 £ * H 4 1 4 4 ¥ hole4 S. 1.114 3 4 
4 4 4 4 . ¥41¥ £41 i f 4 ¥ 4 4 ¥ £ # , ¥ ^ $47} ! 4 ^ 4 ¥ ¥ $ , 
4 ¥ ^ 3 ¥ 4 4 ¥ ¥ 4 ¥414 4 1 4 4 ¥ £ ¥ 4 ¥ ¥ S ¥ 3 4 4 4 4 . 
£ .44 4-?- 3-«. ^B4£O)1^ 4 ¥ ^ 3 ¥ ¥ A3 4 4 4 4 443-474 4 A 

-g-31 Aov«.2i ^o f l 4 ¥ hole¥ ¥ 4 4 i f ¥ ^ 4 4 , A 4 4 ¥4?44 
A, ¥3-74£ 4 4 , 4 ¥ ^ 4 ¥ ¥ 4 4 4 4 4 4 4 . £ 4 A ¥4) ¥ 4 4 ¥ 
4 4 3 4 4 I H ¥ 4 ¥ door# 4 4 4 4 44474 4 3 44^-4 4 3 
¥474 ¥ 4 i r t ¥ 4 A ¥ 4 4 A -g-sfl ¥ 4 4 4 ¥ ^ light glass, ¥ 
4 4 sight glassl- 4 4 4 4 4 4 A 44141- ¥ 4 4 4 4 4 3 - 1 : 4 3 4 
4i4 ¥ 4 A ¥ 4 4 4 . ¥41 4 4 4 4 ¥ £ ¥ 4 4 A ¥ 74444 4 3 4 
74 4 4 4 4 4 A £ ¥ 4 ¥ 4 1 4 s £ ¥ 4 4 4 4 . 4 3 44 4 4 7-fl¥ 
4 4 ¥ 4 ¥ 4 4 4 . 

- 4 3 ¥ 4 4 3 : ¥ £ 4 A 
• 3"£ : 280 kg/cm2 (4,000 psi) 

• ¥41 : 45cm 

- 4 3 4 ¥ 4 : 48m3 

- Dimension(Inside) 4 x 4 x 4 (m) 

- 4 4 : Reinforced concrete including H-beam or Angle 

- Liner plate 

• 7fl3 : Stainless steel 

• ¥ 4 : 3 mm 

• Lining 4 4 : 4 4 ¥ 3 4 ( 4 3 , 4 4 , 4 4 4 ) 

- Door 

• Type : Pull/Push & Sliding 
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Table 1.11 List of Holes on the Cell 
Hole 
No. 

Hi 

" 

H2 

» 

" 

" 
" 
" 

H3 

" 
" 
" 
" 
" 

HA 
■■ 

" 
" 
" 

H5 

H6 

H7 

H8 

H9 

H10 

H l l 

H12 

H13 

Hole 
Size 

4" 

4" 

5" 

4" 

3" 

20" 

4" 

(J 500 

(6 500 

(6 200 

«*200 

4" 

4" 

Nozzle 
No. 

N ­ l 

N­2 

N­3 

N­4 

N ­ 5 

N ­ 6 

N­7 

N­8 

N­9 

N­10 

N ­ l l 

N­12 

N­13 

N­14 

N­15 

N­16 

N­17 

N­18 

N­19 

N­20 

N­21 

N­22 

N­23 

N­24 

N­25 

N­26 

N­27 

N­28 

Description 

Sodium feed 

Pipe heater 

Inlet for oxygen analysis 

Outlet 

Sample gas outJet I for aerosol analysis 

n 
m 

Leak detector 
Thermocouple(Tl­T8)­Multi probe 
thermocouple assembly for gas 

(T9­T16) 

Thermocouple(Tl­T6) for wall 

(T1­T4) for pipe 

Thermocouple for pool pan 

Pressure transducer 

Steam inlet 

Nitrogen inlet 

Make­up gas inlet 

Vacuum pump outlet 

Air inlet 

Fire extinguisher inlet 

Safety rupture disk 

Filtration system 

Sight glass 

" 

Light hole 

" 

Spare hole 

" 

Nozzle Size 

1" or 2" 

1/2" 

1/2" 

1/2" or 3/4" 

» 

" 

1/4" NPT 

3/4" NPT 

» 

1/4" NPT 

3/4" NPT 

1/4" NPT 

1/2" 

1/2" 

1/2" 

1/2" 

1/2" 

1/2" 

3" 

(1500 

(4 500 

Remark 

Pipe 

Connection 
on flange 

Tube 

" 

Tube or 
pipe 

" 
" 

Tube 

" 
" 
" 
» 

" 

Flange 

* 

Hood type 

Location 

Side(D­D) 

» 

" 
" 

" 

" 
" 
" 

" 

" 
" 
" 
» 

" 

Top 

" 
-

" 
" 
" 
" 
» 

Side(D­D) 

» 

Top 

Side(C­C) 
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Reinforced 
Concrete 

Simulated 
Sodium Pipe 

t o 

Fig. 1.53. Bird's-eye view of fire test cell 



B B 

Door 

▼ 
Liner Plate 

SUS 304, 31 
H-Beam 
or Angle 

D 

D 

Fig. 1.54. Plan view of the medium sodium fire test cell. 



4000 

Fig. 1.55. A-A section for plan view of the medium sodium fire test cell. 



• 3­S­3­4 

­ Venting System 

• Damper 

• LD Fan 

• Stack 

­ Sight glass 

• Type ■• Wiper7> ¥ 4 4 4 4 

• Size : Glass 4 3 500mm 

• 4 4 ¥ : 2kg/cm2 

(4) i f ¥*fl£ (Dissolver) 
Brick ^-4S. 4 4 4 ¥ i f £3*fl¥ ¥4144 4 4 i f ¥*fl£74 

£ 3 1.564 £ 4 4 4 4 4 . 4 ¥ 4 4 ¥*H4 i f ¥ 4 4 A S 4 ¥ 4 4. 
4 3 A ¥ 4 3 30cm, ¥ 4 40cm, ¥4)A4 ¥ A ¥ 4 4 4 30«S4 4 1 
0~15kg4 i f A3 4 ¥ ¥4114 ¥ 4 A ¥ 4 4 4 4 4 4 . 43~£¥ band 
heater4 134°11 4 4 4 744, *11444 ¥*fl£ 4 ¥ 4 ¥ ¥414 i f ¥ ° H 
4 4 4 ¥ ¥ ¥ ¥ ¥ ^ 4 4 4 4 4 4 4 3mm43¥ 743 4 ^ ^ 4ofl 
thread wire74 ¥ 3 4 4 4 4 . ¥4A°fl 4 4 3 i f £^*fl¥ 4 200°C°fl 
4 ¥4144. 

(4) i f 4 3­A 
i f 43­A¥ 4 ¥ 4 A 4 i f ¥ 200°C44 74444 ¥ ¥ 4 4 s 4 

¥ ¥ 4 4 ¥ ¥ 4 4 ¥­g­£S 4 ¥ 4 ¥ 4 4 4 4 . 

£ 3 1.57<>fl £ 4 4 4 4 4 4 4 4 A ¥ 4 3 36cm, ¥ 4 70cmS4 4 
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SURFACE F*REP »jEXT ftHT ] 

TYPE O f HEAD 
SEISMIC COEFf ICIEMCV 
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POST WEID HEAT TREAT 
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Fig. 1.56. Data sheet of the sodium dissolver. 
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1 
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Fig. 1.57. Data sheet of the sodium storage tank. 
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Fig. 1.58. Data sheet of the sodium supply tank. 
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A ■ Surface area (m!) 

B : Proportional constant in turbulent 

heat transfer in Eq. (3) 

Br : Sodium burning rate (kg-Na/m! • s) 

Ca : Mole density of atmospheric gas (mole/m1) 

Cj : Mole density of gas in region between fame and pool (mole/m') 

Cp : Specifc heat at constant pressur (KJ/kg • deg) 

Cv : Specife heat at constant volume (KJ/kg • deg) 

D : Diffusion coeffcient in gas phase (m'/s) 

d : Characteristic width or diameter of leak path between cells (m) 

F : Radiative heat transfer coefficient 

g : Acceleration of gravity (m/V) 

Gr : Grashof number 

H : Characteristic height of leak path between cells (m) 

h : Heat transfer coefficient (KW/mVdeg) 

K : Mass transfer coefficient (m/s) 

1 : Characteristic length of combustion area (m) 

If : Distance between pool surface and flame zone (m) 

Mg : Total mass of gas in cell (kg) 

m : Mass fux between flame and pool (kg/m! • s) 

Nu : Nusselt number 

P : Cell gas pressure (Pa) 

Psat : Saturation pressure of sodium (Pa) 
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Pr : Prandtl number 

Qb : Combustion heat per unit combustion area (KJ/m! • s) 

T : Temperature (K) 

Sc : Schmidt number 

x : Coordinate in pool (m) 

Y : Mole fraction in gas phaee 

z : Coordinate between flame and pool (m) 

a ■' Thermal diffusivity (m'/s) 

$ ■ Volumteric expansion coefficient (K ) 

/JH : Combustion heat generated by sodium-oxide reaction (KJ) 

r '■ Effective heat capacity related to mass transport in Eq. 

(KJ/deg • nf • s) 

0 ■ Mole flux of gas or vapor (mole/m' • s) 

A ■ Thermal conductivity (KW/m • deg) 

v '■ Kinetic viscosity (mVs) 

p ■ Micro density (kg/m1) 

p° ■ Macro density (kg/m1) 

a '■ Stefan-Boltzman constant (KW/m! • K4) 

X '■ Stoichiometric ratio 

(Subscript) 

f : Flame 

fp : Region between flame and pool 

g : Atmospheric gas in cell 

(g ) : Gas phase in chemical reaction equation 

i . j : Index of cell structure 
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lm : Leak path between cells 

(1) : Liquid phase in chemical reaction equation 

N2 '■ Nitrogen or atmospheric gas 

Na : Sodium 

Na?0 : Sodium monoxide 

Na2C>2 : Sodium peroxide 

O2 : Oxygen 

p : Pool 

(s) : Solid phase in chemical reaction equation 

u : Cell structure 
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gas line 

ex gas valve 

u-i check valve 

^ O Na valve 

I 
to 
© 

BS : Bypass Sampler 
CT : Cold Trap 
CV : Calibration Vessel 
EMP : Electromagnetic 

Pump 
FM : Flow Meter 
OM : Oxygen Meter 
PI : Pressure Indicator 
PM : Plugging Meter 
RV : Reservoir Vessel 
ST : Storage Tank 
SV : Surge Vessel 
TV : Transfer Vessel 
VT : Vapor Trap 

Fig. 2.1. Iso-Drawing of The Sodium Loop 



Table 2.1 Name & location of sodium valves 

¥ 4 
01 

02 

03 

04 

05 

06 

07 

08 

09 

10 
11 

12 

13 

14 

15 

16 
17 

18 

19 

20 
21 

22 

23 

4 3 
VF 01 

VF 02 

VF 03 

VF 04 

VF 05 

VF 06 

VF 07 

VF 08 

VF 09 

VF 10 

VF 11 

VF 12 

VF 13 

VF 14 

VF 15 

VF 16 
VF 17 
VF 18 

VF 19 

VF 20 

VF 21 

VF 22 

VF 23 

4 4 3" i 
S.T <­»■ Loop 

EMP «­ FM(1) 
CT outlet 

CT outlet —* (Anal, section) «— R.T inlet 

CT outlet «­♦ PM inlet 

PM outlet *-* R.T inlet 

PM bypass *-* RTF inlet 

RTF drain 

FMU) «­ C T inlet 

C T drain 

CT drain 

OM inlet 

OM outlet 

Analy.(l) 
Analy.(2) 

Analy.O) 
Analy.(4) 

Analy.(5) 
Analy.(6) 

Analy.(7) 
C T & R.T overflow «­ S.T 

S.T inlet 

Na trans, vessel outlet 

4 A 

♦S.T 
•R .T 
♦ C T 
♦CT 

Storage tank 
Reservoir tank 
Calibration tank 
Cold trap 

♦PM n 

♦OM 
♦FM 
♦EMP 

Plugging meter 
Oxygen meter 
Flowmeter 
Electro­magnetic pump 

­ 2 1 1 ­



Table 2.2 Name & location of gas valves 

¥ 4 
01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

3 3 
VG 01 

VG 02 

VG 03 

VG 04 

VG 05 

VG 06 

VG 07 

VG 08 

VG 09 

VG 10 

VG 11 

VG 12 

VG 13 

VG 14 

VG 15 

VG 16 

VG 17 

VG 18 

4 4 3" i 
Gas manifold bypass 

Gas manifold «-» Gas purifier 

Gas purifier inlet 

Gas purifier bypass 

Gas purifier outlet 

Gas purifier <-» Analy. section 

Gas purifier «-» Cross (near S.T) 

S.T inlet 

Vacuum & Vent 

Gas expansion T inlet 

Gas expansion T <-» R.T inlet 

R.T oulet 

Gas expansion T outlet 

Vent 

Gas expansion T <-» C T in/outlet 

C T in/outlet (safety) 

Na trans. T inlet 

Na trans. T outlet 

4 A 
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Table 2.3 Name & location of sensors 

¥4 
01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

4 4 
O o 

TC 01 

TC 02 

TC 03 

TC 04 

TC 05 

TC 06 

TC 07 

TC 08 

TC 09 

TC 10 

TC 11 

TC 12 

TC 13 

TC 14 

TC 15 

TC 16 

TC 17 

TC 18 

*} 4 3­ £ 

C T overflow line 

S.T outlet line «­» EMP inlet line 

FM outlet line 

OM inlet line 

C T inlet line 

CT inlet line 

PM inlet line 

PM outlet line 

R.T inlet line 

Analy. inlet line 

OM outlet line 

S.T 

R T 

C T 

CT(1) 

CT(2) 

PM 

EMP 

4 A 

Dual 

4£ 4A4 ¥. ¥A4l ̂ 44 *44 4^ ¥A 44 34^ 343A 4 
3¥¥ 441 ̂ 44534. 

4 ^3%9] %■%!& 4^­3 £ £ ± r 

­ Ar cover gas¥ 4 4 4 4 A S 7}x]5L 4 A 4 

­ HJ}£ 4¥ 1­̂ 41­ ¥«11 4¥4 i f ¥ 4 ¥41 43 £4 44A 
­ 2 1 3 ­
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180 
NOZZLE ORIENTATION 

Q'TY : 1EA 

NO FLANGE RATNG TWE FACE 

Iff RflE 
AM9 ISO1 

ur TLBE 
SEE CfTX -TW-6' 

NOZZLE SL OPENMG SOCTXLE 

swAcaot 
SCH OS 

PROJECT a 

GAStfT 

AOCESSOHES 
O NSLIAT10N g p 

FLUD QRCU.ATEO 
SPEORC GRAVITY 

NSUATION 
TYPE Of F6AO «.? 1EU.P POSH CB-AT QCCM C W 
SBSMCCOEf 
IQWTEFf 

V€SSEL CE9GN OATA 

sccu* saimoN 

TV* NO | AHEA 

WND va 

RAOOOIWHC EXAM 
POSTWELD t€AT THAT 

QFU.L OSPOT 

EMWRQENCY VAC CESIC O O 
OE9GN 3 5 kg/cm 

0.5 k*?gn 

ASME SECIII o v i g j 

CORROSION ALLOWANCE |S>a i I 0 n»n |K€AD 1 0 rm 
TYPE VERTICAL 

ILENCTH 500 mm 
tlMtmlUfZ 

pRoecT ^ i s ^ e a ^ i t ' i 'u* a? 
TITLE SCOLM RE9EWOR TANK 

DWG CUTE JAN 5, '9 . 

pwc I 

Fig. 2.3. Data Sheet of The Reservoir Tank 



<3US> 

NOZZLE ORIENTATION 

Q'TY : 1EA 

3S 
ur 
\rr 

HANGE RATING 

AM9 150* 

\rr TUBE 
SEE OETt •TW-fi* 

_NOWI F A OPEMNG SOfTHLE 

SOI OS 

REMARK 

H.UO CBQJLATEO 

HUE PROOF 

O MSLLATION CLP • EARTH LLC 

SPEOHC GRAVITY 

TYPE OF HEAP 

VESSEL OESKM OATA 

SOOLM SOLUTION 

THK NO | AREA 
SglELLP POSH OfLAT OCON O E M 

v*o va 
maocRAPHC EXAM 
F«OSTWaLO HEAT TREAT 

QFUL OSPOT 

tMWMCENCY VAC 0C9G 
3.5 k l /cm' 

»NCS 

05 l^/cm' 
CORROSION ALLOWANCE ISHBLL 10 mm HEAD 10 mm 
cooe ASMS SECIU av i a ; 

LENGTH 500 mm 
ITEM NO 

TYPE VERTICAL 

i ) i f » * | e | a ? ± 

PROJECT ^na^sa^ i tout* a? 
TITLE EM PLM* CALCRATION TANK 

DWG DATE JAN 5 9. 
pwc NO 

Fig. 2.4. Data Sheet of The EM Pump Calibration Tank 



S #314 *r 4 ^ level4441­ 4 4 4 4 A 

­ 4 ^ 1 74<*#4 ^ A^^47111­ 3 4 4 3 f 4 4 . 
Vacuum surge 3)3(3.3 2.5)­̂  ­¥­^44 4 4 4 444­ 34«fl4 14 

3­f4 4 4 4 i f 4­ drain *1)4 ^­ 3­^ 4 4 4 1 4 vacuum pump­! 4 
­§­44 4 4 4 4 . Paraffin *$3(n$ 2.6)tr 4 4 4 A f 4 4 4 A ^ 4 4 
3 4 3 7 4 ^ ! 4 3 § £ 4 ^ ^ ­ 4 4 4 ^ ^ s ^5L4 flame arrested 4 
4 4 4 4 4 44­3 74A74 cfl7is 4 # 4 ^ 34­ 444A4=­ 4 4 4 4 . 
°1 4 4 4 3 # 3 4 ­ 4 4 pressure indicator *$3(n$ 2.1)7} 4 4 4 4 4 
4. 

(2) i f -§-4 £ £ 4 4 
i f ­§­44­ ­¥­A3­4 £4 : ^ ^ ­ 4 4 4 4 4 £ 4 4 4 ^ 4 ­ A 4 4 4 4 ^ 

3 4 3 A ( 3 . 3 2.8­9)1 *11444 4 4 4 4 4 . 4­b ^ ^ £ ­ 4 & A 4*14 
^ s 4­44 4 ^ ¥ # 4 ­ 4 4 ^ £ 4 4 . 

® 3 A 4 4 4 
- %4 ■ £ 4 4 4*§ 4­A « 3­4^ 
­ £ 4 4 4 S ^­ : 2.35mm 
­ 4<41 3 3 4­3 : 10 «/min 

­ i f 4­§­ 4 A -°r3. : 600 °C 

­ 4 4 4 4 3^­, 3 4 ^ 3 4 : 14A, 75V, 1,800Hz 

­ 3744 ^ 3 : » 1 2 « : f r i 3 4<f 4­^­Aof 87H 

• £ 4 4 4 ^ 3 ^ 3 4 # 4 ^ ­ A 4 14 

Q> 3A 4 s °114 ^ ^ ^ ^ 

3 4 4 : 4 A # 4 4 4 A 4 344­ 4 4 4 ^7444 3. nil4 3^­74 7A 

W 4 4 4 4 44­ 14 3­ 4 4 ¥ 4 ¥ 4 4 ­ ^ 4 ^ 4 4 4 4­A7444 4*41 

ofl<i4 s\3.^r 4 4 . ££. 4 4 4 4 £­A74 4if 4 4­34 98.7tt­ 4 4 4 
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® 
NOZZLE ORIENTATION 

FLANGE : RATING 
3/4' TUBE 
ANSI 150* 

V TUBE 

TYPE | FACE 
SWACaOK 

NOZZLf 8.0PENNC SCHgUXE 
PROJECT, g . 

100 

auo ORCULATEO 

O NSULATION gp 

o 
• EARTH LLC 

SPEORC GRAVITY 

NSUATION 
TYPE Of HEAP •MELLP. POSH CRAT. QCON. C K M 
SBSMCCOEF 
JONTBRF. 

VESSEL CtSGN OATA 

THK NO AREA 

v.»o\eL. 

RAOOCRAfMC EXAM. 
POSTWaO H£AT TREAT 

CEU-L Q5POT 

Kt/cm' 

tym' 

EMM1GENCY VACDE9G 

OPERAT 
I t / cm ' 

COHROSION ALLOWANCE 
ASME SECIH OV I g ? 
CM. : 203 mm 

ITEM NO. 

CNO 

TYPE VERTICAL 
LENGTH . 300 mm 

u^i.migT'a 
PROJECT : **a*2.w* i>stn a ? 

TITLE : VACUM SLRCE TANK 

DWG. DATE : JAN. 5 '95 
DWG. NO 

Fig. 2.5. Data Sheet of The Vacuum Surge Tank 



®<s> 

2 IDCS 2 LUCS 

NOZZLE ORIENTATION 
Q'TY : 1EA 

NOZZLE A OFEMMC SCHEDULE 
MARK 

A 
e 
c 

9ZE 
1/2-
\nr 
\nr 

NO 
1 
1 
1 

FLANCE RATING 
\nr TUBE 
\nr TLBE 
1/2- TUBE 

TYPE | FACE 
swAoaox 
swAoaon 
swAcaok 

WALL THK fB* PAD PROJECT a 
200 
200 
200 

SERVICE 
DRAM 
TO FRAME ARRESTER 
Off CAS MET 

REMARK 

O HSLLAKN g p 

VESSR K 9 C N DATA 

FLLD QRCLLATED 
SPECBC GRAVITY 

NSLIATICN 
TYPE Cf HAD • ? IELLP C O S * COAT QCON O E M 
SEISMCCOEF 

THk NQ 

[^TttTHQ 
RAOOGRAPHC EXAM. 
PQSTWELD KAT TREAT 

CRLL OSPOT 

EMWRCFXCY VAC OESlC QYES 

CORROSION ALLOWANCE 
_ k j W _ 
TSHHJL 

ASME seem pv i g2 

ITEM NO 

CNO 

LENGTH 200 n > 

PROJECT UMan jami g g m a? 

TITLE PAKAfHN TANK 

DWG DATE JAM 5 95 
DWG NO 

Fig. 2.6. Data Sheet of The Paraffin Tank 



3' SCH 20S 

NOZZLE ORIENTATION 

Q'TY : 3EA 

NOZZLE A OPENMG SOBXLE 
FLANGE RATNC PROgCT g 

GAS OUTLET 

MSLLATION 

FLLO ORO LATED 

C N 3 UTION g p 

VESSEL I f SIGN DATA 

SPEOBC CRVhTTY 

NSLLATION 

SEISMCO» 

TH. NO AREA 
UPE OF HE»Q C-MELLP COSH f L A T •CON C U M 

WIND L a 

RiOOUR>PIIC EXAM 
POSTWRD HE*T TRt*T 

OSPOT 

L « W 

EMWRCENCY VACCE9G Q>ES 

CORROSION ALLOW *.a 

ITEM NO 

AS\ t sEciu a \ i g 2 
a * . 3- SCH « s 

CNO 

PROJECT ^ i l g a t e a l ^ 8 3 1 1 1 8 ? 
t>^t">ia?± 

TITLE PWS9 «E tOCATOR TANK 

DWG OATE J«N 5 95 

Fig. 2.7. Data Sheet of The Pressure Indicator Tank 



End P la te 
T h e r m o c o u p l e Out le t 

T h e r m o c o u p l e 

Power In le t 

Air Passage Hole 

Fig. 2.8. Electromagnetic Pump 



Outer Core 

Inner Core 

Duct 

Coil 

Fig. 2.9. Section Drawing of The Electromagnetic Pump 



4 3^-1- 4 4 4 4 ^ 4 3A 4 4 A 4-4444 #-M-4 4 4 4 4 ^ 4 3 
4 A 3 4 ^ 4 i f 4: 4-^ 7444 4*11 3A 4 s 4 4 # 3 4 34. 

@ 3 2 4 4-^ 

3 3 4344 : 3 4 4 ^74t^^- 4 4 A S 344- A 3 4 4 4 4 ^ 4 
34 4 4 4 4 344: A 3 4 3 4 . ^ 4 ^

V 3 4 4-34 A#4: 3 4 4 4 4 
4 A 3 4 Hfe- 3^-1- 4 3 4 OAS 4 4 ^3 3 3 4 244- 4-444 i f 
4 4 4 3^H1 4 4 4 4 s -§~§-4sf-4 MI44: 4 4 4 ^ 3 4 4 . 

© 3A ^ 4 
3 A ^ ^ 4 4 4 ^ 1 - f^fl ^-41- ̂ 4 4 A S 4 A 4 4 A041- ^ 4 4 

^ ^ 4A4 4-^^-41- i ^ -4 4^*114 1-4^44 4A 4 4 7 H ^ 
4 4 : A ^ 4 4 1 44-44 434:A 4 4 4 4 4 # 3 1 ^ 4 A HA74 4 4 
^47} ^ 4 4A-ij- t ^ 44. 

® 3 A 3 4 ^ i f 4 # 
^ 3 ^ ^ 3 4 4 4 4 i f 4- 4si4H14 4 # 4 4 A 44*11 4 ^ 

A 34 i f 4: 4^gasS 1-4\H $■ 3^4: ^ 4 . 4 4 444: JAL f̂ i 
f 4 4-3

:
4- ^ 3 4 4 4*11 3744 43^1 (electromagnetic flowmeter, 3.Q 

2.10)1: *11444 4 4 4 4 ^ 4 , 4A- Faraday^ 4 4 4*11 A^AS i*11 
4 i f 4 * S 4 4-34 4 4 A 4 3 4 4 4 4 ^ 4 3 3 4 iHJjsRr €4 
1- 44-4 3AS 4 4

 U
A 3 4 ^-4 A 4 3 4 4 4 143 4 ^ 4 3 4 344-

3ff-S 4 ^ 4 T̂ -C- transmitters ^ 3 4 4 44 . 

3 4 4 -fj-34^ 7443-4 Tj-^s 4 4 4-37414 4 A 441 - 3-444 

4*11 ^ 4 ^4*114 4 4 , 43^41 4 4 4 ^ 4 4Afe 60 r 4 4 s 4 4 
4 4 4 44 . atr # 3 -¥-41- -^4 4*114 « 4 « £ * 1 &A-IJ- 4 4 
^ 4 - 1 A - 4 47J-?- f 4 1-4^ -?-4s-^4 4 3 4 4 4 * 4 4 4 A 

JL ^ 1̂ *fl o> $4 . 
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PERMANENT 
MAGNET FLOW TUBE 

SIGNAL OUTPUT LEADS 

Fig. 2.10. Electromagnetic Flowmeter 
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(3) 34 34 
i f f-s. 4-34 ^-Z-44 44 3 s i -1-4 l-£#4 ^ ^ ^ 34- 4-

S3fll44 4 4 f­A4 4 3 3 4 4 4 3 4 4 4 UA ­^3 4 4 ­ s 4*H 474s 

4 4 3 3 4 £4: £ 4 1 ­ 444*1 $■ 4 4 nfl£°fl ^ A 4 4 !­£­§: i 4 4 ­

^ 4 44. i f 34 ^ !-£# 43 3 3-43-4ŝ r 44 744 441-

ol 4 A 4 ­£r f i i r cold trap, plugging meter, oxygen meter4 4*o 
filter ^ trapf 4­ 4 4 4 4 4 . 

i f ^ 4 ! ­£#4­ 711444 4 4 3 * 1 1 4 4 ^ cold traP4 744 4 4 
3 AS 4 4 4 A 4 A 4 , cold traP4 A 4 4 ^4711^ 1­^4­4 # 3 ^ 4 
4 1 4*114 plugging meter74 4 4 4 AS 4 4 4 4 4 A 4 4 . 41­ ^ 3" 
4 ^ i f ^ 4 4 i 4 ^ri74 #4­ 4:A44 4*11 A 44°11 4*11 4 4 # s 
3 34­fer 4 4 1 4 4 4 3 4 4. Plugging^A^r plugging meter4 4 4 4 
# 3 4 f e 24AS 4 4:A1­ 1­^1­ ^ A 4 4 4 4 3 A S 4 ­!­£­§: 4*11 A 
4 4 4 ­ 44­ ̂ r 4 A 4 Plugging4:A­^£ 4 4 4 ­ 4 4 4 4 cold traP4 A 
4 ^ 3 4 : ^314 ^ 4 4 . 

4 ^ i f ^ 4 ^ i ^ A ­ l 4 ^ 4 A S monitoring47l 4*11 electro­

chemical oxygen meter(n3 2.11)1­ 4 4 4 4 4 4 4 4 A 4 , 4 4 3 ufl7l 
74A74 4 4 S 4 # 4 ^ r 34­ 4 4 4 4 4 4 4 paraffin *$3 3­^­4 flame 
arresterl­ 4 4 4 4 A , gas filter^ cover gas^ l 5 4 4 1­^#°1 £ £ 4 

S 4 4 3 ^ 4 s 4 ­ 4 4 ^ 34­ 3­444 4*11 4 4 4 4 A 4 3 A 4 4 4 4 

^ 4 # 7 4 ^ i s.q*t ^­4AS vapor trap4 4 4 4 4 4 . 

© Cover gas4^­

Cover gasfe ^ A 4 4 «rl444 4 7}4 4 i f4 4 :A44 ^ i f 4 4 

­§­ * ^ ^ 4 4 4 4 4 ­o.̂ iofl 2};7ll44 744 4 4 4 A S 4 4 ­ 4 ^ 74^^ 

^­ t t r 7114 ^ 3 4 &^r4 4 4 4 A 4 4 4 4 4 4 ^ 4 : 4­^gas44. 74 
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Oxygen Meter 

Na Flow 

1" Tee(tube) 

Temperature 
Indicator 

Fig. 2.11, Oxygen Meter Housing System 
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A 4 4 4 : 2 ^ 7 4 ^ 4 4 3 4 4 ^ 43H14 drain4 4 : 3 3 4 A3"€ *r 

4A^- 3.^ f - 5 4 4 7 4 i 4 4 4 - - ^ 4 4 4 4 - 4 4 4 4 . 

Gas4 4-4 44- 4 £ 4 A S 4-34- # 3 4 4 74)444 7\^ ^ . ^ 

4 3 4 4 4 i f 4 ^ 4 4 4 4 - -f-4 743 4 4 4 ^ A S ^ 1 4 4 4 A 4 4 . 

Cover gas4 ^-^-4- gas bomb-14- manifolds 4 ^ 4 4 4 4 4 - ^ 4 4 

4- g a s 4 4 4 1 - 4 4 4 - 3 4 * M ^ - A 4 s 3 3 ^ 4 4 A ^ - 4 4 4 . 

© UB4 ^ A A 4 4 

^ 4 Af-g.̂  5 . ^ 2j-i-^ %o_ ^.^oflAii i-i-ofl 4*11 zi 3 3 4 ^ 

4 4 &A 4 4 4 ^-30) £ -°r-44^ austenitic stainless steel pipe* 4 

4 - 4 4 4 ^ $ 4 4 , 4 : A 4 * 4 4 ^ - « f 4- : n 4 4 4 ^ 4 4 4 4 . -?• 

A 4 4 - 3 3 4 : A 4 4 4 A f 4Q-& 4 A 4 : S « 4 4 ^134 4- 3 A 4 

4 4 3 4 4 4 4 - 4 4 4 4 4-¥-s-¥-4 *£-§-4 3 ^ 4 4 &A^j- 4-3°il 

4 4 4 ^ 4 4 4 - 4 4 4 A , 4 4 4 4 A€- i f 4 - ^ 4 4 4*11 drain4^ ^ 

4A^- drain/storage ^ 3 . * ^ 3 A S A-& ufl̂ -ofl ^ 3 . $ 4-1:71* ^ 4 

4 . A ^ 3 4 ^ «rl4<?H 4 1 3 4 - 4 4 4 4 4 4 ^ A 4 4 i f 4- ^-A4 

°fl 4 3 l 4 nfl i f 4 ^ 4 - A 4 4 4 4-S74 n$s]±r 3 ^ 3 - 4 ^ 4 4 

A 4 , ^114 «H44 4 4 - 1 4 4 £ 4 4 - 4 A 4 4 4 4*11 ^ 4Jr-°ll 4 1 

7B* 4 4 ^ £ 4 . 

4 ^ i f £ £ 4 s 4 ^ 4 ^ HSA-14: 3i4:4-AS4 i f 4 ^ - 3 4 ^ 

# 4 1 H 4 4 4:471 nfl̂ -ofl s^ig*.©} h i g h performance bellows globe 

valve* 4 4 - 4 4 4 . 4 HSAfe- bellows°11 4*144 i f 4 4-?-* 4 3 £ 4 

4 4 4 4 4 A 4 A 4 4 4 bellows74 4 £ 4 & 4 - 3 4 * 4 4 4 4 2 4 ¥ 

# 3-4 3 - 4 4 gland packing 4 3 " 4 4 4 4 4 . 

^ 4 ¥ 4 J i ^ w U r r control panel, 3 4 A ^ 4 ^ 4 914. 

Control paneH^ ^-A4°11 4 4 4 7 4 4 4 4 1 - 4 4 : A * ;HH44 4 4 3 

- 2 2 7 -



4 A 4 3 - 4 4 3744 i f £ £ 3 ^ 4 4 ^ 4 : i ^ t ^ 4 ^ 3 4 A 4 4 

474 4 4 4 4 4 A 4 4 4 ^ on/off A 4 4 f 4 4 4 4 4 4 4 . 3 4 4 4 

s-fe- 3 4 ^ 7413-4°11 3 4 4 - # ^ £ ^r 4 ^ 4 4 1 4 4 4 . 

(4) 4 4 « 

A 3 Na-Loop4 4 3 4 4-3 ^ 4 4 ^ - 4 A JL4-4 4 4 ^ data4 4 

A * 4*114^ ^14 4 ^ 4 44- ^ A 4 4 , A 3 Loo P 444 7114 4-f-A 4 

4 4 4 4 4 4 . 4 4 4 ^ 4 A 4 4 A i f ^ 4 4 A 4 4 , reservoir tank, 

storage tank, calibration tank 4 7 41 , cold trap 5 plugging meter4 4 

£ 5 ^ 3 4 4 flow meter 244 4 # , plugging meter #^(2711)4 4 3 4 

4 4 ^ 4 A ^ 4 ^ 4 s . ZIS]JL EM 3 A 4 *1H f 4 4 . A 4 ^ A 31 

4 4 ^ PC4 4 3 4 4 4 ^ A 4 - 4 A S 44- 7 4 ^ 4 4 4 4 A , l^f 4 ^ 4 

A 3 1 4 PC44 74^4711 4 4 4 . 

CD Pipe line ^ tank-n-4 heating 

^rS 1/244 4 4 A S ^ 3 4 pipe line4 741^4 3*11-^^-4: 4 104 

4 4 1 A S 4 ^ 4 , p i p e i 4 4 4 4 tape* 4 4 : 4 4 * 4 4 4 4 4 - 4 A 

4 * 4 4 4 4 31 4 1 4 * 4 4 4 4 4 4 4 . 4 ^ 4 - ? - 4 ^ s sensor* 

4 - ^ - 4 4 4 . 7414 4 4 - 4 3 4 4 : 220V AC44, *ll4-& P&1D344 ^ 

s * e 4 * 4 1 ^ s 4 4 4 4 4 4 ^ - 3 3 A S 2:4 4 A ^ 4 4 4 . ^ - 4 4 

pipe Hne4 741^4 ^ S *§3 f 4 4 «-34A^r i f 4 A * 4 4 4 4 ^ r 4 r 

3 A 4 71)4 4 A S ^4-3:4 1 4 4 - ^ A S 4 4 tr &&4. 

Reservoir tank, storage tank, calibration tank4 7}°l-9- ZL3 2.1244 

4 3 4 4 4 <&7is) TPIM- ^o] TIC74 711444. 4 4 4 4 4 - 4 3 4 4 -

220V, 3 4 4 4 , storage tank^ 10 KW4 &%£ 743 4 4 4 4 : 4 4 4 4 

A , 4 4 4 ^ ^3^ 4 4 6KW 4-3 :4 34- 4 4 - 4 4 4 . 

(2) Liquid Level Indicator 
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S R T 

T/C <i T I C 

: d-
o A A A 

TPR 
-° ? ? ? 

F 0 0 0 

II | l l l 

HEATER 

STORAGE TANK 
N01.2 10KW 

ft ft 

RESERV10R TANK 
6KW 

CALIBRATION TANK 
4KW 

•PIPE LINE HEATING 
•COLD TRAP HEATING 

Fig. 2.12. Schematics of Pipe Line and Tank Heating 



i f ^E.9] 4 t 4 4 3 4 - 4*114 fe 43-^(st0rage tank) ^ ^ A 

(reservior tank) 4 4 f 4 4 ^ i f 4 44; 1 4 4 4 ^ 4 , 4 244: 4 4 

!A5U^r ^jA4 *fl44 3 4-¥-°ll 4 4 t s 4 4 4 4 5Uxr 4^1^4 4 * 

44 -44 4414 ^ 4 4 . 4 * 4 4 4 -£- ^ - A 4 4 ^ ^ 3 2.1344 * ^ 

4 ^ 3 4 3-4: multipoint level detector* ^ 4 4 4 A-& ^3.^-4 %^-s} 
4 4 . 4 4 ^ 4 4 ^ 4 S 4€- £ 4 * 7 4 4 A 4 ^ 349] stainless 

steel rod74 *$3 4-¥- * $ 4 * -f-*ll 4-^S 4 4 4 3 A S , 4 rod-b 4€-
rodl- UA ^39} 3 4 4 A S ^ 4 4 4 4 4 . 

i # 4 ^ A 4 4 ^ 4 4 744 4-4: 4 4 4 ¥ 4 4 ^ rods-?-4 431 
4 S i f 4 3^ -44 4 4 4444°11 4 4 4 4 4 ^ diode°ll -1:4 ^o\± 
4 4 4 4 4 , 4 4 1 A 4 ^ ̂ A 4 *1144 4 rod4 ^ 4 * 44-44 4 s 
-^4 *O>A4 i f 4 44: 4 4 ^ t ^ 4 4 . 4 *$39] ^ 4 4 4€- i 
f 4 4 4 4 4 244- £. 2.4 4 2.54 3 4 4 4 4 . 4 3 4 4 4 Probe4 4 
4 4 4744 4>*1134T i f vapor 74 frost* ^ 3 4 ^ 3 AS, 4 1 4 frost 
74 rod44 3 3 4 4 4 4 tiP4 4 4 * * 4 4 4 4 4 4 =H4s rodl- 4 
4 4 short* ! A ^ ^ 4 4 . 4 34- "Ms. probe*f]J4* - ^ 3 4 ^-3. 
4 ^ 4 4 4 S 4 4 frost74 4 4 € ^ 4 4 . 

® Cold trap4 4 A ^ 4 
Cold trap 4 4 4 4 , 4 ¥ 43°11 4 A sensor* 4 4 4 4 ¥ 4 3 4 

^451* UA4, A 4 A 3 4 4 4 ^ 4 3 4 4 : A 4 * 4 4 4 4 4 4 4 4 4 
-^44 1:4 ATT A 4 4 i f 4 : ^ 4 4 4 4 . ^ 4 4 - controller^ 4 4 4 

blower* 44 -44 4-?-s-¥-4 4 ^ - 4 * * 4 ^ 4 - A S 4 4 ^ 4 3 4 . 

© LooP44 A4 3^-

LooP44 i f 4- A 4 4 4 3 , cover gas4 ^ r 3 4 4 * 4*41 3 ^ 3 

A * 44-44 loop4-?-* 3^-AS 4 4 4 4 4 4 4 cover gas* ^ 4 4 
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T/C 
T.IC 

9 1\ 
0F 

T T 
D.C.c£ 

? 1 

FAN 

COLD TRAP TANK 
COOLING 

FROM 
PLC : OR 

0F 

~TT| 
D.ccgir) 

FAN 

E PLUGGING METER 
COOUNG 

a X£ 
- o TO PLC D/ l 

TANK LEVEL INDICATOR 
(STORAGE. RESERWOR. CALIBRATION) 

Fig. 2.13. Schematics of Tank Level Indicating and Cooling 
of Cold Trap / Plugging Meter 



Table 2.4 Storage tank volume 

I.D = 30.55cm 

V — LR2 (,-n on ~~ sina-cosc?) 

H (cm) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

V (S>) 

0.876 
2.288 
3.975 
5.898 
8.068 
10.336 
12.737 
15.317 
16.209 
20.385 
23.415 
26.203 
29.024 
31.954 
34.815 

H (cm) 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

V (S>) 

37.676 
40.599 
43.427 
46.215 
49.033 
51.713 
54.313 
56.893 
59.294 
61.562 
63.732 
65.655 
67.341 
68.757 
69.630 
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Table 2.5 Reservoir / calibration tank volume 

H (cm) 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

v m 
1.10 

1.42 

1.75 

2.07 

2.40 

2.72 

3.05 

3.37 

3.70 

4.02 

4.35 

4.67 

4.99 

5.32 

5.65 

5.97 

H (cm) 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

v m 
6.30 

6.62 

6.95 

7.27 

7.60 

7.92 

8.25 

8.57 

8.89 

9.22 

9.55 

9.87 

10.20 

10.52 

10.85 

11.17 

H (cm) 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

V U ) 
11.50 

11.82 

12.15 

12.47 

12.80 

13.12 

13.45 

13.77 

14.10 

14.42 

14.75 

15.07 

15.40 

15.72 
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44: 34- 4 4 4 4 . loop44 3*A4- ^r^AS 4 4 4 4 A 4 , ^ 1 4 4 ^ 
°fl4*r 3 ^ 3 A 4 44-4 3 4 A 4 4 4 S 4 f 4 4 4 4 4 4 . 

(5) EM 3 A 4 i l ^ 4-^14 4^(^-3 2.14 ) 
EM 3A4r 3:7H1 ofll4 € A 4 4 , 44: A . 4 4 i f 4 A 4 4 4 4: 

A 7J-4S J L 4 4 4 > 44- 4 4 4 4 : 4-4 44- 44 -44 . EM 3 A 4 °H1 
4: 74*1144: 3 4 4 - A 3 4 4 7AS 1444: 4 -44 4 , 3A4:A* 4 4 4 
4 98.7°C* 4 A 4 3 4 4 : A 3 4 4 34-74 3A4474 4 A ^ - 4 4 . i f 4 
4^4 - 4 ^ 4 £*]& 34- # 4 4 4 A * 44 -44 , 3 ^ 4 74*1)44: 3 4 
4: ^ 4 4 3 A S 4 *11444. 4-3:4- 3 3 ^ A * 44 -44 A 4 4 3 3 4 
244- 44 -44 A4*4 ^ 4 A 4 , 4 4 4744 3 4 4 : PC 4 4^., £ 4 4 4 . 

© Plugging Meter4 ^14 

Plugging meter4 *114̂ r 4 i 4 4 4 ^ 1 4 4 # 4 4*41 ^r*344, 4: 
A * ^ 4 4 4 # ^ 4 - 3 ^ 4 * 4 4 : 4 ^ 4 ^ 4 4 - 3 ^ 4 4 4 4 4:A* 
A 4 4 4 : 4 ^ f 4 4 4 . 4&14 4 3 4 4 4 4 3 4 : ^ plugging meter 
4 3^3743-^4 4 4 ^ 3 ^ 4 . Plugging meter 4^4 4:Afe 1 4 4 
4 4 7414 blower* 44 -44 ^ 4 4 A S 4 4 3 4 4 4 4*11 7414 ^ 
44- 4 4 4 4 4 4 . 

7414: *114 4*i4 controller74 signal4- SSR4 47444 4:A* 1̂ 
4 4 4 (set value > process value) ^ 4 4 - ^ 1 4 4 ^ 4 controlled blower 
speed* A 3 4 A S 4 ^1444 (set value< process value), 741 ^ ^ 4 
4 4 3 4 : -434 2,34 44: 2H 4*11 4 3 4 4 . ^ plugging meters A 
4 4 i f 4 f S 4 n r 4 4 4 4 4 : by-pass A * 4 A, 4€- 4 4 4 : orifice 
* f - 4 4 4 44>4 ^ioii 4 4 l - £ # 4 0rifice°ll 3 4 4 4 4 4 4-34: 
#44>4. 4 4 4 -T- 4-34 4 4 4 : it ^ 4 4 4 A , 4-3= 4 4 4 4 PLC74 
4 3 signal* A^i 3 4 4 4 : 4 4 4 4 4 4 4>4. 
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to 
L/l 

3» 220V 
R S T 

SLIDER 
P : 3« 220V 
S: 3«0-110V 

5KVA 

P.L.C 

MODE l* 

E* SETTER 

aow SET 

- ^ J FLOW 

-O WARMMING UP 

-O RUNNING 

-O AUTO/MAN 

Fig. 2.14. EM Pump Control Diagram 



n 3 2.154: plugging meter4 *H 4 4 £ 4 4 , 4 3 4 4 4 : A741 44^ 
4 ^4- 3 4 A S 4 4 - 4 3 4 . ^4- 3 4 4 : 741, ^ 4 UA fl/C step control 
4-o.S 4 4 ^ 4 4 4 , 74-§- 4 4 ^ 27114 flow meter °il4 £14: 4 3 24* 4 
4 4VI4 4 4 4 FI4 4 4 ^ 4 4-44 comparator 4 244 4 4 * 4 
4 4 4 PLC4 $-44. PLC4 4 4 setting 4 24 ^ 4 3 4 4 4 4 4 74! 
% ^ 4 4-4 3 3 * 44-4 A 4 4 4 4 . 

© 4 3 4 

4 4 £3-§- LooP4 4 4 4 3744344: 4 4 4 4 *H44 4*114-AS, 
0 ~ 10mV4 # 3 2 4 * 4 4 4 3 . ^ 4 4 4 4 4 4, 4*11 24-4 4 4 4 * 4A 
s 4 4 4 4 - 4 4 4 4 4 i f * loop0! "44 3 3 4 4 4 4 4 , 4 244 A 
34: PLC4 PC* 4 4 4 4 4 4 . 43474 444-fer 4 4 ^ 1/244 tube 
* 4 4 4 A S 4 4 ^ 4 4-̂ 11* §£4 4 4 A , n. 34fe 4 30cm74 4 4 4 
4 4 . 

® *M ^ 4 4 4 4^-§- pc 

4 4 4 4 7)s. ^ && ZL4JL *114* 4 4 4 486DX2 PC74 4 4 4 4 , 

interface 4 A * 4 4 4 4 4 3 4 4 3144* «>JL, PLC4 4-4A 74^4 

4 . 4 4 4 - A S H ^ " C 4 4 " * 44 -44 4 * 4 £ A 4 , 4 4 4 4 4 

fe A7Hlfe A34- looP4 3 4 A ^ 4 *114 4 4 , =L $-4^ 4 -¥-44 4-

A £ 4 3-44 4324 f 4 4 4 4 4 . * 4 plugging meter %r^ 4- * 4 

4 3 £ 4 4 > 4:A - 4 3 4 - 4 4 * 4 44*114 * 4 4 * r̂ 4 4 4 A 

S 4 plugging 4:A4 1 3 4 74^44 4 4 4 . 4 24*4: PC 4 74^4 o. 

s 4 ^ - 4 4 . 

® ^ 4 4 ^ 

4 4 4 ^ 4 A^4: n 3 2.164 3A.4, 600xi400x650mm 4 4 ^ * £ 

fe4. ^144-^44: 4:A^-s*s4, 4 3 4 4 4 , 1 3 , S 4 f , 3 ^ A 4 4 
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FLOWMETER N 0 1 O -
( « - 2 0 m A ) 

FLOWMETER NO 2 O -
(4-20mA) 

D/B 

D/B 

> 

- 0 TO PLC A/1 

F l 

D/B 

F l 

F l 

- 0 TO PLC A/1 

MOOE SETTER 

MODE 

- O AUT0[SV=PV] 
(0R2S 0 2 5 tSi) 

- O MANUAL-

SETTERJ(JFL0W SETTING) 
[ 0 - 9 9 ] 

-O HEATING CONTROL 

O COOLING CONTROL 

H/C STEP CONTROL 

E T C 

P L C (Programmable Logic Controller) 

HEATING COOLING 

Fig. 2.15. Plugging Meter Control Diagram 



00 

COLOR : SM 

/ 

/ 

n t, / 

/ 

& *& 

FRONT VIEW SIDE VIEW 

IIIIIII mini IIIIIII IIIIIM 
lllllll IIIIIII IIIIIII IIIIIII 
IIIIIII IIIIIII IIIIIII IIIIIII 

REAR VIEW 

Fig. 2.16. Front and Side View of The Control Panel for 
The Sodium Loop 



aA 3 4 3 # e M 4 i 4 4 * 4 4 4 . 

© ^ 1 4 4 ^ ^ A ­^­f­4 ^ 1 4 4 4 . 

i*J ^­ = o|] A4­g­4^ ^JJ . 4 4 4 ^ 4 4 4 4 4 : 44­4 3"4. 

­ P.L.C ­?­£­

# CPU 

*ll 4 3-4 : A S 4 A ASJzaj 4 ^ - 4 4 4 4 . 

i 3. 4 : 4kW 

4*<9 ^ A : 6ms/kW 4 4 

4^4 4 4 : RS ­ 232 C 

# Power 

4 3 : AC 85~ 130V, 170­ 260V 

4­ 3 : 60W 

# Digital Input 

4 3 3^r : 163 

3 4 3"4 : OPTO COUPLER 

3 4 4 3 : DC 24V 

4 ­ 4 4 4 : 16ms 4 4 

4 4 3 4 " : 2500V rms 

0 Analog Input 

4 3 3 ^ 4 : 4 3 

3 4 uc44 : Isolator Trans^ Opto Coupler 

4 3 3 4 : 0~20mA,4~20mA,0~5V,l­5V 

4 4 4 A : 250i3 4 4 

­g­ 4 is- ■ 12bits 

A 4 : ±0.5% 

­ 2 3 9 ­



3 4 : DC 24V 

# Analog Output 

%:4 3 ^ : 4 3 

4 4 4 4 : isolator trans % opto coupler 

1^3 3 4 : 0~20mA,4~20mA,0-5V,l-5V 

4- *11 4 : 8bits 

A 4 : ±0.5% 

3 4 : DC 24V 

• Digital Output 

%:4 34^ : 163 

71)311 3 4 : AC 250V 5A, DC 30V 5A 

4 - 4 4 4 : 10ms 4 4 

*r 4 : 4 4 4 50044 

3 4 4 10044 

7)1311 « ) £ : 2) ell 18004/4 

I S 7 ] ^ : AC390V Varistor 

- T.I.C (Temperature Indicator & Controller) 

4 3 : K(CA) 

Output : 4-200mA DC 

3 4 : AC 90-264V 50/60 HZ 

3 .4 4 4 : 7 Segment Led Display 

S.4 3 A : F.S ±1.0% 

4 3 3 A : F.S ±0.5% 

- Temperature Sensor 
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4 3 : K (CA) 

4- 3 : A 4 4 A 

- - 4 A ^ 4 4 4 - 1 (T.P.R) 

3 4 : 1 4 AC 220V 

4 4 3 4 : 40A(25°C) 

4 4 3 4 : 70~240(VAC) 

4 4 3 4 : 220V AC 

*14 3 4 : 0-100% 

4 3 4 : 1800V/lMin(Input-OutpuABase) 

^ 4 4 ^ : 744 ^ 4 

4 4 ^-n- : *)U"T-«r (Load heater) 

- - 4 A ^ 4 4 4 - I I (T.P.R) 

3 Q : 3 4 AC 220V 

4 - 4 3-TT : 40A(25°C) 

4 - 4 3 4 : 70~240(VAC) 

*H4 3 4 : 0-100% 

4 3 4 : 1800V/lMin(Input-Output-Base) 

^ 4 4 ^ : 744 ^ 4 

4 4 4 ^ : 4*j-^-4 (Load heater) 

- Subtractor 

3 Q : AC 220V 

4 3 : 4~20mA 

# 3 : 4~20mA 

3 A : ±0.2% Max 

4 4 3 : ±0.12% FS 
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4-# 4 4 : 0.5 Sec 

- 4 A 4 4 £4:4 

3 4 : AC 220V 

4 3 : 4~20mA 

# 3 : 4-20mA (2 Point) 

3 A : ±0.2% Max 

4 4 3 : ±0.12% FS 

4 -# 4 4 : 0.5 Sec 

- Flow Indicator 

3 4 : AC 110V/220V 60 HZ 

4 3 : 4~20mA 

74 4 =4 : 0~199Max.(Zero limited) 

3 A : ±0.2% FS 

&4 4 ^ ; JL4A FND 

4-3" 4 4 : 0.5 Sec 

(3) 1 4 

i f 3^1^-A4 4 4 4 4 A i 4 4 ^ ^.a. ^ 3 4 * 4 A 3 * 4 4 

^ 3 ^ - A * 3 4 4 4 A 4 , ^ A A 3 4 4 4 : plugging meter, cold trap, 

E.M. pump 33 flow meter f 4 4 . ^"A4 A 4 4 : A 3 4 * 200 - 400°C 

3 A S 4 - 4 € =4 4 A ^ - 4 4 A 4 , i f 4>4 7 l ^ 4 * H i 5 i 4 -§ -^ ^ 4 

A^- 34Ao11 ^ 4 4 oxygen meter 3l sampler f 4 4 4 4 4 A 4 4 4 

4 4 4 4 . S 4 leak test 3l blank test f * =4*544 4 4 4 A 4 714^. 

3 3l 3 4 4 ^Hl 4 4 4 4 4 . 
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4 . £ # ^A ^ 7171 J£7j 

(1) 4 ^ 

4 4 4 A S 4 4 - 4> 4 4 3 * 4 4 i f * J L 4 : 4 4 A 4 ^ 4 4 i f 

^ - A ^ 4 A 4 -&44-AS5L 4 * J 4 4 3 , * 3 4 A * 1 A ^ =4 4 4 : 4 

4 3 * 4 4 4 £ 4 A 4 A S . S ^ - A 4 3 3 - ^ 3 3 * 1 4 4 4 4 0 4 ^4 

4 , 4 3 4 4 A * 4 € : 4 4 ^ 4 4 4 4 ^ * 3 4 A 3 ^ - 4 4 4 4 4 4 4 

4 4 ^ 4 * 4 4 4 4 4 4 . 4 4 4 4 4 i f £ A 4 4 4 4 * ^*<D44 

3°ll 4 A 4 44*114 4 4 : ^ - ^ 4 4 3 3 3 4 4 - 4 ^ - A 4 s i f * 44^ 

4 4 4 ^ 3 4 4 : 4 ^ 31 ^ - A * 4 4 - 4 i f 4 4 4 4 4 - 4 4 4 * 4 A 3 4 

4 4 4 - 31 3 1 4 * * 4 * 4 4 4 . 

(2) ^S. 3 3 £ i f # 4 

(74) 4 3 4 4 
f s s ] OT-3 ^ ^ ^ ^ u M o^ - ^ o ĵf-i- ^A4§i-7l 4 4 4 ^ 

4 4 3 A S -f-A 3A ̂  i f * 4 4 4 4 3 4 ^ A 434^1 4 4 4 4 . 

3 4 4^-4 3 4 ^-A* 4 4 71) A * 44 -44 1 3 4 4-3(2.0kg/cnf)AS 

4 4 4 3 4 4 4 4 4€- 4 3 4 £ 4 * # 3 4 4 : 3 A S , 4 1 4 3 4 4 

A°fl 4^- ¥ * 4 4 4 3 A S 4 - 4 4 4 4 ^ 4 i s 3 1 3 4 * 4 4 4 4 

4 * 4 3£^j- 4 4 . 

£ 4^* ^r«4 44 444 43 444 4444: i f 4711 3 
4 M 44 1444 4^4 4444 4* 34444. 44 i f 4 7)1 
3 4 ^ 1 ^ ^-A4 reservoir ^3 .4 #-¥- 4 4 ^ 4 4 4 4 4 1 * $ 4 4 4 

4 packing -¥-474 J i s 4 £*rl ^ 3 3 A S 4 * A-&44 44*11 T ^ A , 

^f- 4 4 Jf ^ # £ plugging meter 4 1 "114:3-4 ^-^^] lead line 4-3 

-¥-44 4*1144 4 * 4 4 M 4 ^ s *113 -¥-4* 4 4 4 ^ 4 S * 4 
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4 AS S 4 4 4 4 . 4 3 4 ^ 4 4 4 1 4 4 4 4 4 4 4 * 3. 2.64 3 4 
4 4 4 . 

(4) 3A ^ Purging 
^ 4 4 4 31 "114: 44ir 1 4 4 A S ^4-4 44-44 4 * 7f^3 

4 "H4 37} nfl*ofl ^ - ^ 4 s i f * # 3 4 4 3 4 4 : 4 A 4 41- 744, 
3 A 4 4 1̂14*11 ^ 4 4 4 4 . 4 * 4*114 ^ = 4 4 4 31 4-44 4 1 4 
* 44-, 4 200t 3 A S 4 4 4 74144 #4>4 4 4 4 4 : 4 - 4 4 4 4 4 
4 7fli* * 4 A 4 ^ # 4 * 4 4 4 4 4 . 4 £ , i f 4 4 i f 4 4 4 4 4 
oxide* 3 3 4 4 3 * 4 4 4 4 4*11 4 4 4 ^ purging4- 4-4 31 4 4 4 
4 * 4 # 1^7l)^s 4 ^ : 4 4 ^ 4 : 4 A S ^ A 4 4 i 4A7> 4 4 4 : & 
4 4 S 4-4€ 4 4 4 4**114 4 4 4 A S 4 4 4 4 . £ 4 ^ * * W 
4 4 4 4 4 4 4 4 * S. 2.74 3 4 4 4 4 . 

(4) i f 4 4 * 

i f ^ A * * 3 4 4 4*1144: 4 4 -f-^44 i f * ^ 4 A 4 * 
4*M4> storage $3o\] #4-4 4 4 i f * 4 4 ^ 4 4 44/4 , 4V 4 ^ 
44-b n 3 2.174 ^v4: i f 4 * 4 - 4 * *11444 storage ^3-4 4 1 4 
4 4 4 4 4 4 . 4 4 * 4 4 4 4 4 4 storage ^ A S 4 41«rl4 3l 1A 
44/ 4 1 4 * 3-4 ifblock4 3" 4 - * ^ * 4A^- 1 3 4 4 A ( 4 18 
o r ) * 4 - 4 4 4 ^ 4 A 4 , 4-444- 44<?<l metal filter* 4 4 4 4 ^ 
4 i f 4 storage ^ A S 4 * 4 4 3°11 4 4 4 4 - 4 4 44> * £ * 4 1 
4 3 A S 3*H€ * 4A^- 4 4 4 . A 4 4-44 ^¥-4 sight glass* 4 
4 4 4 i f 4 44- ^ 4 * 4 4 * 4 3 44*4 * $ l £ 4 4 4 A 4 , 4 
4 4 £ # 3-4-̂ 1 44711 A * ^ 4 4 4 i f 4 ^ 4 4 3 ^ 4 4 - 4 * 4 4 
4 4 4 4 4 A -%■-%-£ ^ f 4 storage ^ A S 4*444 4 * 3 * f A^- 4 
4 4 . 4 3 , 4 * 4 4 4 *> i f 4 44: 4 * 4 4 4 4 ^ 4 storage *$3 
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Table 2.6 Procedure of pressure test 

4 4 
1 

2 

3 

4 

£4 

1 

2 

3 

1 
2 

3 

1 
2 

3 

1 
2 

3 

4 4 4 4-
• ^ £ 3 * 1 1 4 4 3 4 $ 
i f HA VF20* 71144 A ^ f a t ! J L 
7fi«lJ± VG06* 4^44 3 4 ^ A 4 * 2.0kg/cnfS 
7f44 4 4- VG06* 3:4-4. 
^S. 744-^ 2443-* 3 - 4 4 4 4 4 1 4 4 : 31 
74^4 £ 4 3 * 4 S - 4 4 . 
-74A43 £ 4 3 # 3 : ^r44- 304-, 14 3 , 2 4 4 , 

4 4 4 , 1244, 2 4 4 4 4-
^ ^ 4 7 4 ^ 4 3 4 £474 4 * 34- 4 4 4 4 * 4 
74144 4 4 4 4 4 4 4 4-4-1 4 3 4 ^ * 4 4 4 4 . 

• BiizMf 4 - 3 4 3 
VF10, VF16, VF19, VF21* 4 4 . 
VG06* 1 4 ^s.4 4 - 4 ^ - * 744-4 $. 
VG06, VF19* £ 4 : 4 . 
14:7414 2444°11 4 4 4 3 4 ^ * * * J 4 4 . 

•OM 31 PM-¥-4 4 -34 4 
VF06, VF07, VF13, VF16, VF19* 4 4 . 
VG06* 1 4 74A* ^ 4 4 4- VG06, VF19* 3:4:4. 
1 4 4 4 2£44°11 4 4 4 3 4 ^ * * * 3 4 4 . 

• SamDline 4-4 
VF15, VF17, VF18, VF19* 4 4 . 
VG06* 1 4 7 4 i * ^ 4 4 4- VG06* 3:4:4. 
1 4 4 4 2£^4° l l 4 4 4 3 4 ^ * T ^ 4 4 . 

4 A 
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Table 2.7 Procedure of drying & purging 

4 4 
1 

^ £ 

1 

2 

3 

4 

5 

6 

4 4 4 4-

• U114 $ 4 - 4 4 ?^A 3] ourcine 

^ ^ - ^ 4 4 7 1 ) ^ H A 4 7H • 3i) 

♦ i f HA 

-VF01, VF20, VF21* 4 4 4 A-& H A * 4 4 . 

♦ 4471)^ «|H 

-VG02, VG04, VGIO, VG13, VG15* ^1)44 

A€- H A * 3-4:4. 

HA VG07* 1 4 3 ^ A 4 4 3 * 0.2kg/cnfS 

A 1 4 4 . 

^ A 4 4 3J 44(S.Tank^l4)4 °fll4 4-A* 

200°CS ^ 3 4 4 4 4 4 741, # 4 - 4 4 4 4 4 

4 4 4 4 4 . 

HA VG07* 3-Jl VG09* 1 4 3 ^ 3 A * 44-

-l.Okg/cnf 4 4 A S 4^M1 A-g- 7 l ) i * #o> uflt}. 

^ A 4 4 A 31 ^3-$o) ^ 4 ^ & o]t}S. 4 - 4 € «fl 

4 4 4 4 * 4 4 4 * °,114 4 3 & * 'O's 4 4 4 . 

4 4 ^ 4 - 4 4 4-A74 4 3 4 4 4 : A S 4 4 1 4 

4 4 = A 4 4-44 o.2kg/cnf 4 4 * 4-44A^- 4 

A 1 4 * 4 4 4 4 4 4 * 4 4 4 - * 44f> *I1 

3 4 * A J I 3*11 ^ A 4 4 4 * 0.5kg/cnfS 4-4 

4 34- VG02, VG07, VGIO H A * 3"44. 

4 Ji 

-246-



—1 

To ^ 
V a c u u m I 

Gas 
In-outlet 

Metal filter 

Fig. 2.17. Sodium Transfer System 



4ofl 7] 4 4 4 4 4 4 4 4*11*44* 4 4 4 4 1 3 4 4 4 . 

(4) ^ A 4 S 4 i f # 3 

^r-iL* * 3 4 4 4*11 4 4 4 4 - s i f * # 3 4 4 4*1144: 4 4 7U 

4 4 4 3 A A 3 - ^ 31 i 4 4 4 4 4 4 1^7>^ ^ 4 4 4 f* 4 4 4 

A, 4 4 4 4 ^ 3 4 4 4 4 44^ HA 31 4 4 * 4 4 4 4-4-* 4 4 A 

4 4 4 4 . 3 3 1 4 4 4 4 Si* 34- 4 4 4 4 4:A44 7l* 4 4 4 4 

4-4 31 4 4 * 4 54 4 4 1 4 300°C(4, storage ^§^4 200*044 4 4 

4 * 4 4 . 4 4 3 4 3 A4 3 4 - ^ # 4 4 4 A 3 4 * 4 4 4 #7444 

3^-74 7A 4-^4 4 4 4 4 ¥ 4 ¥ 4 4A 44-°1144 4A7414 40-11 

oil44 4 A ^ - 4 4 . 1 3 4 4 4 3 A 4 4^7,4444 4:A74 r t f 4 4 

3 4 98.7°C* 3 4 4 4 4 4 4 3 4 * ^ 4 3A 4 4 s 4 - 4 4 4 4 4 4 
4 74<gAl7j4. o j ) ° i 4 4 4 3 * 3 4 i - -g-ojofl^ OJ^^V A ] £ 7 J - 4 * Jf-jn. 

4 4 1 4 * 71^-444 ^ A 4 4 + <& 31 4 4 * 4 444-4-* 4 4 4 4 4 
1 4 4 4 4 * 34- 4 4 * fv4«U 4°fl *H344: A 4 * 4 4 A ^ - 4 
4 . 

4 1 4 4 4 4 S 4 4 4 4 7^-g- HA* 44-44 4SH1 4 3 * 1 3 
4 4 3 : 4 4 A 74143-4 storage ^ A 4 4 ^-44 ^ - A 4 * 4-44 3 4 
storage ^Aofl <y-g. ^ ^ 4 . n 4 EM 3 A 4 4 4 - * # 4 4 4 A 
storage *&3 44-4 i f HA(VF0D* 1 4 7rli4°11 4*11 = A 4 S i f 
* # 3 4 34- °]*H i f 4 # 3 4 - reservoir *&3 4^-4 4 4 4 4*11* 
4 4 4 43-*. 3 = ofl ^.o] f-oi^. ufl V}T] ^4^44 . 

^ -A4S4 i f # 3 4 4 S 4 4 ifHA(VFOl)* 3-A 7 f l i | « 

(VG9)* I J L 3-4 3*11 -¥-A4 4 - 4 * £ 3 4 3 4 0.2kg/cnfS 3k^3, 4 

4 EM 3 A * 44 -44 ^-A4°11 i f * ^ « : 4 4 4 . 4 4 4 1 4 * 3 4 

4 4 3. 2.84 1-4. 
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Table 2.8 Procedure of sdium loading 

4741 
1 

2 

* £ 

1­1 

1­2 

1­3 

2­1 

2­2 

2­3 

4 4 4 * 
• 4 4 3] HA3­EH 4 4 

4 4 4 ^ 3 4 4 4 4 4 

44^ 4444^4 444­^­ 31 A4 43&C0') 4 4 

i f­ ^ 4 4 4A HA4 7H • 4 4 4 4 4 

♦ i f HA 
­ OPEN : VF02, VF03, VF04, VF08, 

VF09, VF10, VF11 
­ CLOSE : 714 

♦ 4 4 7l)A H A 
­ OPEN : VG02, VG05, VG07, VG13, VG15 
­ CLOSE : 4 4 

• «114 ^ 4 4 4 411 

VG08 31 VGIO* 1 4 3 4 ^ ­ A 4 3 * 4 3 74)4 
(PI­1, PI­2)4 0.2kg/cLr/S 3 : 3 4 4 . 
VG07* 3­4:4. 

4 4 4 4 4A2fl44* 44­ 4 4 31 4 ­ 4 * 

4 54 4 4 1 4 300°CS 4 4 4 * 4 4 . 

**3743A4 34­^1 * 4 4 4 A 4 3 4 * 4 4 4 #74 
4 4 3474 7A4­­B4 4 4 4 4 ¥44^4 4 s 44­
o)144 4­A744°11 4*11 4114 43.^ 4 4 . 44 

4 A 
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#741 

3 

*tH 

2-4 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

4 $ 4 4-
£ £ . 4 4 4 4 4:A74 i i - 4 -§-34 98.7°C* 4 4 

4 4 3 4 - * 4 4 4 ^ # 4 3A 4 4 s 4 - 4 4 4 4 

#4-4 4 1 4 7J4. 

4 1 1 4 4 * * « 4 : 4 4 4 m 1 3 4 4 4 4 4 * 

^ J L 4 4 1 4 * 4 ^ - 4 4 4 4 4 4-4-* 4 4 4 4 , 

4 3 4 4 ^ VG09* A 3 4 4 1 3 4 4 4 - 4 4 4 4>4. 

•f-= ^ s 4 if #3 
VG15* 3-4 Storage tank4 4 4 ^ - ^ . * 4 4 4 4 4 . 

- Storage tank 4 3 ^ 3 : PI-1 

- ^ H l 1 3 # 3 : PI-2 

EM pump 4 4 * # 4 4 4 4 . 

VF01* 4 4 . 

VG07* 1 4 Storage tank 4 3 * 7 4 4 4 4 4 

^ A 4 S i f * # 3 4 3 4 . 

- # 3 4 : Reservior tank 4 4 - 4 4 4 - 4*11*4 4 

^E.7} * 4 * 4 4 3 4 4 4 4 . 

VF01* 3 : 4 4 . 

VG07* ^3 VG09* 1 J 1 ^ 4 tank4 4 3 * 

A 3 4 4 . 

VF094 VF11* 3-4:4. 

EM pump* 4 4 4 3 4 . 

01 j7 
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(4) ^-A4 i f 4 3T11 

i f ^-A* 4-344 *347l 4*1144 i f 441 4 4 4 4 : * * * * 
4 ^ 4 44A *11444 1 4 44- # A 4 4 . 1 4 4 A S i f 41 ^ 4 4 4 : 
* * * 4 : f-A4414 plugging* 4 4 4 4 i f 4 * * * aov*114A 1 3 1 
44-4 34-* 4 4 4 ? H o]<% 3 4 4 4 ^ ^ 4 4 ^-34 44*£* 4 
4 4 . 4 4 4 4 * * * * 4 4 A ^ ^-A* * 3 4 4 : * 4 4 * 4 A S 4 
4 31 *I14444 4 4 4 * 4 4 4 3*11^33474 44-44. 

£ 4^41 4 4 4 4 i f # 4 * * * * *11444: 3*1144S4 cold 
trap*, 3.4A * * * 4 4 A * 4 4 4 4 : ^ 3 4 4 S 4 plugging meter 
4 oxygen meter* 44-444. 4 * * 44-4 f-A4 i f 4 3*1144 

1 4 * S. 2.941 7)143 A S 3 4 4 4 4 . 

(3) 4 4 .£3 

i ^ Na-f-A* 44-44 ^M 71^-3-44 cold trap, plugging meter 
31 oxygen meter 4 4 34374* * « 4 4*1144: 4 4 1 ^ 4-441 4 
4 f-A44 i f 4 - 3 * 44-S4 71144A, 4 * 3-44 4 3 4 A S * ^ 
4 4 ^4 : 4 4 4 4*S444 44 . 

£- 4^4144 4 4 14: 4*SA3* # ^ 4 4 4 4 4 4 *A 3*1144 
4 3^37441 4:4 44414 *ll444 1 4 4 £ 4 4 4 *6< 4-A all 24 3-4^ 
3743 A4 744 1 4 ^11444 4 4 4 4-^441 4 4 4 A A44 A3 4 
^ * * « 4 4 . 

A 3 4 ^ 1 4 ^ 3 2.18 4 3. 2.10414 * * 4 4 4 4 1 4 4:34: 
A 300 °C, 44711A 4 3 0.2atm4 ^A 4:3A341 4 4 4 3743A4 3 
4- 4-34 31*1144 4 4 ^ 4 A 4 4 4 * 3 4 4 A 4 3 4 4-£* - ^ 4 4 
4 4 4 4A4, 4-3̂ 741 4 4 4~20mA4 #33^-41 4*11 0.5-7 £/min4 

- 2 5 1 -



8 

7 

6 

5 

4 

3 -

2 -

1 

0 

Loop operation 
-Temp.: 300°C 
-Pres. : 0.2kg/cm2 

-FM Gauss: 4.1 K 

10 12 14 

Output signal[mA] 

16 18 20 

Fig. 2.18. Calibration Chart for Electromagnetic 
Flowmeter made by KAERI 
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Table 2.9 Procedure of sodium purification 

4 4 
1 

2 

3 

4=̂ 4 

1-1 

2-1 

2-2 

2-3 

2-4 

3-1 

3-2 

4 4 4 4 
• ^ A 4 4 S 4 i f # 3 
f-A4 i f # 3 4 4 1 4 4 4 1 4*11 1 4 

• i f 4 3 4 

i f HA4 7H 31)44 4 4 
- OPEN : VF02, VF03, VF04, VF08 

- 7)4 H A ^ S.4 CLOSE 

Cold trapping 4 : A 1 3 

Cold trap blower 4 3 1 3 3l POWER ON 

-Blower4 # 3 4 : 444:A4l 4 4 74-§-6.S 1 3 3 

3743A 4 4 ^ f 4 ^ 4 4 4 ( 4 154 4 ) f 4: 

* £ 4 3. 

• 3*11431 3-4 (PM 44-4) 

i f HA A l 

- VF04* 1*Tr4. 

- VF05, VF06 31 VF07* 4 4 . 

Trapping 4 :A£44l 4 4 2-344 4 4 * 

4 4 3 A S 1 4 4 4 . 

4 3 
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4 4 * £ 

3-3 

3-4 

4 4 4 4-

• 3*114 Ell 4 4 (OM 44-4) 

i f HA 2 :1 

- VF03* 3-4:4. 

- VF12 31 VF13* 4 4 . 

Trapping 4 : A £ 4 4 4 4 2-34741 4 4 * 

1444. 
4 4 4 A S 

4 3 

Table 2.10 Calibration data for electromagnetic flowmeter 

mA 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

Flowrate( £ /min) 

-

0.48 

0.95 

1.43 

1.90 

2.40 

2.88 

3.37 

mA 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

Flowrate( I /min) 

3.85 

4.33 

4.80 

5.28 

5.75 

6.23 

6.70 

-
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4-3= 34414 434 4^34 4341 #3&* A4 W 44=4 344 
-̂3=74) ^441 44 74#3* A 4 T £ 4 . 

(4) I £ 
f = i 44 4343* #44 4- 4441 14 ¥#^4* 44 4* 

434&A4, f-A4s4 i f 4* 31 *3 ^ 4 A * 3 * 441441 
44 3#441 4^4. 37433 3 4-3=74141 44 A343 14 4:^1-
44 14* 44, W 3*1) 4 -̂3-4 3TT3# 4 3 * * M * $44/ S 
4* 4£4&4. 

4. Plugging Temperature Indicator!- 4-§-tt -8-8" A f̂-lr 

^ i ^H^l ^ 

(1) 4 1 
444-*s4 ^444 i f #41 4A4 *i74 44-44 1 3 i 4 4 

34 4 * 3 * 4^4 44. *4 4i4: 4-4 *A* 4ST41 4A, 4 i 3 

£.4 4 * ^ 5 1 * # 3 4 4 4 . 4 4 4 A , ^.01^0)1= ^ 4 4 ^ ^ 1 . 0 ) ^ -

4 4^*4: if#41 44 &A4, 4474A* 44S i f 4-4 # A S 

4444. 4 4ti-*4- cold spot4l 44 44 43 %13-* 47144 4AS, 
i f 4- £A4 3̂ 1144 £*4 4 4 s 4-4444 44. 

i f 4 # -̂, *A 4-4 31 $4 4-4 11-4: 44^*S4 A A jflf-
414 4^-434. AA741-1-4: 144AS i f 4444-, 447)1^ 444 
4\ 3114*4 44 5 «)4s 4^- 4^ 4-AS ^3414. 44̂  i f 4^4 
44: 44 14 if, 24 i f A4A i f 4* 31 4*4 4 744 T41#A 
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S ^ 3 4 4 . i f 4 4 4 4 - 4 44-8s i f 4 3 4 4 * * * 4 * A * # 

3 4 4 : 4 4 4 , * * * *A-b 4 S 4 4 41 4 4 4 4 4 - 4 4 plugging 

indicator(43 4 4 4 ) 4-4: plugging temperature indicator4 *44> 4 4 

* 44-4 on-line 4 4 4 i ^ ' 4 l 4*11 # 3 4 4 . 

* * * 4 4 4 4 4>4 4 ^ 4 : 4 4 74474 $711444-, 4 4 ^ * 4 - 4 

3 4 &4 i A 4 A , 4 A 3 4 44- 4 4 4 4 , 4 s 4 4 4 3 4 4 # 4 ^ 

4 s * 34: 4-4S4-44 A 4 * 4 4 4 4 ^ 4 . 4=34 4 4 - s * * * 4 
on-line # 3 3 4 4 71)141 4 4 4^74 4 ^ - 4 4 3.3 4 A 4 , plugging 
indicator74 4 £ 4 4 on-line * * * # 3 4 4 4 4 . 1 4 ) 

Plugging indicator4 4 4 4 : * * * 4 4-* i f 41 4 4 4-*J|A 4 4 
41 4 5 : * ^-4. i # 4 -9:3-7} ^ - 4 4 4 4-*llA 4 4 4 * * * 4 4 # 4 4 
3 4 4 J I 4 rrflo] ^ £ 1 . ^ ^ t g - o . ^ ZL ^ i 4 4-*llA4l *D344: * 
* * 4 4 4 4 4 i f *41 $ 4 4 4 4A74 4 4 . Plugging indicator4 
3-3^4 *4^41 4 4 4 ^ A 4 ^4- 4 ^ 4 A , iS-̂ 4 4441 #5L4 # 3 4 
4^-4 4 4 * 4 A S 4 4 - 1 * 4 4 4 3 4 4 . 4 4 # 3 & 4 A474 4 i 
A4, * * * * # 4 i # A ^-4: * ^ * * * 4 A 4 # 3 A S 4 4 4 4 . 4 
4 4 * 4 4 4 4 S 4 4 4 4 4 4 - 4 * # 4 4 4 i 4 ^ A * 4 4 4 A , 4-& 
* * * * 4 # A * # 3 4 4 4 4 4 . 

4 4 , 14V, A3A 44144: A 4 4 3 4 4 A , 44A74 £4- plugging 
indicated 7rll 4 ^ * **J44 # A 4 , 4 4 4 4 4 ^ 4 / & ASA 4 * 
4 ^ - 4 4 4 4 4 S 4 4 . Plugging indicator^ restrictor4 4-*J4) 4 4 
fixed orifice, annular orifice, valve 3l filter *J4S 4 4 4 4 4 , fixed 
orifice plate74 743- #0] 4 * 4 4 ^cf zz.44 Unplugging4 4>*H34 4 
4 4 5-7441^ 74£3 orifice74 44-4 4 i 44 ( 3 6 ) . 

4: 4^4144: A 4 4 i * J *4-*J plugging indicator* 744 4 4 4 
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A, 4 * 4 4 4 4 A f # 4 i # A 4 # 3 1 3 * **544A4 , 4 * 5-4 
S 4-71 4A41 4 * 3 plugging indicator* 71)1:1- 4^144. 

(2) 1 3 

£- 4^4144/ 744 *1144 * # 3 plugging indicator4 i f ^ A 441 
4 3^r 1 3 * * * J 4 4 A 4 , 4 * 4 4 4 ^ 4 * A 4 i f 441 44-4 
* * * 4A74 plugging temperature4 #341 4 44: 4 4 * 4 4 4 4 4 . 
1341 44-4 *-4*J plugging indicator4 4 4 4 : 4 * 4 1 4 . 

- A 4 4 A 4 4 4^4 : 3mm 

- A 4 4 A 4 4 3 1.3mm 

- A 4 4 A 4 * : 4 
-74! 3-^ : tubular heater* 4 * 4 3 4 741 

£ 4 4 A 4 ^4^ # 4 * ! ^ ^ ^ oi-g-^-o^ *^zi$& 4 

i41 4 4 blower4 *A74 A 3 4 4 ^ 4 * A * 1 3 4 4 4 - 4 4 A ^ 4 

4 4 . i f 3 4 ^ A 4 4 i f # * * * 4 4A^r * A S ^ * 4 4 - 4 4 A 

3 4 4 A 4 , * A S ^ 4 44-4:A4l *H344: 4-*r)A4-g-4 * * * 4 $ 4 

4 4 3 A S 4 ^ 4 4 4 . 4 4 * A S ^ 4 3 4 4^34 4 ^ * * * 4 4 

3.7} 3*J41 A 1 4 4 4 4 * : n 4 4 4 2444 4 4 4 4 - 4 4 4 4 plugging 

indicator* 4 4 - 4 4 4 3 4-A4 £ 4 # 4 * 4 1 4 4 4 . 

* J E L S ^ 4 44- 4:A^ 270, 240, 200 ^ 160 °C 4 4 744 S £ 4 4 ^ 

A4, plugging indicator4 A 4 4 A ^4*A74 4 3 4:A4 #341 ^ 

43=* 1 4 A 4 4*41 4-3 1 - 4X:s £ 4 4 ^ 4 . 4 3 4:A4 1 3 4 4 

41 xr 4 3 74474 4 * * 4 A 4 4V 4 ^ 4 1 4 4 ^ 3 2.1941443 * # £ 

4 4 4-A4 44414 4 4 4 4 4 4 4 ^ 4 * 3 4 4 4 3 4 4 444> 4 

3 4 4 : A S 3 4 4 4 4 . 
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0) 
■«-» 

CO 

o 
u_ 

plugging Starts 

Plugging completed 

Temperature 

Fig. 2.19 Ideally defined plugging curve. 
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(3) 1:4 31 A # 
£ 41? 444144 * # A 4 3-44 plugging indicator* V̂4l *1144 

A, 4 * 44-44 i f f 4 i 4^A* # 3 4 4 1 3 * * « 4 4 . 
Plugging indicator4 A434-4: 4 4474 4 ^ ^ 4 # 3 4 A43"^4l 
4 4 AT4] 4 ^ * £-44, 44t4 # 3 * 4 # 1 4 A344144? A44A 
0 ^ 3 ug4^i , A 4 4 A * #3: i f * 3 * A , * * * * £ * ^ t t 
* * 4 $ 4 44- 441 4 4 A 4 # 3 4 1 4 3 4 . 4> 4^414 *3)4i 1 
3*4- 4 * 4 4 - * * J L 4 4 4 3"4 *I14 ^ 1 3 £ * * * 1 3 4 3 4 
(1 5) 

- ^ 4 *A 
^ 4 *A4 43=4- 4^7f*4l 4 4 4€- 1474 M 4 4 4A4, 4 

4: 4 4^74*4 44-tr ^44 # 3 4 3*11 4 3 * * 4 ufl̂ -oj 7jo.s 
*4414. 144AS4: ^4*A74 4 s £ 4 3 4:A7f ^JL, i^4£ ^4 : 
4 3 4:A74 4 4 4 4 : 3AS 1 4 4 44 . ^ ^4*A74 - 4 4 , 4 3 4: 
A^ * * * 4 £44:A4l 4 74^44. ^ 3 4 ^4*A74 4 3 4:A4 # 1 
4 44474174 Si44 4^AJL£ 4 4 . 

- i f 4 4-3 
A 4 4 A * # 4 i f 4 4 - 3 * £ 4 4 4 4 , A44A41 3 4 4 4 : * * 

* 4 4 A 1 4 3 4 . 44: i f 4 4-3= £474 44*A4l 4 ^ * ^ 4 nfl 
4>44, 4-34 £ 4 4 4 , * * * 4 3 4 3 4 1:444. ^ 4 4 i f 4 4-3= 
4 1 3 4 * 4 4 4 4 , 3 43=* ^ 4 1 * 44fe 4^1474 4A4, 4 
4 4 *3=4: 4 0.5ml/min 3 A 4 4 . 

- £3" * * * 
4 4 744 * * * 4 M 4 4 &A4, 4 s 4 # 4-*flA 4 4 4 $ « 

4. 4 4 4 *A41 4 4 743- AT41 43=* 444: * * * 4 f # A 1 4 3 
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4. 41* * £ NaH4 Na2074 £ 4 4 4 4 S 3 4 # * * * 4 4-*flA 4 

4 4 4 * 4 4 A741 4 s 4 . 4 4 4 4 A 31 * * * 4 #A41 4 4 4 3 4 

441 4 3=* *4 : 43=4 4474 A 4 . 4^4: 4 A ZLB}JL ^ Na204 4 

A4 34-414 3 4 A S Na204l 4*11 4 3 4 1 4 4 4 4 4 . ^ L 4 4 4 A 

4 A 4 4 4 4 4 : NaH41 4 4 4 4 3 4 1 4 4 4 , 4^4 3 A 4 4 A 3441 
4 5 # * * * 4 #441 4 3 * 4 4 4 4 . 4 744 * * * 4 #441 4 3 
4441 44*4 nfli- 4 4-g- 4*)4 4 4 . 

4 4 4 £3" * * * 4 3 4 plugging indicator* 4 * 4 4 * A * # 3 
4-^414: 4474 4A4 , 441 4 4 4 * 4 4 4^-74 1 A 4 4 . 

Plugging indicator4 A9J 444r 4 ^ 4 4 4 4 4 . 4*11444 ^ * 
41 4-*m * 4 4 # 3 * * * 4 4 4 44: # * * 4 4 * ^-*4 4 A 4 
4441 4 $ 4 4 . 4 44474 4-*llA44, 4 * A 4 4 4 * * * 4 : 4 # 4 
4 . 4A7f #7 f4£ saturation limit A #7j-44, 4 * 4 AS £ 4 4 4 . 

log C = A + BTL
n 

4 4 4 C4> i 4 *A, T L 4: 4 A , A, B, m4 * 1 JL4-4 4 * 4 4 . 4 
441 4*11 ^t3)44: 4-*flA 4-4 4 4 4 * * * 4 : A # 4 # 4 4 , 4 * 4 
plugging indicator4 4 3 4 4 * 4 4 4 4 , 4 4 4 * 4 * 4 4 44 -g-* 
4 4 # * * * A * 4 4 1 * 4 4 . 

1 4 4 AS * # 3 plugging indicator4l4^ # 3 4 4 3 4A 
(plugging temperature)4 £ 4 * * * 4 4-*flA4l *rl444: 4:A &9] 4 
op! 3.4A 1 4 4 4 4 . ^ * # A 4 4 plugging indicators # 3 A 
474 4 A 4 3. 30.5. &JLS]O] 40.4 , ol £7}^ 3.44^4 ^ 4 * A , 

if 4-3= 31 * * * 4A #41 4*41 4444. 43 4 A 4 ***4 S 4 
^£r 44 15 - 40 °C 3A4 4474 44: 3 A S 144 4A4, 3 4 4 
43 4 A * 13444: 2^34 1A44. 
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4 # A 4 4 4 4 A 4 4 4^-E. 4#*114 4#41 4 4 4 * * J 4 4 , 4 * 

4 AS 4 3 4:A74 # 3 4 4 . 7 4 * ^ 4 4 3-3 0.SS 3§r* 3 4 3 , 3=44 

£ # 3 , 31 4 * 4 4 3 A 4 ^ # 4 4 4 . ^ 4 4 74*^44) 4 s # # 

3 4 3 1 *114 4AET9 3\ plugging indicator* 4 # 4 4 *114*114 44: * 

4 4 3 4 4 4 # 4 . 

# 4 # 3-7414144: 7431 *1144 plugging indicator* i 3 i f 3*11 

#^41 1 4 4 A , i f f 4 i # A * # 3 4 4 : 1 3 * * * 5 4 4 4 . # * * 

#51 # 3 1 3 * 4*114S 4 4 € 4 4 : * A 4 # * * * i f #4) 4-*1144 

4 4 4 . # 4 # 4 1 4 # f £ i ^ #4-4 74#44 *H3 # A 4 4-*DA41 

4 * 4 4 : # * * 4 i f 441 S3-44 4 4 3 AS 4 * 4 4 4 . 

4 4 plugging indicator4 A 3 4 A ^4*A74 4 3 # A 4 #341 * 

4 43=* 1 4 A 4 4*11 4-3 1 - 4°CS £ 4 4 ^ 4 . ^4*A74 4 4 4 

4 3 4:A74 4 ^0434, 4 ^ ^ 4 4-514 4-A4 A 3 4 A 441 # * * 

4 4 * 4 4 4 4 nfl-g-AS 4 S 4 4 . ^ - 3 4 # 4#4144> l-3t:/min4 

344144- €- 4474 $19X3, 4t:/min 4144: 4 3 # A 4 4 # 4 3 4 . 

4 4 4 # 4#4144 A # 1 3 4 : 2t:/min4l4 **<S444. 

* # 4 4 4 1 4 4 4 3 # A 1 3 4 4 4 - H32.194 1 4 4 4 4 4 4-3 

£ 4 4 4 4 4 4 &A, ZL32.20414 4 3 4 A 3 A 4 3 4 4 ^ 4 $ 4 3 

4 . ^ 3 4 4 4 4 * 4 4 4 4 4 1 3 4 4 * 4 s 4 A 4 S 4 4 4 4 4 

4 4 . # Plugging indicator* 4 # 4 3 # A34A74 ^ 4 4 4 A 4 A 

3 A 4 # A 4 4 4 > 1 3 3 - 4-3AS *S474, 3 $. 4-34 A 3 4 i 4 # 

4 1 4 4 A , 3 $- 1 3 3 - 4 * 4 s 4 i 4 4 > 4 3 4 4 4 . 1 3 3 4 3 * 

4 - 4 4 4 #4 -4 1 3 4 4 * 4 * 4 4 A 4 i 4 4 ? ##414 4 4 4 4 * 

# 1 * 4 A 4 # 4 4 4 4 4 # 341 *D34# # A * 4 3 # A S 1-* 

4 4 4 . 4 4 4 4 4 # 4 i 7 4 * ^ 4 l 4*11 1 3 4 4 4 . ^-3 2.20# 270t4l 
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200 220 240 260 280 300 

Temp (°C) 

Fig. 2.20 Variation of sodium flowrate with PTI temperature 

( cold trapping temperature : 270 °C, 1 hr) 
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4 * A E * a * 44-44, #Avfl4 i f f * * * * 4 4 4 # 4 3*1143 
# plugging indicator4 A 4 4 A * 2°C/minAS ^ 4 4 4 4 4 3 # A - # 

3 4 4 4 4 . 3.34 1 3 4 # A # 4 4 4 4 : 3 4 4 3 # A * 44\H4. 
* s . s ^ * 74# # 74# #5141 *fl3-44 #A4144 4-*4lA4f 4 # 

* * # 44=34, 4 A 3 A 4 4 4 4 1 A 4 4 . 4 * 1 4 A 4 4*11 4 30 
4 4 4 4 i f # A * 7 4 # 4 4 £ 4 , 4 3 # A 4 £ 4 # 4 * 4:1-444. 
* ^ s ^ 4 74* 4441 4 # 4 3 # A 4 £4- 4:44: 270t414 3. 2.11 
414 4 3 2044 3A 4 4 4 # # 4 3 3 4 5 1 1 4 4 4 . ^-# #A414 
4: 4 A 4 4 # 4 4 441 3 341 A l l - * 4 A 4 , # 4 # 4 1 4 S 1 # 
4 4 4^414 4 3 # A # 3 4 4 # 4 1 * 4 A # , * ^ S ^ 74# # 
2244 #41 1 3 4 * * 3 4 £ 4 . 

*JELS*a4 4 # # A S 270, 240, 200 3l 160t4 Lil 744S £4- 4 
^ A 4 , 3 3 21-2441 4 744 #A4144 4 3 # A * 1 3 4 4 : 4 3 * 4 
449X4. 4 3 # A S 270, 240, 200 31 160°C414 4 4 232, 216, 183 3l 
137°C 4 £ 4 . 4 * 4 4 3 2.1241 * s . s ^ 74##A4l 4 # 4 4 4 4 3 
# 5 1 * 4 A 4 4 4 . 

3 3 2.2541 * ^ s ^ 4 4 # # A 4 4 3 # A 4 44:4-741* A 4 4 3 
4 . * s . s ^ 4 # A 4 4 3 # A 4 4-7414 1 4 4 A S &# 3474 4 # 
3 A S 1 3 4 4 A 4 , # 4 # 4 1 3 344144: # # #A414S 4 4 
0°C, ^-* #A414S 4 20°C4 ^474 1^94 £ 4 . 4 4 4 4 3 3 4 4 4 
4 4 4 4 , £ 4 4 * 4 # A * 4*114 4 i # A * # 3 1 * 4 4 . 4 * 4 4 
4 * 2 4 4 4 -44 3 4 s fitting44, 3 ^ i - S 2.1341 3 4 4 4 4 . 4 
# 4 3 # A S # 4 4 ^ # 5 1 * # 3 4 s ) 4 ( 4*j £514 4-*llA4l *fl3-4 

# # A 4 4-74144 1 A 4 4 . 3 3 2.2641 4 3 # A 4 4-*flA4l *fl44# 

# A 4 4-741* A 4 4 & 4 . 4 3 * 2 4 4 # 1 3\4 &A4, 34441 ^o. 
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Table 2.11 Variation of plugging temperature after cold trap operation 

at 270 °C 

Time (Hr) 

1 

3 

5.5 

7 

18 

21 

23 

Plugging Temp.CC) 

240 

239 

237 

232 

230 

230 

230 

Remarks 

Table 2.12 Variation of plugging temperature with cold trap operation 

temperature 

Cold trap temperature( t ) 

270 

240 

210 

160 

Plugging temperature( °C) 

232 

216 

183 

137 

Remarks 
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Temp (oC) 

Fig. 2.21 Variation of sodium flowrate with PTI temperature 

( cold trapping temperature : 270 °C, 22 hr) 
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200 220 240 260 280 300 
Temp (oC) 

Fig. 2.22 Variation of sodium flowrate with PTI temperature 

( cold trapping temperature : 240 °C, 22 hr) 
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9 
d 
1 

? 
/ 

/ 

6 
■*" 1 1 1 

__o~_ - o - -

! 

~ — \ _ j " ' ~ ~ •-- —■- - \ j 

160 180 200 220 240 260 

Temp (oC) 

Fig. 2.23 Variation of sodium flowrate with PTI temperature 

( cold trapping temperature ' 210 TC, 22 hr) 
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120 140 160 180 200 

Temp (°C) 

Fig. 2.24 Variation of sodium flowrate with PTI temperature 

( cold trapping temperature : 160 TC, 22 hr) 
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Fig. 2.25 Relation between plugging temperature and cold 

trapping temperature. 
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Table 2.13 Results of nonlinear regression of the cold trap 

temperature vs. plugging temperature 

Relation : Y = aX2 + bX + c 

parameter 

a 

b 

c 

value 

-4.1e-3 

2.629 

178.6 

Std err 

2.47e-5 

1.06e-2 

1.109 

CV (%) 

6.01e-l 

4.04e-l 

6.21e-l 

dependencies 

0.99937 

0.9998 

0.0002 

1 1 4 4 4 A , 3 2.1441 regression 1 4 * 3 4 4 4 4 . 4 1 4 * 4 * 4 

4 74*f| 71144 * # A ^ 4 plugging indicator* 4 * 4 4 i f f 4 i # 

A * # 3 1 * 4 4 4 : 1 # * 4 £ 4 . 

Table 2.14 Results of nonlinear regression on the relation of plugging 

temperature vs. solubility equivalent temperature 

Relation : Y = aX3 + bX2 + cX + d 

parameter 

a 

b 

c 

d 

value 

9.675e-5 

-4.753e-2 

8.596 

-3.7442e+2 

Std err 

3.49e-18 

1.94e-15 

3.53e-13 

2.10e-ll 

CV (%) 

3.61e-12 

4.09e-12 

4.11e-12 

5.60e-12 

dependencies 

0.999997 

0.999993 

0.999991 

0.999993 
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Fig. 2.26 Relation between solubility equivalent temperature 

and plugging temperature. 
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3 4 4 4 4 4 # 7 4 * 4 4 A 4 4 ^ # # A 4 4 4 3 4 4 3 # A 4 

# 3 4 74#44 #341 &# 4 4 4 A A 4 A , 4 3 # A * ^ 4 4 4^41 

<ao)A-i 3 4 3 4 4 i 1 4 3 4 A 4 4 4 4 4 . # 4 4 # # A 4 4 i 4 * 

# 3 4 4 4*114^. 3*11 # A 74##5i4 ^ 4 4 4 4 4 4 # A 4 4474 

4 * 4 4 ^441 1 A 4 4 4 4 1 4 4 4 4 i A 4 4 4 * 4 4 4 # 4 4 

4 . 
# 4 ^ 4 1 4 Al 4 # **113# * A S ^ O J ^^.^.^y} Aĵ l A^O] £ 

f4l 4 4 #*11A41 *D444: # A 4 # 743* 4 4 A 4 , 4 4 # 4 # 4 
4 ^ * #*11 4 * 4 4 4 # 4 4 4 1 A 4 4 . 4 # 3.® 4 ^ 4 4 4 4 4 
4 A A 4 4 4*11444 4 ^ 3 4 4 1 4 4 - 4 # 4 4 4 &&A4, 4 * 4 4 4 
4 ^ #414 **J1 4 4 4 . # 4 ^ 4 4 4 4 4 44414 * * J ! 4 ^ 4 
4 i # A #341 4 4 4£- 4 * 4 ^ f 4 4 4 #Sfe 1 4 4 3 4 A « 
4 4 . 

(4) 1 <4 

# 4^414 *H44 * # 3 plugging indicator4 3 * # 374*fl# 1 4 

4:513 7fl̂ A ôi OI^A4 1*11 # A #341 4 * 1 * 4 A 3 4 4 S 4 4 . 

n 4 4 # A #341 3.$ 4 4 4 A A 4 4 4 . # 4 4 * # A 4 4 i 3=* 

# 3 4 4 4*H4# 3*11 # A 74* £514 ^ 4 4 4 4 4 # # A 4 4474 

4 * 4 4 ^441 1 A 4 4 4 4 1 4 4 4 4 i A 4 4 4 * 4 4 4 # 4 4 

4. 5E4 7 4 * 4 4 4 plugging indicator74 4 4 4 4 # 4 4 A , A 4 A * 4 

4 4 A 4 4 4 4 , # 4 ^ 1 4 * 4 £ ° . s 4 4 £-741414 74**J plugging 

indicator* 71114344. 
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2. 4 : 1 - £ 4 } 7 j # 7)2: ^ 

4 . ^ A l 
i f 3*41 4#414 1 ^ 4 * f A * * * 4 4 * 4 # 4 4^4] 4 4 

4 # 4 4 A3i4 4 445). i f 3*11 4#414 4 4 4 4 1 4 4 # * * * 
A 4 4 £ 4 ^ * # * * s * 4 i , * i , l i , 4 i 3 4 JL tSTfl # 4 1 -
4 4A4, ^ * # * * s # 4# , A#, 4 * , A * , 1 , 44 , *4A31, 4 
€, 4^- 3431 # 4 f # 4 1 A 4 5L444. 4 3 4 4 3 744 # * * f 
414 4-g-* l i # 4 4 i 4 1 # # * *41 4 4 4 4 3*HT41# 4 4 4 1 
4 4 # 4 * # 4 4 i f f 4 4 i 4 A * A 1 4 4 . 4 3 * i f 4 * # 
4 4 # 4#41 3-4* 1 4 4 4 # * * # A * 4 3 4 A S # 3 4 A S 4 

4 s 4 4 4 4 S * 4 ^ 4 * 4 4 s # A 4 * & 1 * 44. Hi 4 1 4 4 
# 3 4 4 : A 4 f 4 i f 7414 # * * # 4 # 3 * 4 4 4 * « # 4 s sfl 
4 4 4 4 4 *4ofl VJI544 3*113 4 ^ A 4 , i f 3*HT41#4 4 4 4 4 4 
3 4 4 4 # 3-^fl* # 4 3 * 1 * 4 A * * * # 4 * 4 * 4 A S # 3 4 

4 4 A S ^2: 4 s 4 # * * ^ 4 4 3-3 4 # * 4 4 4 ^ 4 4 * 1 * 
44 . l * i l s 3*11 741#414 4 # 4 # 4A)7_V *£-§- # 3 4 ^ plugging # 
3 4 4 4 4 3 * i f f 4) 4 # 3 4 # * * 4 * A * # 3 4 4 4 A 4 A 
44. 3 4 orifice 4 * 74*431 bypass JL# 3 4 4 plugging # 3 3 74 
i 3 #A41 1 4 4 4 4A4 441 4 4 I f 4 3 A S # 4 plugging # 3 
4 4 1 4 4 4 ^ 4*41 4 4 7)14* 5 ! 5 I 4 A 44 . 4 441A 1 4 3 # 

3 4 S 4 444144 4 A, * i A 3 A 4 i #3474 7fl^44 # A 4 4 
1-4 3-31. 4 ^ 3 *J:AOV^ 3 $ o^7 ] . 33)£)3i 44 . 44414^ 
plugging # 3 4 * A A l * 4 4 1 4 4 # 3 3 s 4 4 A # 3 4 4 4 4 
4#74 3*5 f41 4A4 441 cfl̂ r I f 4 3 44 A^414 * *31 413 
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41 44 . 
4 £ i f f 41 #7)14* -?* # * * 4 * A # # 3 4 4 4 4 4 4 # 

4 s 444 43- 4-44 # 4 4 A ^ 4 4 . 4 3 4 4 s ^ 4 4 4-44 # 
4 * 4 ^ * * * * 4 1 4 4 143- # 3 & 4 4 4 A 4 4 4 A 1 A 4 4 . 4 
# 4 4 % 3-741* 4 s ^474 4 4 4 4 4 4 * 4 ^ 4 3 1 glove box 
4 4 4 A ^ 4 4 . 4 4 4 # i 3 4 4 bypass4l 4 4 4 s ^ 4 4 * 1 4 
4 4 A 4 44 43-4-3- 1441 4 4 4 J L ! 4 4 4 . 

4 * 3 plugging # 3 4 31 1 4 4 4A # 3 4 * A 4 4 A 4 4 4 4 
4 * 4 ^ 4 l 4 4 i f #41 # * * s 4 * 4 A # A # 3 1 4 * A 4 4 
44 . i f 3*11 741*414 * A * * * * 4 i 4 l 4 4 3 4 4 4 3 * i f 
3 4 741 # 4 A i 4 4 4 l 4 A * A * * * s 4 * 4 4 . 4 4 4 AJL4*H4 3 
*11414 4 i * *1144^ 34 # iL44 441 4 4 4 * * 4 ^ * 4 4 ^s_^-
4 44 . 4341 4 4 4 AJL4 4 3711 44 743- &4 4 * 4 * NaK 
bubbler* 1 3 1 TTAS 3 " 4 4 A iLJL4 4 f41 # * * S #* r l4* 4 A 
*114 1 3 * 1 4 4 4 4 . 

M-. ifl -8-

(1) i f # 4 4 * 

(74) 4 s *H4 4 4 31 1 4 . 

4 s *rl4 741* stainless steel (SUS 316, seamless 1/2" tube)* 74*4 

4 3 3 2.2741 44 \£ 4 4 1-4 X11444A4 i 3 # A 4 4 1 4 4 4 4 . 

4474 3-44 bypass 3 4 45- 4 4 * 4 4 4 A 4 , 4 4 4 * 3 4 4 A # 

1 4 4 4 i f 4 4 * 4 i f f 41 #7)14* * * * 4 #4 * A 3 4 4 4 

i74 4 A # 4 4 4 . 

3 3 2.27414, * i f A#4(SUS 316 1/2" pipeHl *gA 1 
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Vacuum/ 
Cover Gas 

e^ \^ Liquid Na 
Flow 

Fig. 2.27. Bypass Sampling System 



(Swagelok model SS-12UW-TW-HT)* 1 4 4 4 4 . # 4 4 S *r)44* 

SUS 3164 1/2" tube* 4 * 4 4 A , 4 S 4 4 # ( S ) * *1144 A * 1A 

(Swagelok model SS-8UW-TW-HT)* # 3 A S 4 1 4 33.A4, 4 S 4 4 

# 4 4 4 4 * 350mm 4 4 4 A conoseal (Swagelok) fitting AS 4 1 4 ^ 

4 . 4 4 4 s 314 4 * 4 * 4 4 s 4 4 1 4 * A 4 4 4 4 * 4 1 4 . 

- 4 S 4 4 # 4 fr* 1 4 , * 3 3 A 414#S 431S ^ 4 3A # 

1 # 4 4 * 4 * 3 4 4 A 4 4 4 . 
- 4 * 4 £414 3 A 4 4 4 s 3 1 4 # * 4 s 314 74141 4 * #441 

44 41444. 
- AJL4 4 (Ar A* He)* 4 s 3144S *3A44 4 s 3)4#4 

4# #* 4 1 4 4 A 4 4* As.444 *3 AM* 4 # A § 4 S 4 S 

44^4 4# 4# -£-* 414 34. 
- 4 s 3)4# 414 #4 4s. 4444 *1 43(<lxio7 

cc.atm/s)# 1 4 4 4 . 
- 4 s 4 4 4 4 # A * 100°C 43-AS # 4 4 3 4 . 
- 1A 6, 7, 8* 3-3JL 4 s 4 4 4 4 # A # 150°CS * 4 4 . 

- i f # J T 1 # HJA(544)* 4 4 I J I zi 4 * A S 4 ^ # 1A(34 
2)* 431S 1 4 # 4 . 4 3 * 4141 4 * * 4 * # 4 4 431 4 4 * 
# ^ S 4 A 4 4 A 1 4 4 * * 4 4 *11*44. 

- ofl̂ ) ^-.o] 0.4,^ Û _H 2 # 4 * 4 4 4 4 A 4 i * 3 4 0.1 

g/min43-4 4 4 # 4 4 4 4 . 

- 4 s 4 4 474 i f 4 3 3 4 1 =1)44 4 4 # A 4 A S * i f 

* * * * 4 4 3 4 . 4 s 314 7414 #A4l 4 4 3341 A ^ 4 4 4 4 * 

4 4 4 4 , 4 s 4 4 4 # A 4 3 3 * 4 # 4 4 A^44? 4 i 4 4 * 4 4 

4 1 4 . 
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# 4 # A 
540 r 
320 r 
230 °C 

4 A 3 3 4 4 
1 
4 
5 

- 4 s 4 4 7414 4*11 i f 4 # # 4 3 3 4 4 # 4 3 # # ^ 11(5 
44)* £ A 74*3 4 ^-4 AJS. 314#41 4 3 i f * #A(<93t)4 4 
4. 441 i f 4 1 4 3 162°C4 121°C444 #A414 4 ^ 1A(342)* 
£ * 4 . 

- 4 s 314 4 4 i f 4 . * ^ 4 1 4 * * # 4 s . 4 4 # * 4144 
4 4 # # * parafilm* 4 * 4 4 4 cap* 4 4 # 4 1 # 4 A , i f 4 * 
* 43=* 4 1 S S S 4 4 A 4 4 4 i L * 4 3 4 . 

- mi4\)l 4 s 4 4 * * # 4 4 4 4 4 4 3 4 4 4 ^ 3 4*11 # 4 4 
*4l A 4 4 3 4 . 

(4) #4^41 43- 4 i #A # 3 
4*11 i f #41 # 4 4 * 4 i 3 (ppm*#)# *4^41 4 4 4 # 4 4 

* 1 4 4 4 ^ * ^-*4 i f A S # 3 4 i * Na20 3^fls #3*11 4. # 
4 4 4 * i f 4 * 4 - 1 4 3 4 3 A S 3 3 4 4 4 l7f * 3 " 4 * 4 * 4 
4 3 3 4 * 4 4 4 . 4 s 314#s#4 4 s 4~5g# 4 4 4 *4^41 4 
4 4 4 i * A * 1 3 1 * 4A4, 74313 # 4 1 4 * ##A41 * # 4 4 

(2) Cover gas4 ^4 
(74) NaK 3-^-4 *11i 31 4 ^ 

Ai43l 3*11* 4 4 4 NaK-70(m.p. : -10t) bubbler* 4 * 4 4 A 
4, NaK bubbler4) 4*4] NaK-70 3 ^ # 4 * 4 1 4 *!l^4448). Na4 
K* 4 4 44^"AS paraffin oil4l 4 4 4 4 * 4 * 4%3 4 4 # 4 4 
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*414 4 4 4 Na4 K4 £441 # 4 4 * oil* 4 # 3 ^ A S 1 4 4 

4 A 4 4 * Na4 K 4 * 37 #741 45 . 3 3 4 4 4 4 4 4 4 * 4 . 441 

Na4 K4 1^41 4 4 ^-* 3-44 4 * # * # 4#AT11 £7iH ¥ A 3 

* # 4 * 3 4 4 s # 4 ¥ 4 4 . Paraffin film* 4 4 - 4 4 4 4 4 * ! # 

4 4 A 4 4 4 4 4 * 4 4 f A S 444. 4 4 4 * 4 Na4 K* 4 4 4 

4 * 4 4 oJl*il NaK 3-^-4 ^^-4 ^ 4 4 4 . 441 4 4 4 * 4 4 4 # * 4 

# 4 Na4 K* 4 * 143741 4 * 4 4 ^ H NaK 3"^-* 4 * * 4 4 . 

4 ^ 4 4 # NaK 3"^-* 3 3 2.2841 1 4 3:744^* 4 * 4 4 NaK 3"^ 

* 4 4 4 ^ A 4 , NaK bubblers 4 # 3 4 4 (He) # 4 4 4414 4 * 4 4 

4 * 4 3 4 . 
(4) Cover gas 3*11 3"4 

3 3 2.2941 NaK bubbler* 4 * 4 cover gas 3*11 4 4 * 4 4 4 3 4 . 
3 -4* Pyrex ±4$- *H443A4, 4441 4#4l ±4 B l « 4 J l 3 * # A 
S Ace*H#434. Cover gas 3*11 4 4 * 3 3 2.2941 A4 4 4 1 4 4 
*43l(He), ^#7131(44431 ; He, 4A*A; 215ppm) 3 3 A 3 * 4 4 
4 4 4 1 4 4 4 cover gas 3*114 4 # # * * 431* *H4 4 4 * 4 4 * 
4 4 4 . Cover gas 3*11 4 4 4 4 # * ^ 4 4 1 * 3 * A S 4 # 4*431 
(He)s 31* 4 * 4 4 3 # A S 4 A 4 4 4 * 4 3 1 * 3)*4. 4 * 4-54 

4 # 4 A S 4 cover gas 3*11 4 4 4 4 # * 4#431 (He) 4 4 4 # * * 

431* 4 3 4 *114414. 

NaK bubbler(l)4 A 4 * 30 * x 300 nnnS4, £#43174 ill34 3 * 

nun4 31744* # 4 4 #4(bed height) 80 mm 4 * 4*11 NaK4 * A S * 

4 4 A # 4 4 4 . 441 NaK bubbler 4 # A S # 4 4*4(250 * x 120 

mm)* #5SA4, # 3 4 4 431 ^ 3 # 4 * 4 4 431 4A *rl44(3)# 1 

4 4 3 4 . Cover gas 3*114* # 4 4 4 f 4 A S 4A41 4 * 431* 4 3 
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T 45/50 

T24/40 

Glass filter —> fessss 

T24/40 

Vac. and/or He 

Ace stopcock 
for high vacuum 

Vac. and/or He 

T10/30 

Fig. 2.28. NaK Filtering Apparatus 
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4 A S 7131 4 3 . S 4 S 3 4 4 (Gas Chromatograpic Analyzer, Hewlett 

Packard Model ; HP 5890)S * 4 4 A # 4 4 4 # 3 4 31(He) f 41 # * 

* s # 7 H 4 * 4 A 4 # A * # 4 4 4 4 . 

(4) Cover gas 3*11 1 3 3l 1 4 

4 4 NaK bubbler* 1 # 4 1 4 4 * 4 4 * 4 4 4 * 4 4 4 4 i *114 

4 3 * * * S 4 4 4 . Cover gas4 3*11 3 A * 4 3471 4 4 # 4 4 3 1 s * 

t # 4 3141 4 i 7 4 215 PPm4 3 1 4 4 4 4 * £ # 4 31* 4 4 £ * 4 # 4 

A S # 4 # 4 4 4 4 * 4 4 4 . 

3 3 2.304 £ 2.1541 £#43141 4 4 4 i * A 4 4 £*7l31# 1 

# 4 4 4 NaK bubbler4l # 4 4 4 # 4 A # 431 #41 A 4 4 4 4 * 

4 i # A » 4 A 4 4 4 . 

1 4 4 A S i f 3*11 741*414 A J L 4 3 1 S 4 * 4 * 4 ^ 3 43l(Ar 

A * He)4 * A * 4 i 4 * # 4 4 4 5 ppm 4 4 * A 4 4 4 4 4 4 A 

s 743^-4 4 * 4 * A A 4 31 3*11741* #7114 4 S 4 * # A # 4 4 

bubbler(4300°C4 ! # ) # 4 * 3 4 . AA431 3*114414 AJ-.4 314 * A 

4 4 * #341 4 4 4 bubbler4 1471- 4 * 4 3 4 . 3 3 4 # 1 3 4 1 4 

* AJL431 3*114* 4 4 7 i i 1 3 A S 4 4 i # A 4 *114 4 4 4 3 * 

Table 2.15 Oxygen concentration in the cover gas system 

Standard Gas 
(He) 

Inlet 
(ppm) 

215 

(3.6)* 

Outlet 
(ppm) 

<5 

(<0.5)* 

* Two bubbling ( 260°C, room temperature ) column was used. 
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c J~l 
-Xh 

1 

S.T.D. gas 
NaK bubbler 

mn 
n 

6 

ToGC 

ToGC 

r\ 

W 

Vacuum 

l.NaK-70 bubbler 
2. Surge vessel 
3. Gas sampling bottle 
4. Manometer 

Fig. 2.29. Oxygen Trapping System 



# 4 4*S44A4 4 A 3 * * # A 4 4 i * £ 4 4 * £ * 4 3l# 74*4 
4 4 . 4 4 4 3 1 4 * NaK bubbler 4 bed height74 80 mm 4 NaK 4^-
* A S # 3 3 * mm 4 ^4 4 # 3 * # 4 4 3 3 £ # 7 | 3 l * # 4 ^ 4 
f A S 4 £#431 # 4 4A74 *1144* 3 A * 4 4 4 Ml 3 4 4. 

431 3 . S 4 S 3 4 4 ^ 4 1 4 3- # 4 4 (HP-5890, 1 3 A 3 * 4 * 4 ) 
* 74*44 «)# 4 4 7131 #41 *4i #5174 4 5ppm 4 4 A S # 4 4 * 
3 4 4 # 4 4 74*44A4, l-2ppm 4 4 4 #A414* 3 * 4 # 4 1 4 
4 4 - 4A#A41 4 4 # 4 3-7414* 44#4(photoionization)3#44 3-
* 4 4 * 1 3 4 3 # 7 l i - A>-g-44 4 u-Til 1 * 4 4 . 

£2.154 332.30414 A 4 * 4 1 # 4 NaK bubbler 4 * 4 * 4 4 4 
A S3L431 # 4 l i 4 314143: 3*1174 * # 4 4 * 4 3 * 1 * 4 4 . 
2,74 34 *3(3 * mm)* # 4 4 NaK bubbler * A S # 4 4 * £ # 4 3 1 4 
# 3 * 3 4 # 7 4 4 4 4 # 3 4 95m£/min74 1 4 1 4 4 * 4A *114 31*4 
41* # # * A 4 * A 4 4 . Bubbler* # 4 4 * £#71314 # 3 4 95m£ 
/minS4 £ 4 4 4 4 4 # # # 4 4 i #A74 4 4 4 #7434 4 * 4 4 
4 . 

4. ^ £ 
i f * 41* 4 * 3 4 * * 1 S 4 i f 4 * A 4 i f # 4 # 3 # * 

* 4 # A # 1 3 1 4), i f * 1 4 4 4 # 4 #47) 4414 4^*114* 
4 4 4 . i f 4 * A 1 3 * # 4 4 4 4 3- # 4 4 4 4 # 4 4 ^ 4 1 3 4 
4 4 4 4 , * 4 ±1- #41 £ 4 4 4 4 * ^ * # * * * 4 l 43- # 4 * 4 
4 4 4 * 4 s 3)474 # 4 4 4 4 44 . 4 * 43- 4 4 4 s 3-474 £ * 
4 A 4^-4 # 4 4 bypass 4 S 4 4 4 * i 3 441 1 4 4 4 4 . i f f 
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r** ■ < ** 

Peak Area 

1 : 3603 ± 23 

2 : 81 ± 10 

1 

2 

^-v_J ^*L-sw.i 

Fig. 2.30. Oxygen Concentration in The Carrier Gas (He) 
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41 £3-4 ^ * # * # 4 # A # 3 * i f 3*11 4 # # 4 # * *4ls # 3 
4441 1 * 4 44 , bypass 4 s 3)4 3 * # 4 # 4 7l# # * * 4 * 4 
4 A3 4 1 3 4 4 . 

4 4 i f #4) # 4 4 * 4 i # * #4^4) 4 4 3 ^ A S # 3 4 * 
7 l # * i f 3*11 74]#414 143-AS 4 i # A * # 3 4 * 4 i # 3 4 4 
34 4 ^ # * * # # A # # 3 4 * plugging # 3 7 l * AA44 4 4 4 * 
4 4 * 4 A S f A44 . Bypass 4 s 3) 4 3 s # 4 4 s # 4 4 4 4 i 
#51* # 4 4 * 1 4 * 4 3 4 4 A 4 , 4 4441 4 4 l i #A # 3 * 
plugging * 3 4 S # 4 4 4 3 7fs4 4 ^ 4 * 4 * # 4 4 4 # € 34 
4. 

i f # 4 4 ^ * # * * * cover gas4 *A41 4 4 43-44 4 * 4 
AS cover gas* * * 4 4 4 S *43-°l f A44 . Cover gas* NaK 
bubbler* 4 * 4 4 * * 4 4 3*11 1 * 4A4 441 4 4 I f 4 3 * 4 
# 1 4 4 4 4 . A 3 cover gas* 14441 GC41 4 4 4 4 * 4 A S 44 

1 * 44 . 

3. Cold trap^l 3*fl*1H ^ ^ # 3 ^^^4) 

7\. 4 ^ 

i f - * * 4 4 ^ 4 * ^ ZI^JL & * l i s * 43-#4 * * 4 * 

# 3 * 744A 4 * -r3-*44 4)#4) 4 4 4 ^ 3 4 %4 # 4 3 * 4 4 4 

# # ###41 4 3 4 4 3 3 3 A 4 4 * 4 # 4 4 3 3 * 4 £ 4 A 44 . 

3efl4 A * A i f 133-44 4 4 i f * ! 4 ) 4 S 4 * 4 * T41#4S* 

#3*41 # * * # 4 * 47143 # * * *1141474 1 * 4 4 4 . 4 * # 
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4 # # * * * s 4 i , * i 4 A 4 * * # 4 1 ^ 4 4 # 4 A S 4 4 4 4 

4 T41#AA4 £ 4 A S # 3 4 * # 3 3 A T41#AS4 # 4 * 4 # A S $ 

3 4 4 4 . A#4414 4 * # # * *A74 # 0 ^ 4 ^ T ^ J I ^ O ) ^ i ^ j 

4 741#4S4 4 3 3 4 * # 1 4 4 * 3 4 * 4 # 4 4 A * - # 4 4 4 4 

A * 4 4 . 

# 4 4 4 4 3 4 4 4 1 # 4 ^ ^ 4 4 1 4 741#if44 A 3 T 4 1 # 4 f 4 * 

4 * 4 4 4 4 43- * i # 3 4 3 4 # A * 4 # 4 * 4 4 * 4 4 3=* Aefl 

3- * i 4 4 . 3 4 * 3 f 4 f 4 1 ^ 4 # « . * 4 4 * * 4 4 4 3 3 A S 

# 4 4 3*54 A3 4 . 3 3 4 steel3#4 # 4 4 3 ^ 4 1 4 4 # 3 4 

* * * - A f 3 4 4 * A S 1 ^ 4 * i * * 4 4 4 4 * A 4 * 4 * 4 1 

4 steel phase#AS 4 4 4 4 3 * 3 4 4 4 4 4 4 . 4 4 steel3#41 3 

# 4 * i * #51*^74 3 3 4 4 4 i f # A S 4 4 4 4 4 . # 4 4 * 

3 ^ 3 4 1 4 4 # 4 1 ^ 4 4 4=44 i f 4*414 * i 4 * ! M 4 # f 

4 1 ^ 4 4 f 4 * 4 4 4 4 A 4 # 4 4 * 4 1 43- * A ^ 3 4 # 1 4 4 4 

* 4 A 1 3 4 4 4 . 4 i 4 3 # ^ 4 4 4 i f 4 * A # T I 1 4 447l)A 

4 S 4 # 4 * 4 4 4 # 3 4 # 4 # 3 7l)A4 * A # 4 * 5-1 A S 1 3 4 

4 4 . 4 * * * * * * # A * ^ 4 4 4 #*11A» # 4 A S 4**1144* 

4 4 4 metal-packed f i l t e r f^ # 3 £ cold trap4 4 * 4 4 £ 4 . 4 3 

3- cold trap4 3 * *, 3 4 * 3 3l 4 3 * 3 * 3 = 4 4 4 A ZLS]TL 1 4 4 

1 4 * 1 3 4 4 4*11 A # # 4 4 A 31 i f 4 4 A 4 4 A 4 1 3 4 4 * 4 
A334441 ^ ^ T^^O) 9^^^ ^jz 5JT4 

KAPLi* Bruggeman9,4 A 4 4 * 1 4 4 1 4 4 4 * * * * 3-*4 

i f 4 # * # 4 13474 4 4 4 # «)^44144 1 3 3 4 4 3 * 5 4 A # 

# # 3 - 4 4 * *11#3- * 4 4 4 4 4 * 4 # 4 AJL434. 344 

crystallizer 44144 i f 4 *4l#444 cold trap4 A # # ^ « t T 
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4 * * 4 4 A S J 1 3 4 4 4 1 474s 4 * 4 4 4 . 3 3 4 eefl4)# 4 3 
4 4 * 4 4 4 f A 3 # 1 * 4 7fl3AS 4 4 4 A # * # 1 3 4 3 4 4 3 
442) 0.^0^ L+S jrf­* ­ 7 4 4 3 A S **H4 # * * 4 4 # * A4 # 3 
1 * 4 4 A 4441 0 ) . 4 3 4 4 3 * cold trap* #*4] i f 4 A # 4 f 
74444 4 * 4 4 * # 4 * 4 4 * * 4 * A # * # 3 4 4 * * * 4 # * 
#7441 * 4 * * 4 4 3 ­ 4 . 

4 4 s # 3 * 4 A 4 4 4 *D#44* f 4 4 4 4 4 * J L # * 4 A 4 4 
4 41*4) # * * 4 4 * * 4 4 4 4 J 1 %■% Cold trap3:#4 ^ 4 3 4 * 
3 * W44. 4 3 * 4 A 4 **114 i f 4 4 * * * 4 1 3 4 4 4 ^ 3 
4 # 3 * £ 4 4 4 *A#4]74 3 3 4 4 A * * * 4 # 3 * £ 4 4 4 4 
4 4 * A 4 1 3 4 33­*AiL4A 4 4 4 4 #*441 e 4 # * 3 4 4. 
4 4 4 4 * * * A S 44*A74 f 74431 # * # * A * 4 # A 4 1 * 4 
* crystallizer 4*114 # A 4 3 4 4 3 4 3 1 * * 4 * 4 1 * 4 * * A 4 
# 3 : 4 4 . 3e)Ji # * * 4 1 3 4 3 3 3 4 # 4 3 4 ] 4 # * * 1 3 4 4 
^§3* 4 * 4 4 4 £ 4 4 4 ] 4 * 4 4 cold trap4 A # # « H 3 4 74*4 
£ 4 4 * 7 4 # 4 * 41 4 A 4 4 * 3 4 A3i4^. 4 4 n ) . 4 4 1 4 * i 
#4414 4 # * 4 4 4 * 4 * #**4744l 4*11 «U§^°1 4 1 4 4 4 4 
* s # 4 1 4 4 4 * 4£441 4*11 # A 4 4 A A3L44A 4 4 4 . 4 3 4 
4 1 4 4 # # 4 A 4 4 4 7114AS 3 # cold trap4 3)^34*74 nflsflofl 
4 1 4 4 * 3 A S 3*1174 A O 4 ^ 4 . 

1 3 3 3 ­ * 3 #5174 4 4 4 * 4 1 4*11 # * 4 * 4 * 3 4 4 74AJ0) 
4. 4 3 4 4 # 1 4 # f 4*rl A 4 cold trap4 metal knit packing* 4 
* 4 i f 4 4 *­^34 4 # * * 4 4 4 3 * 4 * 744* 3 4 4 4 A JL 
* 3 4 £ 4 ^ 3 4 3 ­ i * *H*1 * 4 A 4 3 4 3 4 * # 3 4 4 * *11 
1 4 3 4 * 7444 3­ 4 4 4 . *111* i f 4 # 3 4 4 4 4 * 4 3 4 A 
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M A A 1 4 AA4 # 3 * 4 743- 1 4 4 4 4 * 4 4 s 4 4 4 4 A3i 4 

4 . # 4 4 # # 4 4 4 AA3 43(screen packing)* 4 4 - 1 4 4**11 

# * 4 4 * # ^ 1 3 4 1 4 # # 3 # * * 1 3 4 ^ 3 3 % 3 3 - ^ 3 * 

3L*4AS 4 * 4 4 # 4 4 41*41 4 £ 4 #*114 # * * 1 3 4 cold trap 

* zLcfls 4 4 4 1 * 4 4 3*H3i#4 # 3 * 4 3 4 4 * A 4 # 4 4 1 

1 4 4474 4 # * 1 * 4 4 . 

# 4 * 4 1 4 * i f 4 # 4 1 4 4 4 £ 4 4 # * * 4 i f # 4 4 A 31 i 

f 4 4 A 4 4 A * f 3 A S 3 4 3 - 4 4 cold trap4 1 4 4 4 * 4 4 4 * 

3 * 4 3 4 3 * * 3741 * 4 * 34*414* * * J 4 4 4 . crystallizer4 

#131741* A#4l 1 A 3 4 1 # 4 * 4 * # A 4 £ 4 * * * 4 # A # £ 

* # 4 4 4 4 4 . 

4 . A f̂- 3S}-# cold trap4 ^41414 

743 3 3 4 4 cold trap4 * A * zi32.3l4 1 4 4 1 4 * 4 1 * 
coolant channelS4 cold trap* ^ 4 4 4 4 4 4 ^4474 4 * A *474 
4 # s 4 4 4 A 4 1T41 4 4 4 4 . 4 * 4 * A * 4 1 4 * 4 A # i f * 
4 # S A S 4 4 4 ^4441 4 4 4 annulus channel4 4 ^ 4 * # 4 4 
#51*474 *^3 4 4 4 ^ 4 4 3*J4 ^T4 annulus channel4*4l4 4 
4 4 4 # s 4 4 4 4 wire mesh4 # 3 * 4 4 * # 4 4 4 # * ^ # S 4 
4 4 4 4 4 4 4 4 . # 3 3 4 1 4 * 4 4 4 4 & 4 4 4 3711 # 4 4 4 
74* ^ 4 4 i f 4 * # * cold trap4l # 4 4 * i f 4 1 A ^ # 4*11 3 
1 4 * 1 4 * 3 4 (economizer)* ^ 4 4 4 4 . 

i f * 4 # annulus channel* # 4 4 4 4 wire mesh4 # 3 * 4 4 
* # 4 4 4 4 3 4 4 # * # * 4 4£4(super saturation)44S #*fl4A 
# 3 * 4 wire mesh4 £ 4 4 H 7J34 ts\o] AJAJ^JT. AĴ J-O) 3*J44 . 
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3 44 1 4 4 * # * * # A * cold traP4 # 3 * £ 4 4 444 #A4 4 

* 4 4 41*41 cold trap44l44 3*414 #A#£4 74144 A*44. 

cold trap4444 #A74144 A l 3 # 4*11 332.32* 7)134 A4# 4 

4444 . coolant channel(a), annulus channel(b) 3331 #3#(c)4 4 * 

3*#4 4^AS 4 * * 4A4 4144 A*^44l 4 4 4 ##4144 

# 4 4 #A*444 4 4 4 3 4 * 4 * 4 14 # * 4412'13>. 

dTa (KhUdO ( n _ Ta) (3_1} 

(Ta-Tb) 

dx (h'i 

dTb 
dx (hi 

1 (h2 

dTc 

' + hi7tdx)(mcp)b 

(hThtxd,) 
' + htndx)(mcp)b 

(h2 h27td{) 
' + h27rdl)(mcf)b 

(h2 h2ndi) 

(3-2) 

(Tc-Tb) 

dx ~ (h2+h2
+nd{)(mcp)b

{Tb~Tc) (3~3) 

channeH # 4 4 * # 4 4 # 5 1 * * 3 4 A 3 A S 1 3 1 * 4 4 . 4 4 

4 h1? h 2 * 4 * # 4 # 1 - 1 3 1 7)1** 4 4 ^ 4 . 4 4 4 4 4 4 * 4 

3 4 A S £ 3 4 4 4 4 3 4 * * # 4 3 = A S 4 # 4 4 4 # 4 4 # ^ A S 

A i l # 4 4 4 # A * * * 4 4 1 4 4 1 * 4 4 . 4 4 4 1 4 * 4 * 4 

4 annulus channel(c) 4 4 4 # 4 " 3 4 l 4 * # A # £ * wire m e s h # 3 * 

4 # A S 1 3 1 * 4 A ^ . 3 A cold t r a P 4 * 4 4 4 4 4 4 # A * # , 

annulus channel(b) i f # 4 4 ^ 4 4 4 # A ( T W ) # 

Tu=Tb- ( , h \ u + ATb-Ta) (3-4) 
(«i + « i ) 

Zl^TL 4 ^ * 5 1 ( T w c ) 

h + 
Tvc-T,,- ih^ + h^(Tb-Tc) (3-5) 
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Air Out 

Thermowell 

Air In 

Fig. 2.31. Cutaway view of cold trap. 

4 44M4 i * <$:?3L^9] *514 coolant * 4 4 441" * 44 . cold 
traP4*4l4 4 4 4 1 4 4 * # 1 3 1 4 4 4 3 4 4 4 # # 3 * 4 £ 4 
4 4 annulus channel(b) i f # 4 4^:44 3 3 A 4 4 4 4 4 4 4 4 
4 2U 4 4 4 # 4 3 A S 4 # 4 4 4 4 4 # A 3 A S # 3 #*1)A41 *fl4 
4 * £ 4 # A # 74)41 * 4 A 1 4 4 4 1 # A * 4 * 4 4 1 * 44 . 
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* i 4 l i * *A #*# 441AS4 #A4] 4* #*BA 3-44* 
4*4*4 14. i f f 4 i 4 #*41A 444* 

1KL \og[0 (vg/g)] = 6.250-2444.5-

n 3 A i f f * i 4 #*BA 4 4 4 * 4 * 4 1 4 : 3 3) 

log [ / / ( /^ / i r ) 1 = 6.467-30 23 IKL 

(3-6) 

(3-7) 

cold trap4)44 # * # 3 4 * 4 i f 4 # * # 4 4 4 4 ] 4 4 * * 4 ] 4 

# 4 4 4 3 4 * 4 4 1 4 4 * 1 3 4 * 4 # 4 A S £ 3 1 * 4 4 . 

dm 
dt = kaAP(C-Ce) (3-8) 

Naln 

NaOut 
Coolant Out 

C lannel 

Air 

t 
Sodium 

Coolant In 

Fig. 2.32. Section-cut of cold trap for model simulation. 
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4 4414 dm/dt* 3 4 * 4 4 # # # # 4 4 4 A , A P * 3 4 4 1 4 4 * 
4 4 4 £ 4 3 * , C* 4 A 4 4 # * * 4 #A, Ce* i f T41#4144 # * 
* 4*41 4 4 **1)A4441 4*11 4 4 4 * 3 3 # A 4 4 . (3­8)4* 4 
4 4 3­OT 7i7\^ 4 ^ 4 3 4 * 3 4 4 °±°\^ ^ 4 * £4441 4 4 * 1 

3 1 444 44. 
# 34*114* cold traP44 13141 4 3 # A # £ # 4 4 4 A 4 

#5141 *H44* * * * 4 3 3 * A * 7414444. 4 4 * # 4 4 A # * 

* * 4 4 4 4 4 4 4 cold trap4 44^4*1)S # 7 l * # 4 4 4 annulus 

# 4 i f A # * ^ 4 4 4 # * * * 4 £ 4 #*f l44s #514 4 * wire 

mesh74 4 4 3 #4*414 i f #44A74 4 * ■ 3 4 4 * A l * 4 * A 

5 4 4 4 . 1 4 #3414 l A * * 4*11 1 4 4 * economizer* 1 * 4 4 

4 4 4 * 4 * 4*11 3 4 * 4 4 4 . 3 3 2.33* # 4 4 A * * * * 743 

300°C4 i f 4 ^ 4 4 cold trap444 4 * ­ 4 4 4 3 * 4 4 4 # 4 A S 

4 67ppm44S * * * # A * # 1 * 4 * 3 3 3 4 # A # £ # A 4 * 

31 4 4 . cold traP4 3*41 A * * 4 * 4 4 1 4 £ 4 4 * 4 

4 3 * 4 * 4 * 4 * 4 4 4 # 3 * 4 # 4 4 4 * 4 4441 4 4 1 4 3 

4. Â fl 3 4 A 4 A S 4 4 3 4 & 4 3 # 3 * * # * * 4 « H 3 4 1 3 

3 3 * 1 * 4 * # A # 1 3 1 4 4 4 #A*T11 4 A 4 4 * * 4 1 43=* 

4 4 * #A*474 4 i 4 4 3*41 A * 4 4 4 4 4 4 4 . # 3 * 4 3 4 A 

* # cold trap!7414 f A 3 174147444 1 3 4 # * * * A 4 4 S 3 4 

4 4 4 3 4 3 * 3 4 ^ 4 * # 4 # 3 ^ * 4 4 4 4 4 4 . 3*41*3* 

41* 1*1) 3 4 4 # * # # A 31 * 3 # A 4 4 4 A S 3*I1A*41 4 = 4 4 * 

3 A * 4 * * 4A cold trap44 4 44(malfunction) A 4 4 4 ^ 3 * 

4 4 A S 4*$ 31* 2314414)41 4 4 4 * 3 7 4 4 A 4 4 * 1 3 1 * 4 
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* 344. 

E 
o 

O) 
ID 

JZ 

Q . 
in 

o 
O 

Equ i l i b r i um c o n c e n t r a t i o n ( [O ] , p p m ) 

60 70 80 90 100 

3 5 0 

T e m p e r a t u r e ( ° C ) 

Fig. 2.33. Temperature and concentration profile 
throughout cold trap. 
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4 . #? i#^ l 7il^Al 4 
Wire mesh* # 3 * S 4 * 1 34- y-3- SCreen4 4 4 4 3 3 # 

3 * 4 * 3 3 £ 4 3 4 *fl3* £ 2.1641 4 4 4 4 4 . 4 4 4 ) 4 1 * 

4 * 4 £ 4 3 * mesh no.4 4 4 4 # 4 4 4 4 4 1 3 3 * 1 * 4 

31 13- screen4 4 4 4 3 3 # 3 * 4 4 4 4 * # 4 * mesh no.74 f 

741*# 4 A 3 - * 1 * 4 4 . 3 4 4 cold traP4] # 3 4 * # 3 * 4 

#3lA(packing density)* * S mesh no.4 1 4 4 M * screen* # 

34A44] 1 3 4 4 . * # * 3 3 # 3 * 4 £ 4 4 A # 3 4 * screen4 

331 444] 4 31144 4 4 . # * * 4 4 ^ 3 * A 4 &* £ 4 4 4 4 

# 4 A 3 ! * # 4 * * * A 4 4 3 3 * 4 1 3 3 3 4 :34 3 4 4 1 

3 4 4 4 A 4 3 3 A 3 3 4 1 3 4 4 A 4 4 4 1 * 4 * 3 4 4 i f 

4 * s * 4 4 3 * 4 * # * 3 # 4 * 4 A 1 * 4 4 4 3 4 . 

A3A CEA/Cadarache 4 * i 4 Largen)4 4 * 1 4 4 ] 4 4 4 i f 

#7401^0] 730- 7|^AJ3-O1 q ^ j f . 741*33(iayered growth) A * # 

4 4 33"(dendritic growth)* 4 1 4 4 A 4 4 4 3 4 1 3 4 3 4 1 4 1 

41 4 * 1 3 3 4 * 84*11 (octahedral crystal)4A 4 4 4 . 4 4 # 1 3 

3 4 4 A 7 l * 4 0.2mmS4 Tyler equivalent designation (mesh)4 3 

7}S. 40-80mesh 3 A 4 7H*#(opening)* 743 screen mesh74 4 3 1 

4 AS ^ 4 4 4 . #, screen4 opening* 3 4 4 3 4 AS 4 3 * 41*11 

5 «1^341 4 4 4 4 1 3 4 octahedral 1 3 4 3 " * 4 * 3 1 * * 4 # A 

s 3 3-44 1 3 3 # 4 * 4 4 4 4 4 i f 4 * # 4 ] 4*11 4 1 4 4 4 

o] S 4 # * screen4 7 U * # * #4*4- * §44 4 4 . 

4 4 4 GE44 Roy*10)# # 4 «j ^ 3 4 4 4 3 4 * # * # 4 4 s 

4 4 4 cold traP44)4 ^ 4 4 ] 4*11 # * * S 4 £ 4 4 i f 4 * f l # 4 1 

4 f A 3 4 1 * 4 3 4 * 4 3 4 4 4 . 4 3 * # * * 4 «1^3 4 4 4 ] 
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Table 2.16 U.S. sieve series and tyler equivalents (ASTM E-ll-61) 

Sieve desination 

Standard 
(micron) 

841 
707 
595 
500 
420 
354 
297 

210 
177 
149 

Alternate 
(No.) 

20 
25 
30 
35 
40 
45 
50 

70 
80 
100 

Sieve Opening 

mm. 

0.841 
0.707 
0.595 
0.500 
0.420 
0.354 
0.297 

0.210 
0.177 
0.149 

in. (approx. 
equivalents) 

0.0331 
0.0278 
0.0234 
0.0197 
0.0165 
0.0139 
0.0117 

0.0083 
0.0070 
0.0059 

Nominal wire diameter 

mm. 

0.510 
0.450 
0.390 
0.340 
0.290 
0.247 
0.215 

0.152 
0.131 
0.110 

in. (approx. 
equivalents) 

0.0201 
0.0177 
0.0154 
0.0134 
0.0114 
0.0097 
0.0085 

0.0060 
0.0052 
0.0043 

Tyler 
Equivalent 
designation 

(mesh*) 
20 
24 
28 
32 
35 
42 
48 

65 
80 
100 

* mesh : which is the number of openings per linear inch counting from the 
center of any wire to a point exactly 25.4 mm (1 in.) distant, or by an opening 
specified in inches or millimeters, which is understood to be the clear opening 
or space between the wires. 

Table 2.17 Selection of the packing (wire mesh) 

Mesh 
no. 

42 
48 
60 
65 
80 

Wire diameter 
(mm) 

0.247 
0.215 
0.18 
0.152 
0.131 

Sieve 
opening 
(mm) 
0.354 
0.297 
0.250 
0.210 
0.177 

Packing 
volume /unit 

volum 
0.0437 
0.0378 
0.0331 
0.0256 
0.0234 

Packing 
density 
(kg/m3) 
345.0 
298.7 
261.7 
202.2 
184.8 

Surface area 
/unit volume 

(cm"1) 
7.0722 
7.0354 
7.3627 
6.7355 
7.1445 

*This table is based on the 7 screen sheets per 2.54cm layed in the column 

4 1333* 4*11 134 444 A*4* 4£4 ##*4 4*44 A 
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4 * 4 # A # 4 4 # 1 3 1 * 74*4 4 1 * 4 A cold trapS:** * 

1 * 4 4 A 4 4 4 . 

# 4 * 4 1 4 * A 3*113:** 1 3 4 4 4 4 4 4 3 3 - 4#A#41 f A 

3 * # A 4 # J L # * 4 4 4 4 * # A 4 4 3 4 * 4 3 4 4 4 . 4 # A # 

* 3744 4 * # 3 screen4 4 1 S * A l * 4 A 4 4 3 screen44 * 

7J-** 3 1 4 4 4 A 4 4 3 4 4 # * * 4 * # 4 3*114 i f 4 * A * 

4 4 4 2-5mm 3 A 4 4 4 * 1 3 4 4 4 . 4 3 3 - 4 4 * screen4 * # 

A S ^93 ^ - * A S 1 3 4 4 # 4 1 * 4 A 4 2-5mm 3 A 4 4 4 A S 

* 13- screen* 1 4 4 3 4 77))* ^^^ ^ oi^ a 2 .174 1 4 42-

80mesh4 wire mesh* 7)-g-^-44 340-180kg/m3 3 4 4 * 3 l A 

(packing density)74 4 4 3 4 . 1 # 4 A S # * * 3 4 4 1 4 4 * 4 ^ 4 

* * 4 # 4 3 3 * 4 * 4 A S *#3"3=4 £ 4 * # * 4 * ^ 3 2.344 

1 # * * 3 1 4 4 4 $ 1 3 4 # 4 1 l s 74*1 3 A S 7 > B ) 4 4 . 3=# 

# 3 * 4 43117414 1 4 4 ^ ^ 3 A 3*11*3 3\ £ # # 3 * A # * A 4 

41 3 1 4 4 I f 1 41341 4 4 . 

Fig. 2.34. Corrugated wire mesh packing. 
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4. 4. <& 
& * l i s i * 4 4 * 4 * * 4 * * 3 * 7 4 4 A 4 * i f * 4 4 4 

4 3 4 %4 # 4 3 * 4 4 4 * * * * * 4 l 43 - 4 4 3 ^ 3 A 4 4 * 4 

* 4 4 3 3 * 4 £ 4 A 4 4 . 4 4 4 ^4 i f 4 3 " * 3*414 # * * 4 

# 4 4 4 nfl-s.ofl ois-o) 74l4lu]74 ^ * 4 4 4 . # 4 * 4 1 4 * i f 3 4 

* cold trap414 i f 3 4 * 1 1 4 * * * 3 4 4 4 . 4 4 * ^ 4 4 4 # * * 4 

4 * 4 * i f A # # 4 4 4 l 3 3 4 # A * 4 ) s # 4 # 4 4 # A # £ 4 £ 

4 * * * * A * * 4 # 3 4 4 . 4 3 3 4 4 1 4 * cold trap* 174144 

4 4 4 3*11 A * # 3 41 4 4 3 * 3 7 4 , 3 . 3 A cold trap4 4AS A * JH31 

4 34] 4 4 4 * * * 4 * 3 3 A * 4 1 * 4 * *U4 4 A S 4 * 1 * 4 4 . 

4 4 4 3 * 1 l A 4 * 4 4 4 cold trap 1 3 4 ] 4 ^ 4 A S ^ 3 1 * 4 

3i 3 *11A** * 1 * 4 * # 3 * 4 7H4174]* # * * 4^44 1 3 3 

3 - * 4 i £ S 4 * 4 4 4 . # * * 3 3 4 1 4 4 * 4 4 4 * * 4 * 4 3 

3 ^ ^ - * 4 A S A # 4 3 = 4 4 4 * * * 4 * * # 3 14*114 4 * A S 

7 4 * 1 3 A S 4 S 4 4 . 
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Hr--!- (Appendix) 

£ f - ^-3 #± 3% (->r^.# qj) 

<7l1^.> 

• 4*11 i f #41 # 4 4 * 4i#(ppm * # ) * * * 4 NaS*4 

NazO 3 4 S # 3 *1)\fl * Na#* 4 - 1 4 3 4 3 Al* 4 4 # 3 - 4 * 

4 * 4 4 3 3 

. i f - -g-̂ ofl * * * 7444 * * i f 4 4 4 i f ( N a 2 0 ) * 4%3 
44 f414 # 3 

. 4 4 i f (Na20)* 1 3 3 4 *41 4 4 474 # 3 - 4 * 4 * 4 4 i f 

• 413- f 4 i f 3 * 4 - 1 4 3 4 3 ^ A S 3 3. 

< 3 ^ > 

l.Dry Box (Inert Atomosphere Controlled Glove Box) 

• Dry box 4 * # : < 1PPM 

• Ar 3 ) 3 : 20ft3/mim Al* lbox/min 

2. 4 S3) 4 

• Bypass sampling 

• Sampler 4 * : MeOHS degrease -*• dry b o x 4 S A 4 ( 4 4 

# 4 * A3-) 

• Tubing cutter* 4 * 4 4 i f 4^-(0.5-3g)* 4 3 " . 
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• Seamless tube* 4 # . ( 4 1 4 4 - 4 4 S 4 * ! * 4 i 4 ) 

3. 4 # * (Na20)f4 i f 3 3 

• AA 4 * . 

< 4 * > 

• 4 5-g 4 i# 4*3 414 44&4 #4. 
• 4 4 & 4 A 4 : 3i4 * # # 4 444] 4 4 

* * 4 3 * 4 4 ^ 4 # 4 
4 S 4 3 # SUS 444] 4 4 

• 3 1 4 # 4 4 A 4 1 4 ^ 4-8-4 ±1 ppm*#44 4 4 3 4 3-̂ 1 
3 3 4 # 4 4 74* 

• Loop 4 S nl .g- A} 341 -Aj-Tj O 3 A S 4 # 

< # 4 1 4 > 

I. 4 # 
4 * 3 4 4 474 :#± ^ *#43= < lppm 
Heavy wall r ex .#44# with Teflon stopcock 
AA #3-4 

Tubing cutter 

*## 1 
500ml A flasks 

25ml A flasks 

* * 44*11 
444 
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• # 4 * 3 
• 50ml # 3 ! 

• 150°C 3#3AA# 

• 43! 

n. 4 4 
• IN H2S04 

• IN NaOH 

• Na-free water : f # * # Pyrex A 74 4 4 4 4 f # 44. 

• 3*114 * * 

• Bromthymol blue 4 A] 0} 

• 4 ^ A 1314 4 4 4 
• £ # Na#4 

m. A 4 * 
• A* A74** ^1144 ^41344 4 3 4 NaAS A 4 4 4 ^ 4 4 

4 4 3 . 
• l l i L S ^4144A * 4 f * * s 4 * 4 4 ^ * 4 . 
• n * A7f*^ 3 # 3A4414 150°CS 44A 444 4 4 3 A 4 

4. 
• ZL431 44 #474 4 4 4 * dry boxS #431 8x10 4 Torr 4 4 S 

3 * 4 7113. 

IV. * * 

. OÎ V-VCHI 7f-§-£i * ^ ^ 4 3 4 4 3*114# *I)A>-§-. 
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. 4-113 4 34 #4 # ^ 4 * * * * f # * s 1444 ^# # 

hot-plate #4174 3 ^ 4 34. 

. 3451 444 #4 444 *4l ^4*4. 

• 4 i 4 1244#4 744 &3 * , gold adhesion 444* 444 4 

4 ^ 4 i£7434i s*4. 

. * ^ *4 #4 4## -1144 #, #4 43 dry boxS #34. 

• 8x10 4 Torr 44S 4#4 3## #4 43# dry box 4#AS 

^*4. 

• 4*4 * * * dry box 441 4444 S341 44474 3344, 4 

3 * #441 4 3 * #4 &*4. 

V. # 4 1 4 

1. *g #41 4* * * * * * 43- # 4 4 # s #34. 

2. 4# #44*41 30ml **# 7444. 

3. 3 3A4S if 4s# 4S3i, 333 *, 4* *44## #*4 
#44 

4. i f 4S74 s . * * * ni)44 ^ - ^ ov-^^ 3 3 3 3 4 . 

5. 4 i 4 l##4 Na-Hg 4 1 4 * 4444. 

6. 4 2 ml4 414* 44A A*4* 544 500ml *4 Aflash4l 

**4. 

7. 4 4 * 30ml **AS ZLS]TL 444 64* 15ml *#AS 44 1 

4 * 4 # 4 A , nfl Hi l#4 #*4 #4. 

8. 4 # A S 4̂14 3 3 * 25ml ground-glass stoppered Aflash4l 3.3. 

3, dry boxS # E 4 4 ^ 4 . 

9. 4 10ml4 * S ^ 4 # * A , 3 l l ^K^e f lo i 1 t g - ^ 7 ^ 0 ) ±~ 
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^-#4 4 3 *114 4 # * 4 4 44 . 44 , # 4 4 4 4 4 3 A ^ * 44 , 
3 4 * # 4 4 * * *#AS 44 3M 4 3 A , 44 # 4 *Ale1)4A 

s 443-4. 

10. 4# 4 4 * 4 4 1 4 4 * Aflash* dry boxS # 3 4M14. 

11. # 4 4 * 4 ^34 444 ground-glass # # # ##*4] 44 4 A 

s 4 4 M14. 

12. #44*41 # 25ml* 744A 47))# 34. 

13. l #4 #*4 #4. 

14. 3-71 #44 ! # * AA*3* 444 ##3441 pipet444, 1A 

4 4 3 4*14 *fl*tr P.E.341 # 4 * pipet44 A444. 

15. 4 s # 3 4 s 34] a * i f # 4 * 4 * 4 4 4 * 4 3 S# # 4 
AS # 3 i f * A # 4 * 4 . 

16. 4 1 4 4 *4 4 * Aflash4] 4 * 34 43=4 IN H2S04# 7444. 

17. Hot-plate4] #3^A 447444 74144 CC>2# *11444. 

18. Bromthymol blue 4 4 4 15 4 * # 7444. 

19. IN NaOHS 4344 4414)44 43=4 H2S04# 4344. 

VI. 44 

p m u WNa (NAVA-NBVB)-0.023 

Where WNa '• # N a * 4 (g) 

NA : 4 #A (N) 

N B : 143 #A (N) 
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V A : 44 #4 (ml) 

V B : 1 4 3 4#4 (ml) 

wNa : Na20 f Na 3 ( vg) (AAS # 3 ) 

wo : 0.348 WNa (g l i ) 

0.023 : Na or meq. 
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*\] 3 ^ A A # - # *}-§-€ Ad- nq 

1. *1 ^ 

i f * ^ 4 4 s 4 * 4 * 4 4 4 * S 4 f711^4414 * * # s 4 
4 i f - * 4 * * 4 * 4 1 4 4 4#*A74 4 * 4-S3L, 4 * 1 4 # 4 
1 4 4 4 4#41 3 i # 4 ^-44 4474 3 A S 4 # 7 1 1 3 4 4 * A 3 4 3 
341 # 4 * 4 4 1 * £ 4 * 4 1 4 4 A S 1 3 4 4 A 4 , 4 4 4 4 4 4 
* S 4 24 741 # * 1 4 4 * 3 * 4 1 * 4 A 3 i-§--# -3*41 4 4 4 3 4 
# £ 4 43=* A 3 4 4 4 4 4 . 

i f - * 4*41 4 4 4 * * 195543 4 4 4 Fermil74s4 # 4 1 3 
4 4 1 4 * 4 4 4 APDA414 single-wall #4437141 4 4 4 4*74 
4 4 4 4zfl &* 4*74 **344A4 , AI414A 19564*3 modular34 
4 f 4 1 4 4 4 1 4 4 4 # # 4 3 * **344 4 3 * # 4 4 4 4 . 4 3 4 
A 4 4 4 * 4 1 4 * 4 * A # * 743174 1 4 4 # # 4 4 ^ 4 4 # 4 °^4 
4 4 * 4 4 3 4 #4414 * s 4 * # **5 4 4 A 4 , # 4 f 4 M 4 4 
4 # # 3 4 4 4, 4 * 4 # 4 1^M(SG)4 3 1 4 4 4 * 4 4 4 4 A 4 , 
4 * 4 4 & & 4 A 4 4 A 3 1 4 4 #^74 4 A 4 4 4 * * 1 3 4 A S 4 
* 4 * * 4 * # e 4 4 # 4 3 1 4 4 # 4 , 4 * 4 wastage74 1 ^ 4 4 
A 4 3 4 4 * A * # s 1 3 4 4 4 A 1 # 4 # A S 4 wastage4l 4 3 
4 3 4 * 4 4 4 4 4 4 4 4 . 

ZL# 196044 1 # 4 4 3744 * * # 74314I 4 4 4 &* 1 3 4 4 
*74 * * J 4 4 A , # 4 4 4 4 APDA414* i f - * 4 * 4 4 4 # ^ A 

32 #. 4 * 1 4 wastage 3\ Q4$- 3 4 4 criteria* 1 3 4 4 4 $ 4 . £ 
1 3 1 4 s # 3 14 # # 4 1 4 , # ^ 3 1 4 4 24 4*41 4 4 # 7431 
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s 134* 3*41 444 43 744 4^114, 4*nv4-4 A4444 4 
4* ! # * 4T41 444. 434 444 if-* 4*41 44 4** 
1970̂ 4 3i444 443*4, ^4) 4 #4 4* 7m 4*41 s4 i#A * 
#441* 44 3-44 414, 4 # A *# ^}TL<H 3*41* * # s 44 2 
44*4 44 31 #A4 43=* AJ^4] 444 *H43-AS4, 74314 3*1 
#4 37474 #44AS 4 4 4 A 44. 

#3414* 196044#4 if-* 4*41 43 4*74 4 444A4, 
4 4 4 3 * 19634 PFR4 # 4 1 ^ 4 4 4 * 4 4 4 Dounery4l 1/6 #A 
4 Noah t e s t ! 4 * 3 1 4 4 &* 4 * 1 4 * 4 4 A 4 4 * S 4 S 
Super-NoahS 1 3 4 4 4 # A 1 3 4 4 3 4 * * * * J 4 4 4 . # 4 
19784 PFR4 4 # A * # 4 J L 4 #41 * 4 # # 3 4 3 1 4 4 4**A74 
4#T11 3 4 3 A S 4 1 4 # # 3 4 *4]374, PFR # 4 1 ^ 4 4 A t 4 3 
# i f - * 4 * *D441 &* # 3 * 4 4 A 4 4 4 . A3A414A #744 
AS 196544^ Phenixl74s4 #7l!*o,7l ; 1 t 4 4 4 &* <£^7} * 
*J44A4, # A * 4 SG74 modular 3 E 1 1 4 A S 4 * A # # i 4 4 &A 
zicflS 7f-g-4^^ 4, O]M. 7 l ^ s 4 4 Super-Phenix4 S G 1 4 * 4 4 4 
&* 4 * 4 * * J 4 4 4 . 

3 4 44174 J£ SN-300 31 SN-600* 1 4 4 4 4 4 4 I P P E 4 * i * f 
3 A S i f - * 4*41 4 4 &# 4 * # 199044 # 4 4 4 **S44 # 
4. 4 * 4 1 4 * 4 4 * 3-3= A S * * J 4 4 # 4 , 4 4 # i # A * # 4 4 
AS 4341 4 * # # # 4 4 4 * 1 3 4 AS 4 1 4 A 4 * * 4 4 4 # 4 
43-41 4 4 * 3 - 4 4 4 4 4 3 i 4 s # 4#14 4 A # 4 4 A 4 , 4 # 4 
4 * 4 # A 4 * 4 3 * 2A*fl4# * # 4 * 1 3 A S 4 * 4 A # 4 4 

3-3 2000*4 #4: # 4 * 743 i f - * 4 * 3-4* 3 1 4 4 A 4 4 4 . 
4 4 4 3 S 4 Monju* 7 4 4 A 4 * 1 # 4 1 4 * f7l!*<§44 1 4 
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* 4 4 4 1/8 # A S 4 4 # A * # 74314 4 3 * 4 4 4 4 , 4 * 1/2.5 

# 2 . 4 4 4 4 4 4 4 - 3 3 * 4 4 4 4 4 . 3 # Moryu4 f 7ll*§7l T41# 

4 f 4 ^34) ?4A# f l7l(evaporator)4 414(reheater)#334 7l) 

1, 4*4]S4 *4]#, 1*113, # * 3 f 41*<§7l # A S ^ 3 * £ * 4 4 * 

74 741*4544. 4 3 4 i f - * 4*41 # 4 4 * * 1980\14 # 4 4 4 4 

A3 # 1 4 741*4S4A4 3 4 * 4 * 4 3^34 4 A 4 4 4 45-41* 4 

4*41 # 4 7 i i 4 * * 4 4 4 * 4 4 4 & A 4 A 4 , 4 4 * # 4 4 4 

3-44 7fli44 ^ 94^431 4 4 A 4514. 

e s H 4 4 1 # 4 3 4 f 4 4 * i 4 1 4 4 4 Monju4* 3 4 4 * ?fl 
4 4 MDP3 174S41 4 4 3 4 7fl4# *H44A, 4 4 4 * - i f 4 * 4 
4 * * # 1 4 **J4^ 44 . ^ 3 4 4 * 4 3*414A 74-g.̂ i 4 ^ 74 
s * 4 4 Monju4 SG1741* 4 4 4 4 * 4 $ 4 74s* 4 # 4 4 , rfl̂ -a. 
* # Af3i41 4 4 3 # # * s 4 # A 4A4, 4 A # 314s # 4 * A 
3334) 4 4 4 * 1 4 * 4 ! & 4 A 4 4 . 

# 4 4 4 4 1 4 A 1994\!#4 1-3 4 (KALIMER, Korea Advanced 

Liquid MEtal Reactor, 333 MWe, 3^ 3.1 4A) 71)34741* 4 4 f 4 1 

*J 4 A ^ 4 4 4 4 # # 4 3 4 A 174174s # # 4 * 4 4 4*414 A # -

* 4#41 4 4 4*74 4 4 4 4 4 * 4 ^41#4s 4 4 4 4*74 3*344 

# 4 . 

O * * # 4 3 4 4 i ^ 4 7fif 
* # * 7431 3-44 4 * 3-74)* * 4 * # 4 A44)# ±^-3.3. 1 4 

4 4 3 4 4 # A S 4 4 4 4 744 4]#4l, A4 4T41414 4 * 4 4 4 4 

4 # A 4 # # 4 A 4 4 1 3 4 4 3 , # # * 4 4 4 * 4 A ^ 4 # # 4 4 . 

# # 4 4 S 4 * 4 1 # 4 ^-*44(membrane)# 4 * 4 4 i f 4 4 * i 
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jaf'-xi 

f jE|D-|( KALIMER) 333MWe 

Korea Advanced Liquid Metal Reactor 

Pruiiaiy EMP 

Support Cylinder 

Reaclor Vessol 

Conliiifwiieiil Vnsse 

Collector Cylinder. 

Reactor Silo -

77-rrm-

\4 

k ^ x ^ r \ \ \ \ ' ' vvv'x-xvv tiaort.innr^^ 
6U ^ 

x , y 

& ° o ^ 0 o °o ° ^ ^ 

24*114 
A # 2i£!4 
ei#J ?J5|4 

tfft r u w i II KAEHI 

Soisnuc Isolator 

Fig. 3.1. Conceptional drawing of KALIMER (Korea 

Advanced Liquid Metal Reactor) 
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# A * 3-714* hydrogen diffusive detection system4 * # 4 1A<§4* 

*3=* 4 4 4 * acoustic detection system* 7 ^ 4 4 4 A S 4A 4 4 . 

3744 3 * # 4 4 4 7lHiL4* 4AETS4 7fl̂ -oi ^ s.7^0] ^ 7^0]x^t 

* 4 * # 4A E 5* 3-44 4 4 4 * 4 A S * 3 * # 4 4 # * 4 4 4 * 

software4 7lHo) * & 4 4 . 

O A * A # * 4 4 4 34*414 

4414 1 3 3 * * # 4 4 3-474 4 4 4 4 4 * 4 4 &* 3 * A 4 

A4 A # 4 # 3 4 A 4 4 A * # # 4 A341 4 4 4 * 4 4 4 4 A # -

* 4 * 4 4 1474 4 * 4 4 341 4 * A S 4 4 4 4 41*41 4 * A 4 

* # 4 A 4 1 dl4 4 4 * 4 4 4 VJV^4 3 1 3 4 4 4 4 4 . 4 4 4 * 4 4 

* 4 4 4 * 3*41 * ##3=4 41*44. * 4 *#4=* A 4 ±^-3.9] 

# # * J Z 4 3 4 4 4341 4 4 4 1 3 4 * 3 A S 1 3 4 A 4 A 4 , 4 * 

4 4 4 # # 4 4 3 4 4 3 4 4*414A £ 3 3 4 A S *D41 * 4 4 4 

3 4 . 

O 4 * A # * 4 4 4 31 # A 4 4 4 44 

4 * A S * 4 # # 4 4 S # 4=4 1 4 *A74 1*<§44 4]#41 244 

#41 * # 4 3 4 1 3 4 4 4 A *3i4 4 3 3 4 #*1144 4 4 4 3 4 . 

# 4 24 4*414 *111 4 4 # # 4 f 4 1 A 4 - 4 4 3 1 4 4 33341 # 

*11# 1*,§47J4. 4 4 4 24 4 * 4 A * ##414 * # 4 3*143 # 4 

4 3 4 # A 4 £ 4 * 4l#14 * 4 4 4 4 4 , 4 s # 3 274 4 * 4 4 3 3 

4 4 A # 41*14 * 4 4 . 4 4 4 4 # A 4 £ 4 * 2 4 4 # , f 41*<§7l 

3\ i f - * 4 * 4 !A<§4* 4 3 4 7114 4 i ^ (SWRPRS)41 43=* & 

4 Hr>4 41*41 4 3 4 43=* *41444 4 4 4 4 * 4 43=* 3 1 3 4 4 4 
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4 4 , 4 A S 444 43­ 4 * 4^*84 4 3 4 3 = * 3 4 4 ­ 3" * 4 4 . 

4 4 *i)4* i # 3 4 53.3.3.4 4 * 4 4 4 4 3 4 A ^ 4 7i)l­4 4 * 

4 3 * 4 jf^­4 <3^ * a 4 4 . 

# # 4 1 4 * #44 f 3­4 4 * 4*114 i f 4 3 4 ^ 9*^4 4 * # A 

s # 3 4 4 # i f ­ * 4**114 #4414 i # A # # 4 4 4 34*414 31 

4 # A * # 4 4 3 31 # A 4 43= *H4 * # 4 4 * 1 4 * 1 4 4 A # 4 

4. 

2. 7 ] ^ ^3§- ^M 

7}. Helical coil type^l ^-7] ^7$ 7} 4 4 d b . f ­ 1 : ^ # 7}37 ofl 

t))4: *#A.J l?o>4 

4*11^* A 7H«ev* 4*114* 4341 4 4 # 3 ^ 4341 4 3 # 3 * 

41 4*41 1 # 4 4 4 4 1 A 4 4 , 5 t l 1 T 4 1 A # * 4 4 4 * 4 ^ 4 * 4 

^*llo> ^ 3 4 4 . ni^5) 3 * 1 ­ ojii­ 1­3 199144 DOE4 # l n 4 4 1 

GE, WH 3l B&W74 ALMR41 4 3 1 4 71)1* 3 * J 4 4 A 4 , 4 41 4 * 

4 # 3 4 A S 7H4­4 4 # * 1 4 * 4 * 4 4 A , Unprotected(w/o scram) 

Loss of Heat Sink (ULOF), Loss of Flow (LOF) 3l Transient Over 

Power (UTOP) 4A2 '41 4 4 passive * # 3 4 * 1 4 4 * 3 4 4 4 . *, 

3 4 4 4 A S # 3 3 1 * 4 4 4 4 * * 4 4 A A 4 4 * 4 4 4 4 * 7H3^.s 

ALMR SG 31 i f ­ * 4 * relief system* * 3 3 " A S 4 #714 i f 4 

^^■4)9] 4 3 1 A * 3 * 4 * 4 4 * 4 3 1 A # 4 £ 4 4 4 4 steam 

generator (SG) #A4l 4 * 4 4 A # 4 * 3 4 4 . 

ALMR helical coil SG4 3 4 4 4 # 3 # f 4 # 4 44 3\ blowdown 

­310­



4 i ^ 4 # 4 * 4 : 4 4 4 4 21* 4 A * 4 4 s f ! 4 4 A 4 - 1 41 # 1 

3: 3-HAS4 SG41 cover gas # 4 * #31 4 * 4 * shroud* 4 * 4 4 
i f / # 4 4 4 4 IHXS 4 * 4 4 # 4 A # 4 * 3 4 4 . IHX4| 43- * * 

4 A S 3 - H A S 4 * SG internals 1 4 4 # 4 / i f 4 4 4 4 IHTS hot 

leg 4 ) 4 * 4 4 IHX units 4*474741 4 * A 4 4 A 4 4 4 4 * 4 A 4 

4 4 4 4 4 4 A # f 4 * 4 1 * 4 4 4 4 4 4 4 4 4 * 4 * * 4 A # 1 

7414* 3 4 4 . 

(1) SG vessel4 * 3 3\ i f 4 # 3 * 4 
ALMR SG* 3.3 3.241 444" 4 4 1 4 *4U<43=4 helical coil 3\ 

i f 4 * 4 A # 4 * sheU and tube (S/T) type SGST^ # 4 * 1 ^ 4 * 
helical coil tybe bundle4 support, * ^ - * 4 * #A4l 4 4 A3 4 4 , i 
f 4 * #A41 43- 4)# A ^ 4 4 3\ i f ^ 4 * 3-444 43- cover 
gas # 4 * A S * 3 4 4 4 4 . Hot sodium* SG4 4 * hemispherical 
head4 f 4 # # 4 l 4 * 4 4 4 i f 4 * A # * # 4 4 plenumAS * 4 

74 # 4 ) 4 * 4 4 41 i f * 4 4 # * 3 # 4 i 4 4 A 74^4 # 4 A # * 
T3113144 4 4 4 i f 4 4 4 * 3 * 4 4441 4 * distributor shoesS i 

f* -2-144 4 3 A\E4. 4 * i f * # 4 * * # A 3\ helical coil 

bundle # A # 4 4 7 4 * * # 4 4 # 4 4 4 4 # plenum* # 4 4 4 4 S 

43744, 4 414 3 ^ * A * 4 4 0.3 3\ 0.6 m/s44. i f 4 * # * £ 

71144 flow induced vibration4l 4 4 1741 4 * * 4 44711 4 4 . Tube 

bundle # 4 * A# coil rows4l 4*11 1 # # 4 4A, transverse tube 

pitch, longitudinal tube pitch 3l pitch angle &t# tube bundle44l4 1 3 

47)1 3-4. A 3 * i f * plenum 4 * S *4744 tube bundle* #*rl 4 

* A S 43744 441 *D34* 4 # 4 1 4 4 4 A £ 4 * 1 4 4 4 , 1 A # 
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30" OD 
Sodium Inlet 

Nozzle 

Cover Gas 
Connection 

50'-0 

30" OD 
Sodiua Outlet 

Nozzle 

Sodium Level 
Indicator Nozzle 

(2 pes) 

Sodium Holdsup Line 
Manway 
Sodium Overflow Line 
Thermal Shield 

30" OD 
Steam Outlet 

(4 PCs) 

C.G. of Vessel 
i Full Load 
Operation 

Vibration 
Supports 

Inner Shroud 
3772" OD 

Shell 12'-0" OD 
& ll'-8" ID 

Counter Coiling for 
Alternate Coil Rows 
Vibration 
Supports 

Thermal Liner 
Feedwater 
Nozzle 
(4 PCs) 

• Tube Bundle 
323 Tubes 

1.25" OD x 1.04' 

Fig. 3.2. Reference saturated cycle steam generator 
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41 43- 3 4 # * i f 4 4 * * 3 4 1 4*41 4 4 s 4 * 4 4 4 4 . ^ 4 4 

i f * tube bundle* 4 1 41 # ^ - * 4 * * A # 4 4 4 4 7fl5) # * S 

4 3 4 . SG distributor 4 4 4 * head 4 4 4 1 * Ar cover gas74 4 A 4 , 2 

4 i f #^-3A 31 drain tank* 4 * 4 4 i f overflow 4A E 3* # 4 

4 i f * 4 * A l 4 * 4 4 * 4 4 . SG 4 # head4l 4 * cover gas* 
4 * A i f - * 4 * 4A74 1 4 4 * #4-4 4 A 4 3 * 3 4 4 4 * 4 * 
# 4 4 , 4 # head4l 4 * cover gas 4 4 H2-meter* normal 3l upset 
#3A341744 P44-744A hot standby A34174s. SG44 i f - * 4 # 

# 3 4 4 * 4 4 * 4 4 . 
* ^ - * * SG41 4 * 47H4 non-radial 4 * A # * # 4 4 bottom head 

4 tubesheetsS *4744, once-through SG4 3 * 4 1 * 4 tube hole4 4 
* # tubesheets4l J L * 4 * H 4 * 4 4 4 A S 4 ^ * # 4 3 4 * t S 4 4 # 
#31* #41 4 3 4 - 3 3 * 4 A 4 4 . * * 4 * *A, helical coil tube 
bundle 3l tube bundle* vessel4 #441 443"3= A S 90° 4 4 A S 4 * 
47114 # * tubesheets4 4 1 4 * # * # A # #*fl 4 * 4 4 4 74444. 

Helical coil 174144 # 3 * * A 1474 l A , # A * 4 13=*A74 
* 4 # A ^*74 4 A 4 , tubesheets4 A7]74 4 4 tube-to-tube 3l 
tube-to- tubesheet4l 4 4 # 3 point74 4 4 . Bundle4l* inner 3l outer 
cylindrical shrouds 4 4 4 4 3 4 3 A 4 supports4l 4*11 43°1 31.75 
mm4 tubes74 19 concentric coils rowsS * 3 4 4 4 A 4 , °1 supports* 
# A * # # 4 A 4 4 tube bundle4 3*fl # 4 * 43" 7}^n 4 4 . Tube 
bundle* 4 4 4 7 1 4 4 4 # shroud support* cross beam A S A 3 4 4 
4 A 4 , main shell4* 4 4 4 4 4 4 &4. 1 # 4 31 X#41 4 4 3#41 

444A, #A4 #43* 444 3A.S4 1444 ^# 4*&* #1 
# 4 A # 4 4 4 4 4 coil rows 8«}414 19«i44* 8*4 1*43=41 * 
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3-4AS, 4 # 4 771)4 coil rows* 4#4 4 4 4 # A # # 4 4 * * 

supports* 1 4 4 4 4 . 

(2) i f - * 4#* 444* **4 3-̂ 4 #3 

ALMR SG 4 A ^ # i f - * 4 # * 4 4 4 * 4 ^ A S 4 4 * 4 1 * 

4 3 * 4 S 3 ! * 4 A # * 3 3l 1 4 4 4 4 . 

■ Peak short term IHTS (Intermediate Heat Transport System)4 

4 4 * cover gas4 4 # 4 # 4 rupture disc 3l A2: relief system4 *4^ 

* 4 A S 4 4 4 4*3741* 3 i 4 4 4 &*4. 
.^-4 4 3 4 4 4 &* 7431 #, 4 4 3 * ^ - 4 # 4 * 4 3 3l blow 

down 4 A ^ 4 # * 4 4 4 4 A # 3 4 s 7431* # S 4 4 4 * 4 ^ 3 * 

4]* * 4 4 4 * A 4 SG # 4 4 4 ] * # 3 * 4 # 4 A S 4 7431 1 ^ # 4 

41 A # / f 4 4 4 4 4 SGS#3 14 ^ 4 3 4 4 4 A S 3 1 74*4 4 * 

4 # 4 4 4 A # 4 IHXS 4 * 4 7 4 4 # 4 A # 4 A 4 long term 4 4 * 

4 4 4 4 4 4 . 

(74) i f - * 4 # 4 4 74* 4 * 4 A ^ 

i f - * 4#743i4 3 4 4 4 3*1* Na dump line4l 4 * 4 3 4 0.7 

m4A, 1 3 4 4 4 2 MPa4 rupture disc7r 4 1 4 A , * / # 4 # 4 4 3 ^ 

4#(blowdown) 4 A ^ 4 4 # 4 * 3 A S 3*144. 4 4 A ^ 4 1 * * # 

# 4 3 3̂  4 * 4 * 3 4 44-744s SGS#3 i f 3l 4 * * 3 3 * * *4l 

4 4 4 4 3 *114#S(relief path)74 4 4 . 4 * ^ 3 * *114 4 A ^ 4 1 * 4 

# ^ 3 * #3^A(RPST, Reaction Product Separation Tank), i f 41*^9 

3 31 flare stack 4 i 3 4 # SG4 4 1 4 * 414 4 ^ ^ 4 * 4 ^tuTe 
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disc74 4 4 . 4 4 4 4 4 A ^ # # # * 4 3 31 41*4A, i f ^ 4 * ^ 

3 # * rupture disc74 4 4 4 * 30i£ 4441 RPSTS 4)44JA# 1T4144 

4 4 . ^ 3 3.34 4* 3 4 * 3 # 4 , JA* SG4 *114 3l 4 3 4 A ^ 4 ] 4 

*11 i f / * 4 * 7431* # S 4 4 * 4 24 131741 #41 43- i f * 4 * 

4 4 4 A 4 4 . 

*#4(RD 74*) 444A^(relief system)* # # 4 37]} 4 4 4A*J 

4 4 3 - 4 4 -4AS*4 IHTS* 4 1 4 A A 1 * 4 A # 4 4 4*114* 1 

4 4 * 4 SG * A 4 4 3*5*A# 7434 * # 4 4 , * $ s 1 4 3 3 3\ 

* D 4 A l s * 4 41*1 * 4 * 3 A 4 4 4 1 4 4 *D43-4. 4 4 1 4 4 
4 4 4 4 * A 4 4 3 4 4 1 4 4 * 3 4 A ^ # Large Leak Test 
Rig(LLTR) Series II 4 3 * ^ 4 S 4 4 7lH4445 ) . 4 A l 4 * A 1 
4 * * * A 4 3\ * 4 * A S 4 4 * 3744 regimeAS 4 * A 4 4 : 

• 4*4l*#[ <0.9 g/sec( <2 x 10"3 lb/sec)]4l 4 4 4 71)14 4 4 - 4 

741* 4 A 4 * 1 * 4 * * * # * wastage regime. 

• i f - * 4 * #*41 43- 33-4 * A #3- 3\ * A 4 4 4 A 4 * 

41 4 4 4 * # 4 4 1 3 3 - 4:474 4 * f A3- regimeAS4 # 3 - * # 3 
441 * 3 4 . 

. i 4 4 4 4144#4 # A 4 4 1 3\ *fl44 4 3 4 4 - l s 4 * 
4 4 * regime44. 

4 3 3 regimes4 4441 tfl4 * # 3*S*A# 4 l # l * 4 A # 7fl 

1 4 A ^ # ZL% 3.541 4 4 4 4 4 . * # * A 4 4 3 * 4 3 7444 
LLTR f 4 # # 4 3 4 1 4*rl 4 4 4 £ A 4 , 4 1 4 * 1 3 4 4 3 4 4 A 
4 A 4 4 . 4 4 1 4 41*4 4 4 1*414 * # 3 * 5 * A * 4 A * J 27444 
41* n 3 3.641 iL4*A 4 4 . 3% 3.6414 A * 4 4 1 4 # A 4-4 A 
1 * * / f 474 * # 4 4 S # 4 4 * A4= 31 * A f 744 o>^ % ^ 
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IHTS 
PUMP 

el. 18'0" 

el. 9'6" / > 

el. 27' 

NORMAL 
< — N a LEVEL 

N 1 ISOLATION 

GFLAOE (TO" 

IHTS ISOLATION VALVES 

el. -28' 6- - s 

el -<37' 10" 

&4=^__ 

HX 

< ~ NORMAL 
REACTOR 
Na LEVEL 

REACTOR 

TO TG UNIT 

VENT TO ATMOSPHERE 

TWO 24-IN 
DRAIN UNE3 

30-IN. GAS 
EQUALIZATION 

LINE 

TWO 24-IN. 
SOOIUM 

EQUALIZATION 
LINES 

SODIUMN 
DUMP 

TANKS/ 

Fig. 3.3. Sodium levels during normal operation 



1>J 
- J 

GRADE 0' 0" 
el. 9 '6 " - /C 

CD: 
el. -28' 6"- l"fc 

el. ^37' 10" 

ffi 

IHTS ISOLATION 
VALVES 

zzixt 

IHX 

- ^ - N O R M A L 
REACTOR 
Na LEVEL 

REACTOR 

IHTS 
PUMP el. 27' 

NORMAL 
< — N a LEVEL 

N? ISOLATION 
)£■ VALVE 

SONIC TO TG 
FLOW UNIT 

LIWITER 

STEAM 
GENERATOR 

3 FW INLET 

TO RPST 

Fig. 3.4. Sodium levels following a steam generator leak 



Wastage and 
Leak Rate Data 

TAHCET OlSTANCE iL'O) 

Wi (Initial L«ak) 

WJ 

>0.3 Ib/iec 

Small Leak 
Range 

WJ 

Wm= WJ e 

i 
Overrteaf/ng 

' Ti . Blowout Range 

OOMIT-n) 

>_L0 lb/sec _ [ 

Tima(T-Tj| - W (0.8) /Pn»»«i 

Intermediate WI*.I - 4 x W . 
Leek Range Pr-Max penetration *ate 

» T 
(from figure! 

Time IT) = tw (0.8)/Pr 10.5) 

T « TIITM Between Failure* 
v « Tuot Wall Thickness 
Pr. Wastaqe Penetration Rata @ L/D 

(from figure) 
L • Hnt or Second Tuba Tanjat Oijtence 

Each New failure 'n»11 Has - - (On Average) 
2x Leak Oiamater (LV) 
4 x Lean Aate(W.) 

TIME AFTER LEAK INITIATION (SEC) 

Fig. 3.5. Steam generator leak progression rate 

calculation method 
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14 

/ 

20 

TEST DATA 

PREDICTIONS 

_ 2 

| 
5 1 
5 

S " 

tl 

0.1 

TESTA-3 
PREDICTION 

2na ROW 

r/ 
Jj 

TESTA-3 
OATA 

inflow 
•TESTA-8 TESTA-8 

OATA PREDICTION 

40 
TIME (sac) 

SO SO SO 100 
T I M E I M C ) 

1M 

Fig. 3.6. Comparison of LLTR steam injection 

rates with model predictions 
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4. 4 4 4 * ! # 4 SWAT 3 # 4 # # 4 3 4 4*114 A 4 * 1 *74 4 

A4, 1 3 1 4 4 1 4 4 * 4 A S A 4 4 * LLTR 4 3 4 4 * 4 4 4 . 

744 4#! 4 4 ^ * * 4 * 4 4 4 A S 4 3 4 4 # 4 4 4 4 4 1 * 4 

* 4 4 * # 4*J*A* 4 * 1 *74 4 4 . i f / * 4 * relief system 1 
4 4 3$ 3.74 1 4 4 4 4 4 4 & A 4 4 1 4 # # 7 4 * A S ^ 1 1 * 
4 4 * 4 * A 4 * A S 4 4AET3 1 4 7 4 * 4 ^ * 4 1 4 4 4 4 4 4 4 4 
" 1 4 4 * " 4 A ! - I f l *74 4 4 . i f / * 4 * 4 SG4 * # * 4 4 4 
3L wii#^-o.s4 4 A * # S 4 4 4 # 4 4 f 4 ^ * * S G S 4 * * 4 
7474 4 4 4 SG * A # # 4 4 unit4 ##(shell side)AS # 4 *4744 
4 4 . f 474 741*4AS # 4 *4744 4 4 SG tube bundle* 4 4 relief 
system4l 4 S * J£f 41 4 * * i f 4 * 3l # * A * 740)^ 44474 
1 ^ 4 4 LHTS4 i f 4 * 31 # * ^ * 4 1 * SG4 # # 4 4 4 4 S 4 4 
4 4 4 4 A S 4 * A * 4 1 4 4 i f / f 4 4 4 4 iHXCzf) 3.8 4 A ) S 4 
14744 4 # 3 ^ 4 51741 4 4 . 4 * 4 4 4 IHXS 4*4744 # 4 A # 

4 * 4 * 4 * * A 4 4 . 211444 IHX41* 4 3 4 4 A 4 4 **1174 & 
#(0.9 mm) * A * 4 $ 4 4A4 , 4*41 4*4) 4 4 4 4 14 i f 741S#4 
4 4 4 4 4 2 4 4 # A S 1 * 4 1 4 4 4 4 , ^ 4 IHX41* 14 ^4*1)74 
4 A , 4 4 A 4 4 1 4 * 4 4 # 4 s 4 4 4 4 4 1 * 4 4 4 * 4 4 . 4 * * A 
74 4 4 4 4 4 4 4 1 4 4 * 14 4 * 4 4 # 4 4 4 A S 4*11 4 4 * * ! 
4 4 * 4 4 4 4 . 

(4) 4 4 4 74 J7 

74J11. 337447) 4*114^ 744 4 A 4 4 4 A * 4 4 4 4 ^74*114 1 

4 4 4 . 4 4 4 * ^ - 4 * wfl*4# 31 # # 4 # 4 3] * 4 4 H A S 4 f 

7} ^ *^-*74 leak sites * s * 4 * f s 4 4 4 # 4 * 4 * # 4 4 $ 

- 3 2 0 -



DESIGN BASIS LEAK 
PROGRESSION RATE 

—I PREDICTED LEAK 
PROGRESSION RATE 

PREDICTED 
SYSTEM RESPONSE 

DESIGN BASIS 
PREDICTION 

(with integral cover 
gas space) 

TIME 

Fig. 3.7. ALMR approach to confirmming the 

adequacy of the relief system 
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IHTS 
PUMP 

GRADE 0' 0" 

el. -28' 6"-

el. —37" 10" 

- - el. 27" 

NORMAL 
Na LEVEL 

li fl / ^2 ISOLATION 
TrX M VALVE 

SONIC TO TG 
FLOW UNIT 

LIMITEH 

STEAM 
GENERATOR 

FW INLET 

TORPST 

Fig. 3.8. Sodium levels following a SG leak with failure 

to isolate and blowdown the steam side 



3, J£4 *#^41 4 * sonic flow limiter4 * A 4 * 4 # ^ £ * SG4 

* ^ * # 4 1 4 * A 4 4 A 4 A S f 4 4 # 4 4 7fl34A# 4 * ?H cfl 

*H # 4 4 4 4 . 74JL74 M 4 4 4 4 £ * # A S f 4 ^ #^-*7f 4 * 

# ^ 4 4 nfl̂ -ofl aAj * S 4 4 * S * 4 . 744 4 ^ 73̂ -0) >%7}s. A^^t} 

4 4*414* f 4 / * 4 SG4 # # A S 4 * # 4 4 4 A * # A * * 4 4 

3 -4* 3 4 4 A # 4 4 4 4 . A E 4 4 4 4 4 3 * # 4 4 1^4474 4 ^ 
4 . 2)1444 i f * 4A 15-30^441 unitS#4 #Hov44 «1)#44. 4 
$T£ o]s)^oi i * 4 A S # 4 4 4 4*114 ALMR4 7 j* ^ 4 ^ * 4 
unites # 4 4 * <#* chocked flow A 4 4 4*11 f 4 * 455.5 kg/s, * ^ 
* * 755.0 kg/sS 4 4 4 7fl34A 4 A 4 , SG44 # # 4 3 * relief 
system4l 4*11 0.79 MPa* A 4 4 4 # 4 A # 4 A 4 4 . IHX A 5 L ^ - 4 4 

4 # 4 SG # A 4441 4 4 4 744 4 ^ °)*lfe tube bundle4 # 4 4 
# # 4 4 . 211444 4 4 4 4 *A74 4 1 4 4 SG tube bundle* 74S4 
ei 4 4 4 oj.^i_7} -0-^-5)4 i * 4 * ^ # * t # 740)^ oj^z}7} 4 4 

s 4 4 4Z44. 

(4) IHX41 4 3 * # A 3 L 4 4 

4 4 4 74JL1. 74444 SG4 4 4 4 * *H444 4*414 HCSG 

(Helical Coil Steam Generator)41 inactive central region* # 4 i f 4 uov 

# 4 4 4 4 */*474 uni ts*4 4 4 1 * 4 * ^ 4 * J L \ # # S S 4 4 

1 1 * 1 * 4 A # # 4 4 4 4 . ^ 3 - 4^43 M 4 A S 3. s # # s s 

74 inner flow shroud74 4 4 ^ 4 741441 4 4 4 SG4 A * #«.74 4 

4 4 A power block44l &* 4 4 4 27114 SG unit4l 4*H ^ 4 4 * A * 

#474 *7fl44JL 74^4 744 4^444174^ SG unit4 shell441 1 4 

£ <#4441 4*41 i f / f 4 7414* IHXS 4*114AS A S £ # 4 * 4 1 
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A 4 *4(~96 kPa) 4 * # 7 4 4 1 * & 4 * 4 * A 4 # A 4 4 . 4 4 

A4JL41 4 4 4 SG tube bundle4 4 4 4 4 4 4 * -13.7 kPaA4 4 A 4 , 

hot 31 cold legs 4 4 4 i f * 4 4 4 * -1.5 mA4 ^ 4 . 3% 3.841 

A 4 * 4 4 1 4 4 4 * i f / f 4 74144 4 * 4 # # # 4 * 4 A 4 10 m 

4 4 * 4 A S A4 # 4 A # 4 A 4 4 . 
4 44174^ Reference saturated HCSG 3l A ^ 4 4 4 * once-

through HCSG 4 4 4 4 IHTS 3l SG 4*41 4*H 4 ^ - 4 ^ 4 A 4 , 
reference HCSG41 central bypass system* A 4 3"AS 4 HCSG4 # # 
4 4 4 4 7 4 4 * V444* 444) 4*H4 4 * 4 £4 #, 4 4 4 SG 74JL 
4 4 4 A 4 4 1 4 i f / * 4 * 4 4 4 IHXS # 4 4 * 4 * * # 4 A S # 
4 4 4 J L 7 4 ^ 4 ^ 4 4 . 

4-. A ^ f - # «r-g- 757.̂ ^0)) tfl^. subsystem A449 #14" 

4 JL 414(1) 
4 4 4 B&W7474 D0E44 44441 SG414 i f - * 4 * * # 1 4 

4 * * * A 3 ] S ^ * 4 ^ 4 4 Large Developmental Plant* 4 3 sub­

system* 1 4 4 4 4 4 4 4 3 1 * 4 ^ 4 4*H 74^4^74 4 4 . 4714 

subsystem 1 4 * 4 4 4 * SG4144 744 4 4 3 * # 4 4 * 1 4 4 4 

4 3 parametric *114* * * J 1 1A74 4 4 J L 4 A 4 A 4A4 , system 1 

4 * 4*11 4 * 3 1 4 4 * *#41 4*11 7H14AS 1 4 4 A 4A4 , 

system 47f l^** 4 4 4 4 * ^ # 4 4*11 4 ^ 4 A 4 4 . 

1 4 4 A 4 * Large Development Plant (LDP)* 1000 MWe4 

LMFBRS4 14 31 f l ^ 4 4 ^ S ^ l i f * 4 * 4 * r41#A4 

prototype breeder44. SG system* f 4 i f 4 1 4 4 4 * A<4, 4 1 f 

7}5. 4 ^ 4 4 4 4 4 4 3 1 4 4 * # 4 4 4 * 4 A ^ A S 4 SG4 i f - * 
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1 4 1 3 4 # # 4 1 4 # $ s * 4 4441 *#7Lji74 ^ S H i f - * 4 

* * 1 A 4 * 4 * 4 ^ § 4 A 4 4 . 4 4 # * ^ - 4 3 1 1 4 * 4 # 4 * 

#3- 4 4 nfl#41 f 4^7J 4 A ^ 4 * A 1 4 S 4 4 5 : 4 A ^ 4 1 A 4 * 

7J-S4A 4 A 4 , 4 4 A 4 A ^ 4 I * s 4 i f - * 4 * ^ 4 * (SWRP, 

Sodium-Water Reaction Product) subsystem* LDP 1 4 4 A 4 4 A 4 

4 . 

(1) cDfl-ji 7fl <£44 (LDP, Large Developmental Plant) 

LDP* 47fl4 * s * 744 A 4 A 4 , 4 * 4 1 * 37114 SG 1 4 # 4 

f 1711* 74-g-^ ^ # * ±~ ^ 2 | * 4 s 6 J 1 4 4 . 

• hockey stick type 

• helical coil type 

• double-walled, straight-tube type 
4 # 4 A * full-power # 1 4 once-through Sulzer cycled 4 ^ 4 J L , 1 
* # 4 * low-recirculation #441 4 ^ 4 - ^ #*^4 4 f 7 ) l ^ ^ 7 ) S 7f 
# 1 * 4 A # 1 4 4 4 4 4 . f 4 1 ^ 4 A ^ 4 1 4 ^ unit*4 4 A 4 # 
#414 i f - * 4 * 4 14444 4 s # 1 4 4 4 1 A 4 * / f 4 # # 4 4 
4 4 4*114 ^ - # 4 4 * isolation valves* *}-°r44 0 3 ^ w>̂  = 30) 
* / # 7 l # * 4 4 4 4 #441 tif|#ajA(blowdown valves)*4 1 4 * 4 
i f AS #e4i-474* 4 * 4 i 4 4 A 4 A 4 , f 4 # 4 1 * units4 f 4 
4 1 * 44-4 4 4 4 4 ^lHAtrelief valve)74 4 4 . 

(2) SWRP subsystem 1 4 * 4 3 ^ ^ 

if-* 4*AS 444 M*Hr 44 34AS 444 4474 *4 
4* 4* 441 * 4A# 1 4444 4* 4344 4 A ^ # A 4 4 4 
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4 4 &A4, i f - * 4 * 74J7AI *44iiL^- 4 ^ 4 1 4 3 4 4 * AJi 

4 4 4 3 4 4 S 4 * SWRP subsystem4 1 * 4 1 * 1 * 4 A # 1 4 

4 4 4 4 . 4 4 4 4 4 A E T 3 * i f - * 4 * 4 4 * 4 * & * <S4 * * * 

* 4 4 1 * 4 4 4 3-4. SWRP subsystem 1 4 * A 4 * # # ; E 4 ^ 

S ^ * 4 * 4 * 3 set4 tube leak * 1 4 4 A * : L I 4 4 4 A 4 , 4 * 743.* 

# 4 4 7 4 1 ^ 9 4 * 4 4 * 4 * 4 4 small4 large leaks * # 4 A 4 4 . 

4 4 LMFBR industry* SWRP subsystem* 17413-41 4 4 4 1 5 

wJ-^AS i f - * 4 * 4 37]} 1 4 4 * single large-leak 7fj7* 4 * 4 J I 

4 A 4 , 4 74^01)74^ #01 4 I # A S 4 4 * 4 7 4 * * # * s * 4 * 4 4 

« H 4 4 * # 4 4 4 IHX* 3 * 4 A S 7444441 # # 3 A 4 * 4 4 * 4 

4 4 4 . 

SWRP subsystem* rupture discs* # 4 4 4 4 * * * * * 4 4471 

4 4 W 8 - 3\ 4 * ^ 3 4 * * 4 4 ^ ^ $4^ ^ a . * s * 4 4 4 4 A 4 , 

rupture discs* IHTS 1 4 4 4 A 4 ^ * 444174 4 4 4 J E * 1 4 4 4 

4 4 IHTS41 4 3 pressure relief mechanismAS74 4 4 1 * 471144. 

Large-leak test rig(LLTR)8>41 4 3 1 3 3\ 3 9]9] 4 # 1 3 * * # 4 

4 large-leak4l 4 3 4 5 - ^ 4 A S SWRP subsystem* 4 4 4 4 4 4 A 

4 , 4474 441 ^ S # 1 4 * 4 3 4 4 4 . 2)1444 small progressive 

leakA f 41473444 4444174 large leak4 44-744S 4 3 4 4 nfl# 

4 4 . 

Small Leak Protection Base Technology Program41 4474 small 

leaks41 « 7412)4 A 3 L 4 A E T 3 4 4 4 3 4 4 3 4 4 9 ' 4 * * J 4 4 # A 

4 , Clinch River Breeder Reactor Plant(CRBRP) SWRP subsystem 1474 

* # SWRP subsystem* 143-41 4 4 4 large-leak 1?U<4-441 4 4 7 4 * 

474144 7i)4sf41 4 4 . 
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LDP A 4 4 # f e 4 l 4 ( * # 1 4 4 4 4 4 # 4 * * A S 414) 4 4 4 * 
4- # # 4 ^ 1 A 4 4 %£4 ^ 3 4 4 * 1 3 * &# 4=4 * i 7 4 IHTS4 
i f 41 **rll *74 4 4 . 1 * 4 * i * 4 4 ^ 3 4 1 A 1 4 4 sodium 
hydrides 4 1 4 4 , 1 4 4 * IHTS cover gas 4 4 4 ^ * 4 #7444 & 
# 4 A a * 4 . S * 4=4 i f 4 LDP A 4 4 #^S41 4 * *74 4 A 4 , 
4 ^ 4 1 * &* 4 4 * i 7 4 #441 4 # * *74 4 4 . 4^43 444A41 
74* rupture discs74 4 4 4 1-4A4 4 4 4 4 1 4 4 4 4 ^ , #*1I4 * 
i * # 4 4 2 * ^ 4 4 4 4 , rupture disc* # 4 4 244 * 4 * # 4 
#7444 4 4 . 4=41 4 4 4 4 4 4 4 A * SWRP4 # 4 4 4 4 1 4 4 1 4 
4 74114 *5i 4 4 . LDP414ir 4 4 44A414 4^-3 4 4 1 4 4 4 4 
J L S 4 14444 &* ##41 4*114 ^ 4 4 ^ 4 4 . LDP* 14341 4 4 
74 37114 CRBRP 1 4 4 4*4741 large-leak 4 ^ * 74444 IHTS4 
4441 4 3 A A 4 4 1474 1 A 4 4 . A3" SWRP subsystem^ 4*11 
small-leak 4 ^ s 4 4 4 1 ^ 4 * * # * * 4 4 1 * 4 # * 4 * 4 4 
4 4 7 4 * 4 4 7 4 4 ( A 4 S ^ ) 4 small leaks* *1)444 SWRP subsystem 
1 4 * 4 f 1 * 4 4 4 4 4 . 3$ 3.9* LDP SAWRP subsystem^ 4 
3 1 4 4 4 l ^ u o - 3 * 4 4 4 A 4 A 4 , SWRP subsystem 1 4 £ 4 417.4 
1 4 4 * 4 large-leak4l 4*H 4^14 4 ^ 4 A 4 4 . 

(3) 1T414# * # 

SWRP subsystem* JL44AS 14471 4*114* 4144 tube # # 

A141 4 4 1 * 4 A # large 3l small leaks * 4 4 4*11 1 4 4 A S 1 

W * * # 4 A4, ZLO]} 4^ . ^ 4 ^ * * 4=14^ # * 4 4 4 4 4 4 

4. 
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(74) 1 4 4 * 4 4 T T A * # 

LDP41744 large DBLs (Design Basis Leaks)4) 4 4 7 4 * 37444 

reference SG IT))41 4*H 4 4 4S7fl 4 4 4 A 4 4 . Tube leaks4 # 4 

31 4 4 4 4 1 4 4 4 4 4 1474 1 4 4 4 , LDP 1 4 A 37444 reference 

SG41 4 4 4 1 4 1 4 4 4 4 4 4 . Large DBLs4l 4 * l H * £. 3.101) 3 

4 4 4 4 1 4 . 

Table 3.1 Large design basis leak definitions for the 

large development plant 

SG design 

Hockey stick 
Helical coil 
Dnnlex tiihp 

Initial tube 
failures, 
mEr^i 

1 
1 
1 

Time 
delay, 
h i 

0.5 
0.5 

-

Other tube 
failures, 
'FDRfVl 

2 
1 
-

Total No. of 
failures 

1+2 = 3 
1+1 = 2 

1 

* EDEG : equivalent double-ended guillotine break 

IHTS* 4^ # 4 434174 rupture disc74 1 4 tube74 A 4 4 double 

ended guillotine (DEG) 4 1 4 1 4 1 4 1 ^ 4 * * 3 * 3\ 4 * 4 4 4 

3 ) ! ^ s # 4 A 3 i 4 4 4 3-4. 1 4 s 1 ^ 4 4 4 * # A 4141 4 4 4 

* IHTS4 # 4 4141 4*114 4 * l l s * 4 3 4 4 4 1 ^ 4 4 * & * 4 . 

1 1 4 4 1 4 4 A S A 4 4 * A * # A 74J7011 cfl^i4^ * # * * ^ 7 4 4 * 

4 74-g-s)o)7^4 4 4 , SWRP sub system* 1 4 : 4 *114 4 4 . SG 1474, 

4^«9 4474 31 4 4 4 4 4 * 7 4 * 4 LDP41 4 4 4 * A 4 1 4 1 4 A 

1 4 4 * 4 * £ 4 4 large-leak ^ 4 * 1 4 4 * 4 4 4 4 A 4 4 . 4441 

74 4 ^ " 4 A 4 * reference SG 4 i ^ # helical coil system4 4 . 2))444 

17)144)4 * A 47J4 74^ 33, 1 4 4 4 design leak rates74 4 A 4 , 
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SWRP subsystem 1 4 * 4 3 * # ^ 4 SM nfl^-44. 

(4) 17414*4 i # * # 

Small-leak 4 4 4 A * LDP SWRP subsystem41 4 4 1 4 4 * 3l * 

# 4*141 4 4 4 4 * AoM14 4 4 4 514 4 * 3 s. # # 4 4 4 ^144 

9X4. 4 4 4 4 A 4 1 4 ^ - ^ * o i 4 A - 4 4 A S # 4 1 4 4 4 IHTS 

cover gas4 4 4 ° 1 expansion tank4 rupture disc 174144 4 S 4 4 4 

4 4 * 4 A S * 4 7 4 * 4 A S 4 4 4 . 4 4 4 4 1 4 4 * 4 * i * IHTS 

i f 41 #*l)44 A4#Efl74 4 # ^ 4 * A S * # 4 4 4 4 4 4 A ^ 4 

large leaks 4 4 4 4 main rupture disc* 4 1 4 4 Til 4 4 . SWRP 

subsystem* 4^44 A l 4 4 H i £ * # * # 4 4 1 *74 4 4 4 3 4 . 4 

4 4 4 A * 4 4 1 * 4 4 4 4*fl4 A 4 4 A S 4 4 4 4 4 4 4 A 4 4 4 

# * *D41 * 4 A # 3 4 . 37114* * i # 4 , sodium hydride 4 4 31 

# 4 , ^ 4 A 74 ,̂74 # 4 4 4 4 * 2 4 4 4 2 * * * # 44*4 * 4 * 

computer codes74 £44. SWAAM-LT10) code* small leak* J L 4 4 A S 

# 4 1 * 4 A # * 4 1 *74 4 4 . SWAAM- LT* thermal-hydraulic 

computer codeST) LMFBR i f - * 4 * 4 A 4 H SWRP subsystems4 

4 4 4 4 A # 1 * *1)447) 4 4 4 Argonne National Lab.(ANL)4l 4 4 

4 ? M 4 ^ H 4 4 . 4 4 * i f - * 4 * 4 A 4 H SWRP subsystems4 

4 4 TJ 4 * * ^ 7 4 4 4 4 4 4 # 1 4 7il^4 5J4. 

(4) 4T7-A * # $7} 

(74) 1 * 4 33. 

SWRP subsystem* sizing 47] 4 4 source term* 4 4 4 4 4 4 4 
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%#4 4741* 4*)1 * # * A 4 IHTS 4 4 i f AS # 4 * 4 7 4 * * 4 1 

# * 4 # 4 4 * 4 4 4 . 4 4 # 4 1 * *1144*4* 7 j * s 4 blowdown 

codes* 4 4 4 4 * 4 7f*t4 *74 4 4 . RELAP4-typeu) codes* A # 

LMFBR 44414 4 4 # 4 A S 74-g-£4. LDP* *H444 4 * M * 

CRAFT2 ^A74 74-g-^)412). o) s n * Nuclear Regulatory Commission 

(NRC)4H *4*v jans*! 4 4 4 4 A°4 ^ 4 x\^^ ^74 s ^ 4 4 , * 

^*1)441 1 A 3 RELAP4 3l FLASH 2£1H6,S) 4 * 4 4 . 74#*4* 4A 

^ 4 43491 ! ! # # # 44*114 4 A , 4 * # 4 4*114* 3 ^ 4 4 * 
3 4 4 *muov4* 74*34. 74*744 4*1) AJE!)£ tfl^ <g--3 45L34 

* *rl444 4*114* 4 4 4 4 341 4 3 * r l l 4#4 1 A 4 4 . IHTS4 
i f AS # 4 * 4 A * # 4 4 *4144 SWRP subsystem * 4 A i * 4 
A474 1*344. 4 factor* large-leak 74:2.4 # # 4 4 4 4 * 4 4 . 1 4 
4 A S ! ^ 74*4 large-leak* ^7444 4*114* # 4 4 * ^ # 1 4 4 

* large-leak4l 4 3 # # 4 4 4 4 * S 4 ^ 7 4 4 4 4 4 4 . 4 4 1-4 3" 
A S 4 *fl4-4e)A4l 4 3 4 4 4 * 4 s l *74 4 4 . 

(4) 1 * 4 A l 
47)) 5g7447l 4*11 74*4 TL 4 ^ LDP4 helical coil SG system4l 4 

4 4 ^ 4 4 noding diagram* * A 4 l A * 4 4 4 4 4 * # 4 4 4 # # 
* # 4 4 4 * # 4 blowdownAS # 1 4 * * # 4 A 3 4 ( * # ) * ^744 
4 4 4 A 1 4 4 . 4 4 1-* ^ * 4 4^*1 1 1 4 A S 1 4 * 4 4 # 20 
3L 4 4 4 4 , 4 A l * J£# * # 4 4 € A , blowdown €A 3\ relief | « 
* # 5.7447I 4 4 £ 1 4 4 . 4 1 4 * A * # 1 4 4 4 4 4 4 &* * # 
4 I A S A74*V4. -̂ -w. 4 1 * 7 4 ^ ! T 4 1 4 # 741174 2 equivalent DEG 

4141 4 s * 3 A S 5.7444. ^w. 3341* #4(0 .001^)4AS 1 ^ 4 4 . 
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s.14144 4 1 4 4 * # 4 4 # 4 * # 4 IHTS4 i f A S * 4 # 
4 * 4 7 4 * *A41 4 * 4 1 4 4 4 4 4 * 4 4 4 4 4*11 3 4 4 414 
4 # 4 4 s 4^Ai7j -, O|T4 4^*1-714: * 4 4 1 * 1 1 4 1-^o.s £ 
4 4 * 4A74 3§741 4 A * 04444, 5.^414 1441 4 3 A74* 4 * 
4 4 4 1 * * # 4 A 4 . IHTS4 * # 7401^ oj^ig.74^- *A44144 ^ 
# 4 4 4 4^*41 4 * 3 SG *A 1441 4 4 £ 3 4 . A741- J I 4 1 "11 
1 A 3 3£ 4 4 4 * A factorS# * # # s #*#414 1 ^ 4 * 244 
flashing^ 4 4 4 Bernoulli £ * Moody 4 4 4 f 4A 4 * 7f-g-«4 740] 
74 4 * 4 4 4 . A * 4 1 * relief paths41 4*H74 inflow quality74 0.05 
4 4 ! nil 41* Moody flow tables* 7f-g-4-4. Bernoulli 4 4 4 * quality 
74 0.01 A 4 4 * ^ 74*4 Ji, quality74 0.014 0.05 744 <̂  nflofl̂  A J ^ 
4 ^ 4 74*^4 . 

(4) 4cii # 4 * * 4 1 4 3 * # 4 4 

f ! 4 ^ 4 4 4 J Z * 4 3 * 4 A 414 4 4 4 1 4 ^ * 1 4 4 1 4 4 ^ 4 

4 * # 3\ * * 4 ATII 4 4 4 4 . # 1 4 4 1 4 ^ ^ * 440]) 4 ^ 4^4^ 

* 4 4 4 i f AS #e i#474* 4 4 # 4 4 £ 4 * 1 *74 4 4 . 4 4 

1 * 7444 4 ^ 4 4 4 nil#41 Parametric runs4 4 4A4l74^ ^ # 4 4 

74 4 * 4 * 4 4 4 1 4 4 . 4 4744 parametric runs* 1 4 4 4 4 

IHTSS #ei * 4 7 4 * # 4 4 * 4 441 4*114* 3% 3.1041 4 4 4 4 

4 1 4 . 

LDP system4 helical coil #1441 4 3 4 4 4 # 4 * # * * # 4 

474 tubesheet4 4 * 44414 1 4 4 4 . *H44 1 4 * 4 S 3 441 4 

4 4 7)1*^ Hne 3\ 4 4 4 1 3 314* 744 4 A S # 4 ^ 4 4 # 4 # 

4 *4744 4 4 A 4 4 1 4 1 4 4 * 1 * 4 4 . i-g- #41 4 1 4 4 & 
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* *A4 ^ * 4̂ 41 4^ S* 44 ^44 *4 s* 1 ^* 4#44 
^ * heads *^-44 414 #144. 4 44414 #144 *#* 4$ 
4 line 31 steam drumAS*4 4 4 4 4 . 4 1 4 4 7 4 * * 4 # 4 * ^ # 

tubesheet4l744 444:514 4 4 4 A S 4 A 4 4 . 4^14 4 # * 4 * 4 

1 * 4 * ° 1 ) * 4 4 A ^3444. 

• 4 1 4 4 7 4 tubesheet 4 ^ 4 4 1 4 4 4 A 4 *A^4l74^.4 ^ 
O OV Ed _0_ OJ O_ 

• * / # 4 £ 4 * S 7 i I H T S S # 4 4*114* 4 1 4 4 * 4 1 4 * A * 

# 4 4 # 4 4 

• * / # 4 dump valves 3\ f 1 4 4 4 1 A 4 4 4 3\ # 1 

4 1 4 4 7 4 4 * 4 tubesheet4l J £ l 4 4 # 4 4 * # # * 4 4 #743 

4. 4 # 4 tubesheet # e 4 4 * 4 1 4 * A S # 4 4 4 AS 4 # 

plenum4 # 4 * 4 * 471144, # # * ! * 4 * 4 1 * 2 4 A S 4 A*J£4 

# 4 * 4 4 4 . 4^43 3 4 * 4 * 4 4 4 * A 4 *^l74 4 1 4 4 &* * 

A41 4*11 4 * 4 heads * ^ 4 4 nfl̂ oH 1 4 4 4 . IHTS 1 1 * 4 4 # 

o\}3L # 4 4 * # * 4 i 4 4 * 4 3 * - 4 4 A 4 4 . ^ 4 4 4 * # # # 

A4 4 * plenumAS#4 4 1 4 # A S 4^i 4 4 * 1 4 4 4 4 A 4 3 

4 4 &*4. 

HeUcal coil SG41 4 4 4 4 1 * 4 4 1 4 * 3$ 3.1041 4 4 4 4 4 

1 A 4 , SG 174)41 4 4 £3- * A 4 4 . A^3 4 A ^ * 1414 4*4U£ 

# 4 4 # # * # A 37}, *tL 7joi( 44«jtL *j£, 4 4 44 3\ * / # 4 

dump subsystem4 3"* 4 A S 4A 4J£ £7^1 *74 4 4 . 

(5) # 4 4 * # * 4 i 4 4 * 4 ^ 
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# 4 4 4AET3 1441 4 4 4 i f A S # 4 * 4 7 4 * # 4 4 # 4 4=* 

4 i 4 4 * u o^# 4 4 74474 4 A 4 , layout 4414 4 ^ A * £ 4 - * #. 

*74 4 4 . JA3: 4 A ^ 1 4 , 4^4 layout, "|A 4 4 , 1A # 4 4 4 , SG 

4 plena 44 3l * A S * 4 7 4 * * # 4 orificing 4A41 4 4 # 4 4 * 

# # £ 3 3 - *74 4 4 . LDP41 4*114* 1 4 4 4 # 4 3 * * 3 4 4 4 1 4 

4 * 4 1 * 4 A 4 u o ^ * 4 4 A 4 3 4 . 

(74) s . 1 4 ^ 1 4 -
1 4 4 A S cruder noding model* # 4 4 # ^ 4 &* # 4 4 A S 

s . 1 * ^ 4 4 3 1 4 4 *o44 4 4 * 1 *74 4 3 4 . A l *$444 
* s .7 } ^ )o ] ^ j ^ ^ t i . oj<3 ^ 3 4 ^ 4 4 < i ^ ^ o . ^ . - ^ s ) - ^ 4fl 

4 #441 # 4 * # 4 4 4 4 . LDP * H 4 * 4*11 74*^1 S 1 4 1 4 * 4 4 

3 # # # 4 S 4 * UO-^AS 4 7 ^ 4 # A 4 4 A 4 A A * 4 * ^ 4 4 

* #*H 1 4 * 7))41 *7f 4 3 4 . Helical coil SG4 4 * 3l # * 4 # 

* 47H4 # ^ 4 4 3 1 4 A S 4 £ € #74 4 4 . 4 ^ 1 3 A S 4 * 4 4 ! 
4 # A S # 4 7 4 * 74*73* 4 i 4 1 *74 4 A 4 , 4 * 4 1 1 4 4 
helical coil SG4 line* 4 4 4 i 4 1 #74 4 4 . *1144l 4474 7}±q 
4 4 4 1 * A l * 3 4 4 4 A S 4 # 4 4 # ^ # £ 3 4 * ^M^, 4 ^ 4 4 
A l * SG 1441 # 1 4 # 4 * # 4 4 3 4 * 3 4 4 . 314* 44=44 
&4 74*474) 4 * 3 3 * - 4 4 31 74*4 ##441 4 4 4 # # # 3 8 4 
3 4 1 * 4 4 nfl-£-olr4. 

(4) 4 4 H A 4 7)(3f|#4 

44W!A74 <£4* 4 4 * 4 1 * 7 4 * 4 4 * ^ 4 * 4 4=* 1 3 4 4 . 

LDP system* 44HA74 ^ 4 * 41-4 43=41 4 3 ^74* 4 A # *H4 
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4 4 4 4 . i f - * 4 * 4 # 4 ^ 4 4 # 44HA7V # 4 4 * 3"44 4 

3 1 4 4 * 4 1A44. 4 4 4 * 4 1 4 pressure transducers 4 4 4 4 i 

4 4, #«11 A 4 A 31 A347f # 4 4 * 4 3 1 4 4 ^ 4 A 4 4 3\ dumping 
* 1 * 4 A # 4341 4-^714 Aijn- 3#*Hr*fl ^ _a.tr 4 4 * 4 * 4 
4 4 4 oi 44A1T_>* s.^ SI144 A4-§.^T4. rt^- Al7j.0) 0.5A 4 4 H 

A * 44744 74*44. 4 4 1 4 4 4 * 4 4 4 4 s 4 4 * 4 line 3J 
4 1 Iines4l74 water hammer* # 1 4 T 1 1 4 4 . SWRP 441 4 # 4 4 H 
A4 4 : 4 * 4441 4 4 4 4 * M 4 4 4 4 4 4:414 4 ^ - 4 4 4 # 4 
* # # 4441 7)-§-4&o} an3 A l J Z l * 744J I parametric *U4* * 

=1444. 4 4 4 1 4 * 3% 3.114 1 4 . 441A74 -=44* A 1 # # LDP 

system4 i f AS # 4 4 * 4 #^4 * 4 7 4 * 4 4 44^ &o) 1 ^ ^ ^74 

4 1 * 4 4 . 

(4) # 4 4#lA(Relief Valve) 4 4 

3% 3.104)4 A * 4 4 1 4 4 1 4 4 7 4 4 # 4 tubesheet4l4 1A34 
4 LDP4 IHTSS &* # 4 4 * 4 # 4 * 4 7 4 4 4 4 . SG system4l4 
74*3 steam relief valve 4 4 * 4 * 4 4 ^ 4 7j£-|- * * J 4 4 4 ( ^ ^ 

3.12 4A). 4 4 3 4*4) 4 4 4 relief area* 3 4 4 4 A 4 1 4 4 4 4 
# 4 0.046 m2S f7444o> *]-T4JL ;H144A 4 4 . 

(4) f 711^4 ^ 4AET341 4 4 174143 
Once-through steam cycle* 4*11 4 1 4 A 4 * SG* tube44H oj-

3 4 A # 4 4 * 4 1 * 4 A # orifices* 7f-§-44. 40J L D P ^^-7141 

4 * 3 orifices74 7f-§-4^ SWRP subsystem^ 1 A 4 314* 4A44711 

1 4 A * 4 . LDP 1 * 4 1 * f 1 4 cell 441 quick-opening 4 4 1 A * 
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1 4 1 * 4 A # 4 4 4 3-4. « m # 4 A 4 A 4 4 4 44 4 4 4 4 # 

41 quick-closing 4 4 1 A JA* check valves* 7.1ti.l444 o . s 4 ^ ^ 

* 4 * # 4 °<M 4 i l * 4 4 . 4 * 3 lines(relief area ^74414 4 ^ 

3-)* 4 4 # # * 4 4 3 # 4 1 4 * * A S # ^ 4 * 3 1 4 * £ 4 4 4 A 

S 4 H A 4 4 4 * 4 4 4 1 * 4 * *H4* * * 8 4 4 4 . 

(6) 4*^34*41 4 3 ^74 

SG # 3 # 4 1 i f 4 * 4 4 * 3 - °)) relief system4 4 4 4 4 4)74 3 

4 4 4 * * 4 4 1 4 3 - 4*^34£3-*41 4*114 4 4 4 T 1 1 4 ^ 4 4 o j . ^ 

4 * 4 * £ 4 . ^ 4 4 i f 4 # # 4 # ^ 1 4 4 4 4 4 4 * 4 1 4 4 * 

^ 3 3 * 4 # 4 4 ) 4 3 1 * 4 4 & # 4 * * 4 * 4 S 4 4 4 4 4 1 4 

1 4 4 4 4 4 . 4A74417)oi) O ] ^ SWRP subsystem 741441 4 # 4 * 

1 ^ 4 4 4 1474 4 * 4 1 4 4 4 4 4 4 . 

2Na + 2H20 -> 2NaOH + H2 (1) 

NaOH + 2Na -> Na20 + NaH (2) 

2NaOH + 2Na -> 2Na20 + H2 (3) 

2Na + H20 -> NaaO + H2 (4) 

!-2kS 1 A 3 4 * 4 3 4 ^ 3 3 # ^ * 4 A 3 * 50 wt% NaOH, 40 wt% 

Na20 31 10 wt% NaHS 4 * 4 4 4 . 4*44417-4 uV-g-o] ^ i ^ ; 0.436 

kg(l lbm)4 # 4 0.9045 kg(1.466 \bJ4 i f 4 4 * 1 "fl A 3 3 * # 0.665 

kg(1.466 lbm)4 NaOH, 0.028 kg(0.062 lbm)4 *A74A, 0.532 kg (1.173 

lb.44 Na20 31 0.133 kg(0.293 l b J 4 NaH74 ^ 3 3 3 4 . * 4 i f A S * 

# 4 * 1 # * A * 4:4 4 4 * 4 ^ 4 4 ^±9] ^ 4 * # A S 3 ^ 1 *74 
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4 A 4 , 4 * * * SWRP subsystem41744 * £ ufl:£ 3 7 ) * 1 3 4 * 4 

7 4 * 4 4 . 4 4 4 ) 4 # 4 4 # A S * * i 4 1 # * 0.56AS 74-§-4JT OJ 

4 . Large-leak 2 A ^ 4 M TRANS- WRAP18> ?J SWAAM-I19)4 1 * 3 

A * 74-g-s^ 7 4 ^ 0 1 ) * IHTS 4 4 1 A 4 4 * 4 4 4 # # 4 # A S 

0.6-0.65* 7f-g-*44Ti 4 4 . 4 n| 74-g-^ ^±±. 4 f#3 -#4 l74 4 4 4 

* 4 * ^ 3 3 * 4 4 # * # 4 * 4 4 £ 4 4 1 4 4 4 . 4 4 1 * 4 4 4 4 

4 4 4 A S 7f-g-4^ ^± aj^s] rt°l^ 0.5-0.65 4 4 . LDP4 SWRP 

tanks4 3 # * 1 4 4 1 A 3 A 4 ^414* * * J 4 4 4 4 1 4 A 2 1 4 

large-leak 7fjLS#4 4 # ^ 3 3 * * # 4 1 * 4 A # 1 4 4 4 4 . 4*^3 
A^^4 # 4 * 4 A3.40HA4 £ ^ 4 : 2 4 * 44 31 4441 4 4 4 4 4 1 

* 4 4 4 . 

(7) * A 4 ^74 

SWAAM-LT5> 33.^ rupture disc74 4 1 4 # 4 SWRP subsystem 

41 4 4 * 4 4 4 3 * ^ 7 4 4 * 4 74-g-^ -r 4 4 . 4 AIL 4 * * 4 # * 

* # 4 4 1 4 4 * i 4 A 3 3 * A 4 4 - * i 4 a * IHTS* 744-4:2 rupture 

discs* 4 1 4 4 4 4 « 4 4 . 4 * i 4 a * 4-3 ^ i # * 4 " * 4 4 , 

4 # 4 * A 3 3 * # relief system 4 4 A S 4 * 4 4 . Relief system4 slug 

mode4l4 4 * * 4 4 4 4 4 4 4 * 4 4 4 4 4 # 4 4 # # 4 S A S # 

4 %7}^ #74 4 4 . £43 4A, 4 * 31 * A * ^ - 3 4 4 4 ( 4 # 4 4 ) 4 

1 A 3 * ^ 7 4 4 4 4*114 * A 4 SA414 7)-*^ * 4 4 . 4 4 4 4 

SWRP subsystem* ^ 7 4 4 4 4*fl74* SWAAM-LT ^ 4T2 ^1)S# 3 

E. 441 *74S A * 4 * *114AS* subsystem* 3 : 4 4 A S 1 4 1 * 

4 A # 4 4 4 * 4 4 4 . 

• * i 7}S. *$*$ A l 
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• i f 4 A^4174 hydrogen sodium hydride 4 # * 4 3 # 4 3l 

#*11 A l 

■ i f 4 A^41744 ­g­4 2 4 A # A l 

• 4 5 37} 31 4**A41 # 3 # 4 ^ 4 ^ 1 A 1 4 4 * 4 4 4 

4 
•IHTS41744 24 A * 

■ SWRP 4AEr34 * 3 A i 4 A l 

4 4414 4 ^ ­ 3 4 4 * 4 * 4 4 .e_444 A 4 

(D LMFBR SG4174 large design basis leak4 i f A S J : S * 

# 4 4 * * * # 4 4 4 1 4 * 3 4 . # 4 4 3 i < § 4 1 4 4 parametric *fl4* 

# # 4 4 * 4 3 4 * 4 * 4 4 4 4 3 4 . l ­ * 4 A 1 3 * 4 4 4 * *8 

7414 * 4 A # 3#13 4 # * 4 1 4 A 4 4 4 4 4 . 

(2) 4 4 1 A 31 relief valves4 1 * 4AEr3 T 1 ^ ! ^ SWRP 

subsystem4 1 A 3 4 4 * 4 4 3.7}% 13*114 4 4 . 

® 1 # 4 A S SWRP4 3 * * 4*1144 4*114* SWAAM­I, 

SWAAM­LT 3\ TRANSWRAP 33.9] * 4 * 4 * 711144 A * * # 
3 . 4 * *i)4«4 * 4 5 ^ 4 4 0 } *V4. 

4­. LMFBR SG414A1 A4.7]}7}^ * # 4­JL 4)4 (n) 

i f ­ * £ * *fl4AJ^4 SWACS 31 LEAP* 4 # # 3 4 LMFBR 

SG41 4 * 1 * 4 A # * 3 4 4 4 . 600 MWe FBR SG4 parametric 4 4 

* updated codes* 4 * 4 4 * = 3 4 4 A 4 , SG4 1 4 4 * * # 4 4 * 

* / f 7l blowdown°14 cover gas type 4*14 cover gas74 & * SG* 4 

# 4 A S 4 3 4 1 * 4 4 * 4 * A 4 * A 4 4 . Cover gas74 Si* # 3 

4174 3i7] spike 4 3 * cover gas74 4 * 4 A 4 * 4 . ^ 4 4 pressure 

­ 3 4 1 ­



relief system4 1 4 * 3 4 4 3"AS4 4 A 3 A 4 4 * 4 i 4 1 *74 

4 4 . #33-4E)1 4 4 3 4A41 4*1174* cover gas # 3 4 4 cover gas74 

& * # 3 4 SG 744oi] # 1 3 - 4 4 3 4 £534. 

LMFBR SG4 * A # 3 * A # 4 ^ 3 1 ^ * 4 i f 4 A 4 4 # / # 4 

7444 1 A ^ * A # # 4 4 1 A ^ 4 * 4 4 4 . 4 1 *A441 -SI 4 

3 4 * 4 * # 4 £ i f - * 4 * 4 1 4 4 A # 4 £ 4 * A 7 4 A 4 1 * 

# 4 3 3 ! s # # 4 1 3 4 4 . SWR 7431441 4 4 4 * 3 4 * # s * * 

#*A41 4 * 4 4 a 3.24 1 4 . 4 4 4 f 4 * # 4 ^ 4 1 4 4 ^ s # # 4 1 

t # 4 4 * A 4 1 * wastage74 1 3 4 4 , 3. 4*41 failure74 1 4 4 4 . # , 

# # 4 4 7 4 SG414 1 4 4 4 . 

Table 3.2 Classification of the sodium-water reaction phenomena 

Boundary 
leak rate 

Region 

Phenomenon 
Wastage effect 
on the tube 
The code 
applicable 

0.1 

Micro 

Self-wastage 

Self-enlargement 
of the crack 

g/s 10 

Small 

Target-wastage 

Only adjacent 
single tube 

g/s 2 

Intermediate 

Multi-wastage 

Plural tubes 

LEAP 

<g/s 

Large 

Thermo-hydraulics 

Little damage 
on the tubes 

SWACS 

* LEAP : Leak Enlargement and Propagation 

* SWACS : Large Leak Sodium-Water Reaction Analysis Code System 

i f - * 4*(SWR) #4 -41* * i 7 4 # 4 4 4 SG4 4 3 * # 4 4 4 

IHTS4 # 4 4 *A4l 43=* 4 4 T ) 1 4 4 , # 4 IHX41 # 43=* 4 4 T ) 1 
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4 4 . 
PNC4 LMFBR SG4144 SWR 4 # * 4 * #7)14 * A 4 4 S 4 1 

4 A 4 4 . 4 4 * # A 4 4 1441 4 # 1 4 4 * *#4) 4 3 4 3 4 A , 

4 # 4 4 * 4 * A * # SWR 74:244 IHTS41 4 4 # 1 4 4 W 4 4 . 

4#*A 43141 4 4 4 * 3 - B 4 4 * SWR4 3 3 " * 4 4 4 4 4 * 4 

4 A , 4 * SG4144 4 4 1 4 3 4 * 4 4 4 4 4 4 4 4 # 4 33.9I 
LEAP(Leak Enlargement and Propagation)* 4 1 4 4 4 4 . 4 53.A* 
prototype FBR4 Monju4l 4 3 : DBL* A * 4 A S 4 4 4 * ^ 1 4 * 4 4 
4. A 4 * # A S * 4 * 4 53.3.91 SWACS(Large Leak Sodium-Water 
Reaction Analysis Code System)0) 4 * A * # SWRol 1 4 4 * #441 
IHTS4144 4 4 4 * 4 4 * *r!444 4*11 4 1 4 4 A 4 , PNC414 
SWAT-1 ^ SWAT-34 4 3 7 4 S * 74^-^44 4 0 1 ^ 0 ^ SWACS4 A 
* 4 4 4 A 4 * 4 * 4 A A . * Monju IHTS41 4 4 # A 4 # 1 * M 
4 * 4 4 * 4 4 4 . 371) PNC414 * S # 4 * # A 4 # 4 A 4 * 4 * 

4 2113 FBR * ^ S 4 4 nU#4l 4 * 4 33.91 LEAP 3l SWACS41 4*B 
4 4 * 1 * 4 A 4 A 4 , 4 4 7 4 s * 4 * f # 4 FBR SG41 4 # 4 A 4 

4. 

(1) LEAP 35514 * 3 
Wastage 3 3 " * self-wastage, target-wastage 3l multi-wastages # 

# 1 *74 4 4 . LEAP* SG414 * A 4 4 4 1 4 * * A 4 * 4 4 414 
4 # A S 4 4 wastage* J I 4 4 A 4 A 4 , *441 # * # 4 4 3 A S # 4 
* / f 474 blowdown4* *, rupture disc 4 1 * # $ A «4J:4A^4l 4 
*11 4 1 4 4 # / f 4 * dumping4* f s. 4 3 4 4 4 # * # * A # 44: 
4 4 . 4 * 4 1 * 4 =n=o) s.^o] Monju SG41 4 # 4 4 4 4 ^ 4 4 ufl£-
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41 7fl4°l 2.25Cr-l Mo 3l austenitic stainless steel4) 4 4 wastage # 3 

4 * 4 3A414 4 * 1 *74 4534. 

Mod. 9Cr-lMo steel4 1 # 3%- 3" # 4 * * steel0l large FBR4 

once-through type SG41 * 4 4 4 A 4 4 4 A 4 4 . s f l444 4 4 4 * 

JL#4l744 high mechanical strength 3\ stress corrosion cracking (SCO 41 

4 4 4 3 - 3 4 4 4 4 * 4 4 . PNC 4 4 * 4 1 * i3.# 4 # 4 * # steel41 

4 4 wastage 43- # 4 * 4 A 4 A 4 , 4^41 4 s * 1 3 * 4 * l i 4 

3202V 4 4 . Wastage # 3 * LEAP41 *314 4 4 4 * ZL$ 3.134174 s 

4 * A 4 4 . 4 ^-^414-fe i # *JZ74 748 K 1 4 4 curve* 4 4 4 A 

4 4 . High-chrome steel4 wastage * A * * *#*J£74 0.1 g/s 0 I44 

self wastage 4 4 4 ^ 4 ^ 4^ - 7fl4A4 * A 4 , * * # * A 7 4 0.1-10 g/s 

4 target-wastage 4 1 4 H - ^ 4 4 4 4 4 4 . ^-4 4 * # * A 7 4 10 g/s 

°134 multi-wastage 4 4 4174^ wastage * A * 2.25Cr-lMo steel4 1 

4 . 211444 4 441 4 * wastage 7fS74 044 4 ^ * 4 * 3.%-^ 4441 

# # 4 4 &A4, 2.25Cr-lMo steel4 7 f s * 7)-g-4^ 74o) S * 4 4 4 A 

4 4 J I 4 4 4 * 4 4 . 

(2) SWACS22' 33.9] * 4 

SWACS* 4 4 A 4 SWR 43% 5H444 4 4 *fj-4 3 # 4 3.3. 

4 4 * # # * A , A 4 spike 43(ISP), IHTSS4 A 4 spike 4 3 4 1 

4 31 # 3 3 3 - 4 4 44(QSP) 4 4 4 4 4 4 4 4 1 * 4 * 3744 

modulesS * 3 4 4 4 4 . 

Monju SG41* cover gas 4 4 4 4 4 . ^-4 4 large FBR41 4*HA4 

cover gas74 &*(NCG) # 3 4 S G 4 * 4 # 1 4 * A 4 3 4 . NCG # 3 

4 SG41 4*f l4* CG # 3 4 SGA4 ISP74 4 4 4 A S 4 * 4 J L o f l ^ 
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10-7 

HCR : High - cnroma. steel 
CRM :2-25Cr- 1 Mo steel 
SUS : Austenitic stainless steel 

-L JL X 
1CTy lo -4 10"1 10* 10" 10° .0' 10* 103 

Water Leak Rate (g/s ) 

Fig. 3.13. An example of wastage characteristics 

incorporated into LEAP 
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4 . 4 4 4 4 # 5 : 4 - 4 4 4 # * 3 l 4 1 * 4 * #31 74A 4 4 4 &4 nfl* 

4 4 , ISP # 3 4 in-sodium # 3 4 rupture disc ##41 4 3 4 3 l A it7] 

nfl*44. 3Z]5.3. SWACS 2 E | NCG # 3 4 SG41 4 # 3 " * 4 A # 

* 3 4 $ 4 . 

SWACS41 # 3 - 3 -MIS* J i l * -o.^ 3.144 1 4 . * A * 3 # * A S 

* in-sodium # 3 4 RD# A 4 1 : * 4 * 7 l * * #74 1 4 4 4 A 4 , 

pressure relief «H44l 3 4 # 4 4 " 3 * 31 # 4 4 4 . £4^ RD ^ 3 4 4 4 

4 finite element m e t h o d ( # 4 A i ^ ) A S *H4* 4 4 4 4 , #7f^ * ^ 

4 A 4 * 4 - 4 4 4 # ^ 4 1 4 47f4 4 4 4 3 4 1 4 3 1 1 4 4 4 4 * 

1- * 4 A # 3 4 . 

* 3 4 33-±r 4 4 4 NCG # 3 4 SG4M SWR* A744 LLTR 

(Large Leak Test Rig) 3l 1 # 4 large FBR* 7)) 4 4144 1/5 # A 4 A 

1 * 7 4 * 4 4 *A*f|^ * # A 7 f ^ ^ A S * 4 4 4 ^ 7 f s 4 4 A 4 S 4 

4 4 . 4 * 4 4 4 4 1 4 4 4 1 3 3l *H4441 RD4 4 1 4 4 3l IHTS4 

4 3 4 3 -44 1 1 4 3 * 1 * 4 $ 4 . 4 4 1 * 1 4 s 4 * 4 # 3 4 

33.- NCG # 3 4 SG41 4 4 4 i CG # 3 4 SG4 44-744S 4 4 - A 

* # * *H44441 4 3 - 4 4 * 4 * 1 & 4 . 

(3) 4 * A FBR41 4 4 *114 

LEAP 31 SWACS* 4 4 DBL4 * 3 & 31 FBR(Monju, 600 MWe) 

4144 SWR 4A* 4 4 4 4 4 1 4 3" 4 4 A S 1 4 4 4 4 . *1)44341 

4 4 * * A * ZL% 3.154 1 4 . 
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No Covar • <J<W 
TypeSG 

Reaction Zorw i 
Co*«r- - ^ a » 

Type SO 1U 
cw 
MocW 

N«*r Modoi 

y BoUrefctfy 
Tndoog Ajoafj 

fra«*u»riWi»f Pfpny 

T_S ■ G*a irrferfeca 

_ ^ 
_ £ Sodun 

BD 

Dump 
Tank 

|n­&a*Typ«RD 

IrtstartarMouft 
Rujrtur* 

flupiir* Disk 

tn - Liquid TYp* OoufcU ■ MwnAnna RDl 

Krffe-

_ \ 

<** 

To Dump | ^ 
Tjftk Second C«* f=r» OctJc 

Norirafertearaaou* flupiur* 

Fig. 3.14. The new models incorporated into SWACS 
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Input Data 
for SWAC-57R 

ISP and its 
Propagation Analysis 

Press. 
Wave 

Input Data 
for SWAC-13 

QSP 

Analysis 

Press. 
Wave 

Input Data 
for SWAC-11 

Water Leak Rate 
Analvsis for 1DEG 

Water Leak Rate 
Analysis for 1+N DEGs 

— Leak 
Rate 

Leak 
Rate 

Input Data 
for LEAP 

Parametric 
Analysis 

Selection 
of DBL 

Fig. 3.15. The flow diagram of the analysis procedure 

4 4 4 LEAP* 1+N DEG4 1 # 1 1 4 4 DBL* 1 3 4 * 4 74-g-̂ i 

4 . 1 DEG* i7 l # i i 4 4 3A74 4 4 4 4 , N DEGs* * A 4 4 4 4 4 1 

4 4 4 4 . SWACS 7414 A * 4 4 4 4 SWAC-11* 1414 1+N DEGs44 

4 3*41 4*11 4 4 4 * * # # A # ^ 7 4 4 * 4 74*^4 . yvtfls SWAC 

-57R* 7fl443.3. 1 DEG ##41 4 4 ISP* 4 4 4 * 4 74^-5)JL, 

SWAC-13* 1+N DEG *#4l 4 4 QSP* 4 4 4 * 4 74^-5)4 4 4 4 4 

# 4 # IHTS* 4 4 1 4 * 4 A 4 4 * 4 4AJ5.S 74)4# SG # 3 , 4 

* 31 pressure relief 4 4 * £ 4 4 4 4 4 * * J 4 4 4 . 

(74) # ^ s 4 4 # A 3 
^ S 4 # 4 3 3 " * 3$ 3.1641 4 4 4 4 4 . Looped type FBRS4 

14 1 4 1 4 - 4 4 4 head4l 3-E-l 4 * 4 44^ -449X4. 
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ACS 

ITTM 1 
SG! 
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Fig. 3.16. Schematic image of the plant 
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SG74 4 4 . NCG4 CG34 SG* *fl7l)i£*s4 £ 4 4 ^ 4 . I l l * A * 

Mod. 9Cr -IMo steels*! 4 3 * 31.8 mmS 4 * 4 # 4 . ^-4 4 * 4uov 

* 3 3.34 1 4 . 

Table 3.3 Specification of the Monju SG 

1 

2 

3 

4 

SG Type 

Heat Capacity 
Heat Balance 
i) Na 

- Flow rate 
- Temp, (in/out) 

ii) HaO/Steam 
- Flow rate 
- Temp, (in/out) 

Heat Transfer Tubes 
- Material 
- Outside dia. 
- Wall thickness 
- Length 
- Incination 
- No. per unit 

Helically coiled 
once-throuch unit 
533.3 MWt/unit 

8350 ton/hr 
505/325 TJ 

854 ton/hr 
240/487 "C 

Mod. 9 Cr - 1 Mo steel 
31.8 mm 
3.2 mm 
70.3 m 
8.7 deg 
351 
o a n r^.r„ 

(4) 4 A 4 4 44 
LEAP41 4*fl 4 4 4 4 4 4 4 4 3 4 3- 47} 3% 3.1741 4 4 4 91 

4 . 4 ^ 4 4 s * 4 4 1 4 * A 4 S : 3244 A4 * # * A 4 4 , * * 
# * 404 # A yo>44 330A ^ A S # # 4 A 4 4 . ^ 4 A S 324 * A 
41 4 3 3 - 404 * A * 3!S##41 4*fl wastage7l 1 3 4 4 4 4 4 4 . 40 
«. *A?4 4 4 4 * 4 4 4 * * A ?!!** * 4 4 4 4 4 4 3 1 * # * A * 

- 3 5 0 -



2°® ® ©® 
© (ST ^ ^ 
(2S# / — v r ^ O A ^ V - N x 54 

0<» 
^ * _ W a s x a q e Poinj_^ 

(*) fa >S) 

Fig. 3.17. An example of failure propagation 

process calculated by LEAP 
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3-#44 4 4 . 443-41 4 4 4 324 * A S # 4 4 ^ 4 * # # j £ * 4 160 

g/ss 1 3 4 4 4 4 3 l # # * A * 40*1 *A74 4 4 4 4 n f l ^ ^7444 

4 4 4 4 . 4 4 4 4 #A74 4 4 4 4 4 3 1 * # * A * 1 DEG ^4441 #7fl 

1 *H44 4r4l*A4 4 15 kg/s44 A 1 3 4 . 1 4 4 1 * SWR# SG41 # 

4 4 4 4 * RD74 SG4 4 3 # 7 4 s 4 4 4 4 1 4 * * / * 4 4 blowdown 

4 3 * £ 4 # S 4 4 . 

A 4 * # * j £ 4 4 4 # # * A 4 4 4 4 * 4 4 * # * A 4 l r4)*H4 A4 

# # 4 3 = * £ 4 4 4 7444 4 4 A 4 , 4 4 * # * A * 4 46 g/s 4 A , ^ 

4 * # * : £ * 4 # 4 3 A 4 #A till 1 4 4 1 4 4 270A 43=4)4 peak 

54* 4 4 4 . 3% 3.1841 4 4 4 4 * 4 4 1 4 SG4 # 3 4 * / * 4 4 

blowdown * 3 # 4 4 4 ^ A 4 , A 4 * # * j i 4 *#*j£74 744 ^ ^ 

oll4^ ^ c f l i f f * A 4 4 4 4 * 3$ 3.194 1 4 . Type I curve* 4-g-4 

4 *H44 441 4 4 4 DBL* NCG 31 CG3 SG 4 4 4 r4)44 2+a 

(a<l) 3\ 3 DEGsS74 S * 4 A S J§74444. 44A4 NCG34 DBL* 

CG3A4 4 # * 4 4 * in-sodium34 RD74 <£4 4 4 4 4 nfl̂ ojcf. 4 

# 4 NCG 31 CG34 DBL# 4 4 type II curve4 1 4 4 # blowdown* 

74#4AS4 1 31 2+a DEGsS 4 A 4 4 4 . 4 1 4 4 4*HA4 blowdown 

* 74*44 # 4 44*114 4 4 2^4 large blowdown 1 A # 74-g-̂ o) 

DBL* # 1 * 4 A # *flo> *)--§- 4- + o|c|. 

(4) * * # * A 4 4 

#314 3 - ^ 4 * J i 4 4 4 SWR 33- 431* 4 3 4 A S 4*114* * 

* # * A * 9l^Al # 4 3\ 144 3 4 4 414441 4 4 4 4 4 4 4 . 3 4 

A l * 4 * 31 # * header4 *A 4 1 4 3 4 1 4 # 4 4 4 . 443-41 4 4 

4 4 # tube bundle 4 44744 Y # * # 3 4 4 4 . 
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Fig. 3.18. Blow-down characteristics 
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Initial Leak Rate (g/s) 

Fig. 3.19. Relation between the initial and maximum 

leak rate with varying the SG type and 

blow-down curve 
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3% 3.20* 1414 l+N DEGs444 3 # 4 4*11 4 A * # * A £ 4 # 

A 4 # 4 . Curve* 4 4 peak 54* 7 4 4 * sharp overshoot74 4 # * 1 * 

4 4 . 4 4 4 * * # * A * l DEG ^ 3 3 - 3 - 4 4 1, 2, 3 DEGs4 4 4 4 

4*114 35, 18.5, 37 31 55.5 kg/sS 74144 £ 4 . 

(4) 2:71 Spike 4 3 7114 

ISP 31 4 4 3 3 4 4 4 4 3 - 4 * # * A curve* 3$ 3.2041 4 4 4 

4 4 1 4 4 * tube bundle 4 4 4 4 4 * 4 4 4 1 DEG * # * 4-§-4$ 

4 . Parametric *1144l 4 4 4 ISP # 3 * tiU4 4 * 3l pressure relief 4 

4 4 layouts 4 4 1 4 3 * S 4 * A 4 A 4 , 5E4 CG3 SG4 4 4 peak 

* NCG3A4 3-3-4 ^ - * * A 4 * A 4 4 . 

IHX4144 s i ) 4 1 4 * 4 4 * 3% 3.2141 4 4 4 4 4 1 4 top ##41 

4 4 74 i#474 4 40 m34 CG3 SG 31 NCG3 SG A#4l 4 4 4 SG 

vessel4l 4 * pressure relief «rl44 4 3 4 case 24 3 # 30 in, case 34 

3 # 40 in s J L 4 4 & * * A 4 * A 4 4 . £ 3 4 A ^ 4 1 # IHX4144 4-

4 peak74 CG34l74^ 6.6 kg/cm2A(case 1)4 A, NCG3474* 10.4(case 

3)414 12.7(case 2) kg/cm2AAS 4 4 4 4 4 . ^ 4 A S CG34 NCG34 

4 4 peak 4 4 * 4 -6 kg/cm2A44, S H T I * s j 4 parametric *1)441 4 

4 4 pressure relief *l)4-# SG vesselS*4 hot-leg4 cold-leg 4^4 1 

# * «1)4AS # 4 * 4 4 1 * 4 4 1 4 * 4 4 4 4 4 * 4 * ! #74 

44 . 

(4) # 3 3 - 4 4 (QSP) 7414 

QSP 7414414-^ 4 # tube bundle 4447-14 2 3l 3 DEGs * # 4 l 

4*11 NCG34 CG3 SG 4 4 * 7 } # 4 4 4 . DBLs* 4:4 4 4 34*114 
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Time (ms) 

Fig. 3.20. Water leak rate calculation 
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Fig. 3.21. An example of the initial spike 

pressure calculation 
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414 A * 4 A S $ 74453A4, 44414 # # # * A 4 4 * 4*H4J£ # 
# 4 * * # * A # 74-§-4^T4. 

3% 3.22* SG4 pressure release 44" 4 3 4 30 in4 IHX4174 QSP 
41 4 4 3: 41* A 4 * 4 . 7)143-414^ CG34 4 3 3#*A74 i 4 2 

2 ^ 4 1 4 ^ NCG3A4 4X44. ^ 4 1 J £ # * 4 A IHX 4-3 peaks* CG 

3 4 4 NCG3414 447}- & * * A 4 * A 4 * 4 4 * NCG34144 RD 
74 # 4 3 3 - 4 ISP41 4*11 4 4 * ^4* 2 4 47)141 4 1 4 4 nfl#44. 

3$ 3.23# pressure release 4 4 4 4 3 £44) 4 # QSP peak* 4 
4\E4. 4 ^ * A 4 4 3 peak* # 4 ^134 4 300 mm 4 4 4 4£-
4 4 4 4 4 1 4 ^ ^#9] 47^1 T]O] 4 * * 4 * 4- * 4 A , 4 4 1 4 4 * 
4 4 4 3 4 1 4 ^ CG3 31 NCG34 4 3 peaks74 3 4 4 4 4 4 4 * 1 * 
4 4 . ^ 4 4 CG34 NCG34 4 3 peaks4 4 4 4 * 4 4 3 peaks74 4 
4 3 341 4 * 4 4 * 4 4 1 * 7414 Bfl^Tjo) 7444 4 4 4 4 4 4 4 
SMI 4 4. 

4 3-474 ^ * 4 ^ . s 4 ^ - 4 A 4 * 4 # # SWR * H 4 A . B 4 LEAP 
31 SWACS4 4 * # 3 4 SG41J£ 4 * 1 * 4 A * * 3 4 4 A 4 , 4 4 4 
33.% 7)-g-544 600 MWe FBR41 4 4 4 4 4 * A ^ # * 4 * 4 1 4 . 

® DBL* 4 * * / # 4 blowdown* 7f-g-*4 0.5.4 3 4 4 1 
* 4 4 . #, blowdown* 74*44 >t4 4 4 4 A large blowdown 1 A * 
7 4 # 4 * 4 4 * A 4 4 . 

(2) NCG3 SG4H4 ISP74 CG3A4 * * 4 4 A pressure 

relief system* 4 4 ! T ) ) 3 - A S 4 4 A 4 1 * 4 4 . 

® QSP peaks41 4*H4* NCG34 CG344 # 1 3 : 4 4 3 

4 £ 4 . Z I 4 A S CG34 4 4 7 4 4 S NCG3A 4 ^ 4 FBR SGS4 744 

4 4 4 j i 3 4 4 4 . 
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Fig. 3.22. An example of the quasi-static 

pressure calculation 
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500 1.000 (.500 
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Fig. 3.23. Peak value of the quasi-static pressure 
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3. 4nf2. ¥#^^-5] n^ 
7\. 4 91 

431̂ -*S414 ^47fls 7444^ ±%°. #4 . 444 o_s *44 4 

#3 4 4444 «11#41 SG4 14414 *A44 4-3-4 A 4A4, 4* 

*4#44A *4 4#4* 3# i # - * 4#4 #4341 4*fl ^443 
s 4144* 3414 4* *A44 4 # 4 4 A 44. s i # - * 4#41 

43 #A3 4 4*4 4# A3 SG 144144 14 *A4 4^-4* 4 

* * , 4# 174S34 3# ^47fls *(** #* 3*)4 * s 74444 

«fl*41, * *#41 4# 2444 4 44 #474 4# 4441, 431^-*s4 

3 # 431 i # 4 l 39}AS # 4 4 4 4 * steam(## * ) 4 * # ^ 3 # , 

i # - * 4 ^ 4 3 4 4 4 # A S 1 3 4 * 4*141 4 3 4AET3 4 4 # A 

3-*4 4 * # 3 3 4 * *i74A41 4 3 4 3 4 # , Hi i # - * 4*41 4 

*11 * # * 4 4 7fl^* 4 * 4 * # 4 4 * *, 4 4 3 3 4 4 1 4 4 4 * # 

* 4 3 4 4 A S 4 * * *A74 4 4 4 A * A , 4 * A 4 * # S 1 4 4 A 

S 4 , 437439] 74*3 4 4 * 4 4 *ll#4423'. 

i # - 4 t 4 * *341 4 3 431444 4 * 1 - * A4, 4 * 4 A S i * -
* 4*41 4 3 4 * * 4 ^ s 4 4 , SG44 2.4AS # 4 4 4 4 * 

steam(*)4 i # # A S * # 4 * * *#4l 4 4 4 4*74 * # 4 * A 4 

A424l25\ SG4 4 4 4 # ^ material 4 4 4*26 ', * * # 4 1 3 4 4 * 

3 * 4 * 4 4 1 * 4 * 4 4 4 * 4 4 4*27,28\ ^ 4 A i # - * 4 * A 

S 1 3 4 * ^ ^ ^ ^ * i 7 4 i 4 l 4 3 4 3 3 - * 31 relief system4l 4 

3 4*29'30', * # 4 1 3 4 4 * 3 * * # * 4 4 # 3 * 4 4 4 * 4* 3 1 > * 

A S nfl-f ^ * 3.0)011 %T] 4*74 4 * 4 4 A 4A4 , 44414 A * 4 

A 4 * 474S4 4 4 3 , 441 4 # i # - * 4 * 3 4 3\ 1 3 4 4 # 4 3 

41 4*fl, s ^ i4 4 1 3 4 4 4 4 1 3 1 4 * 4 4 s 4 * 3*74 4 # # 
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4 A , 3\3\4 3 # * 441 1 3 4 1474 4 4 4 * 3 # A 4 * 3 A S 4 

4 4 A 4 4 . 

4-. ^ # 4 # 4 ^ tii-#32)~34) 

i # 4 * 4 4 # * 4 4 4 4 # 4 S 4 4 3 3 4-34)4 #A4T)1 4 
^ 4 A 4A4 , 4 # ^^^3.^ * i , Na20, NaOH, NaH#* 3 3 4 4 . 
4 # # 4 A 3 # 4 1 4 4 * #71)4^74* i # 4 4 H204 A 3 4 , 4 4 4 
# j£4 4 3 A141 4 4 41* # 4 4 4 * 3 4 4 . i # 4 * 4 4 # * ^ 
4 4 1 1 4 # A S , * i 74A4 1 3 4 4 * 4 # 4 3 alkali 4 3 * - # 4 
# # 4 4 1 # * i # * 4 s 1 3 4 4 . 4 4 4 i # #474 * 4 4 * * 
4 5E* * 4 * 4 4 i 4 4 * 4 4 4 # 4 4 * 1 * 1 3 4 4 A 4 4 . A 
4*414 1 3 3 * i 74A4 * 4 * 4 4 i 7 4 4**114 4 i l * 1 3 4 4 
A 3 4 . 4 £43- 4 * 1 4 A # , 24-4 3474 4 A # 4 3 4 4 * 3 3 * 
4 Na20, Na202, NaOH * A S * 3 4 44(fume)* 3 3 4 4 . 

1 4 4 AS i # 4 * 4 4*41 43- 4 * * , 4 * *A#(reaction 
kinetics) #°>4 Na-O-H 44144 4 4 4 4 * 4 fl-4, * # 4 43 .4 4 
3: 4 * . 4 * 4 #314 4 4 4 3 4 4 4 # 3#41 4 4 # 4 4 4 4 # 4 
*oWl 4 4 4*74 4 * * * 4 # A 4 4 . 4 4 4 * 4 4 4 # 4 * A 
4 4 * * * 4 3 # 4 A S 4 3 - 4 4 3-4414 4 * 4 1 4 4 4 A 74344 
44 4 * * *4441 1 4 4 4 . ^ 4 4 1 3 4 A S 4^T11 43 -44 3-4 
# 4 4 * 4)-?- 4 3 4 nf l-^ tij-o. ^ . g . A ^ ^ 4 * 4 4 ^ 4 &0.4 *} 

* * 4 #3- * A 4 4 * * * 4 4 3 # 4 4 * 3 * 4 4 s *H £ 4 4 * *& 

^ 4 3 1 4 4 A 4 4 . 4 3 1 4 A S 4 # *A4l 4 3 * : * * 474s 4 * * 

4 £ 4 4 , 4 * driving force, 4 * zone4l744 £3 -34 , 4 * * 4 4 # , 

4 # * 4 3Efl(phase), «4# 1 3 3 4 4 * A ^ 37], 3^7] 2:4, 4 4 # 4 
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4 3 * - # v * 3 A S 4 4 t f 4 . 4 4 i # - * 4 4 * 544 # 3 4 * 

2 ^ + H20 -* Na20 + H2 31.08 kcal/g-mol at 25 °C 

Na + H2 -» NaOH + ^-//2 33.67 

4 1 * 4 * 4 * s 1 4 4 4 . ^ 4 4 4 4 4 * # 4 # #A41 4 4 

NaOH(s) 4 # # 3 4 34174±r 

NaOH + Na{aMUlona, Na) -* Na20 + H2 

4 1 # 4 # 4 2 4 4 A S 1 4 4 T ) 1 4 4 . 3-^, 4#414 i # - # 4 * 4 

1 4 1 * 4 * 4 4 4 3 4 * 

Na + H20 — NaOH + ±H2 

2 Na + H20 - NaOH + NaH 

2 Na + H20 — Na20 + H2 

2 Na + NaOH — Na20 + NaH 

Na + NaOH -+ Na20 + ^ H2 

Na + ^H2 -+ NaH 

4 1 * 4 * # 3 4 4 74*34 4 A 4 , NaOH4 # # 3 4 4 4 1 4 * i # 

- * 4 * 4 4*41 4 4 &4 

Nalti + H20{!) -+ NaOHU) + ±H2{g) 

Na{r) + H20{g) -+ NaOHU) + \n2{g) 

4 4 * 4 1 4 4 - 4 . 4 4 i * 4 *7fl4414 ^ 4 A 4 * #A74 NaOH4 

# # 3 44-OHA4^ 

2Nau> + H20{!) -+ Na20u) + H2{e) 
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4 4 * 4 * s 1 3 4 A , 2 4 4 4 4 # A S 

Na + 4fH2 — NaH 

Na + NaOH -* Na20 + ^H2 

4 4 # 4 1 4 4 * 4 A S i J i 4 A 4 4 . 3 ^ 4##A74 °J)31^-*s 

4 4 # 4 # 1 # A 4 770K #5414 1 4 4 * A * - * 4 * 4 3 * 
2 Na + H20-* Na20 + H2 40.7 kcal/g-mol (750 K414) 

Na + H20~* NaOH + jr H2 45.0 " ( " ) 

4 4 # 4 1 4 4 * 4 A S i n 4 4 4A4, SG44 3^- # A * 750K 

s 74414 3 * 4 4 4i*4414-& tiV-g.^^^ Na0Hor ^ . ^ . ^ o^o^i 

4 #41 

JVa + AfcO// — Afc20 + ^H2 

4 4 # 4 # # 4 A S 1 4 1 * 4 4 . 

4. 4-4 # * # ^ 4 41^ 
j i l A S # 4 4 4 4 * steam(##, *) # 4 4 4 * # 4 1 4 1 74* 

3 # SG4 4 * 3\ 3144 1341 4*11 # 3 # 4 4 4 4 Jf44 74*44 

4 4 , stress corrosion, 3 1 4 4 1 4 cracking°14 pin hole4 74*3, 
fatigue#41 4*H 4 4 74*44 3"*44, 4 4 # 4 steam44 * 4 * # 1 
74*3 4 4 4 . 4 "II steam # 4 4 4 3 4 4 4 150-200 bar 3 A S J i l 
4 4 nfl#4l steam4 i # # 4 S # # 4 4 4 i # - * 4 # 4 1 3 4 4 4 
A, 4 ai3 i # - * 4 # # SG4A E T3* * 3 4 A 4 * A44) 4 4 4 # 4 

3 4 # 4344 ) 4*11 i # - * 4 # 3 3 * 4 4 * 1 , ^ - 4 A * i 7 4 i * 
1 3 4 4 4 # 4 A S A|AFJ ^fij oj-^^. ^7}A]f]ILi £_~-^ 4*41 43-
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* 4 4 4 # 3 3 * 4 erosion33­4l 4*11 wastage 3 3 " * 1 3 4 * 4 A S 

1 4 1 * 4 4 . 

4 4 3 3 3 " * * # 4 * steam44 * 4 4, SG4 * A , dimensions, 

4 1 4 4 4 1 , * 4 A l , leak hole4 A l , 4 4 *4) 4 4 4 s 4 4 4 4 

4 , * # 4 * * * # 4 1 4 4 1 # 4 Monju4 4 4 4 PFR4 3 # * A 4 

3 3.44 1 4 * # 4 A 4 4 . 1 4 4 A S # # ^ 4 0.05 g/sec 4 3 ­ 4 3 # , 

# # point4l4 jet flame* 3 3 4 4 4 * 4 4 e 1 1 4 4 1 4 3 * ­ 4 4 4 

4 , 3 4 4 4 3 # 3 1 4 4 * * point4l4 i # 4 * ( # # steam)0! 4 # 

4 4 A # 4 # 3 3 * 4 i # ­ # 4 # 3 3 * 4 1 4 4 erosion4l 4*11, i 4 

"self­wastage" 4 * 3 3 " * 4 7 1 4 4 , 3 1 4 444 defect* 7 4 * 4 4 ^ 

1 4 * A SHI * 4 4 . 4 4 3 self­wastage74 4 * 1 4 * # 4 3 1 4 * 

3% 3.244 1 * 4 4 4 # 4 ) 4*11 * # point74 enlargement 4 * 4 A S 

1 4 4 4 4 . 

Table 3.4 Leak sizes and their effect 

Classification 

micro leak 

small leak 

intermediate 
leak 
large leak 

Water leak rate 

Monju 
­ ­ ■ 

— 50 mg/sec 

50mg —10 g/sec 

10 g~2 kg/sec 

2 kg/sec~ 

PFR 

<0.1 g/sec 

O.lg­10 g/sec 

lOg— 1 kg/sec 

? 

Major effect 

self­wastage 

sigle target wastage 

multi­target wastage 
overheating 
pressure increase 

4 3 # 1 3 4 * 33­4 # 3 * 4 A 4 ­̂§­«<?)01)74 ^A^] 4 4 4 4 

steam(*) # 4 4 # ha los (3144 oj(heat)#4 defect4l 4*11 AT)1 # 4 

^Efll­ 4 4 4 * 4 4 ) * 3 3 4 * 4 , 4 * i # ­ * 4 * A S # 4 A # 4 
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Incubation 

Na 

fM//i 
H20 

1 Through crack choked 
by sodium/water 
reaction product 

2 Material corrosion , 
a general and inter-

granular corrosion, 
intergranular cracking 
(Incoloy 800) 

b general corrosion 
(ferric steel) 

3 Blind detection means 

Self- Erosion 

Na 

Wii 
H20 

1 Clearing of the crack 
due to material weak­
ening and/or to an 
alteration of the 
stress state 

2 Appearance of a leak 
proportional to the 
extent of the corrosior 
that took place during 
the incubation state 

Na Na 

W/IUkJ/f/A 
H20 H20 

1 Internal crack erosion and formation of a fair); 
conical pit 

2 The leak rate increases, remains constant, 
or decreases, but always remains below 
100 mg/sec 

3 The leak can be traced by hydrogen measure­
ment in the sodium 

Na 

^ /§§§ 
H20 

1 Breaking down of the 
metal between the cone 
apex and the tube inner wal 
formation of a fairly cylidn 
cal hole with a few-milli-
meter diameter 

2 The leak rate increases 
suddenly 

Fig. 3.24. Self-development process of water leak into sodium. 
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4 * 1 4 3 1 4 * 1 4 7 4 4 A S 4 1 3 4 * 4 A S # # 4 4 . A # - # 4 
# 4 3*)J44 3 1 4 4 ^-44 A l l «D44* * * 4 4 * £ 4 4 &4 
74 4 A critical point* 4 4 4 4 4 ^ 4 3 * # * #74* 71*44 4 A, 
1 4 4 4 # -> 4 # - i # A - 4 # A * # s 1347)1 4 4 . 

1 4 4 AS plugging 4 4 4 crack°14 pin hole°l re -opening 4 7] 4 
4 4 4 4 * #3" "incubation peroid"S # S 4 , 4 ^ 3 # 700-1300 4 4 
3 A 4 4 $-3 4 4 4 * 3 # A 4 A 4 , incubation 47j#4- i # - # 4 # 
41 4 3 # 4 4 4 # 3 3 # 4 1 4 4 erosion344 #441 * # 4 * 4 A S 
oj-44 4 A , £ 4ei*4 ^AJ-* A ) ^ O . ^ A}^& ^ O J ^ ^ o j ^ r «_>.§-
#A, leak4 shape, i # 4 # * 4 # , 4 4 # 4 £*4l 4 4 41* 4 s 4 
^#41, o)7fl44 44\+ oî ofl o ) ^ 7^tv self-wastage4l 4 4 4 4 
3 4 * 4 4 &* 4 4 4 A , 4 4 4^414 leak point # 4 4 4141 4 4 
defect* 4 1 4 4 # 3 * *1144* 3A41 ZLA]ZL 4 * 1 3 4 4 . 

4 4 , micro-leak74 1 3 4 * 3 * * # # 4 ? 4 plugging 4 4 4 re­
opening 4 * 4 1 4 4 # # ATII * 7 4 4 s 1 4 4 A 4 * 4, 4 4 ^ 4 * # 
* 4 10 2 g-H20/sec 4 4 4 3 # A * - * 4#4l 4*11 self-plug4* 3 3 : 

4 7J-44 4 4 4 A , 4e4^v SJAV^ ™.0) -^5)74x44 4 4 4 * 3 1 4 A * 

4 4 # 4 4 4 * 3 3 * 4 NaOH* 3 3 4 4 4 3 4 leak point* sealing 

4 4 A S 4 "i-4 * # # # 4 4 * °41# 4 4 . 4 4 3 - 3 4 * 4 A ^ 4 4 

disturbance74 1 4 4 4 &* 3 # 4 * A4 ^-3.3. diffusion44 4 * 4 

£ 4 * A 4 4 #4T11 4 4 . ^ - 4 4 4 ^ 1 4 4 tansient74 1 3 4 4 3 

1 4 4 3 3 4 4 4 4 NaOH * 4 s # 4 * # * 4 * 4 4 4 A, 4 * Afl 

* A 4 4 i # - # 4*41 4*11 3 3 4 anhydrous caustic4 material* * 

4 4 4 4 A , 4 4 aquous so!ution4 3 * 4l# 4 * # 4 3 3 " * AH)14 

435). 
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Defects * 4 4 # * 3"4 zi& 3.1414 4 3 chamber 3*4)44 * 4 

4 4 4 * 3 3 * * 4 wall* * 4 4 4 4 4 4 , * 4 * # 4 * 4 4 4 A 

3 4 g4# 4 A 4 4 4 * 4 ) , defect4 4 4 4 * 3 * 3 ) 3 3 1 * 441 & 

4 . Aquous caustic4l 4 3 3 1 4 wall4 # 4 4) 4 4 , * 4 * # s ) * # 

4­ leak path* 4 * 3 A S o p e n 4 4 4 # A , A steam(water)41 4 4 

plugged (or sealed)4 4 4 4 * * * dissolu t ion44*4 # 4 * # * 4 4 

4 * 4 4 re­opening4* 4 3 4 1 3 4 4 4 4 . 

A 4 # plugging 4 4 4 # * orifice4 # # 4 4 blockage* 047)44 

orifice # * 4 l metallic plugs* 3 3 4 * 3 # 4 4 . A * * 4 5 wt.% o] 

3 4 4 i 7 4 # 3 ) 4 * 3 * 4 1 4 # 4 * A * 4 1 * 4 S 7 l 4 * 4 1 , Fe74 

i * #41 # 4 4 4 Fe 4 3*(precipitate)# 3 3 4 A ©14 4 colder exit 

region4l porous 4 4 plugging7l 4 4 * 4 1 4 4 # * A 4 1 * 4 4 . 

* , 1 3 1 S 3 1 4 4 1 4 2 1/4 Cr ­ 1 Mo steel4 3 * 3 1 4 4 * 

3 3 # # F e 4 NaOH74 4 # 4 4 

Fe + NaOH — FexOy + Na20 + H2 

4 1 # 1 4 4 # # 3 3 4 A , 4 4 4 ^AZQ N a 2 0 * F e 4 4 4 4 * 4 4 

Fe + Na20 —• FexO, + Na 

FexO, + H2 —• Fe + H20 

4 1 * 24 4 # A S 4 1 4 4 , 4 # 4 A S 

NaOH + FexOy — NaOH ■ FexOy 

Na20 + FexOy —> Ak20 • F^O, 

4 1 # # 4 3 4 # 4 1 4*H A # 4 1 4 # 4 4 4 3 3 3 * 4 3 3 4 4 

plugging* 0 4 4 4 4 * 3 A S *1144* 3 # A 4 4 . 

3 4 , A # ­ # 4 # 3 3 * 4 4 4 1 4 # 4 4 ) 4*11 * # P a th4 

plugging 4 4 4 4 4 , 3­714)44 # 4 4 4 1 4 4 ) 4*11 reopen4* 3 * 
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* 4 4 A S 4 A *j£ 43-4 # * # 4 1 3 4 4 uD*41, * # A 4 # 4 

reopen4 4 4 1 4 * 4 4 * # 3 4 * 1 3 4 &* 4 4 4 4 * * J 4 4 4 . 

4 4 1 3 3 4 4 3 - 4 3 4 13A441 4 4 &* 4 4 * A 4 4 4 4 4 4 

#744 1 3 1 4 * *4*H A 4 3$ 3.254 3 4 4 4 4 . 3^ 3.25* 4 

4-, 4 4 4 31 A3A414 1 3 3 1 4 * #3*rl4 44M1 $3.3., * # # 4 l 

4 4 0.1 g/sec 4 4 1 3 # reopen4l 1 4 * 4 4 # 4 104 sec3A 4 3 

* 1 * 4 A 4 , 4 3 * 1 4 4 4 4 4 4 A S # 4 * 4 $4 4 4 4 , 1 4 

! # 1 3 4 3 # 4 A 4 4 t 4 reopen4444 # # 4 * leak path74 

plugged^ 3 # A 4 4 . 

4 . Wastage ^ 4 3 H 

(1) 4 A 

J L 4 A S # 4 4 4 4 * steam(*)4 i * # 4 S * # 4 * 3 # * # 
4 *A74 i * S . 1 4 4 A i # - * 4 4 1 4 4#4l 4*H jet flame* 3 3 
431 4 4 , 4 * s # 4 4 3 4 31441 4 4 * 4 4 * 3 * *fl444 4 
* 4 # 4 "wastage" 4 * terminology* 74*44 4 4 . 4 4 4 wastage 
41 4*114* 4 4 4 4 4 1 4 $ 4 4 * * 4 4 4 A 4 , 1 3 3 4 4 1 3 A 4 
# 4 3 -43AS 43. 4 * 1 4 * * 4 4 4 A 4 4 . 4 4 A 4 J I S # 4 
4 steam(*)4 pin hole # 4 1"* * 4 * #*ll * * 4 * 3 * jet stream 

* 3 3 4 4 4 A , ZL jet4 * A * 4 A ^ * * 3 4 A 4 * A441 4 4 4 
4744 3 4 s 4 4 1 * 4A436,~401, A * - * 4*41 4 4 # 4 4 4 * 3 
3*41 4 3 erosion41 4*rl, 1 3 4 * 4 ^ 31441 4 4 * 4 3 ^ * 3% 
3.26 4 3 jet4 144141 4 4 4 s 4 * 4 3 - * A4 4. Wastage 4 4 
4^-41 4 4 4 wastage rate4l 4 3 * - 4 4 * 474S * * # # , # # 4 4 , 
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Fig. 3.25. Relation of initial leak rate and time of sudden 
enlargement in microleaks. 
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Fig. 3.26. Phenomena on the tube surface damaged by jet. 

- 3 7 1 -



* # point4 3 1 4 4 4 4 4 , i # 4 # # * A , * # 4 * * 4 4 3 4 # 

3., i # # £ , 3 1 4 4 4 1 , * * 4 * 4 4 # A S 4 ^ - 4 A 4 A 4 4 \ 3-4 

414 4 ^ - ^ * 4 4 4*741-4 4 3 4 4 4 * S 4 4 4 4 1 # 1 3 A l 

* 4 4 ^ 3-4§)-7l nfl̂ oi) 74^ 4-g. ^ 4 * * 4 4 ^ 1 A 4 * 3 4 4 . 

(2) Wastage4l 4 4 * * * 4744 44 

O # A 4 4 4 

r £ * 4 # A 4 wastage rate* Arrhenius44 3 3lS 4 4 4 4 A 4 

WR = exp ~ 
-t N 

4 1 4 5 3 4 4 . 4 4 4 T N * i # 4 # A , KI, K2* 3 * s 4 3 3 4 

A S 74-1-4^ 4 4 4 4 4 . 4 4 - 3 4 * ° l # ^ A i 4 4 ^ 4 4 4 4 4 ^ 

#41 3 4 414 4 ^ - 3 i # - * 4 # 4 jet flame4 * A S # 4 # A # 4 

4 4 A , 4011T4S. w a s t a g e r a t e S ) . * i 4 4 4 * 4 4 * * A 4 4 # 4 , 4 

4 Arrhenius44 # 7 4 3 3 ^ 4 uov344 * A 4 A S 4 3 - 4 4 * wastage 

rate41 4 3 1 4 4 4 M434AS 74-g-§)-ji 014 

O * # # 4 4 3= 

* * # # 4 4 wastage^ 4 4 * * * * A 474S, 4:414 4 ^ * 4 

* # # 4 #74341 4 4 wastage rate4l 4 4 & * 44^1474 3 O)AV - * , 

# 4 # 7 4 4 4 A wastage rate* 4 43" # 7 4 4 4 # 4 A i 4 4 4 i 4 * 

3 4 * 4 4 \ 5 4 . 4 3 3 1 4 * 4 4 4*741-4 ^^-9} ^ 4 3 4 * 4 

4^4U 4 4 . 

O Leak point4 target44 4 4 
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4 4 4 leak point44 4 4 * wastage rate 4344174 743 * A 4 

4744 4 4 s 15)4 4 A 4 , 43144 AJ14 4 si 4**4) 4 4 4 * * 

3 AS i # - * 4 * 4 test A 4 4 * 1 3 3 * wastage rate* L/D4 & 

41 4 4 4 4 4 4 & * #J1 4 A 4 , 3 43-4 * # 4 4*1)4 4 A wastage 

rate* #747)44 * 4 * 3 A S 4 4 4 4 4 . 4 4 critical spacingS4 

4 3 # * i # - * 4#4l 4 4 # 4 4 jet4 erosion4l 4 4 wastage rate 

* 4 i 4 A , 4 4 spacing4 1 3 4 3 * 4 1 * # 4 3 1 4 * 44HH 3 * 

A 4 4 . 

O A # 4 # # 4 * 
Wastage 4 4 1 3 A S # 4 4 4 3 3144* #4*11 A4, i # - * 4 

* 4 A £ ' 4 4 i # # # # 4 4 * 3#74 static4 3 # A 4 1 3 4 4 4 * 
4 4 3 3 4 # * 3 A S 4 4 4 4 A 4 ) , 1 3 4 1 4 &*4 static4 3 * 
A 4 * * &* A 4 J L 40 .4 scatteringo) 3 4 4 4 4 4 4 . ^ # # 4 4 
* 4 4 4 4 A 131 * # * 31 # # 4 4 * 4 4 4 leak point4l44 jet4 
4 4 4 # 4 4 4 7 4 A * ^ 43=47441 44 A iA wastage rate* 4S31 4 
4 4 4 . 

O Leak fluid phase4 4 4 

* # 4 * #314 3-El)(phase)41 4 4 T 4 A wastage rate4l 4 4 * 4 4 

* 3 A S I s ) 4 4 A 4 , * # 4 4 1 3 4 4 #A4l 4474 jet stream4 

phase* liquid, vapor, mixture4 3 #74 1 4 4 4 GE4 1 3 3144* S 

4 # # 4 * 4 4 3 * 3 # vapory liquids ^ 4 4 4 wastage rate # 

3 # * * # A S shift4* 3 * 4 4 4 A 4 4 . 1 4 4 A s * * 4 iiquid 

3-EI14 3*74 vapor 4Ell4 3 # S 4 wastage rate* 4~10 4 3A *7> 
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4 * 3AS J4ZI4 41A &A4, 3 g/sec 4 4 4 3 # * #43-4 . 

O A1^4 composition 

Wastage rate* tlvus4 A 3 * Cr, Ni4 3-3=4 #741 * # 4 i 4 * 

3 AS 1 4 4 9X4. A # - # 4*41 43- 4 # jet4 erosion4 # 4 4 4 

4 3 1 4 4 4 4 4 * wastage rate WR4 4*( R - 1/WR )S 3 4 4 #, 

Cr4 Ni4 weight % # 3"*S 2 1/4 Cr - 1 Mo steel* 4*J5_S 4 4 

Wtt2SCr-lMo) = ( L 8 0 4 4 ~ 0 ' 0 1 7 2 N) exp[-0.09051 Cr 

4 1 * #3441 4*114 4 alloy4 4 4 4 R * ^ 4 4 s. 3.541 4 4 4 

4444441W2). 

Table 3.5 Resistance for the jet flame formed by sodium-water reaction 

Items 

Ferrite 

Austenite 

Composition 

2 1/4 Cr - 1 Mo 

9 Cr - 1 Mo 

18 Cr-11 Ni-2.5 Mo 

20 Cr-33 Ni- Mn 

Nickel 

Resistance ( R ) 

1 

1.2 

3.1 

4.0 

5.2 

; £ # * £ : 900 °C , Pressure : 1 atm, Vapor 2) # A : 150 °C, 
A if 2) Velocity : 240 m/sec 

n 4 4 4 * 4 * # # 4 4*74l-oii 0)^4^ wastage rate4l 4 3 4 3 

* 4 4 * 3 # * Cr4 3"#41 4 3 3 " * 4 A A H 4 A 4 * 4 ti144, 3 

714 wastage rate correlation uov34# Ni* * 4 * A 4 4 correlation3 

3 * S 4 * 44\E 3% 3.27* 91^4 # # 4 3 # Greene4 ! # 4 4 4 
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4* 
l_ 
4* 
M « 

30 

20 

10 

. 

0 

J > ^ 2 1 / 4 C r - l Mo A 

" ^ g x S S ^ b s . «©• 
^ | < £ g g g s _ 9 Cr -1 Mo 

^ ^ § $ 5 § ^ . 414 SS 

S ' N ^ ^ K ? ^ i % f e > * 3 2 1 S S 

TN,: 460 °C 

TN,: 340 °C 

: TN,: 500 "C 

304SS 316SS 

g g V lncoloy800 

^ ^ ^ X \ 1 
10 15 20 25 

Cr content, % 

30 

Fig. 3.27. Correlation of wastage rate on the different alloy. 
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# 74144A 4 * # 4 4 4 4 * 4 Cr4 3341 4 4 4 £ 3*4474 4 * 
3 4 3 A 4 4 , 4T11 o j* 4*74*4 3#J£ 3-4 correlation3 4 3 4 A 
Cr4 4341 4 3 4 * s 4 4 1 3 * . 44414 #*113 4 4 4 4 * 4 24 
1:4 ^ 4 4 4 4 sM- ja.4 * 4 # * 4- * 4 4 . 

O Leak duration 

Leak74 # 4 4 * 4 4 #, duration41 4 3 4 4 * 314 4 A S 4 # 4 

4 4 4 &A4 Chamberline#4l 4 4 4 * # * 4 4 spacing4l 4*fl7l* 

4 # A 4 4 4 ^ - 4 ^ 4 A 4 , leak4l 4 3 duration4 *74t4 *^- leak 

rate74 0.0011 ~ 0.00231b/sec ^ 4 4 4 7 4 ^ 4 3 1 4 4 4 wastage rate74 #74 

4 * 3 AS 4 4 t f A 4 , 4 4 4 4 4 1 3 data #74 # # 4 4 °Z4 3 4 

4 41 # 3 A J I * £ 4 . 

(3) Wastage 1 3 1 4 

O 4^4 £441 
4 4 4 £ 4 4 1 1 4 * ^ 3 3.26414 1 * 4 * 3 4 3 L/D4 4 * 

5 wastage* 4 4 4 4 * 4 A 4 * 3 * 1 * 4 A 4 , L/D4 &4 4 * 

3 # * # 4 * point4H4 jet4 flame4 4 ^ i 4 4 4 4 * 4 3 4 A 

point43 4 i 4 4 * # A 43=* 44474 L/D4 l\4 #741 * # 3 
4 4 * 3 4 7444 4 4 4 , 4*2 4 4 & # 4 4 4 A ( C point) 4*h, L/D4 

# 4 4 &# 4 4 4 * 3 # wastage rate* 3 4 4 i 4 * 3 3 * 4 4 4 

3 4443). 4 * 4:4 ^ 3 4*414 # * 4 * 4 L/D4 &4 4 * 3 # 

4 ^ 4 £441 * * jet flame4 A 4 # ^ 3 4 * 4 3 1 3 4 A , 3 4 * 

4 a . 3 4 3 4 4 4 4 4 4 wastage rate* 4 * 4 4 7 4 4 * ^ 3 4 3 
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jet flame4 4 4 4 4 4^41 * * 43=# 3 4 4 A 4 * 3 A S * H 4 4 A 

4 4 . 

O Leak point 4^44 *j£ 

i # 4 # 4 « } * * ^ i * i 1 1 4 # 4 4 *H#41 ±%-^ »i}­§­oii 4 3 

wastage334 1 3 4 4 # jet zone4l744 2)2 # J £ * 

Na + H20 — NaOH + ­*­ H2 

4#41 4*114 * s 4 ^ ­ 4 A 4 A 4 , * # 4 3 4 4 # 3 , 4 4 4 # A4 
4 ^ 4 4 4 A 1663 K* 4 4 &* 3 A S l e ) 4 4 4 . 

Na(n + H20{g) -+ NaOH{n + \ H2 AH—182 kj/mol 

2 Na(r> + H20(g) ­ Na20,t) + //2 AH— 179 kj/mol 

4 4 * 4 #441 1 4 4 4 , 3 3 3 4 4 1 4 * 4 # 3 3 * 4 ^^ 4 * * 

JANAF tables # 4 * # 4 7 4 * 4 4 4 ( 4 4 4 4 74* 4 1 4 4 * AB)), 

liquid mixture4 3 # 3 4 4 # 4 # 4 # 4 # 4 3 «H#41 #74*44 4 4 ) . 

° 1 4 4 3144 A344174^ 700 K 4 4 4 74^ NaOH, NazO, NaH4 # 3 " 

* 4 3 3 4 4 , 700 K4 A # 4 4 3 4 ° H 4 * NaOH74 * 4 3 3 * 4 

3 A S 3)14444. 

^■44 NaOH4 Na20* NaJ±4 4 3 4 # 4 n)l*4l 4 4 4 A S 1 

volatile4A, 474 4341 A 1 3 Na 74^74 dominate *>7l ^l#4l 

Na,,) + H20(g) ­» NaOHu + ^H2 AH ­ ­ 287 kj/mol 

2 Na(g) + /J20(#) ­* Afc20(/) + jH2 AH ­ ­ 353 kj/mol 

4 4*41 4*11 £ 4 # 3 4 A 4 * * # A 4 smokeS4 4 * 3 3 * 4 4 

4 3 4 . 3­44 47114 # 3 4 0 . s * 4 3 3 4 solid4 liquid74 # 3 ­ 4 4 * 
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3 3 * # 2 4 3 A S water vapor4 4 # 4 4 

Na20(g^ + H20{g) - 2 NaOH(ig) 

Na2Oul) + ±H2{g) - NaOHu.g) + Na{g) 

4 1-4 A # 4 4 3 * #v* NaOH* 3 3 4 * 4 # A * 3 - * 4 4 * A4 
o) 4 ^ 4iLS 4 4 4 4 4 . 

O Reaction zone4 # A 
Leak point4)74 1^§4* A * - * 4*41 43" jet flame4 # A * * 

3 4 4 A 4 , # 3 4 ^ * 4 4 4 3 1 4 4 4 4 4 * zone4l 3 3 #J£ 4 
4 4 * 3 4 4 4 # 3 4 4 4 , wastage4J 4*11 3 1 4 4 * 3 " 4 * 3 * # 1 
*114 4 3 3 A S # 3 4 * 4 ^ 4 74-§-4$o.4, # 3 4 1 4 * 4 $4 
scattering44 4 4 4 3 3 4 4 4 * * #74*3- 3 A S iLJi44 4A4 , 
Chamberline#4l 4 4 4 jet4l74 ^ j i ^ i . ^ ^ ^ 7 ^ 4 ti}£} ^£}A]U] ig 

-? 1150 ± 200 C4 ^ 4 * A4A 4 4 . 

O Wastage pattern 

Small leak4l 4 3 i # - * 4 # # * S 3 1 4 4 1 4 pinhole, crack#4l 

4*11 t 3 4 4 * # 4 1 3 4 4 31441 *3"4 ^$6] ^ £ 4 ^ ^ . ^ 

failure* 0)4 4 4 4 . 4 # 4 4 4 4 4 * * 4 4 7044 A * 4 4 4 4 

APDA414 4*74 4 4 4 4 ell 4 4 , 3 4 4 , # 1 , A 3 A, ! # # 4 3 4 

44174 *«S44A4, wastage mechanism4l 4 4 4 # 3 4 4 * A # 4 

41 3*1444 . 

leflS, PJ^O} TjJjL MONJU SG4 4 3 1 4 * 4*11 A * A * # 4 i 

# - * 4*41 4 4 4*74 PNC414 19724*4 SWAT-2 1 3 3 4 4 ) 4 

* * J 4 4 * 4 PNC4 SWAT-2 ^ 4 4 3 * i # # A , target 7))4, * * * 

-378 



# 4 wastage pattem4l 4 ^ 4 3 : * 44*7441 tfl£ 4 * # * * § 4 $ A 

4 , 3 # # 4*S74 nozzle-to-target 4 4 4 4 , *##4diameter, steam 

* # # ° 1 wastage rate 3l wastage pattem4 * ^ 4 # 3 1 ^ 4 1 4 4 * 

4 * # # 4 4 4 4 x 1 4 . 

Nozzle-to-target44 4 4 * 17.5 mm, i # # A # 480tS 3.34^1 

# 2 1/4 Cr-1 Mo steel* 74-g-̂ <^> 

WR = 252 exp - [ 0.255 (In ~^) + &JP-] 

4 * 74*44 1 3 * * * J434 . 4 1 3 A S # 4 
-Nozzle-to-target44 4 4 A 4 : wastage rate4 nozzle-to-target 4 4 4-

741S # 4 wastage depth* 

•nozzle size* 1 3 4 3 1 3 3 * 4 ^ wastage rate* nozzle-to-

target44 27} 20-40 7440]) 4 4 ^ 4 - . 

• L/D > 40 4 3 * wastage rate* L/D7} # 7 4 1 * # 4 A 3 4 . 

• L/D > 150 4 3 # wastage33-# # 1 1 * &9X4. 
•L/D < 20 4 3 * wastage rate* L/D7r 20-40 740)011x4 ^ 4 

4 4 4 4 4 4 , wastage pattern45^* toroidal typeAS 4 4 t f 4 . 

- wastage depth curve : wastage 3 1 ^ r 4 4 4 * error curves 4 4 4 

447>. Small leak jet 4 * zone4 A4=4 free jet4 4 * zone A 4=4 * 

7 4 4 4 A 7 4 3 4 4 , wastage depth profile curve* 

/ = l0 exp ( - ■£-) 

4 1 4 * A 4 4 4 . 3-^ , 4 # 3 4 * 4 # 4 4 wastage area4 volume 

4 weight loss W L * 

vw = n • b • i0 , wL = n • b • i0 • p 

4 1* 4AS #A3 3*A 44. 
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(4) Wastage 3"3 4 

Wastage #3441 A^ 7f-g-4^ £*!-.£.* ±%6) ^ * # # , * 

# point4 3 1 4 4 4 44(spacing)*4 * S 74-g-44, 74-g-̂ l 7fl4* * 

S 9 Cr-1 Mo steel, 304 stainless steel, 2 1/4 Cr-1 Mo steel # 4 * S 

1 3 4 &4 4 * 4 4 4 . 3 3.64 4 4*744 2)^ ^ ^ 2 1 / 4 Q.^ 

Mo steel4 wastage 4 3 4 * 444 £71444. 

43-414 # 44 14 wastage rate4 4 4 * 4 4 * 474*41 444 

4444 A n ! ! £ * S4S 444 44*11 A4*4, 4 * 444 #4 

4 A4 £ 3.7, 3^ 3.284 14 4 4 1 * 44. ^3 3.28* wastage 

rate4l 4 3=* 4 4 * *474S leak rate* 44^- 4 4 4 * 4# 4 * 4 

74*4 43=* £3 3 3AS 44, A* #A, target 44 44, i # # 

#, phase, leak hole4 shape#4l 44 33 4 AS 44 3 4 4 * 4 4 4 * 

74* A4*A 4A4, 3 34 4 444(#, wastage #34)* ! # * 314 

4 A * 1444 #3L 44. 
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Table 3.6 Wastage equations for the 2 1/4 C r - 1 Mo steel 

Name 

Lee 

Anderson 

Ford 

Nei 

Kanegae 

Payne 

Greene 

Anderson 

Wastage Equations 

W=15120 exp(-)[ 1.4081 ln( 1.22 q/(LXP"'4| 
ina^/crj-352)) 

Remarks 

steam 
0.1 <q <1 
P=Pa 

W=0206 q U (d/x)2 

water 
W=lll(q)u '8b 0.001<q<0.1 

lb/sec 

W=252exp(-)[0.255{m(q/5.12)}'+5460/TNJ 

W=4400/Lexp(-)[0.255{ln(q/5.12)}'+5460/TNJ 

W=4400/L exp(-)[0.255{ln(59.8q/L2)}2 

+5460/TNJ 

W=81.6 d' -12 d + 0.45 

W=15120/Lexp(-)[0.255{ln(3.42q/L)}' 
+5460/TNJ 

W=3.08 exp(-)[0.666{ln(0.72q/L14}' 

steam, 17 mm 
Na 0.24 m/sec 
dia.:0.3-0.7mm 

steam state 
270<TNa<530 
0.07< q 
0.2< d < 1.5 

steam, water 
10<IVD<40 
0.1<qs<10 
1.0<qw<100 

steam 
0.25<q<4 

steam 
10"2<qs<10 
L:12mm 

water 
TNa : 350 
qw< 3 
6.35<L<25.4 
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O 

Cr-Mo steel 

Stainless steel 

Tncolov 

3 

O 
Shorter L o n « e r 

log C 

Quality of Water/steaia 

3 

o 

S n r i i i . - i M f » , . . . . r . 

Higher 

Lover 

log C 

"»» Moderate veloci ty 
High velocity 

(Long target distance 
case only) 

log C 

Shape of leak hole 

^Circular 

Non-circular 

log C log C 

Fig. 3.28. Effects of various parameters on wastage rate. 
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Table 3.7 General trends for the influence of parameters in the 
wastage rate. 

Na temp. 

/ 

-

-

-

-

Na velocity 

-

/ 

-

-

-

H20 temp. 

-

-

/ 

-

-

H2O quant 

-

-

-

/ 

-

Target dist, 

-

-

-

-

/ 

Wast. Rate 

/ 

\ 

/ 

/ 

\ 

W-. ^4% ##^4-51 Q%4 414 
(1) 4 * 3 4 4 314 3\ # 3 
A # - # 4 * 4 4 3 4 4 4 3 * # 4 1 3 4 * # 3 * 4 4 4 4 4 4 

4 i # 4 # 3 4 4 2 L 3 A * 4 7 4 * i # - * 4 * 3 4 * ^ 3 3.294 
-̂o) 7114444. 4 * 3 4 4 31441 4 # 4 4 1 # stainless steel pipeS 

steam(#* * ) * # # 4 4 4 4 4 injector, A * - * 4 # * 4 4 reaction 
system, A # 4 4 3 * 4 *r 4 3 ^ * control panels # 3 4 4 4 . i # -

* 4 * # 1 3 4 * * i 7 4 A 4 € % 4 «11## 4 4 4 i # - * 4 * 3 4 
4*41 vent system* 4 1 4 4 A 4 , injector 4 # , A # ~ * 4 * 3 4 4 * 
3\ i # 4 3 ^ 4*41 74134 (heater)* 4 4 1 4 4 3 4 . 

Injector4 4 * 3 4 4 4 4 1 * 1/8" 3 1 4 S 4 1 4 4 A 4 , injection 
line41* 4*74A4 ^ * # tc4444 4 4 4 check valve* 1 4 4 3 4 . 
71)44 # 3 * 4 4 A 4 4 4 4 £ * 4"4414 3 4 4 * 4 5 Cr-1.25 Mo 
steel bar* 4^44 74*4 * test cell # 4 4 # 3 4 4 4 3 4 3 4 . 
Test cell4 hole* Arc uov34#S 0.15mmS 4 :*$A4, presser* 4-g-
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Na Storage 

Vac. Pump 

Na AV Reactor Ar Gas Bomb 

Fig. 3.29. Test apparatus for the micro­leak sodium­water 
reaction. 
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4 4 4 8-10 ton/cm24 4 4 A S 744*) pressing44 hole* 4 4 4 A 

£ 4 * alumina powder* 74*44 mapping434. Test cell4 leak 4 * 

# 4 4 4 4 4 4 Ar 74A* 7i-§-§io) ^ak 4 4 * £ 4 4 4 744 leak4* 

Ar74A 4 * check44 leak rate* * 4 3 A 4 , A4#4 Ar 74^4 0J-4* 

60-140 psig ^4414 1 3 4 4 4 . 

(2) * * # 1 3 

i # - * 4 # # 3 4 * # 4 4 3 # # 3 3 - 4 *H4# 4*11, micro-leak 
41 4*1) 1 3 4 * leak point4l7)4 self-plugging S * re-opening 33"4 
4 4 * 4*H 4 4 # # # 4 4 1 4 4 7)144 # 4 3 3 " * 4 4 4 4 4*11 131 
i # #4441 * # 1 3 * 1 4 4 4 4 . # # 1 3 * 400°C414 **S44A 
4, 4 # A 4 l * 4 4 # 4 4 * # cell4 3 4 4 4 4 4 . 4 cell* injector4 
1/4" tubes 4 1 4 4 4 A 4 * # 4 4 4 * 4*1) check valve74 4 4 4 4 
4 4 . * * # A 4 4 4 4 4 * 4 * 4 4 4 4 4*A4l rupture disk(setting 
pressure 2Kg/cm2)# 4 4 4 4 A 4 rupture disk* 4 * 4 4 1 4 4 4 4 
131 4*41 4*11 4 1 4 * 4 4 4 4 * S release4A#444. 

(3) 1 3 1 4 

3^ 3.30* 400°C4 i # #A414 4 $ * #*11 A ^ * # # 4 4 TJJI). 

S74 * # # 4 micro scale44 nfl*4l * # path* open444 # 4 A i 

# - * 4*41 4 4 4 * 3 3 * * 4 * # 3 S # Plugging44A 3 * 3 * 

1 * 4 * 4 4 * 4*A4) 3-4^1 4474)74 # 4 4 4 &* 3 A S # 4 i 

1 * 3 4 . i # - * 4 * 3 3 # * 4 # # i * 4 : 4 * 5 . 1 # 4 ^ 4 * 

7}^-3-3. 4 # # 4 1 * sodium carbonate 4-3"#4 3 3 1 * A 3 4 . 4 ^ 

4 ^ 4 # 4 3 - 4 * 4 4 4 4 4 4 4 * # site * # # AUGER # 4 * 4 A 
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4 3 4 . 3% 3.31* # # 4 £ * * # # 4 # 4 A S # 4 7 4 3 7 4 4 # A S 5 

# # 4 4 4 pomt414 AUGER # 4 3 1 4 * 4 4 4 A 3 4 . # 4 * 4 1 4 

* 4 A 4 4 3 4 3-A14AS ^ 4 #743 3 * 1 * 3 A 4 A peak74 

334 3 A S ®o] ^ffl^- ^ t}^ 4 ^ * 4 Ni, Cr, F e * # i # 4 4 * 4 

4 4 A 4 ^ 4 4 * 4 # 4 4 4 3 3 4 3 A S 41# 344 n)j*4l * 4 * o j £i 

4 # 7 4 4 * 4 3 - * 4 4 4 4 # 3 3 A S *l]41 * 3 4 . 

4 . DBL24- 3r*cl£ R&D 

(1) 1 # 

! # PNC4 i # - * 4*41 4 3 4 * ^ ' 4 9 ^ 2744A * # 4 4 3 4 . 

4 4 * tube failure propagation 1 4 4 4 # DBL* 1 3 4 * 3 4 A, 4 # 

4 4 * 4 * A * # 4 i # - * 4 * 4 1 4 4 LHTS* 3 7 4 4 * 3 4 4 . 4 4 

37441 35-471 4*11 LEAP(Leak Enlargement and Propagation)^lA74 

SG414 failure propagation* *fl444 4*11 7 H ^ 4 4 J L , ol ^ ^ ^ w.^ 

monju SG4 DBL4 4 4 3 3744 7L-§-£]ft4. *L^ ? SWACS 2 A * tfl 

*JZ * * # o ) y j - ^ 730. IHTS4144 OJ-^AV^JI hydrodynamics* afl 

4 4 4 4 oi) 7fl«j-44*4, 4 * 4 4 1 3 4 1 A S W A T - 1 4 S W A T - 3 4 

3 1 4 3 A 4 , PNC^r 4^01)74 ^o-j^i 4 ^ 7 1 4 ^ - Monju LHTS4 4 3 3 

3*41 4-$r49i4. 

3 # PNC* * S 4e)13 A*S41 A 3 * #v4 LEAP4 SWACS 

(Large Leak Sodium-Water Reaction Analysis Code System) 33.% 7fl4 

ale 711^-444. LEAP 3 £ r * S failure propagation mechanism* *114 

4 4 4 3 - 3 A S , * # A 4 # 4 # # # s 4 4 # # # * 741444 4 3 

# 4 A S 4144 4 4 . ^ 4 4 1 * Monju SG4) 4 * 1 # 4 A S 7fl»|44 47) 

nil#41 2 l/4Cr-l Mo steel4 SUS41 4 3 wastage # 3 4 *1144A# 3: 
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Fig. 3.30. SEM photograph of target surface 
in the microleak experiment. 

Fig. 3.31. Profile curves on the component 
at target surface by AUGER. 
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3 4 4 . 

0 i # - * 4 # 4 43=41 4 4 4 # 

SG4 3 4 3 # 3 * 4 4 & * ^44lJ£ * # 4 A plant design4l4 

tube failure^ 4 4 32\7} 1 A 4 4 . 4 4 4 434174 ^ SGo) o]-^^ 

3 7 4 * 4*11, DBL 3 ^ # support4A DBL4 critical component^ 4 4 

* 4 4 , * * 4 1 3 1 3 * 4*41* 4 i 4 A S # 4 4 4 4 3 4 4 *S# 

4 %!#4 JL31444 4 4 . 1 #417-4-^ DBL 3 ^ 4 critical component4 

4 ^ 3 4 91^4 31 system design41 4 3 R&D 4 * S 4 4 

•DBL 4 4 4 design4l 4 * 4 4 : SG74 plant operation^ key compon­

ent 4 4 nfl-^o^ 4i-o]3i) a]z] R&D74 44#44174 4 * 4 43 3 A 4 , 

4 4 4 1 * 3 1 4 4 1 4 4 4 , 1 3 4 4 1 4 3 3 1 4 4 4 4 4 erosion41 

4 4 * 4 , vibration4l 4 3 tube fretting, welding, weld # 4 4 3 4 4 ^ , 

# 4 3 - 4 , water chemistry, failed tube4 plugging 4 *?!, seismic4l 4 3 

structural integrity4 1 * # 4 S 4 4 4 4*74 3 * S 4 3 4 . ^ 3 3.3241 

4 A * 3 4 3 Monju4l7i^ * # * 4 1 4 4 * A 3 # 4 , pressure gauge, 

rupture disk#4l 4*11 A 4 4:4 414 4 4 4 A # 4 3 A427 ', 4 # # 4 

small leak** * £ tube4l damage* * 4 &ji local damaged 1 3 4 A 

# A 1 4 4 . 

4 ^ , DBL 1 3 4 1 4 317413 4 consensus* A 4 * * * 4 4 4 A 4 * 

1 DEG* 4 4 & * 4 * 3 4 4 nfl*4l, plant operation*! & * *744 

tube74 *441 fail 4 4 * 7 4 3 * 4 4 & 3 * 4 DBL4 A 4 * 4 4 4 4 

4 ^ - # 4 4 , wastage4l 4 4 failure propagation4 overheating4 4 tube 

whipping, 3 i * 4 T T A i # - * 4*41 4 4 pressure wave4 thermal 

deformation, drag force4l 4 3 mechanical damage*41 4 4 24 failure4l 
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SG Design 
Preventive Measures 

against 
Tube Failure 

Initial Leak 

Rupture Disk Pressure Gauge 

LEAP Code & 
SWAT-3 Tests 

H2 Detector 

Termination 
Action 

Design Base Leak (DBL) 

SWACS Code 

Pressure Propagation 

Boundary Integrity 

Na side Isolation 

H2O side Isolation 

Fast steam blowdown 

Pressure Relief 

Regional Damage 

BLOOPH Code 

Thermal Transient 

Structural Integrity 

Fig. 3.32. Casual relation at sodium-water reaction. 
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A 3 * £ # * 3 4 A AJL 3 4 . ^ 4 4 1 # 4 3 * 4<£ 4 * A 1 3 

o\}43. overheating°14 mechanical damaged 43 : 24 failure* 1 3 4 4 

8sv3A, IE3- MARC code4l 4 3 414 7^A}S,^-B] pipe whipping4l 4 4 

failure4 7 4 * 3 * &* 3 A S 4 4 t f 4 4#4l, DBL 4 4 4 4 * 4 4 

wastage74 # S propagation* * A 4 * 3 A S 744*1 * 4 4 J L 4 4 . 

4 4 4 Monju SG4 design* 4 4 4 4 4 A * 4 * 4 1 4 . 

® A 4 * # 4 14^4.14 wastage^ 4 4 failure74 3*344. 

(2) Cover gas4 43#74* rupture disk4 setting 4 3 4174 4 * 4 4 . 

(4474 74144174 Ar cover gas system9}AS 4 * 4 * *A74^4l 4 4 

4^#74*4 4r±±r JLS)44) 

(3) 4 # 3 3 * # reaction product separator tankS 4 ^ relief pipe* # 

*fl 4 * 4 4 . 

© burst signal41 4*fl water side isolation4 steam blow-down°l -̂1 4̂" 

4 4 . 

© 131 signal# reactor shut down* 43" secondary main pump* 

trip 4 4 4 . 

• LEAP41 43" *11414 : Monju SG4 DBL 4 4 * 3 3 4 4 4 4 4 4 

LEAP code(^3 3.33 4 A ) * 4 1 4 4 failure propagation 33"* *H44 

3 4 . Parameter** pull power4lT) 743 severe3" 3 * S evaporator4 

helical coil region3"#4l74( rupture disk burst signal* 4 4 4 * 3 AS 

4 4 4 4 initial leak rate4 maximum leak rate44 4 4 * "^3 3.3441 4 

4 4 3 4 . 

•DBL 4 4 : 144 * 4 3 4 DEG4 344 propagated failure4l 4 4 

DEG74 monju SG41 DBLS 4 4 4 3 * 4 4 4 £ LEAP code4 SWAT-3 
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Leak Initiation 

- 01 g/sec 0 1 - 1 0 g/sec 10g/sec~2kg/sec 2 kg/sec-1 DEG 

Micro-leak 

1 
self-

wastage 

Small leak J 

target 
wastage 

self-
enlargement 

self-plug secondary failure 

Intermediate leak D 
multi-tube wastage 

failure 
propagation 

rupture disk burst 

Isolation and Blow Down of Water System 

Termination of Reaction 

Fig. 3.33. Flow diagram for leak scenario of LEAP code. 
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Fig. 3.34. Relation between initial leak rate and maximum 
leak rate by LEAP calculation. 
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^igoii 4*11 3 4 4 DBL4 A * 4 4 * 4 4 4 3 4 . 

(2) A 3 A 

# 3 4 1 4 4 i # - * 4 * 4 1 4 4 R&DS AEA Technology4 BLUSH, 

Interatom4 PROFET, CEA4 PROP ANA* A S 4 4 1 S 4 * 4 A 4 4 . 

ZLE44 4 4 * v i i j £ . * * 4 4 4 1 4 474 * * S 4 4 * 4 4 ^ 4 - s * * 4 * 4 

3 4 4 1 1 4 4 4 4 4 1 * 4 s i * 3 4 & 4 . PROPANA50'* SG414 * * 

* ^-L4)41 4 4 models 2-dimensional A S Z L ^ A S leak4 self-

evaluation4 wastage4l 4 3 target tube4 corrosion4 erosion33"* *114 

4 * ASZL^ o)cf(SGU4 depressurization4 leak detection S3"). A^3 

* # ^ 4 * 4 depressurization # 4 4 SGU tube4 damage* 4 4 3 : * 

3 A # 4 4 3 A 4 , tube overheating4) 4 3 failure* 0 4 4 4 4 2.^41 3. 

4 4 4 3 4 #71 ^ # 4 ) , 41-^31) MECTUB 4 * ASZL^o) 71)1*41 

34. 

O PR0PANA4 ^ 4 : 4 A S H ^ # 

- adjacent tube layer (for SUPER PHENDO 

- small unit of 7 tubes and a vessel (for PHENDO 

- circular rows of tube surrounding a center tube (for EFR) 

- hexagonal row of tube surrounding a central tube 

4 7̂ -ol 74 s 4 # geometry* 3 " * SGU4H steam leak4l 4 * 1 4 * 

^}z}7} 4 4 71H4 3 A S , 4 # 3 4 SGU4 model* 5 * 4 A S * 3 

44 34. 

O Tube bundle damage 7414 
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PR0PANA41 74-g-̂  44E4 4 4 * 4 ^ 4 4 4 s 4 # 4 3 - 1 * 3 

A # 4 4 37l ^l#4l 3 71)3" 4 4 wastage damage4 leak propagation 

sequence 4 4 * 3 4 1 * 3 A # 4 4 3 4 . 4 4 * 

1) leak propagation sequence4 tube bundle damage4 4 4 

2) 4 4 1)3-41 4 4 leak propagation sequenced 4*11 4 A 3 4 4 4 4 1 

* # 4 4 4 4 A # 

3) 4 4 SGU4H depressurizationol 4 4 4 4 depressurization#4:4l 

* 7 4 S 1 3 4 * tube damage4 74144 initial leak s i t e 4 H 4 steam4 

sodium4 A 4 * 74144* 3 A S * # 4 4 3 4 . 

4 4 , A 3 A 4 1 4 * A 3 PHEN1X41 4 4 4 1 DEG4 DBL* 3 4 4 4 

S G * d e s i g n 4 3 A 4 , 4 * 1 3 4 A S A7>47l 4*1) maximum flow arte 

4 1 DEG * # 4 peak 4 3 * 4 4 4 A , 2 4 4 A S micro leakS#£l # 4 

4 * # # 4 4 4 1 4 3 ^ 3 3.354 1 * 4 4 4 A * 1 3 4 A S 4 4 4 4 

4 3 3 4 3 4 . 

(3) 4 4 

EFR* support47l 4*11 UK414 # 4 4 A 3 * R&D # ° > * Super-

Noah^ 4 4 i # - # 4 * 4 1 4 3 3 A S EFR SGU4 A 4 , * A 4 1 4 4 

4 i # ~ * 1 3 * * « * 3 4 4 , * A overheating^ 4 4 # 4 7 4 4 * 

4 4 3 4 4 3 4 . 4 £ 4 ) PFR* 4 4 SWLR4 SSTF414 microleak 

evolution, wastages, low temperature4l 4 4 behavior, bottom tubeplate 

condition, corrosion*4 4 3 4 4 3 : 1 3 4 * * S 4 3 3 4 . EFR A S H 3 

* code4 4 3 3 4 4 4 4 * 3 1 * 4 4 4*11 straight tube4 helical tube 

uni t s * * 4 4 3 * 3 4 3 4 . 

Leak progression code4 7 H 1 * microleakS#4 detection47l ZL:S]3 
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Crack on the Tube 

Self-Wastage 

i— Rupture of the Cracked Tube 

Whipping Swelling & 
Bursting 

Small (or Intermediate) Leak 

Impingement 
Wastage 

Secondary 
Small or 

Intermediate 
Leaks 

Secaondary 
Ruptures 

Swelling 
& Bursting 

Fig. 3.35. LMFBR steam generators accident scenario (CEA). 
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4 # shutdown44* 4 l # l * 3 * 3 A S , self-wastage, target tube 

wastage, overheating, detection system4 shut down system** 5 . 4 4 A 

3 4 . Leak progression code* joint European activity4 4 4 4 4 ) 7 4 * * 

7 4 4 A S 74^-4 code* 7 H 1 4 J I 4 ^ 4 , 4 4 4 1 4 * BLUSH4A 4 4 4 

* #74 code* 4 1 4 4 4 3 * 4 4 * Europe Code4l 4 # 1 3 A S 41 

3 4 A 3 4 . 

O Leak progression code BLUSH51 

Code4 # 4 * parameter4 4 4 4 5 : 4 4 A S 4 4 4 7 1 4 4 71114 

3 A S initial defect* random44 3 4 4 A 4 4 4 defect*ol 4 ^ 4 3 

3 4 * 7 4 * 4 1 * 1 * 3 A # 4 4 3 4 . A^4 4 code* 10044 4 # 

initial defect4 ^ . 3 4 4 # 5 : 4 * * # 4 4 4 3 A S output44 3 1 * 1 

* 4 A # 4 4 3 A 4 , 4 output* fault treeS 4 4 4 4 . BLUSH code 

4 4 4 4 4 * * ZL3 3.3641 4 4 4 4 4 4 3 4 . 

4 474 initial defect* tube74 * 3 4 4 3 * center4H %VAV ^ 0 ) ^ 4 

3 7 4 3 4 4 , tube material, wall thickness, pitch4 fluid temperature, 

pressure4 1 # physical information* 5 . 4 4 A 3 4 . 

Leak event4l74 code* 4 T ) initial defect4 3 4 * 4 4 4 A # 4 4 

3 A 4 , initial defect74 small leak44 micro-leak!4 1 3 * random44 

4 ^ 1 4 A # 4 4 3 4 . A^4, leak4 4 3 ^ random47ll 3 4 4 4 , initial 

leak74 4 4 4 4 code74 4 4 * * * J 4 4 A 4 4 4 4 3 * 5 . 4 4 4 57l)4 

defect44 * # 4 escalation* * * J 4 4 , 4 # 4 A S microleaks, small 

leaks, intermediate leak* 4 4 S 1 4 4 4 4 4 3 4 . 4 defect* mass 

flow rate4) 4 4 4 * # 4 4 , 4 3 * 4 wastage rate4 2'nd defect size* 

4 4 4 4 . 4 4 mass flow rate74 0.03 g/sec o ) 4 4 7$o. microleaks 4 
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Start BLUSH 
=L 

Input Data 

Choose Initial Defect Size 

OVERHEAT 

Detection Response 

Na Dump 

Steam Dump 

Out Put 

Final Out Put 

E N D 

Inter Leak Small Leak 

m 
Micro Leak 

Fig. 3.36. Flow chart for Behavior of Leak Until Shutdown 
(BLUSH) programme. 
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7)1434. 4 4 mass flow rate74 0.03 g/sec 4 4 4 73 *- microleaks 4 

4 4 4 4 3 # defect* 4 # 3 3 * 4 l 4*11 block up4A 3-744 reopen4 

4 large leaks 3 * 1 4 4 4 # * 74744 self-wastage* 4 4 3 3 4 34 

3 * 1 3 4 . 

4 4 mass flow ratM 0.03 g/sec A 4 33L 40 g/secA4 4 * 3 * 

small leak74 4 4 , 3J£.# reaction jet U>*#AS#4 target tube4l 47fs) 

* 4A41 4 # wastage rate 4 i * # 4 4 4 A 4 * jet4l 4 3 2'nd 

defect size* 4 4 3 4 . 4 4 mass flow rate74 40 g/sec A 4 33L 500 

g/sec A 4 4 * 3 * intermediate leak74 4 4 . °14 4 * * # 4 # 474 

4 * jet74 4 4 target tube* * 3 " 4 4 4 code* 4 S * defect size* 741 

4 3 4 . 3 ^ , leak rate74 50 g/secol3-ol^ tube bundled overheating°1 

3 3 4 4 . 4nfl overheating time* 7 4 1 4 4 A reaction jet4l 4*11 4 3 * -

^4* tube 4474 4 3 double end guillotin rupture 4 4 A 7 4 3 3 4 . 4 

4 tube 74 f a i l 4 * 4 * random44 1 3 4 4 . 

4. ^£ 
i # - * 4 * # 3 *11441 43- 4 * * 4 3 # # 3 3 - 4 *114 #4414 

* , 4 4 4 # 174S4 1 4 431^-*S414^ ^47fls 431^-*4 431 

i # 4 74*44 nfl*41, 431 i # 4 l 43- * 4 - 4 4 4 4 # 3 * 4#*11 

4 1 4 , «^44 # 3 4 4 4 4 3 A 4 , A # 4 4 * # 3 # 4 , * 4 4 4 * 

#34) 4 3 #3A744 *i)4oi * * | 4 4 4 . * # * 3 4 4 *H44)4^-

4 4 # * # # 4 3 # * # path4 plugging4 reopen4l 4 3 4144 # 4 

4 4 4 3 A 4 , # 4 plugging 4 3 4 leak path74 reopen4* 4 ^ 4 * 4 

4 * 314 44414 **!£ 1 3 1 4 * * A7444 4 0 4 ^ 0 ^ ^ ^ ^ 

# 4 w -̂Ags)̂  wastage # 3 4 A 1 * 4 4 4 3 4 . 43= * # 4 3 # 
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target material̂  4 1 3 4 * wastage 3 4 4 *11443A4, wastage4l 4 
3=* 4 4 * *A 474*4 *#*£, i # 4 #A, leak point4 target44 
4 4 #41 tfltr oD4* *sfl wastage ^ 3 4 4 4 ^ # 4 A S 44^)1* 74 
74 4 4 4 3 4 . £ 4 * # 4 1-344 ###4414 jet74 1-344 4 * 
4, °M jet zone4 #A, target £ 4 4 # A # i , wastage ^34*41 rfl 
*v 44 44414 u l £4 74s*# * 3 # # 4 4 3 4 . A # A * # 4 v̂ 
3 4 4 i # - # 4*41 4 4 1 1 4 * 1 4 A # 4 #433*41 4*11 * # 
#474 4 4 4 * secondary failure74 1 3 4 * 4, 4 4 rfl4 f̂* 4 ^ 4 
3 * 44414 l £ 4 74s** * 3 , # 4 4 A S 4 # # 4 4 4 4 4 A * 
3 3 4 A S 4 4 1 * 33A4, 33=44 74s* 4 4 A # 4 4 3 4 °i 
7} 4^4, 4 # 43 l*# 4 * 4 7 1 * 4 * **S* #*11 KALIMER4 24 
4 # 4 3 3 3 37441 74-g-̂  DBL13* 4 4 74s* 4 A 4 * 3 4 43" 
4 1 3 A S 7 4 ^ 4 . 
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4. tflfl-a. ^f# *H 

i # # 14131s 4-8-*r#- °#3l^-#s4 # 7 1 1 3 4 4 1 4 3144 1 3 - * 

iLS 4 4 * 4 * # 4 1 3 4 4 , ^ 4 4 A * - * 4*41 4 4 4 A 4 . A # 

4 * i 7 4 1 3 4 A 4 4 3 4 24 4 * 4 s # # # A S 3 4 4 4 4 4 * 
4 4 4 nfi-g-oll ojj^-g-^oi o>*lAj m^M. 0)^0) £ if-^-A] oj-e] oj^ol) 

4 4 4 3 3 *H4* 4 # * A 4 4 . 

i # 4 * 4 * # 4 * 3 # 4 1 * 2 4 4 # 4 4 4 4 1 * # 4 * ^ * * 4 
# 4 4 °fl*41 ^ ^ A f j l A l o ] O } ; ^ ^AjO_ t l l ^ S ^ i p ^ A H - JTSl^JT Oj 

3.^ A # 4 ^ 4 * 4 4 s) 4 4 ^ - 4 04.3 *| 4 ^ 73^(1 D EG; double 

ended guillotine)* 4 4 4 4*j5-S 4 A 445 2 ' . ^ 4 4 3*41 4 4 4 * 

1 DEGS#4 743.4 3 4 *A74 4 # a.4 4 4 # 3 s s 4 4 4 # 4 

4 3:4 4#41 M 4 3 1 4 4 4 4 * ^ 4 4 * 3 * A 3A45 3 1 4 * 1 

7414 # 4 1 3 4 4 #341 4 4 *114444 4 4 . 

7\. «r-g-€#^ nq 

(i) 4 -^4 4 4 3 4 

# 4 1 3 4 4 1 4 * 4 * # 4 * 3#41 o. 4 * 4 4 4 £ 4 # 3 # * 

4 1 3 4 4 A 4 4 3 3)41 4 4 4 1 3 4 4 4 1 4 4 4 4 3 £ 4 4 3 4 

# ^ 3 3.374 1 4 . 4714 A * 4 4 1 4 * # 4 4 4 4 # 3\ 

milisecond#4l 4 ^ 4 * * 4 3 4 3"*4 3 A 4 4 * A 4 oj-ej A ^ 
4 A # S J 1 4^011 Ol 74011 H 1 4 4 4 S 4 ^ * Oj-^O] 2 4 OJB^ Aj-^o) OJ 

A 4 4 4 3 * 4 4 4 4 i 4 * 3 4 4 3 4 . 4 ^ * <&^ £4-74 4441 

4 4 4 4 4 4 # 4 ^#41 °11- # 7 4 3 3 3 3) (quasi steady state)4A # 
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3 
(A 
(A 
a> • S/G (reaction part) 

IHX (propagated part) 

time 

Fig. 3.37. General shape of pressure transients for large 
scale sodium-water reaction 
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s.̂ ,551 ±7] ^ ^40)^0] ^ 7 ) ^ ~7] ^A (§7)4 4 * * A 4 *3=4 

4 3 1 #341 4 4 1 3 4 4 24 4 3 3 - * * 24 ̂ 4 4 # 4 inertia 

constraints^, #74 43- 3-^4 oj-^ o_ mT)t[11.e &sk 4 ^ ̂  i f - 4 * ^ 

74A4 A * «>*}) AA41 4 4 4 1 3 4 4 . i 4 ^ 4 4 A * nflo. ^-o. Al 

4 * 4 # 4 3 A S 414474 3 4 24 4 # 4 * A 4 4 3 3 4 4 3 * * 

4 # 4 * 3 4 1 4 4 4 *H444 4 4 4 , 24 4 3 4 * 4 #74 3 4 4 

44 4 3 * 4 A 4 37444 4 # 3 4 441 3 # * 4 4 4 4 4 4 4 . 

(2) 45. 4 * *114 
A441 * 4 * # 4 4 4 * A 4 A 4 4 A 04^ ^-o. A]^ ^o>oii^ 4 

1 4 4 4 A # * 4 1 4 4 4 # 4 1 4 1 3 4 4 £ # 3 3 * 4 * i * 4 * 
#414 * 4 4 4 * 3 4 * i 4 5 . * 3 3 1 3 A S 41444. ^ 4 4 * # 
4 3*1341 4 4 * # 4 * 4 4 # 3 4 & 4 4 A ^±9] -^45: *7444 
* 3 4 4 5 * 4 3 3 * ^ 4 A441* 1 # 3 A S 43474, 4 4 * i # 
4 #43AS74 i f - 4 * i 4 ^ 1 4 4 *3"4 23"(homogeneous two 
phase)4 A * 4 1 3 4 4 . * # 4 4 3*144 * i 4 A ^ 4 4 4 41* 
&4 4*5 7}*\}, 4*11, * i i # 4 23-4 # 4 * 4 A S * 3 - 4 4 3 * 3 4 
s £ 4 1 3 4 4 4 * A 4 4 4 3$ 3.384 1456*. 

4 5 4 4 4144 £ 4 4 A 4 4*41 4474 4 5 4 4 * J E * 4 ^ 4 
1 3 1 347474 1 3 4 4 . 131 4 * &* 4 4 4 # 4 3 # 4 5 4 4 414 
4 £ 4 * 4 # 4 4 4 4 * £ 4 4 3 4 4 * *A41 4 4 4 45i414 # A 
74 # 4 4AS 451414 # A * 3-44 4 4 4 4 * 1 3 4 4 . ^ -44 A4 
* 3 4 4 5 4 1 4 ^ 4 3 34*A74 4 # 3.7] ^£0]) 7 I 5 * * * ^ 4 * 
4 * 3 A S 74344JL 4 4 s &* i # - * £ # 1 3 4 1 4 4 4 3 74s 
41 4 4 4 4 # # 4 45i41 # A * 1 3 4 4 314%v nfl̂ -ofl # 4 4 * A 
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initial stage; 
single bubble, pressure wave propagation 

• 

quasi steady stage, 
mult-bubbles, homogeneous two phase (HTPF) 

• • • • • » * . • » 
& fy® & ® © @ ® 

end stage; 
multi-bubbles, discrete two phase(DTPF) 

Fig. 3.38. Change of flow and mixing pattern of sodium 
and hydrogen according to the leak amount 
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4 ^ 4 4414 1 3 4 4 A ;S.JL4A 3 4 A 44 5 7 . 
i # - * 4 * 4 3 3 * S 4 * i 7 4 A 4 Na20, NaOH # 4 A31 * 1 4 

3 4 . * i * 74i4(gas phase)4s.S !E i # # 4 l 1 # 4 4 4 &#AS 
45.4 4 # 3-4 3 3 4 * 3 * 4 # 4 3 4 4 . ^ 3 4 A31 * 1 4 3 * 

* * 4 4 A S * 744 74*44 3 4 . # 44 i # 4 1 # 4 4 * 3 # 4 4 
4 * 4 4 * 45441 JLS31 # 4 4 * 3 # 4 4 . 4 4 4 1 3 # 4 1 * 4 

# 4 1 4 4 4^3 4 4 J Z 1 4 4 4 4 4 * 4 , * 3 # A * 4 * A 3 3 1 

74*4n. 4 4 . 45.441 4 # * 4 ^flsHf 3 * 3L 4 4 4 # 3 1 * 4 ^ 4 
3-4S4 £ # 4 43 # £ * # 3 4 1 3 4 4 4 4 4-1-4 #Efli=. o^^^ 
A0404 4 3 4 4 * 1*4) 0)5711 ^n. 4 4 ^ . 

14. 5L3L4 ^ % # 4 

* * # 4 41 4 3 31 4 3 £ 4 # 4 * ^7444 4 4 4 4 * * * * 
31 * # 3 4 4 43(history), 4 4 £ # , 4 3 3 4 # 3 , 4 3 4*$ 4 # 
31 4 4 741 # # 4 4 3 3 4 * # 4 4 A S 4 4 4 4 4 4 * 4 4 * 
computer code41 4 4 4 4 * 4 3 4 . 4 ^ 4 4 #441 A3.4 computer 
code4 4 £ 4 4 41* £ 3.84 1459'601. 

4^31 i # - * 4 # 4 # 4 4 4 4 * 4 4 4 &* computer code74 
7il 1 4 3 A 4 4 A - * 4 3 4 4 743* $ 4 74*4-11 ^ 4 . *\)% s-^ 
44tiV-§-oii74Ti AJ^^OI « v * 4 4 4 ^4^9] 4 * J L 4 4 4 A 4 # total 

release model * 4 HtflS 4 * 4 A 4 4 131A4 * * 4 3 4 41444 
A 3 4 . 4 ^ 4 74444 7 4 3 4 4 * 4 A 4 ^7401 T̂ O) T ^ S ^ I 4 A , 

4 4 4 i # - * £ # 4 4 4 # 3 3 4 4 4 3 # A S *1141 * 4 4 & 

4 3 1 4 * # 4 4 4 * SL914 447} 4451 3 4 . 4 4 4 4 4 4 4 

code4l* 4.B4 1 3 4 A S 4 4 4 4 A * 4 4 743* 4 4 4 4 4 4 * * 
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Table 3.8 Various code systems for analysis of pressure effects 

on large scale sodium water reaction 

nation 
France 

Germany 
UK 

USA 

Japan 

India 

Institute 
EDF 

INTERATOM 
UKAEA 

DOE/AI 
ANL 

PNC 

CRIEPI 
IGCA 

Code name 
RETONA 
PISCES-2D, 3D 
POOL + HEIKO 
FLOOD, BLUSH 
QUARK 
TRANSWRAP 
SWAAM-I 
SWAAM-LT 
SWACS-3, 5, 7 
SP-AX 
TNI-BUB 
SOARA 
SWEPT 
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# 4 34 . s 4 4 *114 u>£* 4 4 4 4 4 743414 # 1 4 * 3AS4, 
131 3 4 4 &£$} 2 ^ # 4 A * 4 4 743 # 4 4*^*41 131 i # -
# £ # 4 3 # # £A4 % 4 4 4 J L 3 4 A 4 3 1 * * &A4 1 3 3 

iA* 4 * Ud-̂ 41 4 4 4 4 4 * 4 3 4 4 743*4, s 4 44 (governing 
equation)*4 1 4 4 41* 1 1 4 4 4 *A 3 * 4 * 4 4 4 * 3 
(validation)4 1 A 4 4 . 4 4 4 &* 4 * 44414^ if--* £ * 4 3 
4 1 (test facilities)* 41446U2>63) 4 * * U 1 4 A 4 4 4 4 . 

i # - # £ * * 4 3 4 Ji#4l4 ^ 4 4 1 4 4 4 3 £ * 4 * 5.4 4 
£ 4 4 &o>74 ^--1-4 424*1- ^A>O)I 7 l i i - # 4 4 4 4 A S 33.0]] 4-g. 

4 3 # * 4 * A*4 4 4 4 £ # 3441 4 4 4 A l * 3 3 4 A , *]%. 

4 A 3 4 parameterSAi 3 4 4 4 * 0)^.4 model approach74 4 # # 4 4, 
4 * parameter** 1 3 3 1 4 * 4 # 4 4 I A S *1144* 4 ^ * # 4 
* # 444A 3 4 . 

(1) i # - * £ * 4 A^ 

(74) £ * 4 
i * * 4 4 s * 4 * # 4 * 3 * 1 4 4 * £ * * S 4 ^ tfl7fl 8743 

74w> 3 * 3AS 1 4 4 3 4 . 4 4 4 A * - * £ * 4 4 4 4 4 * A 3 £ 
#74 4 * *A4 1 3 * 4 4 1 1 3 * 1 3 4 4 4 4 4 4 * 44 4 £ * 
* 4 £ * # * * 3 4 4 1 4 4 4 4 4 £ * 4 # 4 4 A 41# I4S31 1 4 

4 4 a A # 4 1 4 1 4 4 4 n))#41 3 4 3 *114* 4 4 #74*44. ^ 4 4 
4^-44 AJL4 441 4 4 4 4 * A * # 4 3 # 4 315 °C 4 ^ 4 ^ £ 
A414^ 4 4 4 # 4 * 4 # 4 *A 1 4 4 4 4 # £ # # 4 ^ 1 3 3 
4 # * £ * 4 * 3 4 4 . 
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Na(l) + H2CKg)^NaOH(s) + fH2... (1) 

2Na( I) +H2O^Na20+ H2 (2) 

4 34 4 4 £# * 4 A 34 1 4 1 3474* #A, 43 #4 ^3, a 
# 3 4 4 ##4 44, #4 1344 *^4l 444 1 4 4 * 3AS 4 
* * 344 * 4 4 4 4 # 4 4 4 &4. 444 # # 439] *fl4* 444 
^ 744 A 1*4 4 4 4 A 7)-§.4̂  4 oii-̂ . 4^4 T J ^ . 

Total release A l 

4 3 # * 4 43- £ # 4 4 1 4 # # 4 A * * # 4 *A74 3 * 

* i 74>iS74 3 3 4 A 4 ^ 715.* 3 3 4 4 ±^4 pool* # 4 4 cover 

gas4l S.o]7fl ^ 4 . 0I4 zj-ol total release A l 4 ^ 4 . 74^4 1 3 4 4 

114=4 #4414 4 * 4 4 ^7444 4 # * # 4 3 4 4 # # 41T44JL 

3 4 * 3 * &* 4 * 1 4 S J I 4 A 3 A 4 4 * 3 4 A * 3 # 4 4 4 4 
* 7>-g-4j7 oi i=. T^O-IE. & 4 . 

Hydroxide A l 

4 3 * 4 1 * £ # 4 * * # 4 1441 *H34* * A £ 4 * i 7 4 A S 4 
1 3 4 * 3 * 4 4 . 4 * 744 * 4 ^ 3 4 4 #5:3:74* 4 4 * 4 4 
oil 4474 4 S 4 4 total release A141 4 4 4 331* 4 # 4 i ^744 

* 33=* A 4 J I 4 4 . 
Combined Al 6 ^ 

4414 4^44 (i)4 (2)4 * £ # # ^ 4 £ 3 4 4 4 # 4 1 4 £ 3 1 

* 3 4 . 

ANa + H2O^BNaOH+ CNa20+ DH2 

4 4 4 H £#7)1* (stoichiometric constant, A, B, C, D)# l 7 l 4 4 4 A 4 
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*• 47fl4 £*74 1 A 4 4 4 - 13= A * 4 ^44 4 4 4 4 4 4 £ * £ * 

1 4 JZ* 7)14 74*4AS 74#j£* loi4. 4474 3444 parameter74 4 

4 * 4 4 4 * 4 4 4 4 * 4 4 * 4 * 4 *H*H 4 4 4 * 3 " * £ 4 ^ 
#41 41- 4 ^ 4 4 #«] ig-3-3. 4 1 4 4 &A£ 4-44. 

f T A l 
* # 4 * # 4 * A S 4 3 4 * f4 £ * # A 4 * * parameters 4 

4, £ * 4 4 4 4 4 4 4 £ * 4 * (mechanism)4 # 4 A 4 * # # A 4 
1 3 3 4 4 1 4 4 4 4 4 4 1 - 1 4 * 4 * 4 £ * 4 3 , #A, 1 3 4 * 4 A 
4, # 4 4 * 4 4 * 4 £ * s # 4 1 3 1 4 4 4 & * s # 4 * 4 * 3 
AS74 large scale test S.144JL # 4 4 T i 4 4 . 4 4 1 * 1 3 * ! # , 
# 1 , S 3 A #414 * * J 4 3 A 4 f4 &* 0.6-0.7, T * 1000-1300K4 
4 4 * 7 4 4 A 4 4 . 

Equilibrium A l 

£ * 4 1 4 4 * A3414 4 * ! * 4 74* 41444 #3"4 4A74 
4 * 4 * 4 3 3 33)414 4 ^4^r4 4 * # 4 4 4 4 , 4 * 3*441 
4 3 74144 74*44. 441 4 4 4 * i 4 # # i # 4 * 4 4 # 4 4 4 
4 * * Q± *}°}4^ #*H4 H<4#4 3 3 4 #4431 4 4 . 4 3 3 * 
cover gas4 4 3 4 4 # A 4 4 * A 4 * # 4 * 4 £ * 4 4 3 3 4 * i 
* # # i # #41 NaHS74 cover gas4l* * i 74^S74 * 4 3 - 4 . o]u% 
±%9] *4#r i # #41 #*11A74 3.71 nfl*4l 4 * # 4 * i * i # 4 l # 
4431 4 A *g3 3-Ell 74 1 nfl44 * i * cover gas41 1 3 1 4 4 &* 
4 . 41* * £ 10"6lb/sec4 # # # 4 1 4 ^ ^ AJ-̂ OH ^^t}7]v}44 i A 
4 4 # 4 100044AS7) cover gas44 * i 74^4 *J£ JE*, *oj-o) 

4 4 4 4 4 4 * 1000444 A A 4 4 * 3 * 4 4 4 4 , 4 # # # 4 1 4 4 

self wastage4l i A 4 * 4 4 # 1 7 4 4 4 * A 4 4 4 4 i # * # 4 3 * 
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cover g a s S # 4 * i 7 4 i 3 #414 4 * * # 4 4 4 * # 7 4 * 4 4 . 

(4) £ * * A 

£ * * A * * * # # 4 3-31 1 3 4 * * A 4 # 4 1 3 * A # 1 3 

4 * 3 A S 4 3 4 £441 o)-^ n}7j-*v # * 4 7 i nfl̂ -ofl 7^4^ 0 ^ 4 0 ) 

04 4 4 . Z1E44 4 qA] tiV-g-o) nflo. 4^-*)- ^Efl^ 4 4 4 Jl, JL#4 A 4 

414 41* 4S31 1 4 4 4 *H#41 1 3 4 A S # 3 4 * 3 # #74*44. 
i # - * 444 £ # * A « 1 3 4 4 4 4 4 3\ 744 5L14 74-g-s)^4 
4 £ 4 4 41* 4 * 4 14 . 

* 7 } £ * s_Q 

i # 4 * # #1441 #7)14714- 4 4 * 4 4 A S £ # 4 4 S 4 4 A 

7434 A 1 4 466'. 4 4 4 45n i41* * # 4 ^7)144 &^4 . 

* 1 3 1 5_T^67.68) 

* 4 * # A441 4 5 4 A474 41* 4 * 3 * £ 4 # 4 ti}-g- atgol 

1 4 * 1 * 3 4 . ^-3 4 £ * 4 3*1341 4 4 4 * 4 # # 3 4 & 4 4 
3 4 5 4 A474 4 4 4 4 1 4 4 3 A S * 4 i # # # 4 4 4 4 4 4 £ 
# 3 4 4 * 4 5 4 i * 4 3 4 4 A S 4#431 4 4 . 4 4 1"* 3 4 # 
4 A * # 4 3 # wastage4 # A * # 3 3 1 3 A S # 4 1 1444 6 9 7 0 ) . 
* * # * 4 4 4 4 wastage4 *A74 4 i 4 4 4 4 4 * 4 4 1 " * # 4 
3:4 ° H # 4 4 A *fl444 ^-£.0)4. 0)4 7J-0. t$_^ 4 ^ s 4 4 3)4:4 
3 4 4 A 1 S 4 4 # * A 4 * * 1 3 1 4 * A 4 4 #743 4 # 4 4 A 
s £ 3 4 4 . 44 # ! 3 1 * * A 4 1 3 4 4 s 3 4 4 3 # A S * £ * 
4 5 4 £4441 4^1 4 A , #441 £ 4 51144 4 4 . 
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where, m' : water weight reacted with sodium 

m : accumulated leak weight 

A : reaction constant 

4 ^ A l t (45.4 A<£4 * 3 s * 1 * 3 ) £ # * A # * 4 4 4*114 

* j£* #J£4 *114* 4 4 4 4 * 45.4 A474 £#74 4 4 4 4 4 4 5 . 

4 A474 0!*il* *11444 &4 nfl̂ ofl 4 ^ -744 3 31S4 4 4 *114 

41 4 * 4 4 # 4 . 4 4 * * 4 * # 4 41* # * 4 4 4 3 4 4 4 3 # * 

1 3 4 4 4 £ # 4 4 4 # 4 3 - 4 * 7434 A4 45.4 A 4 4 4 5 4 4 4 
3 * parameters 1 3 4 * 3 -^44 . ^ 4 4 A 4 4 4 £ # A * 4 3 £ 
# 4 7434 # 4 3 4 4 4 £ # 4 4 A S # 4 45.4 A 4 4 4 5 . 4 4 4 
3 * 4 4 3 * 3 4 4^4 4 * 1 4 1 # A l s 4 A4 2 : 3 * * 4 * 
3-^41 4 4 4 3 * ^ 4 4 . 

(4) 4 5 . 4 4 # A 
4 5 . 4 4 4144 £4-4 JLB)4#41 4 4 4 4 5 . 4 4 # A * 4^31 1 

3 1 347474 1 3 4 4 . 4 4 4 1 4 ^ 4-44 4 3 # ; £ £ l g 4 $-^^ s. 

14 * 444 34. 

(4) 4 5 . 4 4 3-Ell 
i # - * £ # 4 3 3 * S 7 ) ^±7}±.9\ Na20# 231 # 1 4 4 4 . * 

i * 74^ 4 4 A S s i#3-4) 1 #*1144 &*AS 45.4 4 * 3-* 

3 3 4 * 3 * 41* 4 3 - 4 4 . 3 . 4 4 A31 # 1 4 3 # * * 4 4 A S * 

744 74*44 3 4 . * 431 A#41 #3 -44 74* 3 * 4 4 4 * 4 4 * 

45.441 JLS31 # 4 4 * 3 * 4 4 . 4 4 4 1 3 A * 4 1 * 41 # 4 1 4 4 
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4 ^ A 4 4 J Z 1 4 4 4 4 4 * 4 , * 3 # A * 4-%-43 3 4 . 

(2) # 4 * # * $7} 

(74) A * 3 4 A l 

3 ! £ 4 4 1 4 14474474 *}3. # 4 * * # * 4 4 ^ 3 4 ^ 4 
3 4 # 1 4 &* # 4 4 4 7 4 1 3 4 4 # 4 rfla) 414 # 4 43A.S 4 
i 4 4 . 4£43- 3341 4 ^ # # 4 * * # 4 ^ 4 * 4 1 3 4 * # # * # 
# 4 * A 1 4 4 . 0)7^0. ^7]}9] 3**14 4 &* 4=4 * * 4 * 4 4=4 
413^1 A S > i*34 A 1 4 4 A 1: * 4 4 . 

(4) A 4 *74 s i 
3 1 4 4 4 1 4 4 i7l4l 4 ^ ^t* # 4 4 4 4441 4 4 4 3 4 

333-Efls # 4 4 * A 1 S 4 4 3 4 3 1 4 4 * 4 * # # 4 * * 4 * * 4 
41 * * 4-34 A44A74 3 3 4 4 4 3 4 a?) **#41 4 4 1 3 4 4 
°11*41 41- * ci 3340-1 * ^ 4 4 43- 3 4 4 . 4 4 4 * 4 * # # 44 
3, 3,7} * # # 4 ^ 3 ^44 * # # # * # 4 4 ^ 7 4 4 4 4 4 4 . 

(4) 3 3 - ^ 3 3-Efl 
5g3 3 3 1 4 A 4 4 A * # 4 * * 4 3-3)41 4 4 4 4 s 4 4 4 314 

4 4 4 4 4 . 4441 1 A 4 743* 44 4 * 4 1 4 . 
- friction4l wl4 ^ ^ ^ 4 

- two phase4A 4 4 A homogeneous flow°l7l ufl#41 A ^ 4 431, 

* 740)0! s l i p velocity* Si 4 . 

431 3-3)4 * 4 * # # * Torricelli4 theoremAS # 4 4 * 4 # 4 

1 * 441 wl44 * 4 4 7 1 ) . 
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W= CpgAtU= CpgAtf2j 

4 4 4 AP* # 4 *g%7] 4 **oj-(water header4 4 3 ) 4 4 1 4 

* # 4 4 3 4 * 4 4 4 4 , C* discharge factorS74 i L # # 0.6* ^134. 

7131 3 3 ) 4 * * 4 7 4 * # 4 3 4 ) 4 ^ # 4 3 A S # # 4 * 3 # 4 ) * iL 

# 4 # 3 #314 isentropic expansionAS 7434A, A 3 *1144 # # # 
* 4 oj-^ 47|. o]± T^O) 4 ^ ^ - ^ 4 4 J L 4 ^ 0 ] ^ ^7401)744 -1-^4 

* j £ 4 1 4 3 4 . 4 * 4 3 7>44 4 ^ 4 * 4 A S £ 4 1 * 3 A 4 
72) 

PL I 2 \rKr+1) 

PH I 7 + 1 / 

* * 4 4 3*41 * 1 # 3 4 4 * 1.3AS # * 3 4 nfl̂ -on 4 & 

# 0.5574 4 4 . 74JL74 1 3 4 4 3 A 4 # 4 , * * ^ 4 # 4 4 4 A S PH 

# ^ 4 A 3 4 4 7 ) i L 4 ^ ZL #J£4)4 *4oj -AS # * 3 A 4 4 3 * 

41 PL# 800psi, # 4 1 4 # # 4 4 3 4 800psiA4 ^ A £ i<D4 * # 

* A * chocking 3341 4 4 4 # 4 4 *A74 7J-4. o)n| 3,714 * i ^ 

4 * 4 1 4 £ 3 4 4 . 

/ 2PL y 
u=c=U ±~r 

V Ph 7+1 
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r#. 2 7 i <$^ +3\O]EL n4 5LEi S P I K E ?m 

(1) 4 4 # 3 4 

(74) * ! 31 4144 * 4 4 

431-g-*s4 2 4 4 # * & * * 4 4 4 A , 4 * * 4 1 4 * fittings 3 

4 A 4 3 * # * 4 * expansion tank 4 3 A 1 * 3 4 * S * 3 4 4 # 

4 3 network* 4 * A 3 4 . 4 4 3 331 31#* 3£4J # 4 4 4 * 4 4 

4 * 1 * * &A4 £ A 4 2 . 1 4 4 4 4 * 4 4 4 A S 4 , * 4 4 4 £ 3 

4 74*431 4 4 4 3 4 . 4 ^ 4 4 A ^ 4 & * # 3 4 414 # 1 4 3 1 , # 

33.9] ?! 1414A 4 4 4 4 * 3 4 4 A * #3174 * s * 31s 3 4 4 A 

( 4 * branch4A 3 4 ) , 4 * 4 fitting44 4 4 * 4 1 4 4 4 4 1 4 31#4 

s 4 * 4 4 4 4 . 4 4 1 4 # # * junctionAS 3 4 4 4 , 331 2 4 31 

# * 4 * branch4 junction4 4 1 4 networkAS JZ14 1 * 3 4 . 

branch4174* A # 4 A # * compressible, one dimensional, unsteady 

and viscous flow4A 743 4 £ 4 * 4 1 * 4 4 3^3-4™ 

O Continuity 

O Momentum 

p(-dT + u~dx'r^ + p[ 2Dh + ^ ) = 0 

O Energy equation 
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4K<+f)]=-i[#+f)]-£<™=» 

°1 4) gx 3\ r„* # 4 4 3 A 4 , e+#r * dynamic enthalpySTl hS 

4 £ 3 74*44. enthalpy* #71)4 £ * 4 4 * S 4 4 1 * 3AHS, 

* h = h(p,P)3. 1 A 4 4 3 4 3-*s 3 4 4 4 , 

M==J1L1£- + 1J!L JLP 
dt dp dt"*" dp dt 

A continuity equationAS#4 4 * 4 1:4 £ 3 74*44. 

4 * 7fl4 * 4 A S * 4 energy equation* 4 * 4 1:4 £ 3 1 * 3 4 . 

P" & ndjL,dP, dP f°3r + -a7 + "^ r=0 „ dh , H dx ' dt ' " dx 

sound velocity a* 4 * 4 1 4 * 4 3 4 m 

J£ entropy S* 4 * 4 1 4 37fll * 3 4 . 

°13-4 ^-3)4* sound velocity equation^ 4 4 4 4 
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(IP\ 1\dp)s_ (dp)p P\3P) 
[dp)s TY-£5\ (JJL\-V JJL\ . m. (-&).-" #£*> 

4 4 7 4 01) u-) 4 equation* 4 * 4 1 4 # * 3 4 . 

*du , dP ,„dP _n 

4474 4 7114 4*11 3-34* 4*4 #4 A S £344. 

{ d u . du \ 1 dP 1 T? n 

n -idu , dp ,,dP _ n 

4 4 * 4 tifl 3 - 3 4 * u, P 4 3 - * * ( x, 041 4 4 1 4 £ 4 # uov3 

4 ° ) A S method of characterizationAS 4 4 # u o v 3 4 A S £ 3 4 1 * 

3 4 7 4 ) . # 4 * linear combination 4 4 

du , du , Q\ dP , r , tdu , dP , 5P n 

a1^f + ( a 1 ^ a 2 p a
2 ) ^ + a 2 ^ + ( ^ - + a 2 « ) ^ + a 1F=0 

4 4 * * eigen vector^3= A S * gradient74 & A 2 . S 

Aial+A2(aiu+a2pa2) = 0 

A2a2 + A2(a2u + -~\ = 0 
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4 4 4 1 4 0 4 4 4 47} # 7 f l 4 * A 3 * (Al + A2u)2-A2
2a

2 = Q, 4 4 4 

17 + " =* a ^ A ­f = u+a 

4 #4174 -&■ = « + a * characteristic equation 41 4 4 4 4 

Mlj^+u\ai + pa2a2 = 0 4 4 A 4 1 ­ ^ ^ ^ + ^ ^ ^ 2 = 0, 

­ ^ — p V i # + F = 0 o l 3 ^ 4 4 , 4 * —^­ + w=­f l4 characteristic 

Iine4l7) 4 ^ 4 s . s negative characteristic* 4 4 7 4 3 ^ 4 4 . 1 * 4 ^ 

A S positive characteristic* 4 4 x 4 * ^ ~ " ^ ^ + ^ = 0°1 3 ^ 3 4 . 

3444 

A pa dt + F ~ 0 ' A _ " + a 

a/ pa aY ' dt 

(4) *4*)14 
4 3 " 4 # 4 3 4 * characteristic A * 4 4 4 # 7 f l 4 4 afl*4l °}% 4 

4 4 3 # 4 4 4 3 4 4 * A 3 4 1 * time(t) ­ length(x) mesh 4)74 R, 

Q 3\ S 3 4 SJrAS* P 3 4 & # 3 1 4 4 4 # 4 A positive 3\ negative 

characteristics ( C 3\ C ) % 44 #7}) 4 4 4 1 ­ 4 A)T> t 4 01­4^ ^ 

­ 4 1 6 ­



A, B 31 Q 3 4 & A S 314 4 4 4 4 4 . 

A 

AX — " 

< 

P 

> 
R A Q B £ 

k. 

t + At 

A 4 B 3 4 1 4 4 oj-^ 31 ^ UA UB PA P f l 4 ft^ UR UQ US PR 

PQ P S * S # 4 linear interpolation41 4 4 4 * 4 4 . # 

(uQ—uR): (UQ—UA) =8X: (XQ—XA) for c+ 

4 4 * 3 4 4 4 4 # 4 1 4 u A * * 1 * 3 A 4 

uQ-ad(uQ-uR) 
UA \ + e(uQ-uR) 

1:* 3-^AS C" 41 3)44 4 * 4 1:* 4 * * ! * 3 4 . 
uQ+ gQ(us—uQ) 

UB~ \ + 6(us-uQ) 

Si oj-?H 3 ) 4 4 4 A 4 * 4 1:4 PA, 3\ PB4 &4 # 4 3 4 . 

PA = PQ~ 9(a+ uA)(PQ- PR) 

PB= PQ+ 6(a- uA)(Ps- PQ) 

4 # * * * I 4 * difference equation A characteristics 41 444 3 ^ 4 4 4 

3 -AS , u P 4 PP4 & * 4 * 4 1 4 314 4 4 4 3-4. 
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"p-uA + -jz(PP-PA) + FASt=0 

up-uB—^(Pp-Pd + Fg8t=0 

41144 3 -34* # 4 

uP= \[ (uA+ uB) + -L- (PA - pB) - (FA + FB)St 

Pp=^[(PA + PB) + pa(uA-uB)-pa(FA-FB)St] 

(2) 3 31 A3 

3 31A4AS 1 3 4 3# 4 branch*4 414 junction41744 ^ 4 

*S4 A31 #744S 4#4 JI4434. # tee4 1 * pipe fittings4 

expansion tankl* 34*S74 4^4 JLS) 4 * 4 4 3 * 374* #474 

£ 4 4 *A)S)^ 3 # 4 A , #744* junction4 #474 ^ 4 4 3#44. 

3 31^3A * 1 31 4144 * 4 s # 4 4 4 4 * 4 1£4 4 A 3 * 4# 

4 ^ 4 

- # 4 7 4 & * 3 # : input - out put 

- #474 3 * 3 * : accumulation rate - input-output 

(74) pipe fittings 

47141 s l l 3 - 4 * junction * S 7 ) ^ - tee, elbow, sudden contraction # 

4 4 A 4 4 4 4 A 3 * £ 3.94 1 4 . 
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Table 3.9. Boundary conditions for fittings in the secondary loop 

fittings 

sudden 
contraction 
expansion 

tee 

closed end 

dummy 

elbow 

conditions 

material balance 
,t+stA _ , / + * 4 Un 7 i „ — U\ Tii 

force balance 
1 2 -*-u + PA- z+ f= constant 
P 

material balance 

force balance 
r>r+<J/ n,+ St Dt+8t 

u„ = 0 or «! = 0 

material balance 
r+# _ r+ft «„ — U\ 

force balance 
D f+ St r>t+ Si 
"n — " l 

material balance 

force balance 

f(«'B+*)2 + p*:* = fur*)2 + p{+*+^(c*)2 

(4) #4 
47)41 *I)3-4* 3AS7-)^ %xt expansion tank, surge tank # A 

4 4 4 4 A 3 * £ 3.104 1"4. 
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Table 3.10 Boundary conditions for equipment in secondary loop 

equipment 

surge tank 

expansion 
tank 

far end 

dummy 

conditions 

constant pressure tank P0= constant 

volume conditions 
dV, = -dVg , dV,= XA,,unJ - 5 M * K U 

pressure conditions: cover gas4 £4-74 adiabat ic444 

PVg = P0Vo = constant 

„ J:*- „ l+St t + Si DT r>t+St r>t+St 

conditions u„ — «i 3< P„ — Pi 

no pressure reflection after far end 

before burst ; closed end 
after burst ; surge tank 

(3) 3 * 4 Z.3.3.Q 

^ 4 * 4 4 S * 4 * # 4 * 3L7] £31 ( 4 300msec 3 A 4 4 ) 4 

4-3 3 4 3 3 * * H 4 4 4 4 4 2-3.3^3.3.4 16 Mbite 4 3 4 PC414 

3 1 4 1 * 3 A # FORTRAN-90 4 4 S 7 i * 3 4 4 . 4 2.3.ZL&9] * 3 * 

3% 3.394 1 4 . 

A S : z 3 # 4 4 4 71*41 4 4 7 1 7 4 * 4 4 $"* subroutineAS7i * 

3 4 4 3 A 4 4 subroutine*4 4 * 4 ^ - * 4 4 1 * 4 ^ 3 4 1 4 . JA 

4 # 4 5 S . : z 3 # 3 3 4 A 3 A S S 4 * * 3t 7))4 ZLW3.3. 4 4 

module* 3 3 4 3 1 4 . 4 ^ 3 4 1 4 fr"* 3 4 b o x 4 * 4 * module4 4 

1 subroutine4 4 # * 4 4 4 4 4 module4 4 * 4 # 4 * 4 * 4 1 

4 . 
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— [ B O I BOUNDA 

STABIL 

WRITA 

RUPTUR 

AMODI 

PIPEIN 

REACIN 

BINTER 

BACTOR 

— PIPES 

DUMMY 

TEE 

EXPAN 

CLOSE 

PROPOSO 

WAEQU 
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WARIN 

SQROOT 
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FACTOR 
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RUNCYL 

RATWAT 
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Fig. 3.39. Structure of computer program 
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module 
name 

SPIPRE 

PREPA 

BRANCH 

BOUND 

REACT 

SHEAT 

connection 
subroutine 

premain 

prepar 

brae 

bounda 

source 

sheat 

purpose 

data4 4 / # 3 , 3144 314 

3 1 4 * 4 3 - A 4 ^ 7 j ^ 3 

4 branch3!4 node4H 4 * 
4 4 step4 # 3 314 

BC 314 

£ # * 4 * £ £ * 4 4 # 
4 4 s teP4 # 3 314 

* / A 1 ) 4 1 ^ 4 4 # 3 3 1 3 -

remarks 

331 2.3.ZL$9] 4 4 - H O >^^ ^AJ .^ - A i 4 4 ^ 7.}g_% 0 1 * # 4 * * 

£ 3 S * modification44 314* 4 4 A * A 4 ^ 4 * 1 3 34(module 

Prepa4#). 4 * 4 3 74s4 1 3 4 ^4 ^ 4 * 4 4 4 4 4 4 4 4 * 

# 4 3 format AS # 3 4 A 314* 4 4 3 4 . 314* module BRANCH41 

4 311£ branch*4 31*4 node4l 3144 t+dt4 4 4 4 3 * A # * 4 4 

4 3 4 4 S 4 #41 3 31 A 3 A S 4 junction4 91 4 & * * 31444. 4 

program4H^ A # 4 * 4 £ * 4 * 4 # 4 reaction zone* 4 4 4 

junctionAS74 4 ^ 4 4 boundary condition4 431 module BOUND4H 

3 1 4 4 4 4 £ * * # £ - * # 1 4 module REACTS4 4 ^ 4 3 4 . 

(4) 314 1 4 31 A l 

(74) i # - * £ * * 3 

i # - * £ * 4 1 4 4 4 2431*4 3314 network4l4 i # - * £#4l 
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44 43 £4-4 4l#41 &4 £#**4144 *^# #4 :n#444 4 
4. A 4 4 #3-3- 31414* #*4 £#4-4 43=* #1-471* #74* 4 
4 «il#4l 31* 4*4- 444 44. 444 * * £*£4 £4* 14 4 
44 4*4 314 71 M£ 4*4 1"4. 

reaction 
zone 

Pipe I 

, SG O ! 
bubble 

branch 

4 4 4 4 £ 4 4 1,6 junction* 4 1 4 pipe4144 43=* 4A4- 4 4 4 

4 4 reflection4 #71)44 &* far end* 3 4 4 3 A 4 branch 2+3+4* 

*4 lA§7 i s 3 . 4 4 3 A 4 4 #4-414 * 4 * # 4 * 3 A S 4 3 A 4 , 

# 4 1 3 4 44% 4 * 3 - 41:4144 * 1 # A 4 4 4 & 3 4 . 

0I4 1 * 4AE41414 * 4 * # 4 * 3 # A * 31 * i 45314144 

4 3 , 45314 # A 4 1 £ 4 4 £ 4 - * 3% 3.404 1 A 4 4 * 4 4 # 4 

3: 314* **34 ^ 3 ^ 4 4 A 4 1 4 4 #1447 5 '7 6 \ 44414 # 4 3 -

3 * 45314 4-34 ^441 41# * * 3 A S 4 ^ 45314 4"34 4 5 

4 A441 £ 4 3 1 4 4 Bfl#AS 4 3 ^#41 pressure spike74 3 3 4 4 . £ 

04* ^ 4 ( 3 milisecond43l)# 3144A* # A 4 £34* 4 4 £ 4 4 1 3 

#J£ 4 5 A 1 4 74*4J£ 47444. 

i * 3 1 4 4 J I oj-̂ ofl 03*^ - ^ . ^ ^ ti]._o_^j£4*, ti>-g-44 

* i 3^-#(conversion) 3l * * # * S 4 4 * 4 43=* 44314 4 4 A 
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Q. 

10 

5 -

temperature 
of bubble 

0000 

2500 

- 2000 

2? 
1500 To 

8. 
E <u 

1000 

500 
005 010 015 

time, sec 

Fig. 3.40. Typical shape of pressure and temperature changes 
at initial stage of sodium water reaction in a pipe 
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3 3.41, 3.42 31 3.434 1 4 . 4*414 A * 3 4 1 4 £ * # A 4 * 31 
3 4 * 4 43=* 4 * A 4 * &A4 4 # 3 4 * 4 A £ * i 4 4 * &4 

4 4 , 1 4 3 4 4 A 4 4 4 #7444 4 3 4 4 s 4 4 4 4 4 # 4 4 A 3 

4 4 4 . 441 4 4 4 * 4 # # # 4 4 3 # 4143 4 4 1 4 4 # # 4 3 

# £ A 4 431 4 3 4 * » # 4 0.462 #41 4 4 3 4 . 4 * 0.531̂ -41 4 4 

4 4 * 1 # 4 1 4 4 4 * #744477). 

(4) 3 31A34 374 

4:414 74*4 3312:34 4 4 3 * ^ 1 4 4 4 4 4 4 * *fî (super 
position method)41 4 4 4 4 4 4 3 31A341 3144 4 3 4 3 4 * 3 * 
31443A4 4 * # 4*414 3143 339] 7J44 *]&. # 4 4 A 4 4 

3 4 . 
Ticj-̂ v 4 0 1 ^ 1̂)01174 4 continuity equation* 4 # 4 1478). 

d t A \ d(pA) 

dp dp , dp dA 3A , 3A n i dP 3P , 3P 0 i o ru 01 *i -1 

#314 314 43 31* K ^ Pipe4 £443 31* Ka# 4*44 ##43 
4* 4#4 14 £344. 

a2 dv 13H , . \ , 3 / / 
-Tc^ = y l - 5 7 + s i n a ) + ~5r" 

4414 4 * * # »ov34414 4 A3 4 # 4 4 term** # 4 4 4 4 

# 4 4 * 4 4 4 3 4 . 
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25 

Fig. 3.41. Effect of reaction rate constant on maximum 
pressure in sodium phase 
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3 5 -

maximum pressure 

temperature 

7 8 

conversion, -

1 o 

Fig. 3.42. Effect of stoichiometric constant on maximum 
pressure and temperature in sodium phase 
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1 10 

water leak rate, kg/sec 

100 

Fig. 3.43. Effect of water leak rate on maximum pressure 
in hydrogen bubble 
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d2H 2 d2H 

dt2 ~a dx2 

d2v 2 d2v 

dt2'" dx2 

4 4 * 4# #344 1£44 3314 4 A S 4#4 1 * 3 314 *11# 

434. 
H=F(t-+)+f(t++) + ci 

v=G{t-±) + g(t+j:) + c2 

44414 F, f 31 G, g* 444 4*44 c c2* 4#4*44. 4 *11# 

- ^ ^ = -^41 31444 -f G=F 31 ~^8=J 4 444 144AS 

4*4 14 £3 4*44. 

H-H0=F{t-+) + j(t++) 

44 14 4 * * 3 * 1 4 * # 9*7-4 AJ=4 4^44 444 3 

43 junction* surge tank(133 43 AS # 4 4 * *4)44. x=L 34 

4 * H - Ho4AS 

H-Ho=F(t-±) + f(t+^) = 0 

^431 4 4414^ 444 A_X_4 *$<% 441744- ^^3.3. 144 t 
a a 

4341 r+A_X_ % 4 444 £4. 444 H 3l v4 £ 4 * 4*4 14 

a a 

£3€ * 34. 
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"-#.■=# <-f44('4)-l4-3 
#<^>=#4M(<4)#^-*>) 

4 4 4 # 4 4 4 4 4 * F(t)s £ 4 4 * 434­74 x=04 4 4 * 4 4 4 

711H44 £441 A 4 4 4 3 4414 £744­74 £ 4 4 H ^ A S 3 1 4 * 3 1 

39] J£o^ v.^} tiVrflol­ii 47J4SL3. ^ £ # 44)4 3*14* 3 * 
a 

4 4 4 4 . 
4 4 3­^AS 1 4 1000cm4 44A41 4 £ 4 surge tankS 4 1 4 

4 3 bar4 4"3AS # 4 4 * 4 * £4144 66.67 bar4 4 3 £4­74 3 
* 3 # * 3 1 4 4 A # 4*414 71)13: A J L 4 314 1 4 * 4 A 4 £ 3$ 
3.444 1 4 . 4 ^ 3 414 A * 3 4 1 4 * # 4 4 3 4l#4 1 4 * 1 
1 4 4 A 3 4 . 4 4 4 4 4 1 4 4 * #414^­ i^oii 0)4^ 3 ) ^ 4 ^ ^ 
47} 4 4 44*114* 33=* S 4 * 4, 4 3 3 " * 33.9] 3 # 4 1 * 4 1 
* ! * i 4 4 3 4 31^­44. 

(4) 4 4 * 1 4 4 »U 374 
4 4 4 314­4 A141 4 4 4 7f)14 S.ELS#4 3144 1 4 4 4 4 3 

4 3 4 3 * 1341 4 4 4 4 * 1 * 3A4 4 * # 4 4 &:a4^ a.14 
31 313­4 4 4 3 4 3 4 A 1 * * £4 . 4 4 4 13141 4­§­44 4 4 4 
4 * 4 4444 3A 3l *34* £ A 4 4 * 4 4 4 3­4. # 4 £ * s * 
4144*4 # 4 4 4 4 4 744 s.14 #*J­44 4 4 4 4A«a* 4 * 4 
*H44AX4 1 31^ ^ 4 <g^o. ^ 3 0 ) 4 44A4 #7) 4̂ ­0114 «£. 

4AS JE* 4 4 4 4 4 4341 3)44 4 # 4 33% A 3­4 3 * 4 A 4 

4A #3­44 3 * 4 £ A 4 ^^ .44 . 

A * ­ * £ # 4 3 # 4 4 4 A 1 4 4 33.9} 4 4 3 * 4 * 4 4 4 4 
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ca .o 
.- 40 

8 10 12 
time, msec 

14 16 

Fig. 3.44. Comparison of calculated pressure chaneges 
at two points of pipe. 
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4 A 3 4 4 4 1 3 £ A S * # # 4 4 A # * 4 # 4 1 * 31 £31S4 4 

£ 4 A 14-4 4 3 A S # 4 3 4 A ^ ( 2 4 31#)4 model test 4 4 44= 

4 1 3 4 4 * 4 4 4 4 4 . 

- *s.4 4tl * 4 £ * a.14 434 43 ^ 4314 334 A ! 4 

4 4s 14 43 
- 4 £ 3 - i # - * £ # 3 4 * 4 * 3 - i # - * £ # 3l 4 3 # A 3 1 

4 parameter study 

- KALIMER 2431## A ! 4 - 4 A 4 4 4 4 4 * 3 4 * 31444 A 

A 4 3 4 3 4 4 4 44 1 4 * #3"4AS *H44* 4 3 . 
4 4 1 * 4 3 * 4 * 1 4 4 - 4 4 3 4 4 4 4 4 4 S H 4 4 A 4 4 * # £ 
4 i ^ 4 l 4 s * 4 * to-£As4 4 * # 4 4 & A * 1 £ 4 4 4 : 3 3 4 
# * 4 3*41 4 # 4 3 4 A 1 * £ 4 . # 4 4 4 * * 4 3 * 4 1 * 4 # 
1 * 3 A 4 1 £ 4 A S * 74-g-̂ - ^ o j - s ^ 4 0 4 4 4 ^ ^ i ^ ^ 

4*114 1 3 4 4 . 
4^31 4 ^ 4 - 4 1341 4 4 4 4 * 4 * 3 4 4 # 4 4 4 # 1 3 4 3 

4 4 4 4 A 4°ot4 1 3 4 A * 4 4 4314 4 * 4 4 4 4 4 i i * ^ A S 
4 * 4*744 1 4 4 H U 7 j S 4 ^ 4 i ^± HOV^4 444J7 4 ^ 4 . 

3E44 * ^ 4 &£ 4 3 1 4 4 l £ 4 3 * 4 l J £ # * 4 A 4 s # 4 3 4 4 

*374s , * 3 7 f s 31 24 31#4 * A 4 7 f s * 33.9] 4374SS 4 4 

74*1 * 3 A # *M1*1 ^s.^ Tjo.^ ^o. c # J L > 7^^74SJ£ 3)7)1* 

7))^4AS£ 1 £ 4 A 3 4 4 * 3 4 3 - 4 A * 4 S S 4 o]-g-47l* 4 ^ 

4 . #341 4 * 7 f s s 4 PNC4 4 £ # 1 3 1 4 7 9 ) 4 ANL4 £#314 
14 8 0 1 * 4 * * 3 4 4 * 4 ^ 4 4 # 4*414 71)13: AJTI4 3 4 3 * 
3S4A74 4 4 . 

PNC414^ i * - # £ # £ 3 3 4 # * 4 4 4 SWACS 33.% 7)1!-
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4 A 41- 7 ^ 4 4 4 4 4 1/12.5 1 3 A l * 4 1 4 A 4 T ^ O ) ^ 4 

£31414 * 4 l A ^ 7 l 4 A 1 4 3 4 3 * 4 3 4 4 43- 1 3 * **o l43 

4 . 4 1 3 3 4 4 * A * zi% 3.454 1 A 4 * 4 1 A : & 7 1 4 4 * 4 low 

plenum4144 oj-3 #$}% 4 # 4 A 1 4 * l £ 4 3 4 . 4 1 3 1 4 4 £ 

4*414 71114 33. SPIKE44 4 A * ZL3 3.46 3l 3.474 1 4 . 4 4 4 

4 A * 3 4 1 4 * 4 1 A ^ 4 4 4 * 4 1 4 ^ 1 3 4 4 4 * 1 1 4 4 A 

4 4 . ^ - 4 4 * 4 1 A 4 4 4 low p l e n u m ^ ^ 314474 1 3 4 A 4 ^ 

31 4 4 4 A 3 * 4 , 4 * 4 3 4 3 1 4 1 4 1 4 4 4 * 743 31*4 3A 

s 1 4 1 * 3A4 , 4 * ! # 4 A J ^ 4 1 * 1 4 * A 4 A 4 4 . 

ANL4 Shin * * EBR-II4 24 31 #414 4 i f - & 4*41 4 4 4 

1 3 4 * 4 3 4 4 * 4 4 4 3 4 * 41#44 4 4 4 33% 71114A 4 

* 3% 3.484 1 * # 4 4 2431#4 pipe network 4 i ^ 4 l 4 4 4 4 3 
£ 4 * 41 # 3 1 4 * 1 £ 4 3 A 4 4 4 4 A 4 £ ^-3 3.494 1 4 . 4 3 
^414 A * 3 4 1 4 1 4 * 1 1 4 4 A 3 A 4 , 9£ junction4144 04-
3 A # 4 A 4 4 4 4 331 4 3 4 1 4 # 4 4 A 3 4 4 * # 4 1 3 4 4 
* i * # 314414 7 4 3 4 3 4 31*AS 413-44. 

43-414 A * 3 4 1 4 # 4*414 71114 43*114 33 SPIKE* 

4 * 4*741-4 1 4 4 M)JIX\ % OJ44J7 o|_o4) 4 4 4 40)74 £ <y-

4 4 4 &* * A 4 743 31*44, 314 1 ^ 4 * 4 1 # 4 4 , s * 3 4 4 

4 &* A 1 4 4 4 4 4*74 # £ 4 4 &*4 . 4 4 4 3 4 3 4374S74 

74*4 1 3 3 4 * 74*44 1 3 , 3 * 4 1 A 3 4 1 1 4 A * 4 4 . 

- tflirA * 4 * # 441* 4-34 £ 4 - * A 4 4 1 £ * 4 3 4 4 * 4 3 
^o) 44.0H aijji^ # * oj .^4 ^ 4 AiTioj) 4 4 714 1 3 3 - 4 3 4 
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Fig. 3.45. Concept of pipe network and IHX in experimental 
apparatus (PNC) 
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Fig. 3.46. Comparison of experimental pressure changes 
(PNC data) with calculated values (calculated 
by SPIKE code) at entrance of IHX 
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Fig. 3.47. Comparison of experimental pressure changes 
(PNC data) with calculated values (calculated 
by SPIKE code) at low plenum of IHX 
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Fig. 3.48. Branch-boundary model of pipe network of EBR-II 
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30 

at junction 9 

* Junction 1 
(Reaction Product Zone) 

—————— Viscous Effect Included 
— , — _ Viscous Effect Neglected 

Fig. 3.49. Comparison of the results calculated by this model(above) 
with the ANL's (bottom) for the model of EBR-II 
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#44 31 £31 s 4*434. A4 «43 A44A4 A 4 * *4 1-344 
31 # #2:4 #3=44 31 #341 44 1344 24 4"3 3-** 24 ^ 
4 31#4 inertia constraintŝ , #74 33" 4314 4"3* rupture disk 4 
1 # A # 4 *i74A4 A# M Ai41 444 1334. 
- £# 33*4 74A3-4 * i * A441 #34 £1 3 i t 3344 

4444 £ 3 3 * ^A£ * i 4 4 SI 23-s## 3 3 4 A #4 *#4 
4 #7444 74A3-4 * i , 444 i # 3l 4 * *14 SI 244 4S 
1 23- x#* 3344. 
- 4^31 44 744 4 -̂g- ^ 4 4 *1144* SA414^ ^ 7444 £ 

31* 44 339] T^O) ^^44 4 A 4 #3- 33-4 *1144 4*444 
44. 
- 43HH 144 33-41 43:44 3,7} 043 Spike4 3433" 3\ 24 

31 #41 44* 43=* ^7444 43- SPIKE^J^4 7IH44 
o £* ##4 34*114* 43: parameter study 
o 3 3 1 ^ 3 4 ^74 

o #3 7is44 4A 
* * **I434. 14* #34 7is4 414 £4 1 143*- A4*3A 
4 344 *A4 74S4 4 4, 132:£4 #343 * ^#41 £33: 3 
#* € * &3A4 4* 134AS **3444 44. 
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5. i#-# #-§- ^ *H *1^*1^ 

7\. *c4 

Q43. 71)^131* 4 3 : steam generation system4 7 l47 l#* 4 ^ 

4 A 13174s* 4 * 4 4 4*114* i # - * £ * 4 # 3 * 4*11 4 A , * * 

# £311 4 4 4 ^ 31 * # # 3 * 3 7 4 4 4 4 4 4 , £ * 3 3 * ( ! £ # ) 
4 4 * . # # 4 4 3 31 £#4314144 oj-^^4 - # ,1)4404,0) ^-4. 

£ 4 1314 *#41 314 3 * 3 - ^ 31 3 1 4 1 4 * A 4 4 4 4 4 A , * * # 

4 24A4^S 1 3 4 4 &A# OIIHJ-4^O> 4 ^ <g5L47) 31 vessel # 4 

3 3 3 * *D4444 1 3 4 4 . 
4 4 1 4 4 7 4 s * £3431 13144 4*114* 4 4 7>%>i-* j - 4 4 

4 4 4 4 £ 3 #4)451 4«.*i ^ x i s #43141 1 4 4 * #71134414 
1 3 4 * i # - * £ * 7>ji4l 31*11 374* 4 A *114# 4 4 4 4 4 . 4 4 
74 # 4 * 3.9] A)*)-g- ^-40^ drop hammer4l 4 3 : ^ 4 spike 4 3 4 3 

* **J44 4 3 4 MX 41 4 4 * 43=4 MXS # 4 74*4 * / * i 4 
X # 3 4 31 1 3 A 3 * 4 4 4 4 , ^ 4 spike 4 3 4 propagation^ 314 
*114 31 33 3 * * 4 A , # 3 3 - 4 4 4 4341 31*11451 *114 3l 33% 
3 # 4 A X 4 «44. 

31*44 A * - * £ * 4 3 * # 4 4 £ # 4 4 4 1 4 4 oj-34 conve­

rsion* * H 4 4 A , demonstration conduct4l 313 ^7l spike 4 3 4 # 3 4 

^ ^ 4 4 3 * *1144A 33.% 3 * 4 4 , * * # 4 013$ ^ u ^ 0 ) 4 ^ 

43=41 31*114 A 4 4 4 A X 4 4 4 . 

i # - * £ * 74JL* J L * * 4 S ( F B R ) 4 #7ll37l(SG)4l4 3 1 ^ 4 
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4 * A S £ 4 4 * s * **474 # # 4 4 # 4 4 4 3 1 i # 4 ^ 4 4 4 
4 £ * * °JA4 7fjL74 ^ 3 3 4 . 4 7fjL4l4^ £ * 4 <£34* *i74 
A S 4*11 ^ 4 4 4 3 4 * 4 # £ 4 A S , i # - * £ * 4 4 * FBR414^ 
* * 3 4#47iis 4 * 4 . # 4*414 4 3 A S 4 A 3 * KALIMER* 
n 3 3.1414 A * 4 4 £°1 SG* £ # 4 4 4*41 4 4 3 silo4l 4 4 4 A 

s # 43414^ #4441 ^3444 74**1 413434. 
i # - * 

4 Tj-o) ^A§ riU44#ofl 4*11 4 3 3 - * * 2744s # # 4 4 ^341 4 4 4 
3 * X * A * 4 4 3 S * 3*53- 41344. 4 #414 # 3 4 4341 4 

£#4414 * * - # £ * 4 4 434*41 4 4 4 3% 3.50414 s * 4 

*114* 24 ^s- plenum 3"#4l cover gas * 4 4 # 4 4 4 31 #41 #e))4 
SGA4 4 3 4 * 4 4 # # A S 43144 31 £-ofl 14^ 2_Tĝ . Af-g-44 3 
3-* 3 # 4 A S 5g743- * 3 A 4 4 413-434. 

i # - * £ * A S 4 3 
4 3 3 * 

(D i7l spike4 

£ # 4 # 4 ^ 4 4 * i 
74A 3 3 AS # 4 ^-3 
4 4 , ^ 4 4 #3=4 4 3 
4 * 

® #33-4 

£ # A S 1434 *i74A 
74 24314 ^1*4AS # 
4 4 4 4A^ 33 l s 4 
A3 4 4 4 4 3 3 - * 

Fig. 3.50 Terminology of pressure rise caused by 

sodium-water reaction 
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4 . MDP system 

(1) # 4 3-^ 

A441 3 £ 4 3 £ LMR* 4^^3.3S(MDPR, Modular Double Pool 

Reactor)S74 47))4 pool3 4 ^ " S 4 * 4 ^ 4 . 444 i # - * £#41 31 

3 - 4 3 * MDP system* 4 ^ 4 4 * * § 4 4 4 4 4 0 5 4 

4 3 * 4 3 - 4 ^ ^ 3 . ^ 5 . 4 ^7l«aVA<g714 * 3 ^ 3 e * l 4 £ * n.% 

3.514 3.524 #"4 

4 * ^ 3 . ^ 4 SG4 # 3 
S G * Al -*41 3)4 
3 3 4 # 4 31 4 4 
* 2431 4 J = * 
plenum o.S 7fl44 
4 

U 3 ^7V'»2) 
1A 

SG 4 4 3 . 3 . *E4 2 
431 i * plenum 0. 
S 3 4 3 3 4 * 3 
# 3 HUA-S. $7} 
# 7 1 * ^ 4 4 4 . 

sf^-sM 

S G * 14-8-71 al 4 #41 
31*144. 

14-8-7)41 ^B)fe 4 4 * 
4 3 4 3 4^1 4 3 3 * 
4 A 4 3 fl*H tiV-§-A)o| 
4 3 3 * 4 ) tfl̂ v afl^o] 
3 3 * 1 0 1 ^ ^ 7 ) 4 4 4 , 
4 ^ 3 FBR414* * 3 7 4 
S i * piston motion.0—S. 
4 4 4 3 3 * 4 ^71-AOV 

^ A 4 4 . 

SG cover g a s * 27} 
3] 33)5) cover gas 
^44 4#4i# 
44. 

SG 17}*£ cover gas 
* 4 # 3 4 3.2.3. 
Al^Efl T ^ j o ] Oj-3j 

3 * ( * 3 3 4 ) 4 ) tn 
t) 4 * i 7 > =L4. 

e ^ J M 

2:71 spike 4 4 4 
^ 7 4 

Piston motion^ $7} 

Fig. 3.51. Evaluation characteristics on sodium-water 

reaction in the Double Pool LMFBR 
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* * 4 3 4 3 4 3 3 
SG 4 4 A S *E4 
SG s) #0.5.°) 04-3 
40) 3 4 JLA} 4 4 

(D Drop hammer 3 3 
1431 *11341 ^ J l 4 
4 4 3 4313 4 3 
4 3 4 * A # 3 

# 3 4 3 
4 * ^ ^ 3 S * * 
3 # 4 4 3341 
3)4 ^ 4 A 4 4 4 

© ±% Ji<i 7 ) ^ A J ^ 
Piston motion41 3 
4 4 3 3 * * 3 4 1 
314 3 3 3 4 4 

© 3)^ 3^ 4 3 
Piston motion43 
3 # 3 4 4 * 3 4 
*113A'i 4 * 

S) 4 4 4 3 

(1) SG31414 4 3 * 4 ^ A 3 spike 4 
* # 3 * 4 ^ , 1 4 € *113A€* 4 * 

(2) Piston mot ion4* #3*4^ - , 3)D 
SI'S ^ ^ 4 1 4 4 # 3 gas * ° d * 
3 4 4 3 4 3 1 ) 3 4 4 3 * 4 4 

2431 plenum 4 #41 
4 3 A 3 spike441 3) 
*J- 3 ) r4 l0^aAJ- -^44 

SG 4 #414 3 A 3 
spike44l 3)4 2)130]-
3 3 * * 4 4 

Piston motion4l t4)4 2 
431 4 # 3 5)3)43 
3 * * 4 4 

Fig. 3.52. Study on Sodium-water reaction in the 

Double Pool LMFBR. 
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4 £ A S * ^ 3 £ 4 4 SG4414 1 1 3 4 * A 4 Spike4"41 ^ S M ^ 

*fl444 3 S # **I4A, SG 4 £ A S # 4 2431 cold plenum4 A3 

spike4-4 3441 31*fl4* * * 4 - 3 4 * 74*44 7 ^ 4 7^^% ^ 4 

4, 7|)3-*44144 oj-^44 4 4 4 4 47))# 4 4 3 4 . 

A4 Spike44 3441 314 S 4 # 4 3 1 * 2431 cold plenum314 * 

A * 4 4 3 4 4 44141 4 4 * 4*** 3 S 4 * 3 4 A , 4314 3131414 

04344 3 4 * ^7444 4*114* 2431 cold plenum314 #3"3 # A # 

A 4 4 3-314 4 3 4 ^ A 4 4 A 3 4 4 4 . 4 3-3143* * * 4 " 3 4 # 

4 * 4 4 * * I 4 4 4 1 * 4 3 3 4 7 4 41* 4 4 4 3 4 4 . 4 ^4uovU 3l 31# 
uov^4l 3 4 4 * 4 4 3 4 &* 3 4 4 41344. 

(2) 4 3 A&-

i # - * £*44 l SG44174 ^ - 3 4 * 3,7} spike44 SG 4 £ A S # 

4 2431 cold plenumAS 3 4 4 * 3 4 314 A 4 * * 4 3 * 3$ 3.534 

£ * 4 3 3 4 s **J44 . A4 Spike441 4 3 " 4 * 4 3 4 * drop 

hammer4l 4*11 **41T4 1133:4. H 3 4 4 3 4 * A 4 4 * # 4 4 4 3 

* i 3 H ^ 4 4 4 3 * A4 SG shell4l 4 3 4 , 514 SG shell 7fl*4A 

s # 4 4 3*A31S 3 4 4 4 . 4 3 * A * £ £ 31 * £ A S # 4 4 3 4 

4 4A474 31 #41 43=4 &* 10# 3 A * #4*114 3- 3 4 4 . 4 3 * 4 

31* 3 4 4 * 4 3 4 4 4 A * 31#4 3 * 2 4 4 . 4 A S 447fl ^ 4 4 4 

3 1 # 4 A , 5L4 SG shell314|74 #T-J*V 0 ^ 4 ^ ^ . 71*44 #444 3 31 

* 3 4 4 4 , 4 3 * 43474 1 4 4 4 * 4 4 4 A4 SG shell 4 3 * 

parametersS 4 4 4 4 3 : 41344. 

(3) 4 3 3 - 4 ^31 
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Notes : (D * © : Sodium 
© : N2 or Ar gas 

Primary vessel 
wall 

Sonic absorber, if possible 

Test vessel 

(Unit : mm) 

s 
00 
CM 

2000 
760 

I* H 

<D SG 

Fig. 3.53. Experimental apparatus 
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(74) 431 7fl^ 

# 4 3 3 4 * KALIMER(333 MWe)4l 3)3 i # - * £ * A4 4 3 
3 4 S 3 14 31 # 4 1 * i # * * ^ 4 4 & A O4H^74A # 4 4 s 4 4 , 2 
4 3l#4l* i # # * ^ 4 4 one loop4l£ i # * * ^ 4 A 4 4 4 loop4 
3 4 * 4 # * 2 : £ # £ # skeletonAS 4 4 4 A £TJ a f l ^ ^ *$^*Vt\ 

* 4 ^ - 3 4 s * ^ - 4 * * * 1 4 s 744, 740J44 tube sides * ^ 4 
4, # 4 ^ - 3 4 * 4 4 center tube4l 4 4 4 4 3 * rupture disc74 4<i4 
£ 4 313 4 3 4 * 4 i # 4 £ # 4 4 4 3 4 * £ # 3 3 " 3l £ # 4 3) 
# 4 4 3 £ 4 # * * 1 1 4 4 A 4 3 4 . 

4 317)* * # * max leak rate* 71*44, wastage data 4 £ code4 
LEAP code4l74. t* wastageS#4 3143" * &A4, 44(t)4) 4 * *# . 
# A * 4 £ 3 A S ZL3 3.544 £ * 3 3ls 4 4 £ 4 . 

1 r 
leak 

i k 

t 

Fig. 3.54. Leak rate vs. time 

£#474 oj-̂ 41 4)# 4 4 4 4 4 4 4 A 3 * A 4 4 4 3 7 4 4 4 4 4 

3i, spike 4 3 3441 44 3 4 4 A S 314 74* 4 # * 4 4 4 4 4 3 4 . 
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Spike 4 3 # pressure generation4 pressure propagation(34-£ H ' tDAS 

* # 4 4 4 ^ - 3 : 4 . 4 3 3 - * * generation4 reflection pressure4 1 3 - 3 31 

S 4 4 4 4 , reflection pressure* free surface4l74 #4-oln_j^. 3^4 s p ike 

4 3 * 4 3 3 " 3141* generation4 reflection pressure* # 4 4 1 4^*114 

4 4 . 4 3 4 * 4 generation pressured 4 4 * 4 3 : * 3$ 3.554 £ 4 . 

Monju4 MDP4 leak # 3 u o v ^ * 4 ^ 4 £ 3 3.114 ^ 4 . 

Table 3.11 Comparison of the leak detection 

method between Monju and MDP 

- Leak propagation 
- Pressure program I.S. 

Q.S. 
- Leak detection 
- Management 

Monju 
O 
O 
O 
O 
O 
i 

Na loop 

MDP 

O 
O 
O (acoustic) 
• 
i 

Not loop 
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free surface 

4334 

x/a 

/ 
/' 

/ 

/ 
/ 

/ 
x/a 

/ / 

/ 

/ 

/ 

1 V I \ v-

\\ 
\ \ 
\ \ 

\ 

: generation press. 

: reflection press. 

a = 1500 msec 
after t<2L/a ; 7l)Hr£: 
4S4144 4 3 4 4 
4*1, £ 4 3\ #4 

Fig. 3.55. The effect of the generation pressure to 
the pressure rise 
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4 3 4 * * # 3 4 4 4*114* i * a 4 #41 4 4 4 3 £ A S A * 

# 4 4 4 -34#A 4 * 4 A S # 4 3 4 4 4 *114uov£* # 3 * * S 4 A 

1 A 4 4 4 4 # A # - # £ # 4 3 A 3 4 4 **S 74*44. 4 3 3 4 * 4 1 

IHX* 4334*11441 # 43r* 4 4 4 # 4 A S 34*11 A 4 4 ^ A 4 4 

£ skeleton A 4 A S # 2 : * 4:^-44 4 ^ T$O] ̂ o.nl AJ^OJ; 2- 3.7*0] 
demonstration0) ° 4 4 A code verification 4 3141* 4 3 3 4 * 4 4-44 

31 4 A 4 4 . Overlap spike pressureA * A 4 4 £ 4 * A 3 3 * 

pressure spike4 shape # pressure curve4 A 4 4 4 . 2:3: similarity 

phenomena* 3 1 ^ 04 4 ^ 4*) 3 4 74 4 * #(41, MDP4 1/6 scale) 31 

41* leak pointS#4 4474 ^ 4 ^£-4 ^ o ) nfljf. 4 ^ 4 . 
SG4 vessel4 shell44 4 4 4 4 * 4 4 4-34) 313: 4 A 37474 

4 4 4 * #3141 3 H 4 ^ oj-334 4 3 4 # A 4 4 3 * *iAS n4*ll 
4 4 4 . Code4l* &* parts(modules)74 3 A 4 4 module44 #, i # 

H * * / i # 3 # * 3 # 3 4 4S.E.S 3- code4l 31*11 4-%- 4 3 - 4 * * 
£ £ 3 - ^ A * &A4 74*4£ 4341 4 4 data* # 4 4 4 4 3 4 . 

i # - # £ * 4 £**A74 DH -̂ f 4 #A3"#AS 43- 14 vessel41 
4 4 * 4*=N 31*114* 24 vessel4l4 i # 4 4-S31 # 4 4 A S 14 31 
24 vessel4M4 heat capacity* 4 i 4 * 4 3 * - 4 4 31 € 3 4 4 . 
FBR4 4 £ 4 #341 313 7fl^5l* 3$ 3.564 ^ A 4 , 3 3 " * 3 31 i * 
- # £ * ( * 3 3 " 3-31)44 4 A ^ 7fl4A* ~L$ 3.57 31 3.584 ^ 4 . 4 
^ 4 4 A i 3 4 4 44414 4441 4 # 4 3 3 - # 3 3 - # 3% 3.59414 

A * 4 4 ^"4. 4 3 3 4 * 3 u o v £ A S * drop hammer[few( = 2.8) MPa], 

explosion power 3l sound methodtvery low pressure(few Pa)]74 3 A 4 , 

4 #414 sound method74 743 4 * H £ 4 4 . 4 4 4 4 4 * 3 3 " * * 

^ 4 . 
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pnuis

l
4nf1 J_ 

Jk*>7 I \ u fc*9 
--,<>© 

L.a**s 

e*:a»» 

s-f i? 

9>9%i 

1 « a 

« * « 

B M S » »*£».»«! 

23t***> 
,«•?■# 

—a^>^M 

* > y 

JS*31»« 

Fig. 3.56. Conceptional drawing of the types of FBR 
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i n 

2iXr'§S 

(18Bx 4 * ) 

■ H E 9 > 7 ^ ! j ^ : ­ 3 0 0 ^ ^ 

fz.fc£.f$.Vn 
«Ciiificl

:
(16Bx27t i:) 

0 
i-'i'?/. 

*]'<-trx 
aii*­"' 

)£ $ for E 

2;X*^>7' (4«) 

" (4S) 

rx 

£ * » £ & ( 8 *> 

Fig. 3.57. Schematic drawing of the double pool reactor 

during normal operation 



I 
L71 
to 

D 

L .i?iffi'3!iiJ| 

Fig. 3.58. Schematic drawing of the double pool reactor 

during sodium-water reaction 



20 

IS 

10 

:o |§Hags] 
:3«a|gs 

21^7rl&& ^?|(AljEj|gS) o|^7H.»3 u r ? | ( 0 | g g i = l g S ) 

S t f S ^ S ? ! 2 * R °J=j 

. - ~r 

;7\m$?\ ?m 

y # a ^ § 2|*g7|UI4 243 

^ 1 L o|2!2I 7)4 2>g T 4 # § M O J £ 4 
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; 

/ 
s 

— _ / 

/ 

/ 

Fig. 3.59. Pressure rising curve vs. time 
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4 3 31 #41 4 4 3 # 74*3- code module* 3 3.124 £ 4 . 

Table 3.12 Applicable code modules according to the experimental 

contents 

43 4# 

- Effect of pressure to IHX 

- Whether water/H2 flow to IHX 

- Whether Na-water reaction 

occurs in secondary plenum 

- Pressure of reaction zone 

- Conversion 

(It is not possible to measure directly) 

- Initial pressure effects on primary vessel 

• for demonstration conduct 

• for propagation 

- Quasi-steady state pressure 

- Effect of leaks to adjacent tubes 

Module 

W 

W 

s 

s 
s 

S 

W 

w/s 

4 A 

:a4 # i l A 

2 3 # ; S A 

Note : W - water 

S - sodium 

4 4 £oi rflfl-jE. *#7>ji A J ^ ^ . ^ 3 4 7 ) 4 3 - 4 4 4 3 * 3 3.13 

4 £ A 4 , 3 3 1 4 4 4 3 A31## 3 3.144 £4-. 
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Table 3.13 Work procedure for the evaluation 

of the large leak event 

3 1 * A # # 7 4 ^ 4 ^ 7 4 4 * 7l| £ 
I 

4A^414 4 i f - - * £*41 
313- 4-3*114 

I 
7114^31 

I 
Design criteria it 3 

4 # 31 3" 317i 741 
I 

# 4 Tfl TV 31 11*1 

4*3 
I 

S.443 
I 

4 #53 4 
I 

SG ^31 714H- 4 s 3 * 
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Table 3.14 The schedule of sodium-water mock-up test 

Items 

O Conceptual Design 

O Detail Design 

O Purchase 

O Installation 

O Water Test 

O Remodeling the Water 
Test Facility into the 
Na-H20 Test Facility 

O Analysis and Develo­
pment of the Code 

- Development of the 
Code for ISP Analysis 

- Development of the 
Code for QSP Analysis 

- Preliminary Feasibility 
Assessment of MDP 
for Na-H20 Test 

O Na-rbO Test 

O Final Assessment 

Year 
95 

— 

96 

— 

97 

— 

98 Remarks 

- Spike pressure by drop 
hammer 

- Effect of pressure to IHX 
- Whether H2O/H2 flow to 

IHX 
- Initial pressure effects on 

primary vessel 
• for propagation 

- Quasi-steady state press. 

- Installation of the related 
equipment, ALD, CT, etc. 

- Verification of the code 
by water test 

- Calculation for MDP 

- Whether Na~H20 reaction 
occurs in secondary 
plenum 

- Pressure of reaction zone 
- Conversion 
- Initial pressure effects on 

primary vessel 
• for demonstration conduct 

- Quasi-steady state press. 
- Effect of leaks to 

adjacent tubes 
- Verification of the code 

with Na-HzO test 

- 4 5 6 -



(4) ^31 4 * 

(D i * # 3 # A ^ 9^ 

- #A : 400 TJ (##3-31) 

- 4 3 : 3 bar (#4) 

- ^3143 : 5 bar 

© 3 4 * A ( £ * 4 ^ SG) 

- 3.71 : 330 MW MDPR4 4 1/6 scale 

@ Loop * 3 

- 14 31#* i # * * ^ 4 4 &A 04a $74^1 # 4 4 S 

3 4 . 
- 14 31#4 # 3 31 # A ^ 3 * o f s*74^s 3 4 . 
- 24 3l#*41 i # *^ -# one loop41£ 4#3"4 . 

- 24 31#* EMP 31 SGS * 3 4 4 . 

® * * ^ - 3 4 4 # 3 ^ 3 
- * # * 4 # A ^ 4.^ • 3001C( 50 b a r 

- * * # * A : max. 1.5 kg/sec 

- * # 4 * 7 l 4 : 10 sec @ max. leak rate 

- # # 4 3 31 "o1-̂  : #7111371 4 £ #4-41 4 4 4 

rupture disc 414 * # 

(4) 4 # ^7]} 

i # - * £ * A 4 4 3 * 43- 4 3 4 4 4 * 3 * £ * 4 31 2431 i 
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# # 4 * £ 3 4 , 4 3 31 drain 3 4 , 3 4 3 4 , 4 s * 7 4 i # ^ 31 «»1#3 
4, hot water H 3 3 4 , £ # 3 3 * 4 * 3 4 31 # #^-34 *AS * 3 
4 4 34 . *A 3 4 4 # # # 3 3.154 £A4, 4 #4*41 313 43-# 
4 * £ 3 74*44. ^ 4 A 4 3 3 4 * A 4 300 MWe DPLMR4 *A 3 
4 4 313 geometry* 4 ^ 4 4 Ji£ 3 3.164 £4. 
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Table 3.15 Main equipments list 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

20 
21 

22 

ITEM NO. 

R-101 
R-102 

V-101-1/3 

T-101 

T-102 

T-103 
S-101-1/2 

E-101-1/3 

E-102 

E-103 

H-101 

H-102 

H-103 
H-104 

H-105 

H-106 

P-101 
P-102 

P-103 

P-104 

F-101-1/6 

F-102-1/2 

SERVICE 

Primary Vessel 

Secondary Vessel 

Cyclone Separator 

Drain/Storage Tank 

Waste Gas Surge Tank 

H. P. Water Tank 

Cold Trap 
Steam Generator 

IHX 

Sodium Cooler 

Sodium Heater 

Ar Gas Heater 

Water Heater 

Dr./Storage Tank Heater 

1st Vessel Heater 

2nd Vessel Heater 

Sodium Feed Pump 
Secondary Pump 

EMP for Secondary C/T 

Water Make-up Pump 

Vapor Trap 

Gas Filter 

Q'TY 

3 

6 

2 

MATERIAL 

SUS 316 

SUS 316 

SUS 316 

SUS 316 

SUS 316 

SUS 304 

SUS 316 

SUS 316 

SUS 316 

SUS 316 

SUS 316 

SUS 304 

SUS 304 

SUS 304 

SUS 304 

SUS 316 
SUS 316 

SUS 316 

C.S. 

SUS 304 

SUS 304 

SPEC. 

Delete 

OD2420 x 2495mmL 

OD1700 x 2200mmL 

OD2000 x 4000mmL 

$ 24" x lOOOmmL 

$ 8" x lOOOmmL 

$ 6" x 1800mmL 

$ 8" x 23(X)rnrnL 

$ 8" x 2100mmL 

Double Pipe 
Pipe/Kanthal 

Cylindrical Type 

Cylin. Mantle Type 

Kanthal 

Delete 

Suction Heater 

EMP 
EMP 

EMP 
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Table 3.16 Comparison of the geometry of the main equipments 

with 300 MW DPLMR 

(Unit : mm) 

Item 
1. Primary Vessel 

- Inside Dia. 
- Length 

2. Secondary Vessel 
- Inside Dia. 
- Length 

3. IHX 
- Outside Dia. 
- Length 
- Tube Dia. 
- Tube Thickness 

4. Steam Generator 
- Outside Dia. 
- Length 
- Tube Dia. 
- Tube Thickness 

MDPR 

1180 
2970 

2400 
3000 

219.1(8") 
2100 
19.05(3/4") 
1.245(BWG18) 

219.1(8") 
2175 
19.05(3/4") 
1.245(BWG18) 

300 MW 

9000 
15500 

14400 
16100 

1700 
12400 
21.7 

1.0 

2180 
11650 
25.4 
2.4 

Remark 

to roof slab 

to roof slab 

to roof slab 

to roof slab 

A * - * £ # 4 3 * A 4 1 314 P & I D * n 3 3.604 3"4. 

£ # 4 # 4313: 3141* t 4 # 7 4 41# #4*114 # 3 31 A * 4 4 4 

# 4 O | ^ D £ «.^A)^.Efl^- compact*!- 4 * 3 1 * 4 " 3 * * A 4 3 4 1 7f 

# 3 : £ # 4 # 4 3 1 4 A 3 A 4 , 4 3 4 4 4 4 * A 3 1 4 4 4 3 * 3 4 

overlap 3 4 4 3 4 3 1 4 4 4 3 1 4 A S # 4 ^ 4 

SG4 shell thickness* 3143- 3141* SG4 # A 4 l 4 4 elasticity* 

J I B ] 4 4 0 4 4 , 4 z^£_ factors74^ leak 4 * # 4 4 pressure rise74 3 4 . 

4 4 7 4 SG4 shell thickness* 3 1 4 4 * 4 * 4 # 4 3"4. 
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H EMP M COOLER r—•» 

i fyfl fVT] 

I 

ATXX A 9 A,C n .. j 11 r 11 
' n T l A '

 r i a
* x <*—**» r-Suruc Tank 

Manifold J 
­I«»MJI}W­UI4* 

©■ 

db 

J iAJxp^^ 

Se pan lor 

Lili 

m 
< 
bl 

f 
I EMP 

1 

Sodium 
. Feed 

Druiii/Stumgc 
Tank 

SG 

® @ ® <H> 

Wai l * Gat 
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Fig. 3.60. P & ID for sodium­water mock­up test facility (MDP) 



Cross sectional elasticity of a pipe 

Ka 
E - e 

Ka : cross sectional elastic modulus 

d : pipe diameter 

E : elastic modulus(Young's modulus) 

e : pipe thickness 

Velocity of pressure wave in a pipe 

a = 
#(K/P) 

#U+K/Ka) 

Q : velocity of pressure wave 

K : bulk modulus 

p : density 

# 4 A ^ 4 l 7 i 7>-g-4ji 04^ ^SL 3 4 * 4 4 4 4 cyclone separator 

* 3 1 # 4 * 4741*4 4 3 1 * # 4 4 * 3 4 S 4 n 3 3.614 £ 4 . 

Cyclone separator4 vent system* vent t rap* 7 4 * 4 * : 3 S 4 electric 

ignitor* 7 4 * 4 * 40] # o _ 4 , upstream # 4 1 * check valve* 44*114 

4 4 . 4 31 rupture disc4 setting differential pressure74 ^7l(appx. 0.5 
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Fig. 3.61. Schematic drawing of the cyclone separator 



kg/cm2) 31*41 check valve4 A P * JL4*)14 4 4 . 

Pipe size* 74444 4 4 normal velocity* 5~6 m/sS 4 A 3 A 4 , 

demonstration plant4 3 # 4& 444 4 # 3 4 * 4*114 8 m/sS JLBJ 

4 A 3 4 . 

4441 314 plot plan4 layout* 33 3.62 3l 3.634 4 4 4 3 4 . 

# 4 3 3 4 4 3 1 * 4*11 3 # 4 A 3 * 33 31 standards* 4 * 4 

- Pressure vessel 

• Nuclear vessels : ASME Sec. HI 

• General pressure vessels : ASME Sec. VHI, Div. 1 & 2 

• Welding qualifications : ASME Sec. DC 

- Tanks 

• Case by case : API Standards 

- Piping 

• Power piping with Addenda, Ob & Oc : ANSI B 31.1 

• Nuclear power piping with Addenda 7b & 7c : ANSI B 31.8 

with Supplement 8b 

- Pipes & tubes 

• Stainless steel pipe : ANSI B 36.19 

• Tube dimensions for heat exchanger : API Std. 640 

(4) 4 components41 314 4 4 4 4 #313 

£ 4 3 3 4 4 1 314 31^ 31 4 * 4 3 1 * * * J 4 £ 4 3 S 3 1 4 4 4 3 4 

4 components^ 4 4 4 3 1 4 4 # 3 1 3 * * 4 * 4 £4. 
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Fig. 3.62. Plot plan of sodium-water reaction test facility 
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(D £ # 4 

A 4 * 4 41* ##*1)4 # 3 31 A * 4 4 4 * 4 3 A 4 4 3 * #4 
S 4 * * 4 i ^ * ^ 4 4 compact431 H 347441 3)4 7))^44 4 4 . 

MDPR414^ 4 A ) ^ ^ * compact4 4*31 * £ - 3 # * A 3 A 4 , £ -£ 

4 S 4*41 active component74 CRD ^o)7l nfl̂ oi) o]% . 0 . 4 ^ ^ 4 4 

4 4 4 4*41 3**114 4 * £ A * 41* 4 A n s 4 * 74*3 31#41 % 
74s 4 # * ^313: ^ A * & 4 A 3 4 4 4 . 

4 * * 7 ) 4 # 4 3 A * CSCC(Caustic Stress Corrosion Cracking)A 

4 * chemical corrosion4 4 #3174 4 4 4 * i # - # £ # #41 £ 3$ 
4 4 4 ^ 74*^0)4. o)^ -§-7)4 43#31 4 * A 3 A 4 43*1441 4 

4 £ ^ 7 i s 4 * 4 4 404 #4- #3l?4 & 4 A 2.TLS}TL 4 4 . 
BDBE (Beyond Design Basis Event)4l 4 4 £ * 4 125 kg/sec *A 

S 60A #4-41 * # € 3 # 4 1 * ^74s cavity4S *c>#47l 3l#4l cavity 
# lining 4 4 4 4 4 # 4 4 74^1* 3-3- 2114440) «]-4. 44A-I MDPR 

4 3 # 4 ) * steel lining* 35 mm *3)S 4 A 4 A 4 inert gas # 4 7 ] * 
* 4 4 A # 4JL 4 4 . S 3 steel liningAS support structure 4 3 - * # 4 
41 4A 3 4 31 #41 4#£41451 * f̂l74 $ 4 . Inert g a s # 4 4 S ^ 3 3 " 
3141* 4 * inert gas* # 3 4 4 * 4 4 * # 4 4 4 & 4 £ 4 £ # 3 4 
4 # 4 4 4 7 4 4 3 4 &4. 4 * ALMR (Advanced Liquid Metal Reactor) 
3 # i # 44S74 # 4 4 * compartment4 * 4 A 4 # 4 4 4 . ^ - 4 4 
4 £ BDBL4 4 4 4 4 4 4 4 4 3 : * 3 * tfSM $ 4 31 #41 °}4 4 
tb #4-4 £ * * S1AS **4J444 H 3 4 4 . 

(2) *4 1 H3 4 

24 A # 4 4*(480t:)4 * 4 4*(200t:)74 #441 4*41 *3144 
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31*41 #A4(280t)74 4 4 4313-41 #3174 3 A H S SG4 4 3 * 

9Cr-lMoAS 4 £ # # A 4 4 4 3 4*14 stress # 4 1 * #3174 £ 4 . 

JA # # A 4 s 4 4 4 SG4 compact4-74 74*44. 

#7114371414^ i # * drain 4474 # 7 4 * 4 4 &# 4=4 i # 31 
#41 ^ 4 4 4 4 3 4 4 A S 374 31 # 4 4 4 4 4447)1 4 4 4 4 4 * 
# 3 4 4 4 4 * 3 1 4 * A 4 4 #3*41 thermal inertia74 4*1 # 4 4 4 . 
4 4 3 3 3 A S 4 4 4 # 3 4 4 * 4 * 4 A * 4 4 # A 4 « # 3.7] 3) 
#41 33] 4 A S # 4 4 4 . £ * 4 ^ - 3 4 74*,] 74 *4#44 * 4 A * 7 l ^ 
A3: 3 * 4 1 * MDPR4 3 # 4 4 4 3l7fl4 * 4 ^ - 3 4 s 4 ^ 4 4 74*4 
4 31 #41 ^ 4 4 4 * 4 4 s ^ 3 74*44. IHX4 SG44 M i l # 3 4 
# 4 4 4 744*^ * 4 4 4 H 4 . ALMR4 3 * 4 1 * # 3 34441 14 
^471131*414 24 ^47l l s <M3il4 4 4 ^ 3 # 4 l * 440) ^ 4 0 ) 4 
MDPR414* conduction^ 4 3 <13il4 4 4 3 1 4 4 4 31*41 744*4 
4 * 4 # A43: ^A74 8 4 . 

® EMP 

* # 4 3S74 center return type 47] 3l#4l 3 3 4 4 4 # 4 # 4 

4 A S 4 4 4 * 4 4 4 4 . JA3 3 3 * A * #4441 44*114 4 A S 

4 4 # 4 413-44 4 * 431s ofl^H * 3 4 31*41 ^ 4 4 # #314 

4 4 &*4 . ALMR4 3 * # 4 A * 4 4 1 access74 7 l * 4 4 £ # 3 3 4 

4 A 5 4 £ 4 * # 7 4 * 4 4 . 

® Rupture disc 

#4314 cover-gas # 4 4 A3144 4 4 # 4 4 A 4 4 A S & * 4 

4 431 £ # 3 3 * 4 3 1 * 4 4 4 3: 3 A S 41444 MDPR4 3 # * 4 
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3 * 4 4 * 4 4 £ 4 3 3 - # 4 4-S4 &A, # 4 & * * 4 4 4 A S A4 
4 3-3AS 4 * 4 A 3 4 . 

© Leak detector 

ALD ^ CLD* i # 4 l 3 4 3 4 431, 4 4 31 *4A*4 l 4 4 * 4 

3 A 4 , 3 4 4 4 4 31 #41 ALD4 74*4 A #474 # 4 . £ 4 * ^ A # 

4 4 A J L # 4 i # 4 3**114 4 A S 31* 4*71)14444 3: 3 4 4 . 

CLD* steam generator #*4l7-) sampling A S 4 # 3°14 31*41 

4 * 4 # LMRA4 # 4 &A4 7f^(Na4 3 * 4 4 &*)4 4 4 * # 3 
4 * 3 4 AS 3A3: sensor* # 4 4 ^ * 3 4 

4-. Pool^ KALIMER System 

(1) 4 A 

KALIMER 7))^4 -L # £ 4**11 A £ 4 ^ ^ ^ ^ (MDP, Modular 

Double Pool Type) ^ # A S * 4 poo l3AS £ 3 341 4 4 # 4 * * 4 

# 4 * 4 4 4 S 4 4 * 4 3 1 4 3 A 4 , i # - * £ # # 3 * * H 4 4 4 4 

3- * A 4 4 3 3 - 4 * 4 3 1 4 4 4 4 4 KALIMER4 2 4 31 # # A € 3 

4 3 A 4 1 - 5 7 ) 3 . scale-down factor* 7 J 3 4 3 3 . ^ , # 4 1 1 3 4 ^ * 

4 < i A 4 4 # i 3 - 4 2 4 3 1 # 4 # 3 3l 4 ) 4 4 * 4 * 3 1 4 4 4 * A 4 

4 3 3 - 4 4 # A 31 geometry * # ^ 3 4 3 4 . 

(2) KALIMER 2 4 31 # 4 3.*} 4 4 -

(74) £ * 4 31 A € 3 

KALMER4 2 4 31#41 4 4 4 4 4 4 3 4 « M * ^ 3l 4 4 3.7] 

7} ^ 4 4 4 4 * & 3 A 4 4 3 3 - 4 4 3 ^ * 4 3 - scale-down factor ^ 
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3 31 24 31#4 4-^ 3 4 # 3 * 41344 4*114* 4 s s ^ ^ 4 l 4 

4 4 # # # 4 4 4-3 3 ^ 3 3 - * 314444 4 4 4 * 4 4 4 4 * 3 4 

3- * A 4 *474 A * 4 4 . 4 4 4 1 4 4 A S 4 * 4 2 4 74444 4 ^ 

** I434 . # 3 24 31#4 71)43 * i * 3$ 3.644 2 4 A 74343 

4. 

- cold legS4 * * 4 4 4 i # 31 3144 St4. 

- * ^ 3 A* EMPS4 # 7m3 4 4 4313* 4-8-H4-. 
- heat transfer tube4 A4=* #4-^^4-71* straight, * 7 ] ^ 3 7 l * 

helical coil* 7}-g-44. 

- # 4 1 3 4 * 401^7] ^ A | 7 ) 5 . 4 ^-£ tube sides * L S 4 ^ 4 4 

* ^ 4 4 * * 4 7 l 4 4 4 A tifl#44. 
- * 4 1 4 3 4 4 # 4 1 * cover gas4 4"*4 # 3 ) 4 4 , 4 * # 4 i-i-4 

#J£^441 4 # * # * 4 4 4 A S £ A 4 expasion tank* 4 4 4 4 
&*4. 

- # 4 ^ - 3 4 4 # 3 * 424 MWtS 4 4 . 4 * 330MWeS*4 271)4 
* 4 ^ - 3 4 # 74^-431 jL-i- 40% 31 744-3A4 4 £ * * A 4 4 3 
44. 

- 13^-31* * 4 # 4 4 7}S74 * # 4 s . s 40]) tfl*l)4^ PRISM4 
3144* 4 * 4 s s oi-g-4^4. 

# AS-o.^4 7 ] * * ^ * junction^ 4 4 branch*4 4 2 4 4, 

junction414* 331A34 3 ^ 4 4 * 3 4 4 . 4 4 4 24 31*4144 ;£-§-

- # £#41 43- 4-34 3 i l 3 3 - * *fl444 4*114* 3144 4 * 314-

3 ) # * branch-boundary 3 3)4 A ^ S £ * 4 4 4 4 3>4. 4 ^ 4 4 9k 
4 3 KALIMER 71)44 24 3l#AS 4 SL^i* *34^o . T J | ( 7 i 4 * ZL 

^ 3.654 2 4 . 4 "̂ -̂ 4)74 ^ 1 * boundary junction* 44314 4 3 * 
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secondary loop of KALIMER 
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branch* 4 4 3 4 . £ A * 4 4 branch number 3l junction number* 4 

4*14. 

(4) 314 2 4 31 3% 
4 4 A ^ 4 1 4 ^ 4 4 * 4 ^ - 3 4 4 ##414 * 4 * # : i 3 # , 24 

4 * 4 4 # # 4 1 4 4 4 4 4 4 4 3 4 £ 4 * ^ 3 3.664 2 4 . 4 ^ 3 4 
4 A * 4 4 2 4 £ # # 4 3l * 7 l H 3 4 4 4 # 4 4 ^ 0434 447)) ^ 
#(fluctuation)4A 3 # * 4"* 3 * 4 4 * #4113714 3"* cover gas 
4 4 * 4 4 4 3-^441 4 4 3 4 4 £744 33-4 31*44 31#44. 
rupture disc* 4 20 msec £41 4 1 4 4 4 3 4 4040,5. * 4 4 J L 3 A 
4 # 2 1 ^ 4 4 1 4 4 oj-^^ tiJ.^ol 4 4 4 ^ Aov^4^cd 0^0} O)PI 

# 4 ^ * 4 1 A £ * * 4 4 1 4 * 4 4 4 4 * 4 A 3AS.S 4 3)74 4 A 4 4 
4 * 443)3) 4 4 374441* ££L4 2 4 2 * J L 4 4 4 4 4 4 . £ 4 
4 744 «i*4 44* - 4 4 4 4 4 4 4 * # 4 4 , * # # , # 4 ^ 3 4 4 
* 2 1 ^ 4 4 2 4 4 4 3? 24 31#4 3.7] (scale) * 4 43*r A 2 4 3 A 
4, 3 2 4 * 4 4 ^ 3 3.67, 3.68 3l 3.694 2 4 . ^ 3 3.66* * * # # 
4 ^ # 4 0)44 <3 <§:-§- 44i4)# 3 A S 4 * # 4 4#414 4 4 4 * 3 
# 4 1 * £ * * 4 4 4 4 4 &4 # 4 4 * 3 * 3 1 4 4 A * 4 4 4 4 3 ^ * 
&4 &4. a 4 4 £ # 4 43^* 51414 4 4 3 4 4 2 4 4314 4 4 # 
# # # 4 0.45 #41 4 3 1 4 A 3 4 . 

3$ 3.68414* * 2 4 A 4 4 4 # 4 1 4 3 4 2 4 4 4 4 4 3 * - 443) 
JL 4 A 4 , 4 ^-3414 A * 4 4 2 4 4 20m 43"4 4 4 4 4 ^ 4 4 4 
43=4 &4 &4. ^ 4 4 20m4l4 £ 4 * 4 4474 3 * 341 31*114* 
4 4 # # 3 - 4 * # 4*1144 # 4 A 3 4 . 3% 3.69414^- 24 31#4 3 
441 4 4 4 £ * * 4 4 431 4 4 4 £ 4 * 4 4 3 1 * 3 A S 4 * * # # 
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Fig. 3.66. General trend of pressure transients at various point of 
secondary loop for large scale of water leak, calculated 
with this model 
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Fig. 3.67. Effect of leak location on the maximum pressure of IHX 
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Fig. 3.68. Effect of distance between IHX and SG on maximum 
pressure of IHX 
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Fig. 3.69. Effect of leak rate and scale on the maximum 
pressure at reaction zone 
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41 4 4 4 4 * 4 4 * 4 ! - 7 4 4 A 3 A 4 4 4 4 4 * 2 i 4 * 3*#* 4 

4 3 U 3 4 . 4 4 4 4 4 A 31441 4*114* 24 31#4 A 4 4 # * # * 

4 4 * 43-4 2 : 2 4 4 # 4 3 - 43=4 4 2 4 * 3 * 2 * 3 A 4 , 4 ^ 

4 4 4 1 4 ^ 2 3 4 4 4 ^ 4 * . 4 4 £ 4 * 41 # 4 * 3141 # 43=* * 4 

# 4 4 A 3- * 3 4 . 

(3) Scale-down factor 2 3 
§14)74 4^-3- 4 4 2 4 £*#44)744 4 ^ 4 ^ ^ . scaie-down ratio 

41 431 Si4 leak rate4l 4 4 4 4 4 3 4 #(12~13 bar, 3$ 6 4A)# 
71-45.3. scale-down factor* 2 3 3 : #74 3 3 A 4 , 4 3 4 4 3 * A # 
2 3 4 4 4*11 KALIMER4 #411371 3l # 2 4 ^ 4 4 # 2 4 3 24 31 
# 4 * 4 31 4 1 4 4 * 4 * 4 ^ S 4 4 scale-down ratio4l 4 # * 4 4 4 
# 4 3 4 . 3 2 4 4 3 TTA4 scale-down factor* heat load scaleS 
1/256 (linear scale* 4 1/641 *fl3)* 3 3 4 3 4 . 4 * ^ 4 S i # - * 
£ # * 3.9] A)rgd\] A)~§-«4 SG model 3] IHX model # 4 4 4 ^ 3 1 * 
* * J 4 3 4 . 

4 31 74*4 KALMER4 * A 3 1 4 4 S * 1 # 3 ; 365xl06 kcal/hr, 
i # 4 2 # * A ; 8xl06 kg/hr, 4# 4 3 ; 30 inch* 4 * 4 4 A , * 4 H ^ 
4 * helical coil typeAST) -fj-ja 47J; \y4 [nck * A 2 4 ; 89.7 m# 4 
# 4 3 A 4 , * 2 l A 4 7 l * straight tube typeAS74, *j± 4 3 ^ bundle 
2 4 * 4 4 1 inch, 8 m» 71*444 . 0)5. «-E) A ^ rf£( scale-down 
factor 1/256)4 3 ) 4 4 * 1*4.' 1.4xl06 kcal/hr, A # 4 2 3 * A ; 3.1xl06 

kg/hr, till4 4 3 ; 2 inchS 3 1 4 4 3 A , # 4 ^ - 3 4 * helical coil typeAS 
* A 4 3 ; 3A inch, * A 2 4 ; 9.6 m s 31443A4, * 2 l A 4 - 7 l * 
straight tube typeAS * A 4 3 3\ bundle 2474 4 4 V2 inch, 3.6 mS 
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314434 . 4 4 4 * A 3 1 4 4 * * s. 3.174 2 4 . 

(4) *131 7]& 

* 3.9] 4 3 4 4 * i # - # £ # 4 3 * **J44 341 # * 4 * 4 4 

# A 4 4 4 4 3 * 31 24 31#41 4 4 * 4 3 3 4 # 3 , * 2 4 s ^ 7 l 4 1 

744 4 4 transient 3l 74i JL\# # 3 * * 4 4 4 4 SPIKE 3l DIPRE 

(Discrete two-phase PRessure Effect) 33% 2 * 4 7 l 4 4 4 3 4 2 4 

4 . 

#411371* - 7fl4 a.Tg s S G Model-14 SG Model-2S 4314 

3 A 4 , 4 * 4 4 4 3 * shell4 4 2 S 4 model-14 3 * # stainless steel 

4A, model-2* 043.244. Model-24 312* o}3.Is 4 4 * * 4 3 

* # 4 4 4 4 3 4 # 3 31 74A *-§- # 3 # # * A S 4 2 4 4 4 4 4 

4 . 4 4 4 model-2# 4**4 T^-fo^ 4 ^ 7 4 i 4 4 3 AS 4 * A » 4 

4 4 4 A , model-l* 4 * 3 : 3)41* 4 4 2 3 #11* model-14 2 4 2 

i » 7 4 * 4 ^ «0v^4 PressurizerS4 10 bar 3 A 4 # 4 4 4 * 2 3 4 4 
* * 744 uov£* *8<8*M ^r*m 41344. 
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Table 3.17 Major parameters of the SG, IHX and 2nd. system on the 
scale-down factor 

Heat Load Scale 
Description m 

IMHIIIIIIUM'H 

1/4 1/16 1/32 1/64 

A Physical Parameters of SG 
- Sodium temp (in/ out) "C 
- Water temp (in/out) "C 
- LMTD TC 

t tmmmEUtUU 

510/346 

215 6/490 
589 

B Heat Transfer Area 
- Heat output kcal/hr 
- Mass flow rate of Na kg/hr 

T-Tpqt t r ^ n g f o r orpQ ran 

8 8 ^ 
91 E+06 
2 E+6 
7T7 « 

23 E+06 
5 E+5 
1 M ^ 

11 E+06 
2 5 E+5 

09 9 

5 7 E+06 
125 E+5 

AP. 1 

C Piping 
- Norminal pipe size, 
- Inside dia., 
- \ olumetnc flow rate, 

in 

m 
3 

m /s 
&m 

16 
0 397 
0650 

8 
0203 
0163 

6 
0154 
0 081 

4 
0102 
0041 

W < « I R 3 N 3 H « » 

D IHX Model 
1 Tube 

- Spec outside dia(t). in (mm) 
No of tube 

- Velocity of sodium. nvs 
- Length of tube bundle m 

Heat transfer area, m 
2 Shell 

Adj inside dia (t) m(mm) 
Area fraction of tubes 

l$Ltl) 1(2 11) 
1216 
152 
80 
776 

129(16) 
0 47 

E SG Model 
1 Tube 
- Spec outside dia(t) in (mm) 
- No of tube 
- Length of tube, m 
- Total heat transfer area m 

2 Riser 
- Outside dia (t) m(mm) 

3 Shell 
- Inside dia(t), m(mm) 

No of tube per one laver 
- Horizontal pitch. mm 
- Vertical pitch. mm 
- No of turn 

No of laver 
- Ad) length of tube bundle m 

in l8i ! i i !7?mijn 

ttf&S) 

frn&m 

m 

1^(051) 
150 
49 3 
738 

041(107) 

1 87(40) 
136 
47 4 
515 
14 3 
110 
90 

3/4(1 83) 
419 
209 
5 8 
146 

0 61(8) 
0 41 

1(042) 
50 

462 
184 

0 22(0 80) 

0 99(40) 
8 1 
37 9 
412 
261 
62 
70 

3/4(1 83) 
210 
209 
5 8 
73 

0 45(6) 
0 37 

1(0 42) 
30 

385 
92 

017(0 71) 

0 75(40) 
5 6 
379 
412 
293 

5 3 
6 8 

1/2(165) 
172 
3 41 
36 
24 

0 28(5) 
0 35 

3/4(0 34) 
20 

38 5 
46 

011(0 6) 

0 50(30) 
46 

28 4 
30 9 
447 

4 3 
50 
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(5) * A * 3 

* 5 .4 4 3 3 4 4 * 3 * 2 4 3 1 * 4 * A 3 4 4 # 4 2 3 4 (SG-

Model-l/2) 31 * 2 2 A 4 4 ( I H X - M o d e l ) # 4 # 4 4 * ( 2 4 * ) 4 # A # 

4 80 °CS # 4 4 4 4 4 # * 3JA-1/2 (Hot Water Tank-1/2), 4 3 2 

3 3 4 4 2A74A 4 A ^ 3] Pressurizer, 4 # 7 4 i Tpj-Eg^ (Compressed 

Gas Surge Tank), * # ^ - ^ A (Water Circulation Pumps), Rupture Discs 

3\ 4 3 3 # 4±Q * A S * 3 4 4 3 4 . 

* 5 .4 4 3 4 4 4 P & ID (Piping and Instruments Diagram) 3\ 

layout drawing* 3^ 3.70-3.734 2 4 . 

Plan d rawing^ 3 3.73 4 ^ ) 3"4)7i i * 4 4 2 4 # 4 2 3 4 4 * 

2 4 A 4 4 7 4 4 4 0 ) 4 7 4 4 ^ 3 m S 4 4 * 4 4 4 4 * 4 3 4 4 £ 3 * 

4 4 2 * 3 * 4 A 4 4 4 4 3 l # 4 4 . ^ 3 3.68414 A * 4 4 2 4 # 4 

2 3 4 4 * 2 4 A 4 4 7 4 4 4 4 4 4 4 4 4 * # 2 4 ^ 4 4 4 4 4 4 3 4 

£ 4 * 4 4 4 4 7 4 4 20 m 4 31 £ 4 * 2 *74 3 A 4 , 2 3 * A 3 4 

4 scale-down factor* 1/6.354 A S 4 A 3 : 3 m 4 2 4 * # 4 * 1 1 4 4 4 

3 1 * 4 4 . 

Shell4 4 2 4 4 A 2 4 SG Model-2« 4-%-Q 7 ^ 0 ^ *7>2:nL47l 

4 # A # * # # 4 4 # 4 2 3 4 ##(shel l side)AS 4 * 4 A * 312-3-

41 2 4 7 4 700 mm4 4 A U £4(spool piece)* # 7 l 2 3 4 S * 4 200 

mm 2 4 3 4 4 4 1 2 4 4 4 3 1 2 4 1 4 4 043 4 4 ^ * * 2 3 1 * 4 2 2 

* 3 A # 4 3 4 . 

(6) 3 4 231, 314 31 2 4 

KALIMER* J Z 2 3 4 2 4 4 * 2 31 4 1 4 4 * 3 312 2 4 * 7 4 4 A 

* 5.4 4 3 3 4 * 2 3 1 4 3 A , 2 A **41 4 4 3124 A 4 * 2 3 4 3 
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Fig. 3.70. P & ID for water mock­up test facility 
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Fig. 3.71. Iso-drawing of the water mock-up test facility 
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Fig. 3.72. Section drawing of the water mock-up test facility 
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Fig. 3.73. Plan drawing of the water mock-up test facility 



A4, # A / 2 3 314 31 44314, a 4 ^ 4 4 , 4 4 4 , 3 3 ^ 3 4 $ 
relay * * control panel41 2 4 ^ # 4 3 4 . 2 3 3 4 * 2 3 4 3 # 44 
% ol-g-44 ^ 4 4 cflolen- Data Acquisition System* # 4 4 # 4 2 

41344. 
*_a. 4 4 404^ K 3 1 8 4 ^q . 

(74) # 4 2 3 4 (SG, Steam Generator) 
# 4 2 3 4 * * # # S 4 SG Model-14- SG Model-27)- 4 4 . 

Model-1* shell 3)34 stainless steelolJL, Model-2* shell 3 ) 3 * 4 A 

2 s 4 4 2 3 * # 4 4 2 3 3 4 # 3 3] 74A A * # 3 * * * A S 
2 2 2 * 3 A # 4 3 4 . # 7 ) 2 3 4 4 * A * helical coil44 4 4 3 (5 
layers)AS 4 4 3 4 . * 4 2 3 4 4 #3*41 3 * Riser 4 # 4 3 * * 
A # 4 l £ layer74 4 4 4 4 # # (shell side) 314 7440)01) 01^ ^ 7 } 

5£ layer74 2 4 . * A 4 4 3 * 1/2"44, 12 layeHH 5^ layer 4 4 4 
2 4 * 4 4 4 41, 49, 56, 63, 71 mS4 # 4 2 3 4 1 set3 331 2 4 * 
4 280 m74 2 4 . 4 layer 2 4 2 4 4 * ^ 4 4 (horizontal pitch)* 19 
mm ° U # 4 4 4 (vertical pitch)* 21 mm 4 4 -f t̂i bundle4 2 4 * 
1300 mm 4 4 . A 2 #J±* friction4l 4 2 4 2 * 2 * * 4 4 4 4 4 # 
£41 o)-g-D)i74 &* *j± (seamless tube)4 * 4 4 TJ o) A}, o ^ ^ ^.^ s 

4S74 3 * roll tube* 7 4 * 4 4 4 . 
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Table 3.18 The specification of the main equipments 

No. 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

Item No. 

H-01 

H-02 

H-03 

V-01 
V-02 

V-03 

P-01 

P-02 

S-01 

S-02 

Equip. Name 

SG Model-1 

SG Model-2 

IHX Model 

Hot Water Tank-1 
Hot Water Tank-2 
Compressed Gas 
Surae Tank 
1st Hot Water Circ. 
Pumo 
2nd Hot Water Circ. 
Pumo 

Pressurizer 

Rupture Disc 

Material 

SUS 304 

Shell : Acryl 
Others : SUS 304 

SUS 304 

SUS 304 
SUS 304 

SUS 304 

Spec. 
- Type : Helical coil 
- Shell : 420mmOD x 2750mmL 
- Tube : 

+ Size : 1/2" x 13 BWG 
+ Pitch : Horiz. = 19 mm 

Vert = 21 mm 

- Type : Helical coil 
- Shell : 420mmOD x 2750mmL 
- Tube : 
+ Size : 1/2" x 13 BWG 
+ Pitch : Horiz. = 19 mm 

Vert. = 21 mm 

- Type : Straight tube 
- Shell : 8" OD x 1750 mmL 
- Tube '■ 
+ Size : 1/2" x 16 BWG 
4- XSrr-U ■ E / Q " I - 1 

- 30" OD x 1000 mmL 
- 30" OD x 1000 mmL 

- 12" OD x 1000 mmL 
i 

Body : SUS 316 
Piston : SUS 316 

SUS 304 

- Type : Air drive liquid pump 
- Model : Haskel MS-7 
- Air supply press. : 1.8—9 bar 
- Air drive flow : 15 scfm 
- Max. out press. : 63 bar 
- Power : 0.25 kW 

- 3" flange type 
- Setting press. : 7 bar 

- 4 8 7 -



# 4 2 3 4 # # (shell side)4l* * 4 4 4 4 4 , # A * (tube side)4l 

* 4 * 2 431S # 4 . 
*7l237l 4*41 # 4 2 3 * 744* 2 4 s * * 744 * ^ 4 2A 

4, 4 4 * 3A 74^* 4 * 4 4 * 7 l 2 3 4 4*41 2 * *A 4 4 2 * 

4 2 4 4 * 2 4 4A, 4 # 4 4 * Pressurizer A * Water Hammer/Piston 
* 4 * 4 4 4*414 2 3 * 4 4 * 3 4 4 4 . SG Model-2414* 4744 
2 ^ * 4 # 4 A , SG Model-1414* * 744 2 4 * 4 3 # 2 413 4 4 . 
# A 4 4 4 4 4 4 * 3231 coil4 44 31 coil 4 4 41 01 o.D)> A ^ O ^ ^ 
2A 4 * A * S * 4 850 mm ofeflofl 014 ^ ^ ^ 4 24! 4 # * (shell 

side) 2 # 4 4#41 2 3 4 3 * 4 4 * 2 4 4 4 #7123 714414 4 2 
3 4 * * #3431 4 4 , 4 * # 3 4 4 4 4 4 4 2 3144* Data 
Acquisition System* # 4 4 2 4 3 4 * 4 4 4 4 4 4 . A 4 * 4 2 3 7) 
bottom head4l* 442(Rupture Disc)4 2 4 * 7 l 2 3 4 4 l # 4 2 2 3 
ofl 4 4 4 42431 4 4 4 4 4 setting pressure* 7-8 kg/cm2 014. 

SG Model-1 31 SG Model-24 231 3 1 4 3 * ^ 3 3.74a,b,c 3l 3^ 

3.75a,b,c4 2 4 . 

(4) # 2 4 A 4 7 l (IHX, Intermediate Heat Exchanger) 
* 2 4 ^ 2 4 * straight tube typeAS4 4 3 4 1/2"2 #A7f 667)) 

4 4 4 4 , * * # 7 ) 2 3 4 S # 4 IHX4 Risers ^ 4 4 4 # A # # * t * 
* # 4 4 * 7 l 2 3 7) # # A S £1*04 4 4 . * t j_* * ^ ^ # 4 4 * 5"s 

4 3" 3)24 42431 4 4 2 A 4 4 3) 9l7i ##(fitting)# 4 2 4 3 3 

4 5"x3" eccentric reducer* 2 4 4 4 3)23-41 air pocket°l 2 3 4 4 & 

A # 4 4 . 

* 2 4 A 4 7 l 4 23) 3144* afj 3.764 2 4 . 

- 4 8 8 -
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Tube Size = 1/2" OD 
Horizontal Pilch = 19 mm 
No. of Tube of One Layer = 5 ea 
Inner Riser Size = 170 mm OD 
Tube Support. will be decided after Vendor selected 
Tube Material: SUS 304 

( f l |5 f£JO| |A lg*r£r7 |£ f i2 | * r ° , 3 S) 

S/G HELICAL COIL DETAIL"A" 

Tub* 4 | > P»P« 

' " ' ' I 1/3-

l / r iubo j T j j j 

1/«"lube J ! j | 

j L j Slwl O O 
SI~.HO ^ _ J [ 

Nozzle ID = 2 067 (2" SCH 40) 

Detail of Nozzle (?) Helical Coil ° j g Nozzle ( p , ® 

HEAT EXCHANGER DESIGN DATA 

Korea Atomic Energy Research Institute 

*t*l£$ yzfXI E'S'Cft &? 

Slesm Generator Model I 

OKGOAIE 

* I! I! None 53IS4SWH-OI2/3 EA 

Fig. 3.74. Data sheet of the SG Model-1 (b) 

http://SI~.HO


Tube Size = \I2' OD 
Vertical Pitch = 21 mm 
No. of Turn = 60 

S/G HELICAL COIL DETAIL "B" 

HEAT EXCHANGER DESIGN DATA 

H41 Korea Atomic Energy Research Institute 

nui Wxfz'&aitf°<? 
Steam Generator Model-1 

owo O»TC 

•*. it ir 
SC/UE 

None UIS4SWH413/3 "A 

Fig. 3.74. Data sheet of the SG Model-1 (c) 
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Tube Size= 1/2" OD 
Horizontal Pitch = 19 mm 
No. of Tube of One Layer = 5 ea 
Inner Riser Size = 170 mm OD 
Tube Support: will be decided after Vendor selected 
Tube Material: SUS 304 

(4|3r3oi|Ar8Xrfip|eftj2| *r°4 3 9 ) 

S/G HELICAL COIL DETAIL"A* 

p«pt 

Shall O 0. 
Shal lD 

Nozzle ID = 2.067 : (2" SCH 40) 

Detail of Nozzle ® Helical Coil gjg N o z z l e ® , ® 

HEAT EXCHANOER DESION DATA 

H02 Koraa Atomic Energy Research Institute 

*IHg»> VW Z>£W« &? 

Stum Generator MoM-2 
OWO DATE 

■W 12 If 

SCALE 

Nona S3tS*&W-H4IZ3 e
A 

Fig. 3.75. Data sheet of the SG Model­2 (b) 



Tube Size * 1/2" OD 
Vertical Pitch = 21 mm 
No. of Turn = 60 

S/G HELICAL COiL DETAIL *B" 

Fig. 3.75. Data sheet of the SG Model-2 (c) 



REMARKS 

1 Domxmar{') rSCH40Ppe 
2 Girth Flange 330'x W 

I©£iQE3i3M> 

NOZZLE ORIENTATION 

JUL. 

»• 
T-

AMSXOH 
ANSI XXXI COUP 
MOItSU 

fW i \"n 
X£0. 

*f+V-

■» 1 

_£W«1 

WALL 

mTHKSS 

JS_ 
JSL. 

mmi a. 

C*fc1 

NOZZLE 4 OPENJNO SCHEDULE 

NOZZLE NECK 

NOZZLE FLO j SUSm / ttSJP/j GIRTH FLci SUSXM I SVSM 

\ INSULATION 

MATERIAL 

I IMPINGEMENT BAFFLE^ 
INSULATION CLIP 
EARTH LUO 

SLIDING PLATE 
ANCHOR BOLT 

ACCESSORIES 

FLUID CIRCULATED 
SPECIFIC GRAVITY 

TEMPERATURE 

RADIOGRAPHIC EXAM 
POST WELD HEAT TREAT 
JOINT EFFICIENCY 
SURFACE PREP (EXT I INT 

SEISMIC COEFF 
TYPE OF HEAP 
BAFFLE 1 TYPE 

FULL / SPOT / NO PULL / SPOT I NO 
6 YES, O YES. a NO 

| FIRE PROOF | Alp" 

I WNOVET" 
; 1 ELLIP > DISH / FLAT / CONIC / HEMISPH / TORR IS 

%CUT. VERT IHOR 

NO S 
SIZE 

_TYPE_ 

QTY" M (EA) OO \B (IN/MM). SEAMLESS/WELOEO 
H (MM/BWG) LENGTH HOP MM 

CORROSION ALLOWANCE 

WEIGHT (ESTIMATED) 

I SURFACE AREA 
j MM I HEAD I 

nmiAsi* sec K tm i 
MM LENOTH IJ3I 

HEAT EXCHANGER DESION DATA 

tun Korea Atomic Energy Research Institute 

*4g+* wi stem* &■? 
IHX Modal 

DWG DATE 

•» // // 
SCALE 

None 53154-SrWJHU "A 
Fig. 3.76. Data sheet of the IIIX Mode! 



(4) £^r 3JA­1 (Hot Water Tank­4) 

^4 K A L M E R 4 £ ^ 2,7^0]]A] oj­^ 7)3} ^ 7 i _^ ­g.^. ^ ^ ^ 

*47l ^oflAi^­ ^ 7 1 ^ ^ 7 1 1414 ^47} ^741 ofl A]^ O } ­ ^ rz}^A] ^7}^*$ 

71 Si # S ] £ 5 . ^ t J M ^ S J g . f ^ L r ^7l^>«7l l f lS l ^ 7 1 1 ­ ^174*471 4 

*M # 4 £ £ . « ­ 1*}3. 74^1^4^ # * M 4 . °1 ^Aoflir ^ ^ 8 : ­ f M ^ l 

4*11 Vacuum Pump74 " g ^ s M ^ A ^ , •& £.3:^.7] ■§; ol­g­^o} ^3.% 4 

^ W l 4 4 . 

£ ^ ^3-19] 4_T]} cfloiEi^ H ^ 3.774 £4. 

(4) -Zr^r 3JA­2 (Hot Water Tank­2) 

7lA ^ S ^ # * M 4 . 4 ^ ^ a ^ l ^ r 4 4 Water Circulation Pump74 

^ ^ ^ l ^ XẐH # ^ r ^ ­ g ­ ^ l 4 4 . 

^ ^ 3) £1­24 ^TJI L41O)E4^ n ^ 3.784 ^ v 4 . 

(4 ) 04^ 7 4 i * | # E§3L (Compressed Gas Surge Tank) 

ol *§EL±± %± bombs5.­¥­E4 ­ ^ 4 ^ A 7 4 ^ # <£& ^ ^ ­ § 4 ^ ^3L 

A ­̂4 °J3 4 3 ( 4 7 kg/cm2G)4" ­fr­*l*H &7]^$7]3\ ^* 2}<£A] oj£. 

$.4. ^7li4^7Hl £7} o^^_ 7}fs}7] o | ^ H ^ ± ^ ­ o j ^ . ^ 01 Eĝ L 

4 ^ 7 l M 7 l Afojo] ufl^AVo,! , y * | £ ^ e f l ^ o l l L »l*% o i ­ g ­ ^ 4 . 

4 # 7 4 ^ 4^ ^3.9] ^TJl cfloiEl^­ Z L ^ 3.794 £ 4 . 

°14 £°1 # 3.9] A]^6\] Af-g-14 71711-^- ^TJl, *||*HyM 1 4 ^ A5. 

7171 *3*lf. 4 ^ - ^ ^ A n l , ufl^, « ^ ^71 ^ JMrAl^s. ^ 1 4 ^ 1" 

ASl A l ^ ^ ­ ^o­J^­ a))^olr4. 
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■U 
- J 

REMARKS: 

' : SG Vendor ti8 * SS 
\. Band Heater i i *l ( Sifpted by Omar) 

& & 

wrzpf 
­<D0 

NOZZLE ORIENTATION 

MSI Ml 
AUSIiXCI 
wsisxtt 

-LO. J t i . 
USD. 
u£n_ 

_SBUU_ 
mm aoss 
must 

FAO 

J&-
fflfrr) 

J£Uo=L. 

H M H A R F O — * ! 

J S f c i . 

NOZZLE I OPENING SCHEDULE 

I ! 

AteMtMWJita JLLL. 

NOZZLE FLO Sl/S 3H I SUS M4 j INTERNAL I 

NOZZLE NECK 
SKIRT 

J]A22LE_ 

MATERIAL 

INSULATPN CLIP 
O NAME PLATE 

_BAvrr_ 
EXTERNALLAOOER 

SLCMO PLATE 
LIPTINO LUO 
SET BOLT 
ANCHOR BOLT 
ANCHOR BOLT WASHEH 

ACCESSORIES 

WEIOHT (((TIUATED) 

FLUID CIRCULATED 
SPECIFIC GRAVITY 
SURFACE PREP (EXT ANT) 

TYPE OF HEAP 
SEISMIC COEFFIOENCY 

JOINT EFFICIENCY 
RADIOGRAPHIC EXAM. 
POST WELD HEAT TREAT 

PNEUM. 

EMERGENCY VAC DESIGN 

CORROSION ALLOWANCE 
ASMf SEC III. 

J- | F | R » PROOF! 

MAT! : / ,■*«(« .THK « MM. AREA. JtL 
1 1 ELLIP /PISH/FLAT/CONIC /HEMISPH /TORRIS 

SHELL | j HEAD | 

_ * 0 _ 

KJ VWL KGK:M> 

SHELL I 

TEMPERATURE 

UV 1, CIAS* 2 
DIAMETER 

MM | HEAD 
JTYPEl ~ 

V-01 

VESSEL DESIGN DATA 

Korea Atomic Energy Research Institute 

*t*lgs>M y*t1 StSt* &T* 
I BET 

Hot Walat Tsnk-1 

OWOOATE 

tS. 12 26 
SCALE 

Nona ai54-SAY-M1 "A 
Fig. 3.77. Data sheet of the Hot Water Tank­1 
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NAA. 
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JXT 
JW 
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W l 110 

U4&XO0I 
ANSI ISOt 
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XATHB 

REMARKS: 

* . SG Vendor tig * SS 

—«J 

" ; 

H - K D 
♦- JCWRM ; f 

-4 TT<2) V \rz\J 
S| \^|_J^u) 

*^ J_liO» 

NOZZLE ORIENTATION 

COOP 

so 

' 1 
TYPI 

lien 
nr 

' r 
FACI 

FLANOt 

w 
*>«w 

■ 
' 

WAU 

JHt 

HO 
mm toss 

' ' 
UMF 

MO 

' 1 " 
PKOJ CI 

-̂ —————— 

IF 
S O I U M T ) 

» l w l 
M l 
IM 
mm* ax 
Hoi mirk 

• l a v c i 

NOZZLE & 0PEMNO SCHEDULE 

vs 
A 
4> 
A 

un-v 
1*4** 

NO REVISIONS 

GASKET 

BOLT t NUT 

COUPLINO 
INTERNAL PIPE 
INTERNALS 
GIRTH FLO 
NOZZLE FLO 
NOZZLE NECK 
HEAD 

Q 1 

»/ 1 1 
17 1 » 

DATE OR'N 

"' 

CKO AI"P"0 

NOZZLE FIG 1 A l t a J t u lOIRTHFLGl 
NOZZLE FLO SUS KM / SUS M< 
OIRTH FLO / 

SUSXU 

i r 

MATT 
HSULATION CLIP 

INTERNAL 
EXTERNAL 

•HELL / PAO 
INSULATION 
LUO 
LEG 
SKIRT 
SADDLE 

ER 

c 

1 
1 

SUS to* 

SUSXU 

IAL 
SLOINO PLATE 

D NAME PLATE j O LIFTING LUG 
■ EARTH LUG j ■ SET BOLT 
a DAVIT i O ANCHOR BOLT 
D EXTERNAL LADDER j C 
O PLATFORM ! C 

ANCHOR BOLT WASHER 

ACCESSORIES 

PAINTING 
FLUID CIRCULATED 
SPECIFIC ORAVITY 
SURFACE PREP (EXT ANT ) 
INSULATION 
TYPE OF HEAD 
SEISMIC COEFFICIENCY 
JOINT EFFICIENCY 
RADIOGRAPHIC EXAM 
POST WELO HEAT TREAT 

TEST 
HYORO 
PNEUM 
VACUUM 

EMEROENCY VAC DESIGN 

PRESSURE 
DESIGN 
OPERATINO 

CORR08ION ALLOWANCE 
COOE ASME SEC IX. 
SIZE 

ERECT 
OPERAT 

KG 
KG 

EMPTY KG 
F O W KG 

MO 
ml wuer 

e> 
1 1 FIRE PROOF) 

MATL A l M l I M THK M MM. AREA M' 
2 1 ELLIP /DISH/FLAT/COMC /HEMWPH /TORRIS 

! WINO VELOCITY | M/SEC 
SHELL ! | HEAD | 

FULL SPOT NO 
WO 
1 IS KG/CM' 
AIO KG/CM

1 

NO 

YES NO 
J 1 KOACM' | DESION 
19 KOKM'i •'■""■"""'•'■ OPERAT 

(10 "C 
«0 *C 

MM 
DIV 1, CLASS 1 |TYPE| Vltleml 
DIAMETER » ' LENGTH 1000 MM 

VESSEL DESIGN DATA 

ITEM NO i 
V-02 Korea Atomic Energy Research Institute 

PROJECT 
sfJifa'^jr y/2fxt ztsoiq &? 

REQ-ONO 

1 SET 
TITLE 

Hot Wear Tank-2 

™A 

Fig. 3.78. Data sheet of the Hot Water Tank­2 
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vr 
mr 
*»• 

I-

1' 

tax m 

ANStmt 
ASH Hit 

1 

1 
+ 

lit-
3. 

*ov«a 

V 

COUP 
so. 

' ' 
TTM 

i « p n 
nr 

1 
' 

PACI 

FLAWIt 

| NOZZLE 1 

REMARKS 

—O 

. f 

\©JJiZ 
1 1*0° 

6 
NOZZLE ORIENTATION 

no 
tCHAV 

WALL 

NO 
mrsmxs 

▼ 
■IMF 

OO 

1 l 
paw a 

/* 
/ M i 
I M 
Cmemmet Om OX 
CammutX GM k 

H AVICI 

OPENING SCHEDULE 

A 
A ? 
A 
NO 

AbakOmMbi 
REVISIONS 

GASKET 

BOLT 4 NUT 

COU FLING 
INTERNAL PIPE 
INTERNALS 
OIRTH FLO 
NOZZLE FLO 
NOZZLE NECK 
HEAD 

V l i 
OATE 

_.. , , , 

DRN CHD 

NOZZLE F i a l AUtaUu (GIRTH FLG 
NOZZLE FLGl SUSJ04 / S U S J M 
GIRTH FLO j / 

SUS JW 

V 

INTERNAL 
EXTERNAL 

AM} 

1 
1 

SHELL/PAD j SUS XI 
INSULATION J Ktwovl 
LUG 1 SUS XM 
LEO 
SKIRT 
SADOLE 

MATERIAL 
D INSULATION CLIP 
D NAME PLATE 
■ EARTHIUO 
□ DAVIT 

c 
r 

EXTERNAL LADDER 
PLATFORM 

□ SLOING PLATE 
D LIFTING LUG 
■ SET BOLT 
D ANCHOR BOLT 
a ANCHOR BOLT WASHER 

9 
ACCESSORIES 

WEIGHT (ESTIMATEO) 

PAINTING 
FLUID CIRCULATED 
SPECIFIC GRAVITY 
SURFACE PREP (EXT ANT ) 
INSULATION 
TYPE OF HEAP 
SEISMIC COEFFIOENCY 
JOINT EFFICIENCY 
RADIOGRAPHIC EXAM 
POST WELD HEAT TREAT 

TEST 
HYDRO 
PNEUM 
VACUUM 

EUERCENCY VAC DESIGN 

PRESSURE 
DESIGN 
OPERATINO 

CORROSION ALLOWANCE 

SIZE 

ERECT 
OPERAT 

KG I EMPTY I KO 
K G l F O W 1 KO 
NO 

HOI W W 
o i 

1 lFIR«PR0OFf 
MATL A r t t l l M THK M MM. AREA M' 

} 1 ELLIP /D ISH/FUT/COMC /HEMISPH /TORRIS 
| WIND VELOCITY | M/SEC 

SHELL j | HEAD | 
FULL SPOT NO 

NO 
11 KO/CU' 
NO KG/CM' 
NO 

YES NO 
12 KG/CM' 
10 KG/CM> 

TEMPERATURE 

SHELL 1 MM 1 HEAO 

OESUN 
OPERAT 

I/O "C 
to >C 

OIAUETER » ' LENGTH IMS MM 

VESSEL DESIGN DATA 

ITEM NO V M 
Koree Atomic Energy Research Institute 

PROJECT 

nxa+s. wi t>sm*T &? 
RECTO NO 

1 . «. 
TITLE 

Compressed Gts Surge Tsnlr 

DWG DATE SCALE OWO NO 1 REV A 

Fig. 3.79. Data sheet of the Compressed Surge Tank 
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4 4 7A3-3. 45.44. 

cfl4A 44 ¥ # 4°11¥ <&44 4 4 ¥ A4°ll ^ oj-34 AV-OI 4 

ô uj oĵ ofl tiiH^ u4-̂  oj-^4 AV^4 AI -̂ofl 4 4 44 oĵ ^v oj-34 

4 4 4 41 431 A 4 ¥ 4 4 4 . A 4 4 3 ^40]a.^ 37]- ^ 7 ] ^ 7 1 4 

t41¥ ¥A4 4 4 4 4 £ 4 ^44 4 4 4*d44 24 44 4^r£- 24 ^ 

4 31-1-4 inertia constraints°4l, 4 4 ^ 4 4 ^ 4 °*t4Ss rupture disk 4 

4 ¥ Af-4 ¥A74^4 S-W 4*11 AA°fl 4 4 4 4 ^ 4 4 . 

^ ^4^91 7} + +}9] ^±±r 3.7}o\] ^ t § 4 c+oj 7 ] i l . cgA^o} 

44474 44^-1: °4A^ ¥A44 ^-4 2tf*#-a- ^443 #4 ¥ # 4 

4 ^744^ 74^40} ¥A, *-iJ44 i # ^ 0 ] ^ 0.^4 <̂y 2Aj-4 aî -

«g 24 jii-4 ^ ^ 4 4 . 

4^31 44 744 43-§- ^ 4 4 4 sfl44¥ ^^°114¥ ^ 7444 4 

311- 4?) AH.4 4^4 4A44 4 A 4 ^ 4 ^AV^ ^ 0 ] 0^0^04 

44. 

44°114 ^ 4 <84°fl 4A44 A4 44 Spike4 4 4 ^ 4 31 24 

31-f̂ l 4 4 ¥ -414-1: ^7444 314 SPIKE^H.4 31444 

o 4-§- 4^-4 44*1144 4 4 parameter study 
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O 7J 741^:44 %?} 

o £-4 4^ .44 4 A 

^ 4 ¥ ^ 4 4 4 . 4 4 ¥ -S-44 4^.4 *414 244 4 4 4 4 4 A 4 ¥ 4 A 
4 ^ 4 4 ¥ ^ 4 43-4 4 4 , 4 ^ ^ 4 4 ¥ ^ 4 ^ ^ ^-g^l 4 4 4 4 
^ 4 ¥ &4A4 4 ¥ 4 ^ 4 A 5 . ¥*i>444 4 4 . 

KALIMER 7B^4 3 -§-4 4¥«flA4 4^^§A^ (MDP, Modular 
Double Pool Type) 4 4 A A ¥ 4 pool*|AA 4 T J = H 4 4 £ 4 ^ o] 
% 4 ^ 4 4 4\3.°] 4 ¥ 4 4 453A4, A # - # 4-§- ^-44 *H444 4 
4 -§- A 4 4 ^ 4 4 » 43144 4 4 4 KALIMER4 24 31-f-l: s.^% 
4 4 A 4 « e 4 A scale-down factor! 4 ^ 4 4 A , ^ 4 4 ^ M ^ ^ 4 
4 A 4 4 ! £ 4 4 24 31-f 4 # 4 4 °1144¥41- 31444 # A 4 4 
^ 4 4 4 4A 5J geometry ^ 4 4 ^ 4 4 A 4 , 4 * 4 ^ 4 4 4 4 # 4 4 
741/̂ 1444 4 4 4 4 4 . 
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-§-4 Af-4 4-§-4¥ ^ 4 4 4 A 4 SGU°114 # 4 ¥ A ^ 4 ¥ # 4 
4 Af-4 4-§-44 H2, NaOH, NaH -§-4 ^ A 4 4-8--1-4 4^°fl 4 4 4 
4 2J^43174 4 4 4 A-i- ¥4314 44°fl 4 4 4 A 4 *§3l74 4 4 4 4 
J I 4 ¥474 A741 ^4^ ¥ A 4 4 . 

4 ^ ^ 4 ^ # ^s.o1i 4 4 ^ - . 4*2-44 ^± 74^4 ^ 4 £ 
4 4 4 ¥ 4 4 4 4*8^4 4 4 *j^-§- ¥ 4 4 4 . 4 4 4 ^ ¥ A s j ^ ^ 
£ 4 ^ -4-̂ 1̂ 14 Af-^° ,H4 ¥ A 4 ^ 3 ^ 4 4 ^ H ^ # # 3 . 
4 3 # 4 ¥ 3 4 £- 4 ¥ 4 ^ - 4 4 4 . 

¥ A 4^r^r 4 4 A-i-^A^ ¥ # 4 4 4 4 A # 4 4-§-44 Af- ¥ 
A 4 4-§-1-4 'o>44 °^¥ ^ 4 ^ 4 ¥ A 4£-£ 74^ 4 0 ^ $ 4 4 4 . 
74^ 43.3. $314¥ ¥ A ¥ A^-4°ll 4 4 &-§- ¥ 4 A ZL 4 ¥ ¥ Af-
4 ^^°fl 4 ¥ 74iAov(cover gas)01i ^-0i. 0 ^ 4 4 ^ j n ^ . ^ 4 ^ * 
^ 4 4 7>^ofl^o| - ^ ^ 7^§4 f e ai-^4 ^4=-o)} ^ - ^ ^ ^ # 4 

¥ 4*3 4 4 4 ¥ 4 4 . 4 4 ^ 4 4 4 ¥ # 4 4 4 ¥ A ¥ Af-4 4-§-4 
4 ¥ A 4 4Af-4 4-g-#A $7)144 ^o\) ^ 74^4 ¥ A 3 # A ¥ 
4 4 ¥ 4 4 4 -£-4. 4 4 4 4 4 ^ 4 ¥A1- ^§471 4 4 4 ¥ Af-°114 
¥ A 1 3 # 4 ¥ 4o] 4 4 4 4 j i £.4. i f ^ l 4^ . ^h±=. NaHA ^ £ 
free H24AA $74144 free H2¥ 431 A # 4 4-S-44 NaH A 4 4 - ¥ A 
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3 # 7 H H 3 # 4 ¥ ¥ A ¥ 4 4 4 £ free H21- 3 # 4 ¥ 3A3. NaH4 

¥ A 4&& 74444 free H21- *4J44A-lr 4 ¥ 3 4 3 4 4 4 . 4 4 ^ 4 

¥At - 3 # 4 4 4*H4¥ 4 A 4 014 %*- ±% 7}°}^ 4 4 3 # 4 4 ¥ 

4 4 ¥ 3 4 414444 . 

a. 4^oflAi 4^^ ^± 3 # 4 ^ -§--§- i f - ^ 4 ¥A1- 3 # 4 4 4 

44 4314ft-§- £ 4 4 4 4 4 4 4 A 4 ¥ A # 4%o-}7] 4 4 ^4AsL 

4 1 - 4 3 4 . 4 ¥ A 3 # 4 ¥ 4 4 4 4 # 4-§-44 A41431A AfH 4 

4 -§-344 4-§-44. £ 4¥°H4¥ 74A44 ¥ A 4^^ 3 # 4 4 A n 

i f i 4-§-44 ¥ A 4&4 3 # 4 7 4 ¥ 4 4 * 4°d44 4-1-4 3*3. 
<r± Ac]¥4 4 ¥ Ar74A4 4 ^ A ¥ A ^ £ 4 4 ¥ Ar 74A5.¥4 4 4 

# 4 ¥ A # 3 # 4 74-^-441- 43*11 A 4 4 . 

M-. ^ # 4 - #51 *J:-§-4l 4 ^ ^ # 41^ 

< i 4 4 ¥ 4 3 ^ 4 4 ¥ A ^ £ t 4 4 A 4 4 4 4 4-§- °H44^^-

44AJL 4 ^ ¥ 4 4 4 4 ¥ 4 4 7 4 A 4 ^ ¥ A ^ A 4 Al- ^ 4 
hydrogen solubility 3l # 4-£-A5-¥4 4 4 4 H2/H2O4 £ 4 4£-§- 4 
4 A 4 4 . 

(1) Na/H204 4-§-

4 ^ 4 4-£- 444^4: **M A # 4 -i-4 4-§-*44 NaOH4 H274 
^ 4 A, 4 ^ 4 H2¥ 4°o14 Na #4 | ¥ £ 4 A 3 . ¥ NaHS, 4 4 4 ¥ 4 
¥ H2S 4 A , 43- H2¥ Na^Hl -§-*H44 4 4 4 NaH4 $$■& 4 ¥ 4 
4 4 74^ i4H $3144. 4-£- £ 7 H ^ 4 NaOH¥ 4 4 4°o1 Na4 4-§-
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4 4 Na 2 04 NaHS 4­§ ­44 4 4 %%■& 4 ¥ 4 . 4 4 4 ¥ 4­§­4 A ¥ 

744 4­§­AS 4 * J 4 A S 42:A4 4 3 ^ l 4 4 H24 ¥ 4 ¥ 4 4 4 4 4 . 

4 4 4 4­§­i: # 4 4 A S A 4 4 4 4­S­4 4 4 . 

2 4 4­§­ 2Na + NaOH ­> Na20 + NaH 

1 

1 4 4­S­ H20 + Na ­> NaH + ^H 2 1 

1 

2 4 4­S­ Na + ^H 2 «­ NaH 

(2) 4 4 74A4 %*$ ¥A­ *3, 

44 74^4 ¥ i ^A¥ A-§-̂ 4 ¥ A 4 $$ 44 4 ¥4 4 4 4¥ 
44 74^4 ¥ ^ ¥ 4 A S 4444. 4-g-¥ A-i-̂ 4 $^4¥ ¥ ^ ^3, 
7} 4449* 44 74^4 4 3 A S 4^4 ¥ 4¥ 444. 4 4 A S ¥ 4 
¥A ¥4-1: 44 A-g-̂ 4 $44¥ ¥A %3.% °4l̂ 4 ̂  44. 

P 1 ^ torr) = 0.mCs(ppm-H2) (4.1)4 

(3) A T I ­ 4 ¥ A ­§­*flA4 NaH4 4 4 ^ 

­§­­§­ A­i­4 H2 ­o­^flA1^ 441­4 7^­4. 

LogioCs(ppm-H2)=-3l80-j^ + Q.52 (4.2)4 

­§­­§­ A­§­4 ^ 4 4 ¥ NaH74 aflEj^ H2 ¥ 4 ­ 8 : Fig.4.l4 4 4 . 4 3$ 
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log P „ , = U . 5 : 0 . 2 6100: 100 

where 
P H 2 = par t ia l pressure of hydrogen, mocr 

T = hydrogen saturation lemoercture. K 
: = ind ica tes 95 % confidence l imits 

Fig .4.1. Dissociation pressure of NaH in equilibrium with 
Nad) vs temperature. 
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44 ¥ A ¥ 4 4 ¥ A 4 4 431¥ 4-8-4 4 4 . 

LW/,,-11.5±0.2- 6100±1Q° (4.3)4 

(4) H2/H2O 4 4 «1* 

4 3 4 A S ¥ 335troll4 4A<§4¥ ¥ A ¥ 4 11%S A J L 4 4 A , PNC 
4 SWAT-14 SWAT-34 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4-8-4 
j i ^ 4 2 ) A S 44^41 £ 4 . 

VcGO 
m 1 D \ i/2t 

4-10 PHPRD(213) 

4 4 4 , / ¥ H2/H204 4 4 «l-fi-, T ¥ ¥A 74A4 4 4 ¥A(K), 
Kcco¥ 4 4 74^4 ^ 4 ¥4(m3), Pcco^ 4 4 74^4 ^ 4 44(atm), 

P * D ¥ rupture disc4 4 ¥ 44(atm), k ¥ 4 4 4 «1*(-), P„ ¥ ¥ A 

74^4 4A(kg/m3), G ¥ # ¥ # ^A(kg/sec), tR ¥ rupture disci- 4 

¥ 4 ¥ 4 4 4 ¥ 44(sec)44. 

¥ # 4% 4 4 4 4 4 ¥ 4 4Ad -§•# 4 4 ¥ Af-3 ls¥4 ¥ i ^ ¥ 
4 4-8-4 3 s s 4 4 4 4 . 341, -g--§- Af-44 4 4 44-i- f-44 ¥ A 
4 4 ¥ , 1:41, 4 4 44-1- f-4 4^1 4 4 , 3141, 4 4 4 4 4 4 4 4 A S 
4 ¥ , M , 4 4 ¥ s 4^311: f-o-fl 4 ¥ 4 4 . 4 4 4 ¥ £ 4 *!4 # 4 4 
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:a*fl44 4 4 4 A 4 4-T?44 41¥4 4 4 4 4 £ ^ 4 4 4 4 4 &^ 4 
3144 A # ^ 4 < l ppm 4 ¥ i ¥At- 7f^44. 4 4 s 4 4 ¥ 4 i t 
4 ¥ ¥ i flux4 Al-4 ¥A- %%3, 4 4 *ti¥4 ¥A- flux 4 4 ^A74 
4 4 4 4 4 r i 4an 4 4 ^ 4 4«H 4 3 4 4 . 44 43144 Af-# 
4 ¥A- #^A7f 4 4 1 - 4 4 ^ ¥ i flux, q ¥ 4-8-4 4 4 . 

q = zxc2-d) ( 4 5 H 

4 4 4 , <? ¥ hydrogen flux (g/cm2 • sec), £ ¥ 4 4 4 4 r i 4431 ¥ 
(cmVsec), c^.C,^ ±.%4 441 31444 4 4 4 ¥A ¥A (g/cm3), L 
£ 4 4 ¥ 4 (cm) 4 4. 

4 4 4 7)H14 44^- ^ 4 ^ nux, q % 4 3 4 4 4 4 4 ¥ 4 4 ¥A 
4 4 3 4 4 Ni 4 4 4 if-314 ¥A 4 3 4 r i -8-*rlA4 4 4 1 - 4 4 4 
¥ 3 4 ^ A 4 4 . 

if-^ofl 4 ^ ^ £ 2 4 3gg ^ i og.̂  4014 ^.^Jg. < 0.3 ppm4 £ 

¥ ¥A 341- 4 4 4 A ¥ Sivert4 3 4-i- 4S44 1 ' , 4 4 3 4 4 4 4 ¥ 
0.1-0.3 ppm 3 4 4 4 4 Sivert4 3 4 4 4 4 ¥ 4 . Sivert4 3 4 4 ¥ ¥ 
4 4 300-400ic 3 4 4 4 ¥ A 4 ¥ 4 4 4 500r 4 4 4-8-4 7>¥4 3A 
s ^4 3 > 4$4 . 4 £ ¥ 4 4 4 4 4 € 4 ¥ i 4414 M A 4 4431¥ 
4 s s ¥ 4 4 4 ¥ 4 4 ¥ i ¥A 4 ¥ 4311- 914 ¥A 4 4 4 4 4 4 
4 4 ¥A- flux, <? 1 314*4 ¥ 44 . 

i # ^ 4 ¥A tff-s. 4 4 4 4 4 4 3144 -§-4 ^ A ¥ 4 4 4 4 ^ 
^ 4 ¥ i flux 4 4 ^ i s 4 3 4 4 . 4 flux3)¥ 4-8-AS £ 4 4 4 . 
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Q ^ - l + 2 % - l ' « s p ( - J £ t ) <«>* 
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4 4 4 , <?,¥ «?J4 4441 4 4 4 4 ^ 4 ¥ £ flux, <?„¥ zero44 3 4 
4 ^ 4 ¥ i flux, <7oc ¥ ¥ 4 3 1 4 4 4 4 T ± flux, D ¥ 3*114 ¥ A 4 

4 4*g 4 4 1 - 3.$. ^4-4 3441 ¥ (cmVsec) 44 . Flux¥ 4 4 t 4 4 
4 3 4 4 4 4 ¥ £ £*4s S 4 4 4 . Fig.4.2¥ 4 4 744 4 4 ¥ 4 4 4 
4^3 4 4 4 4 4 4 4 £ 4 4 4 . 4 314 441- A 4 500t44 flux4 
70%4 A 4 4 ¥ 4 4 ¥ 10 sec 4 4 . 

(1) ^ ^ A A (equilibrium mode) 

4 ^ 4 i f - ^ 4 hydrogen partial pressure4 $$-§- 4 ¥ ¥ 4 3 A 
S 4 4 4 3 ¥ i f - ^ 4 hydrogen ¥Af- 4 ^ 1 4 4 & A S ^ 3 4 4 4 4 
¥ 4 4 4 batchwiseS ^ 4 4 4 . ^ S.A<44¥ ¥ ± ¥4-1- 3 4 4 ¥ 3 
^ 4 3 1 4 4 4 A 4 4 4 ¥ 4 3 4 4 3 , 4 ^ 4314 ¥ i ¥4-1- 3 4 4 A 

4 4 4 ¥ 3 ¥-1- ^ 4 4 4 4 4 ¥ 3 4 ^ A 4 4 . 4 4 4 4 3 4 4 A d t s 
¥ 4 * 4314 ^ 4 3144 4 ¥ 4 4 , 4 3 tb 4 ^ ¥ 4 3 ¥ 4 743 ¥ 4 
4 A S 0444440]: «> 30 .5 . £ .4 . 

(2) ¥ 4 A^(dynamic mode) 

4 ^ 4 « 31^ ¥ 4 4 ¥ 4 3 A S 4 £-§-^4 hydrogen ¥ A 4 4 

4 4*g 4 4 1 . f - 4 4 4 4 4 ¥ hydrogen flux4 4 4 4 ^ 4 ¥ ^ H 4 

4 ¥ 4«4S i L 3 4 4 4-§-44A 4 A , S hydrogen flux4 4*,14 sweep 

gas4 Ar 7f>;¥AS 4 4 gas chromatographyS # 3 4 ¥ 4 3 4 4 . 
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500 
TIME, lee 

Fig.4.2. Transient hydrogen-transport fluxes for nickel 
membranes. 
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4 431" ^ 4 4 ion pump current 4 4 S 4 ¥ 3 4 4 4 4 4 3A 
S ^.JI4AA4. 

¥ 4 A.B4 ^ 3 4 3 ¥ 4 ^ A S flux4¥ hydrogen!- Ar 4^1s 
4 4 £ 3 4 4 gas chromatography4 ¥ ° J 4 A ¥ A 1 ^ 3 4 ¥ 4 3 4 € 
¥ 4 A 4 4 4^- ¥ A S sweep gasl ^ ¥ 4 3 4 AS gas flow rate ^ 
3 4 ¥474 4 4 . 4 4 4 4 4 4 3 ¥ 4 ¥ 44-I-4A 4 4 4 4 . 4 4 4 ¥ 
sweep gasl- 4 4 3 4 ^ 4 4^. 441- 4 3 4 4 4 4°J4¥ 4 3 4 4 
¥ 4 4 4 4 4 A ¥ 4 . 

4 ¥ 4 3 A S ¥ hydrogen4 4 ¥ 74A-1 4 4 4 4 4 4 3 4 ^ 4 4 
1- ¥ 4 4 4 hydrogen4 flux 4 4 4 4 4 4 ¥ A 4 4*4S 4&f>}l=: *#*$ 
4 4 . 4nfl 9A4 4^- ¥ 4 *I14 4 3 4 flux4 4 4 4 ¥ ^ 4 441 
current 4*4 ^ 3 4 3 ¥ £ 2 ¥ 3 4 4 3 4 4 <fA4 4 ^ A S 4 4 4 4 . 
4 4 4 ¥ 4 ! - 4 ¥*o<4Si4 ¥A 3 # 3 4 4 4 3 S 4 4 4 4 4 ^ 4 4 
4¥-|- A 4 4 ¥ 4 Table 14 4 4 . 

¥ 4 AJ=¥ on-lineAS ^ 3 4 ¥ 4 ¥ 4 4 4 4 ^ AH¥ ^ 3 
4 4 4 ¥31444). 4 4 4 4 ¥ 4 4 ¥A 4 4 ^ , 4*4 ¥A ¥ A S 4-S1-
4 ¥ 4 4 4*H4¥ ¥ 4 AA74 4 4 4 4 . ^ 4 4 ¥ 4 A5L¥ 34A74 4 
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Table 1. Survey of analysis methods and sensitivity of hydrogen leak detection system in foreign countries. 
£ * ! 

D.R.Vissers, 
et al 

Nucl. Technol., 
12 218 
(1971) 

P.Roy, et al 

Trans.Am.Nucl. 
Soc, 14 185 
(1971) 

Sensor type 
a Delhod 

Diffusion 

(On-llne-g-) 

Diffusion 

Hydrogen detection 
l im i t 

* Dynamic node 

1.0x10* lb-lLiO/sec 
=<0.1 ppo-llydrogen 

* Equilibrium node 

0.01 - 2.00 ppa 
(=4.64xl0-« 

- 1.86x10-'Torr) 

* 0.3-4.1 ppm H2*J 

( 3 * tW »HM) 

Analysis 

* Ultek 11 l i ter /sec 
D-I ion pump 
current 

* Gas chlomatography 
2. J i^ -8- # . 

• SUS tube »|-8-
• Gas analysis. 

Standard pressure 
gauge. 
Sputter ion pump 
current ^ - ^ 

Sensi t iv i ty 

* 500"C, 10-mil-tk/Ni 
(0.25"IDx0.27"0D *f-V%) 
tt^i?j u j j l e ) 70X<H| 
£ . # -M?} : 10 sec 

(Responce time:< 20 sec) 
* 0.1-1 ppm-Hydrogen^fSL 

$ SmiS.**!*] ion 
pump US. nolsefe-
< 0.2 X 

* 10* lb-lljO/sec leak 
^ • & « 1 mln<H| 10

7 

lb-Na/hS, £«« t<M) 
* > 0.3 ppm-hydrogen^-M 

(Vi, 3*°1 slow) 

* 18.03 fii\= < 0.1 ppm-llj 
2.A 0.12X 

3 £ Ml* 

* 0.01 lb-HjO/sec 
(0.5-5 min nr'S' onset > shutdown) 

* 1.0x10* lb-HjO/sec > safe leak£?|| 

* 0.1 ppm-hydrogen <r$-cr Na£°fl < f i 
^ f £ 4 X * 7 r 

* Hydrogen fluxS) currents] M| sfl -tf<£ 
1.6±0.4x l0"

7
Li ter Torr/sec ni\ 

(=15±3 tii\) 

1.3±0.2xlO-
7
Liter Torr/sec /^A 

(=68±5 /^A) 
* 10«lb- l l j0/sec leak 3 * * « r ^ ^ 

0.004 ppm-hydrogenS] * 7 r » 4 ^ 
7 r v * M ° r # • 

(Hj07 r ¥ r i - * H S.^- hydrogen°| -g-sfl 
€ 4 2 7}^) 

* 10-6 - i o « Torr *!■£ 4r* l 
* Na/membrane/VacuumS) hydrogen 

ac t i v i t y 7" l !c- ' r i *r-y<H| a ] £ 
* Mass spectrometer*} ton pump 

current * r & o ) 4 ^ °)iE 
* Ni v}o) 3 7 ) 

0.25"1D x 0.27"OD x 9" Long 

* APDA-228 (1968)2) SUS tube°H ^ # 
di f fus ion AS. *||-i)/u|iZ 3 £ 

* Cold trapped Na loop tH-tf 
- Ar<HI 2X hydrogen*) £ t f 7 ] * l * 

ioop°ii ^-a 
- °|ai ri^s) ££.;«fl<H 



(continued) 
£ t i 

1).it.Vlssers, 
et al 

Nucl. Technol., 
12 218 
(1971) 

D.R. Vlssers 
et al 

Trans.Am.Nucl. 
Soc. 14(2) 610 
(1971) 

Sensor type 
a method 

Diffusion 

(On-llne-8-) 

Diffusion 

Hydrogen detection 
l imi t 

* Dynamic mode 

1.0x10* lb-H20/sec 
(=0.1 ppm-Hyd rogen) 

* Equilibrium mode 

0.01 - 2.00 ppm 
(=4.64xl0-

6 

- 1.86xlO'Torr) 

* Dynamic mode 

10« - 10"» Torr 
Vacuum -ft*) il-fl-

* Equilibrium mode 

( 3 * £7l| "MM) 

Analysis 

* Ion pimp current 

* Mass-spectrometer 
type devices. $?} 

* Ion pump current 

* Schulz-Phelps 
Ionization gaugeS. 

a> Sivert 's •?)*) 
- t f ^ S Na4fS) < ^ i 
*SL $?t « ) ^ 

Sensit iv i ty 

» 500"C, 10-mll-tk/NI 
y ^ i ^ ujji.01 70Xoa 
£ . # A# : 10 sec 
(Response tlme:-20 sec) 

♦ 0.1-1 ppm-Hydrogen^fS. 

*\$. noise : < 0.2 X 

» 10"* lb-H20/mln 
(= < 1 min) 

» 0.004 ppm-Hydrogen %7\ 
*$ 

♦ > 0.3 ppm-Hydrogen
0
!!^ 

♦ 18.03 nr\- -0.1 ppm-H 
3.A 0.12X 

♦ < 1 ppb <d«r ^ H 

♦ 100 ppb V)A ^ t t 
( ♦ / - 10% 9.A) 

VS. m-8-

* 0.01 lb-ll20/sec 
(0.5-5 min ■

!
f'§' onset > shutdown) 

* 1.0x10* lb-lhO/sec > safe leak$V?l| 

* ' r i &S. 4X ^ 7 r f e Na4fo( 
0.1 ppm-Hydrogen 

* l . 6±0 .4x lO- 'L l te r Torr/sec /iK 
(=15±3 ixK) 

1.3±0.2xlO- 'L l ter Torr/sec nK 
(=68 ± 5 ixK) 

* NI e f * * # hydrogens) S f t f i ' f S . * 
^ ^ (Dynamic oodeHM) 

* Hydrogens) £^ ( T i f lux» r ' r i 
a c t i v i t y ) * Ion pumpS) currentfi-

* * ^ " * ^ 1 : D.R. Vlssers, et a l , 12 
218 (1971) # i 

* 42 kg-Na A-%-
* -M r̂ 

Log P(Torr)=-(5623/T)+10.30 
Log S(Torr)=-(2842.3/T)+5.962 



(continued) 
... 

R.A. Davles, 
et al 

Proc.BNES Conf. 
on Liq.Alkal i 
Metals, p93-99 
(1973) 

Sensor type 
i method 

Diffusion 
-Sweep gas 
° | * : A r 

-Continue 
4 3 

Hydrogen detection 
l im i t 

Analysis 

» Katharoneter S. 
sample gas?} pure 
Ar referance gas * 
u)jz 4 3 

» Hydrogen ^ S t ) ^ 
4 3 (330-570 r ) 

K=(Nall)/r
/ PH2 

K=AC/(/P2- y-Pi) 

Sensi t iv i ty 

» KatharometerS) " ! * } £ 

- lmV/100 vpmdlj/Ar) 
- 4A •■ <0.05*C * IM 
- Fluctuation ±2 vpo 

- Long-term d r i f t : 
< 5 vpm/week 

- « | 5 psig-Arofl^l 
100 vpm(=0.1 Torr 

^ i * < t r ) 
- Gas flow <9V S i * 

$£- v « * 

» Oxygen 9jfe -^ejja> Stfe tfflH-M 
Hydrogen ^ f£ . 4 3

 u
l 2 

» APDA-241 (1970) : Closed Cell 
technique °1 * (Equilibrium "tfe) 
4 3 J M ) 

» Hydrogens) slow loss : ■$£. decays) 
a)tf) I5X 
(Gas-tfS) hydride deposition) 



(continued) 
*« 

J.T. Holmes, 
et al 

Nucl. Technol., 
21 228 
(1974) 

D.K Vlssers, 
*t al 

Nucl. Technol., 
21 235 
(1974) 

Sensor type 
a method 

Diffusion 

Diffusion 

Hydrogen detection 
limit 
0.06-0.08 ppm-

Hydrogen 

Analysis 

• lnonlrat ion-type 
vacuum gauge 

• Dynamic mode 
-Ion pump current 
43 

• Equlllbrlum mode 
-°r 20-30 mlnoflA) 

W8 llydrogen°le) 
43. 
Ionization gauge 
•1*. 

* Varlan Mil 11torr 
Ion gauge 

• 1/4" Nickel tube 
10-mil-tk 
3-47(/Inch-ring 

7l|-y:l/2" Nickel 
tube 

Sensitivity 

* +/- 20X uncertainly 
band 

* < 0.05 g-HjO/sec 4 3 
(Shutdown >| S|) 

• Equlllbrlum time : 
- 10-30 min 
(Sensor->r-nI : 

4)i 100-150 ml) 

$5. Ml* 

* EBR-II 3 ) * , on-line 4 3 (ANL) 

* < 32,500 Liter-Na S) pot 
(Primary system) 

* Nickel membrane 
0.25 mm tk x 13 mm dia 
Bellow type, iĤ -ofl rib -*i*l 
30 cm* surface area 

* Primary*} secondary Na*! <*■}* 7}TJ-

* $5L: Trans.Am.Nuci.Soc.,14 610 
(1971) 
Nucl.Technol.,21 235 (1974) 

* EBR-II ofl a j * 

* 10"6 - lo» Torr(Dynamic mode)?)^ 
Titanium-Cathode pump(-ll L/sec) 

* ll 5-A * ^ equilibrium modeS. 
**}8}<S o.l ppm-Hydrogen In NaS) 
* £ * All * ° ) M E,tf3 S t * 
(^!*45.S. degassing) 



(continued) 

* « 

II. Katsuta. 
et al 

Nucl. technol., 
31 218 
(1976) 

M.M. Osterhout, 
et al 

Nucl. Technol., 
40 159 
(1978) 

Sensor type 
k method 

Diffusion 

Diffusion 

Hydrogen detection 
limit 

* 10"« - 10*1 Torr 
(Dynamic mode) 

Analysis 

* Type 316L SUS 
bellow tube / } * 

* Hydrogen flux«( 
O|B|]*}QJ pump 
current 4 3 

* Nickel bellow tube 

Sensitivity 

* 12.4±7.7 ng/g fik 

* Sinai change / K 
= 0.954X / K 

* A 753 K<>|-"4 -tliS) 
70X £^*}fe-cl| 10 sec 

* 1.2X10"3 - 1.6x10-6 
g-HiO/sec 
(0.9-81.4 min) 

as H)* 

* Below shape : 
36 mm 0D x 27.5 mm ID x 0.15 mm tk 
200 mm long, 200 cm3 Volume, 
-850 cm* surface area 

* Plranl gauge £.3 : 
1x10'

3 - 1 mnllg S) Hydrogen gas 

* 33:" a
Pid reponse time, 

high sensitivity, stability, 
reliability 

* .y.3:lon pump currents} Na ■$?) 
hydrogen ^SS} u| 3|] ̂•jfl 

(50-300 ng/gS) hydrogen level 4 * ) 
* Ion pumping speed : 11 L/sec 
* Data aquisltlon system <"•}* 
* -JUI^r "tt3 30l 's^. 
No ieaktf ^ 4 ( 1 0 -« g-llzO/sec 3 £ ) 



(continued) 

* « 

T. Funada, 
et al 

Nucl. Technol., 
45 158 
(1979) 

Sensor type 
k method 

Diffusion 

Hydrogen detection 
Holt 

1x10' Torr 
Hydrogen 

Analysis 

* Gas Chromatography 
(TCD ♦ FID) 

Sensitivity 

» Response time = 
Equl1lbrlum time * 

-2 min 
(150-700 *C) 

as m* 

* 1x10* Torr 7 } ^ 

* Hydrogen -sH-Mfc Nickel tubeS. 
coil AA : 
2.0 mm dia x 0.1 mm tk 
4500 mm long 

Coil 2 7) : 

* Equilibrium tlme»fl 1 <# # $}a 
>&A *£°fl 2]£ 

* Standard gas flow5. .H.3 



¥ < H ¥ 4 4 ¥ ^ 3 t 444 7}+9] ¥ A ¥A74 ¥Ad 4 ¥ ¥ 4 ppm 
43-oj ^% j r ^ j t ^ 3 ^ ^^oie4 4-jz. a 4*41 4 ¥ A ¥ A 4% 

^ 3 4 4 *4$4. 

4 € 4"4¥ ^ 4 200mm, 4 1 - 10mm, ¥ 4 0.3mm44, 4^41= 

rotary vacuum pump, turbomolecular pump, ion pumpS 4 ¥ 4 4 4 4 4 

4 pirani gauge, ion gaugeS ^ l ^ ^ i - 4 ^ 4 - . ^ I M 10"4 mbar4*4 

4 3 pirani gaugeS -=>3*44, A 4 3 " 4 4 ¥ 4 ¥ 4 4 4 S -=>3tr4". 3" 

4 ¥ Fig.4.3, Fig.4.44 £45'6>. 

¥ # u o > 3 ¥ rotary vacuum pump!- ^ 4 4 A *!¥°d-^4 1 4 ^ 1 4"§-

ion pumpl £ 4 , rotary vacuum pump4 ° d ¥ ^ HA1- 3"¥4". 4 4 £ 

¥ ^ 3 A S *!¥ 4^"fl-§- ¥ 4 t r 4 - . ¥ A u-44 ^ 4 4 3"4"4 ¥ A 741 

4 ¥ i ! 4 4 ¥ A 1 - ^ 4 ^4S ¥ &A-1J- PID 3.3 3\ CA^ ¥ A ^4 

4 4 4 741 ofl^i^- 900-c 4 4 7414 74¥*44-. 

-J3144 ¥ ° J 4 ¥ A 4 7 4 ^ ^ Ar4 H21- £ W 4 4--S-4-4 4 74A4 

¥ ° J 4 44® 74^-4 4-5514. ¥ i 4%: 4 ! 4 ¥ ¥ 4 A S H 4 4 - 4 4 ^ 4 

Al - ¥ ° J * A 4 ° J t 4 A l - 4 ^ «ll#€ ¥ S1A¥ 4 -S4 . 

^ « n # £ SUS304S 4 -SA4 , <3^¥ ¥ 3 4 ¥ C F ^ 4 KF$4 4 

¥ A ^ 4 # 4--0-4-34. CF^ A^S4¥ Cu 74^^-g- 4 - ¥ 4 - A , KF^ A^S 

4 ¥ J i ¥ O-ring-i- 4-%-49X4. ^ 3 4 4*43 A ¥ 0-ringA4 Cu 74^ 

314 4 ^ 4 £ 4 4 3 ¥ A ¥474 ¥ 4 4 - 3 4 . 4 ¥ « 4 4-¥*4¥ 

H A ¥ butterflyMjA4 gateHA-1 4-o-4-£4. turbomolecular vacuum 

pump ^ 4 ¥ butterfly H A 1 ^ 4 4 - $ A , ion pump^4¥ gate l « t 4 

¥ 4 - £ 4 . 74¥*413 gate HA-t 4-¥4-¥ 3 4 ¥ 4 * 4 4 . 

^1¥ 741¥4S ¥ 4 4 -tl3-¥ data acquisition boards *4S-1 <£$}A 

4 ¥ ¥ 2.3.3$91 GlobalLab(Data translation 4 4^)-°v 4 " ¥ 4 - £ 4 . 
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PC A Data Acq. board 

I 
~<"2**mfr\ 

Pirani 

Rotary vac pump 

Fig.4.3. Photography for equipments and instruments of 
hydrogen leak detection system. 
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IBM Personal computer 
compatiable 

Data acquisition board 
Analog-Digital converter 

Pirani 
gauge 

Vent 
valve 

*—txj* 

Gas outlet 

Ion 
gauge 

Turbo 
molecular 

pump 

Hydrogen 
detector 

& 
Furnace 

Triode 
sputter 

ion pump 

Gas inlet 
(Cover gas or Na) 

Oil rotary 
pump 

Fig.4.4. Schematic diagram of high vacuum system and 
signal flow for data acquisition of hydrogen leak 
detection system. 
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Data acquisition board4 4 ^ 4 3 °J 4 ¥3-§- A 3 throughput¥ 250kHz, 
gain¥ 20444, conversion time¥ 44 2.5ps, gain=l44 S/4¥ 70 dB, 
°J4 3°LJ¥ +/- 10volts44. 

4-) Ar4 A ¥ A H2 74^ ¥ ^ 1 4 4 4® ^ 3 H4 

*!¥ 4 ^ ¥ 64 4: 4 3 ^*J*44 4 Ixl0"5mbar74 ¥ 4 4 3 4 3 ¥ 
^ 4 t ¥74 9X4. 3144- 3 3 tr £ ¥ A l - ¥ 4 * 4 4 3 2441} 44 A ¥ 4 
4 . ^ 3 ¥ 4*414 Ar 74^-1 3 4 ¥°J*44 ¥ A 3 ¥ 4 9X4 ¥ 4 4 1 - 3 
¥ 4 . 4 3 4 £ ¥ ¥4474 S 3 4 3 AT?4A4 H274AI- ¥ ^ 44*44 
¥ A 3 M ^ 4 * 4 3 4 . 

4S-^ # ¥ A ^ 3 4 4*fl4 4 ¥ 4 4 4 . 4 ¥ ¥ 970ppm4 ¥ A 3 ¥ A S 
¥ 3 4 ¥ 4-S¥ 74A1 ¥<?1*44 9144 TJ4-6)¥ Fig.4.54 £4. 

Fig.4.51- A3 , ¥"y*4¥ ¥ ? i ¥ 4 44 4 A * > 4 <?>44 3*44 4 4 

*4¥ 4 3 4 4 ^ 4 ¥ 4?4¥ ^3144 4 € ^4444 ¥ A 74A74 1-474¥ 
4 4 4 4 3l*4¥ ¥3-i- S A $X4. 44 ¥°d H274A4 ¥A74 970 ppm41 
4 Ar 74A4 ¥#-§- 2 4 S ¥74*44 ¥A1- 485 ppmAS ^ ¥ 3 ¥ ^ 4 
¥74*44A ¥ # ¥ A ¥ 4 0.6xl0~5 mbar/min44 0.5xKT5 mbar/minAS 
#A*434. 4 3 ¥ ¥ # 4 # 4 £ 4 ¥A74 ^ - 4 4 3 ¥ £ ¥A74 #£.*} 

¥ ^ 4 - s 4 4 3 A 4 ¥ # 3 4 4 4 ¥ H24 ¥ A 4 4¥3-1- 4 4 T + 4 . 

^ , ¥ A ¥A74 ^ 4 4 3 ^.^7} ±.± 2 ^ ^T£ 7 f ^ .04^1^ 74^ ^ £ 

driving force74 3<44¥ M 4 A S 4 € 4"4¥ 3Kr4¥ ¥A74 34-4 
¥ 214-74 44-3-4. 

SM 1 ^ 4 £ 3 443) 74A ¥°d 4 3 4 4 ¥ 4 °^44 3*44 44*V 
¥ 3 4 4 4 ^ 4 ¥ 4 # ¥ carrier gas3 Ar 74^4 ¥°J ¥ ^ 4 4 A 3 
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5000 

4900 

4800 

4700 

4600 

4 500 

Feeding time 
Shut-off time 

Slope = pressure increasing rate 

'"*-»_ Ibu. 

0 3 (V 

mi n j 
Fig.4.5. Vacuum pressure changes for feeding the traced hydrogen gas within 970 ppm. 



4 delay time4 ¥4*434 . 4 3 ¥ ¥A- 3 ¥ 4 5U¥ 4*114 ¥<?J 3S<4 

44- ¥ # 3 4 4 S 4 ¥ 3 # 44*4¥ ^ 4 4 4 . 4 4 4 ¥A74 #<>443 

¥ # 4 ¥ 4 4 4 3 ¥ A 4 3s}-74 4 4 £ 4 4-4-^ ¥ & 4 ¥ # ¥ 444 
4. 

Fig.4.644 A ¥ 4 4 £4 6 ) 74^ ¥3=-§- 970 ppm444 ¥3=4 4*11-1-

¥744 4 3 H2¥A¥ 1/4*11 3-^*44 4fi #4:41 JE. ¥ ¥ * 4 A ¥#¥A74 

0.65xl0"5 mbar/min44 0.9xl0"5 mbar/minAS ¥74*434. ¥ ¥3=4 ¥ 

74*43 74A4 ¥^-¥A74 4 4 ¥ ^ 4 - 4 4 . 

4 3 4 ^ 4 - 4 4 74A4 ¥ A 4 ¥ ¥ 4 4 4 ¥ # ¥A74 3*4¥ 3 ¥ 

14 ¥ 9X3 ^44¥ ¥4-*4¥ H24 3=¥ A ¥ 4 4 4 4 74^ 4 4 ¥4*4¥ 

H24 ¥ A 4 414 4 4 ¥ ¥4-*4¥ ¥ ¥ 4 - 4 #474 5U¥¥ °s
v ¥ 9X4. 

(2) 4 ¥ A ¥ A 3 # 4 ^ 3 

74) ^ 3 ¥ 4 

¥ ^ 3 ¥ 3 4 ¥ A 4 ¥ A 4-4 4141- 4449X4. 414¥ &4 4̂ 
¥ 4 ¥ 34- £ A 4 3 4 ¥ A 4 4449X4.. 4144 # 4 ¥ A ¥ ¥ A S 
^449X3, 4 ¥ *44¥ 4 4 74^1- 4*H4 4.449X4. 

^ 3 ¥ A 3 4 ¥ 3501C, 450t, 500°CS ^4*43A, ¥ ° J 4 ¥ 74A¥ 
4.9 ppm-H274 ¥ 4 5U¥ Ar 74>il 4-¥*44, ¥ ¥ Ar 74A¥ 6N 
(99.9999%)4 7 4 i l 4¥*434-. ¥ 4 4 4*43 ¥ ¥ Ar 74^4 ¥ A 3 ¥ 
¥ 4 0.2PPm-H24 3=4 S3-44 5U£A, ¥ A 3 ¥ 4 AJ3€ ¥ 5U¥ 3 
¥ A S hydrocarbon-!- A&44 4¥ ¥ 9X4. 4 3 ¥ ¥ 4 ¥ total 
hydrocarbon (THC) ¥ 4 ^43. 4 ¥ 4 4 4 THC4 &¥ 4 0.13 ppmA 
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.7 -

970 ppm 

485 ppm 

• 
/ 

4 l — i — i — i — i — l — i — i i i 1 t i i i l i i ■ ■ i ■ ■ i i 

0 1000 2000 3000 4000 5000 

Flow rate of Ar gas, cc/min 

Fig.4.6. Relationships with Ar gas flow rate vs pressure 
change 
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s 44tf4. 

<4) i , ¥ ¥ 4 4 ¥ A ¥ A 3 # ¥ 3 ^ 3 7J4-

¥ A 4 4 * 'S^-S- °=V4A4 4*44 4144 ¥ A 1 - ¥ 4 7 4 3 4 ^ 3 ¥ . 

49X4. 4144 i ¥ ¥ -&4 x # 4 Si4 4144 £ ¥ 4 ^¥74 tf«> 5U¥ 

Fig.4.7¥ 350°C44 6N Ar 74^f- "43 ^ 3 $ ^ 4 - s 4 7 4 A 4 ¥°d 

£ c-41 olBl ^^°} 4 4 4 ¥ 4 3 A S ¥ 4 30 sec*4 ¥°d*4$A, Fig.4.8¥ 

3 5 0 t 4 4 4.9ppm-H2 £3-74 At- 3"44 £ ¥ 3 - 3 A S ¥°d*44 ^ 3 t r 

^ 4 4 4 - . 74A4 ¥ A ¥A74 ^ 4 4 A 4-¥T4 #$}% <£-g- ¥ & ¥ ¥ A 

4 ¥ £ 4 . 

Fig.4.9, Fig.4.10, Fig.4.11, Fig.4.12¥ 4 5 0 t 4 4 4.9 ppm-H2 £ 3 " 74A 

1- ¥ # ¥ . 3 3 * 4 3 4 ^ 3 $ 1 4 - S 4 4 4 4 3 ¥ 4 4 4 4 ¥ 4 3 A S ¥ 

4 30 s e c M ¥<?J*4A¥ 49X4. 3 5 0 t 4 4 A4- 450t:44 A4- 4=7i4 

3¥<a- 3 ¥ 4 ^J^tf-i- *£ ¥ &A4 ¥3=4 A 4 334*4¥ «#-§- £ ¥ 

ft£4. 
Fig.4.13, Fig.4.14, Fig.4.15, Fig.4.16¥ 500°C44 6N Ar 74A4 ¥ # 

¥74 4 4 3 4 ^ 3 $ ^ 4 - S 4 4 4 4 3 ¥ 4 4 4 4 ¥ 4 3 A S ¥ 4 30 

s e c M ¥°d*4A¥ 49X4. 5 0 0 r 4 4 ¥ &4 ^ ¥ ¥ A 4 4*44 ¥ A 3 

# ¥ 3 4 AT41 4-44-4 3 # 4 -a>fl 4 ¥ 4 ¥ 3 ¥ £ ¥ 5U4-. 4 4 4 

¥3=4 ¥743-4 t r ^ 3 ^ JL^OI ^ o f x ^ 4^ o}4 ¥ ^ * 4 4 $ 4 3 , 

414 ¥ 4 # 4 5U¥ A ¥ 4 7f«M434 ¥ A ^-g-i- ¥*fl*44 3 4-3 A S 

A ¥ ¥ 4 ¥ 4 5U¥ ¥ A 4 ¥A74 3 3 ^ 4 4 ¥ *13 ^ ¥ A S # 3 £ 4 . 

Fig.4.17, Fig.4.18, Fig.4.19, Fig.4.20¥ 500'C44 4.9ppm-H2 £3"74A 
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Pure Ar gas used ; 99.9999%-Ar 
Feeding after 30 sec 
Flow rate ; 20 scale indicated on flowmeter 
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Fig.4.7. Vacuum pressure of ion pump (sensor temperature 
350 °C, 6N Ar gas feeding after 30 sec from zero 
second, vacuum pressure of ion gauge at starting 
0.7x10-5 mbar, gas flow rate ; 20 scale). 
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Fig.4.8. Vacuum pressure of ion pump (sensor temperature ; 
350 °C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion gauge 
at starting ", 1.54x10-5 mbar, gas flow rate ; 20 
scale). 
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Fig.4.9. Vacuum pressure of ion pump (sensor temperature ; 
450TC, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion gauge 
at starting ; 8.42x10-7 mbar, gas flow rate ; 10 
scale). 
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Fig.4.10. Vacuum pressure of ion pump (sensor temperature ', 
450 °C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting ; 8.59x10-7 mbar, gas flow rate ; 
20 scale). 
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Fig.4.11. Vacuum pressure of ion pump (sensor temperature 
450°C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting ; 8.00x10-7 mbar, gas flow rate 
30 scale). 
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Fig.4.12. Vacuum pressure of ion pump (sensor temperature 
450 °C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting 
40 scale). 
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Fig.4.13. Vacuum pressure of ion pump (sensor temperature 
500 °C, 6N Ar gas feeding after 30 sec from zero 
second, vacuum pressure of ion gauge at starting 
7.40xl0"7 mbar, gas flow rate ; 10 scale). 
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Fig.4.14. Vacuum pressure of ion pump (sensor temperature ; 
500 °C, 6N Ar gas feeding after 30 sec from zero 
second, vacuum pressure of ion gauge at starting ; 
7.37xl0"7 mbar, gas flow rate ; 20 scale). 
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Fig.4.15. Vacuum pressure of ion pump (sensor temperature ; 
500 °C, 6N Ar gas feeding after 30 sec from zero 
second, vacuum pressure of ion gauge at starting ; 
7.30xl0"7 mbar, gas flow rate ; 30 scale). 
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Fig.4.16. Vacuum pressure of ion pump (sensor temperature ; 
500*0, 6N Ar gas feeding after 30 sec from zero 
second, vacuum pressure of ion gauge at starting ; 
7.38xl0~7 mbar, gas flow rate ,* 40 scale). 
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Fig.4.17. Vacuum pressure of ion pump (sensor temperature ; 
500°C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting ; 7.40xl0"7 mbar, gas flow rate ; 
10 scale). 
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Fig.4.18. Vacuum pressure of ion pump (sensor temperature 
500°C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting 
20 scale). 
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Fig.4.19. Vacuum pressure of ion pump (sensor temperature 
500°C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting 
30 scale). 
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Fig.4.20. Vacuum pressure of ion pump (sensor temperature 
500°C, 4.9 ppm-H2 mixed Ar gas feeding after 30 
sec from zero second, vacuum pressure of ion 
gauge at starting 
40 scale). 
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Fig.4.21. Vacuum pressure of ion pump (sensor temperature ; 

500 °C, after 30 sec 6N Ar gas feeding in 10 scale, 
vacuum pressure of ion gauge at starting ; 
8.23xl0"7 mbar). 
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Fig.4.22. Vacuum pressure of ion pump (sensor temperature ; 
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Fig.4.23. Vacuum pressure of ion pump (sensor temperature ; 

500 TC, after 30 sec 6N Ar gas feeding in 30 scale, 
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Fig.4.25. Vacuum pressure of ion pump (sensor temperature 

500 °C, 6N Ar gas feeding in 10 scale and after 30 
sec 1.9 ppm-H2 mixed Ar gas feeding in 20 scale, 
vacuum pressure of ion gauge at starting 
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Fig.4.26. Vacuum pressure of ion pump (sensor temperature ; 

500°C, 6N Ar gas feeding in 10 scale and after 30 
sec 1.9 ppm-H2 mixed Ar gas feeding in 30 scale, 
vacuum pressure of ion gauge at starting ; 7.43xl0"7 
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Fig.4.29. Vacuum pressure of ion pump (sensor temperature ; 

500 °C, 6N Ar gas feeding in 10 scale and after 30 
sec 4.9 ppm-H2 mixed Ar gas feeding in 30 scale, 
vacuum pressure of ion gauge at starting ; 7.09xl0"7 
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3 ¥ A 7 4 %:°}4^ 3-0, ô  + 014 0]# tgA>o. o]£ vgao] Ji-^o.iL TTL 

44- . 4 ¥ - g A ¥ 3 ^ $ ^ 4 ~ H 1 4 4 A ° J ^ ^ o i o|o.T^i o] o j ^ ^ 

¥ ¥A4 44 434 1̂474 3*4AS 4¥ 3A44 4-̂ - 441- 4¥*4 
¥ ¥44 £4 3*444AS 3¥ ¥474 °J3*44 44 &¥4. 

(5) 4 € 4 4 4 ¥ 3 4 ¥ ^ 

- 5 5 9 -



2965 

time, sec 

Fig.4.31. White noise and periodic electrical noise signal from 
signal of vacuum gauge. 
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4 4*44 3 4 144¥4. 

(74) 4^-4 ¥ A 3 ^ 4 7 ) membrane 

1) Varion ¥ A ¥ A 3 4 4 4 membrane 

Shape¥ hemispherical(°i¥AS * 4 ¥ 3 A S 3 ) 4 4 . 4 3 ¥ nickel 

Ni270, S 3 3 ¥ 10 cm2, 4 4 4 ¥ 4 ¥ 0.25 mm, 4 ¥ ¥ A ¥ 540°C, ¥ 3 

¥ nickel-steel(100% X-ray)S 49X4. 4 3 ¥ A 4 3 ¥ * 4 £ 4 . 

2) Westinghouse ¥ A 4 4 membrane 

Shape¥ bellows 3 ( 4 3 3 4 4 4 4 143 fluctuation^ ^ ¥ 1 4 ¥ Si 

¥ ) , 4 3 ¥ nickel, ¥ 3 ¥ nickel-steel(100% X-ray)S *4$:n., PAL 4 67fl 

Q4 4$-t}<acLx1] oinfl nickel-steel ¥ 3 ¥ 4 4 4 ¥ # 4 Si SI 4 . 

equilibrium »!^4 scandium foil¥ 4 ¥ * 4 4 A3*4St4 . 

3) ANL ¥ A 4 4 membrane 

Shape¥ bellows 3 ( 4 3 3 4 4 4 4 143 fluctuation^ ^ ¥ 3 " ¥ SI 

¥ ) , 4 3 ¥ nickel, S 3 3 ¥ 10 cm2, 4 4 4 ¥ 4 ¥ 0.25 mm, 4 ¥ ¥ A ¥ 

480TJ, ¥ 3 ¥ 4 ¥ nickel-inconel-steel(100% X-ray)S *}9X3, ¥ 3 3.3. 

4 4 ^ 3 A ^ S 4 ¥ 4 A 3 3 ¥ S1A4, 4 4 3 A ¥ a 4 PAL4 3 3 
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4) GE $43- ¥ A 3 <r± 3 # 4 4 membrane 

Shape¥ finger344, 3 4 ¥ 485mm, 4 4 ¥ A 4 4 3 ¥ 9.5mm, ¥ 

Al - ¥ ¥ 4 ¥ 3 ¥ 4 3 * 4 4 . ^ 3 ¥ 304(1.4301; X5CrXi89), & 3 3 ¥ 144 

cm2, ¥ A 4 ¥ 4 ¥ 0.5mm, 4 ¥ ¥ A ¥ 400-700t44, ¥ 3 * 4 4 100% 

X-ray 4 3 ¥ *45tA, f inger^444 ¥31 * T ¥ 4 # 4 &4 4 ¥ 3 4 ¥ 

^144 . 4 ¥ 4 3 ¥ A 4 3 ¥ * T 5 4 A , 4 3 7J4 ¥ A 3 # ¥ i ¥ ¥A74 

£ 4 - 3 ¥ ¥ 3 ¥ ¥ A 4 4 3-^4514. 

< 2 p p m 4 4 ¥ ¥ A 3 # ¥ :£¥ ¥ A 4 °.^4S14. 

5) Interatom ¥ A 4 4 membrane 

Shape¥ 47fl4 finger344, 3 4 ¥ 485mm, 4 4 ¥ A 4 4 3 ¥ 

9.5mm, ¥ A 1 ¥ ¥ 4 ¥ 3 ¥ 43*44. 4 3 ¥ nickel M201, S 3 3 ¥ 
65.5 cm2, ¥ A 4 ¥ 4 ¥ 1 mm, 4 ¥ ¥ A ¥ 500t44, nickel-steel441-
¥3*44 100% X-ray 4 3 ¥ *434. 4141- 31-3 ¥ A 4 3¥*44 800 4 
3-^ ¥ 3 ^ 3 4 ¥ A S 4 4 4 ¥3-4514. 3 * s 4¥3-l- *4544. 4 
4 4 ¥^74 0.5mmS *45t-§r°rl¥ 13000 4 3 4¥*454A, SNR44¥ 1 
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mm ¥ 4 S 4 ¥ 4 11000 4 3 4 3 " ¥ 4 ¥ * 1 4 ¥ 4 7 4 $ 5 1 4 . 

6) TNO ¥ A 4 4 membrane 

Shape¥ crucible 3 4 4 , *H3¥ nickel Ni270, £ 3 3 ¥ 25 cm2, ¥ 4 

¥ 0.5 mm, 4 ¥ ¥ A ¥ 480VJ, ¥ 3 ¥ nickel-steelAS *4St4. baffle¥ ^ 

4 * 4 4 i f ° l # 4 *4St4. 4 3 ¥ A 4 47111 ^ 4 * 4 4 20000 4 3 ¥ 4 

¥*4S14. 

7) EdF ¥ A 4 4 membrane 

Shape¥ 47114 3 ¥ ¥ A S 4 3 ¥ ¥ 4 ^ 4 , 4 3 ¥ nickel, £ 3 3 ¥ 

400 cm2, ¥ 4 ¥ 0.2mm, 4 ¥ ¥ A ¥ 400rj, 144 4 3 ¥ 500tjo]14 10 bar 

% 7 4 4 4 4 3 ¥ *4S14. 11500 4 3 - 4 3 L 4 ¥ * 4 S 1 4 . ¥ 3 ¥ 3 4 ¥ 4 3 

4 peak74 4 4 ^ 5 1 4 . ¥ ° H ¥ ¥ 4 5xl0~3ppm Hi/Xa, lower detection 

limit¥ 5xl0"2ppm H2/Na°l$14. 

8) Phenix, CEA, EdF ¥ A 3 # 4 4 membrane 

Shape¥ 4 f inger344 , 3 L 3 3 ¥ 226 cm2, ¥ 4 ¥ 0.3 mm, 4 ¥ ¥ A 

¥ 300r 4 3 - 4 4 4-¥*44, ¥ 3 ¥ nickel-steelS *4St4. 197334 44 

49X4. 

9) DERE ¥ A ¥ A ¥ 3 7 1 4 membrane 

Shape¥ helical -rfAS 4.5m ^ ° 1 S *44 fl^MH ¥ ¥ * 4 £ 4 . ¥ A 
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4 3 2.5mm, 4 3 ¥ nickel 222, £ 3 3 ¥ 330 cm2, ¥ 4 ¥ 0.15mm, 4 ¥ 
¥ A ¥ 450r, 197434 4.449X4. 

10) APDA ¥ A 4 4 membrane 

Shape¥ ?1¥ ¥ A 47fl# 4¥*4SlA4, 343.3. 1 3 stress^ 3 3 
*44. ^ 3 ¥ 20um ¥ 4 4 palladium* nickel ¥A 3 ^ 4 ¥ 3 4 layerS 
Q3, £ 3 3 ¥ 425cm2, ¥ 4 ¥ 0.2mm, 4 ¥ ¥ A ¥ 400^44 4 3 ¥5-4 
4 ¥ * 4 $ 4 . 

(4) ¥ 41344 4 ¥ 3 membrane 

-g- 3 ¥ 4 4 4 ¥ 4 ¥ 3 4144 ¥ i ¥ Fig.4.334 £ 4 . 4 € 
membrane 4-^AS 3 ¥ ¥ ^ A ¥ A 3 ^ A S 74^-f -^4 ¥ A 3 # 4 
3 ¥ *4$4. 4 27flw A>-§.*44 *i^5i74 3 3 4 4 &S14. 4 4144 4 
5§ wj-Tii-jTL SUS304 ¥314¥ ofa.^ TIG ¥ 3 ¥ *4514. 

Fig.4.34¥ ¥ 3 ¥ 4 4 3 3 ¥ A 4 ¥ 4 . ¥ 3 ¥ 4 4 4 crack4 ^ 
4 4 Sl¥¥ A 4 ¥ ¥ 4 4 3 ¥ 4 4 3 ¥ A 1 ¥ 4 4 4 4 4 4 ^ 4 ¥ 1 
3 stress4 4*114 *£$& 3 A S ¥ 3 ^ 4 . ¥31 4 4 A 4 ^3"4 4 € 
¥ A 4 ¥ ^ / ^ 3 - 4 4 ¥ 4 3 ¥ 4 4 ^ 4 4 4 ¥ 4 4 4 4 ¥ 4 ¥ A 4 ¥ 
3-4 ^ - ^ 3 - 3 A S # 3 4 4 , Fig.4.354 £ 4 ¥314 4 4 S 4 33=¥ # 
4 A 3 ¥ ¥ 3 ^ 4 4 4 ¥ 4 4 A ^ - 4-4 1444 4 3 4 ^ ¥ A 4 ¥3"¥ 

# 4 A ¥ *fS14. 

- 5 6 5 -



S*M;EIOK 
l/2"x3/fl" HALE PIPE HELD CONNECT on 

3/4" rii'E scums 
SHAGEIOK 
\/2"%3/*" MALE PIPE WELD CUNNECTOIt 

SPECIAL TIC WELD Oil USER Wi l l ) 

AIICON TIC m i ) 

Fig.4.33. Detail drawing for hydrogen detector of concentric tube type. 



Large crack 
(with micro crack) 

Nickel 
membrane 

Formation of 
nickel alloy by 
tig-welding 

Interface 

Sensor's 
body 
(SUS304) 

Fig.4.34. Cross section area of a part of hydrogen sensor 
welded with nickel tube and sus304 pipe. 



CF flange 
25mm Gas or sodium iniet 

SUS304 
or 

SUS310S 

Vaccunrf̂  
V^i 
ON 
OO 

Ni tube 
diameter 10mm 

thickness 0.3mm Gas or sodium outlet 

Fig.4.35. Schematic drawing of modified hydrogen sensor. 



2. ^ nr# 3 # 7 l ^ 

ojj^ii^-¥S44¥ ± f 74H4 4 3 ¥ 4 ^ 4 1 4¥*44 ^ ¥ 4 3 
H 4 4 4 1- ¥ # ¥ A44 $441*4741 3#*4¥ 3 4 ^A*44. 3 3 3 ¥ 3= 
3-4 4 A ¥ # ¥ 4 ¥ 4 3 ifl4| £4^14 4 3 ^ ^ 4 ^ A 3 4 ¥ 3 3 ¥ 
41- ¥ ^ 3 4 . ¥A 3 # ^ A S ¥ ¥ ¥ ¥ ¥ ¥ 3 ¥ 4 A A 4 4 3 ¥ 3 3 
¥ # ¥ # 4 A ¥ 4 3¥*44 ^ 4 ¥ ¥ 3 3 4 ¥ 3 ¥ 3**44 4 1 - 3 
x 44*44 1-4 ¥ # ¥ «43*4¥ 3 4 4 . 

¥ 3 ^ ¥ active^ 4 passivelH S1A4 active^¥ 4 A ¥ 3 4 4 4 
4 4 ¥ ¥ 3 ¥ # A S14 ^44 3¥74 3*<84A SIA ^ 4 1 4tfl*4ji si 
4. ¥ 3 ¥ 4 4 ¥ °4344¥ active^4 4 4 4 A»i4 S4 Sl¥ passive 
^ ¥ 9142-7}£- 3 4 . H33AS passive^¥ # 4 A¥4 3¥*44 4f 
4 ¥ A 4 A ¥, M-g-# 4 3 ^3*44 H

ê <S¥¥ ¥ 4 ¥ t s ¥ ¥ * 4 A ¥ 
# ¥ ¥ 4 3 4 ¥£*44 ¥ # 4 lJ4tf¥ 4 ¥ 4 ¥ ¥ 4 4 ¥ # ¥ ¥ 4 A 
3-AS4 ¥ # 33-¥ «433 ¥ Si4. 

4-§:4 active38l9)¥ ¥ 4 4 sourcel 3 ¥ 4 4 ¥ A 3 ¥ 4 ¥ 4 4 4 
¥314 s.% ¥ 3 4 3 3 4 4 4 3 4 ¥ 3 ¥ ^4*44 ¥ # 33-¥ *43*4 
¥ a<^44. 4 active^ ¥ 3 ¥ 7 H 4 rAf-^AS 1-4 ¥ # 4 3 ¥A 74 
A74 1 H 4 4 4 ^-\g74A4 7l£ 4 ¥ 4 4 ¥HA4 4 4 sonic 
transmission path4 3 3 4 43" ¥ 3 ^44r 4 ¥ 3 4 . ActiveX4 43: 
4 ^ 3 3 « ¥ 4 3 4 4 £ 3 # ¥ 4 4 4 44*1 4£6,4S14. 

¥ 3 ¥ 4 4 ¥ passive ¥ 3 ^ ¥ 4 i s 3 : 3 3 3 3 4 ^ 4 z^t}^ 4 
4*11 2iA 4 4 *)̂ oii Q&iQ. 44*371} $ A ] ^ ^ J I - AA*4^4 3: 
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4 . 

4 . s]¥-(passive) •%■*&*£ 

(1) 4 ¥ ¥ 3 ^ 4 ^ 

4 ¥ ¥ ^ ^ 4 ^ ¥ 4 3 ¥ # 3 3 4 114 tf¥ 4 ¥3^ 4 I t 3 ¥ 
receiving transducer^ 4 3 A nil A 4 A u]¥ ¥ S/N 4 4 3*Hr %7}7} 

°1-1- 4 ¥ 3 4 . =Ltf4 full-scale SGU test facility74 9A±=. 7$°-6\]A]}=. ^■ 

4 ^7}% 44- 4 ¥ 4 ~%7}% 4 A 1 3 * 4 ¥ H o ^ t 4 ¥ 3 4 . Leak4 4 

3 ¥ 3 4 1 , ¥ # 4 4 4 1 4 4 4 4 transmission 33" 4 4 , 4 3 4 ¥ 

background noise 4^4 4*44 ¥ 4 * 4 4 3 4 3 ¥ * 4 A 4 ^ 4 4 ¥ ^ 

3*4¥ ¥ 4 s 3-^3^4. 

44%. ¥3= source 3 ^ ¥ i f / t 3 ¥ 4 1 3 4 4 3 4 3 ¥ SIA, 

transmission ¥31 ¥ SGU ^ ¥ ¥ A 4 A ^ S *H^34. Transmission ¥ 

3 ¥ 4144 ¥ 3 4 4 ¥ 4474 S14 4 ¥ 4 4 ¥ 3 3 3 ¥ 4 743- ¥A*4 

4 . 3^3 4 3 3A(background signal)¥ ¥ 4 * 4 ¥ 4 4 1 4 4 3 3 ¥ 3 * 4 

¥ 3 4 43-3*44. 

t 4 A 7 4 # 4 s l¥ 3 - 4 4 4 4 3= ¥ # 4*44 3 # ¥ sound4 ¥ 3 

3- ¥ 3 ¥ 3 4 * 4 ¥ 4 S14 ±4^4 4*44 4 ¥ 3 3 * 4 4 4 ¥ 3 ^ 4 . 4 1 -

1-3 EFR SGU44 3 g/sec4 1- ¥ # 4 4 A 3 # * 4 4 ¥ 3 : 3¥74 Si51 

A 4 4 ¥ A 4 3 ^ 3 4 1 4 4 4 ^ 4 ¥ ^ 4 4 4 3 * f l « ¥ S14¥ 

3 ¥ A 4 ¥ 4 . 4 4 3 : o f l ^ A S SGU4 4 4 7114 transducerl- 414*4 

¥ yoVltl44 4 ^ 4 3 A S 4 3:¥ 4 4 4 $ ¥ 4 ^ 1 S J O J ^ *j ni7j-j£ 

¥ ¥ 4 € 4 1 0 ) . 
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zi4 A S ¥3= 4 # ¥ SGU444 A3 ¥ # 4 3 # 4 31*44 4 4 74 

4 3 4 43-4 S1A4, £ 3 SGU 41T4H1 4 3 3 4 3 4 £ A 4 s l ¥ A S 4 

¥ ¥ 3 A S 4 4 ¥3= 4 £ 4 3 ¥ 4 A ¥ 4 4 4 . 

(2) BackGround Noise (BGN)4 3134 ¥ 4 ¥ ¥ 3 

¥3= ¥ # 3 # 4 4 743 ¥3174 4 ¥ 3 ¥ 3 ¥ 4 ¥ 3 4 4 H 4 4 ¥ 

¥3= M € 3 ¥ £ 4 4 4 4 4 3"444 u
s
v414¥ ¥ 4 ¥ ¥ 3 3l A 4 

A « ¥ °4¥ 3 4 i | ^ o i 4 . 4^ 4 ^ 4 4 4 A 4 ¥ ¥ 4 4 3"¥ 

¥ 3 3 -444 1 H 4 ¥ A 4 A 4 i414i¥34 Sl¥ 3 4 43"3*443, A 

$ 4 ¥ 3 3¥74 S14 ¥ 3 3 " 4 4 4 4 A 4 A ¥ ¥ 4 ¥ ^ -3¥ £ A 4 

1- 4 A ^ 4 4 44*1143 £ 4 . 3 ¥ 4 4 4 4 ¥ 314 ¥ 3 ¥ A S14 4 
£ 4 4 ¥ 4 4 ¥ 4 ¥ ¥3-& £ 4 4 4 4 . 

¥ 3 4 A4A ^4 4 3 A S 3- 14-43 A A l A 3 , adjacent 
blasting activity, pneumatic drilling, hammering, motor operation, ± f *i 
%, Al- 35L ¥U>4 S14. 

¥3= 3 # 4 4 ¥ 4 ¥ ¥ 4 ¥ ¥ low frequency4 high frequency4 4 
tl- 0H40I ^ji^cil oi ^ 4 ¥ 4 TITITT low frequency3 3 ¥ 50kHz 4*4 
4 4 , high frequency3 3 ¥ ¥ 50kHz44 200-300kHz4 °H3-34. cfl7rl4 
A 4 A ¥ low frequency4 ^ 4 4 4 14^4¥ 3 3 , high frequency4 ^ 4 
4 4 4 A4A ¥ 4 ¥ ¥ 3 & 444¥ 313¥ maintenance work4 
system valve operation44 4 4 4 ¥ 3 A S 14/44 S14. 

# 4 A i - ¥ A S ¥ # 4 4 3 A ¥ ¥ 4 ¥ ¥A 4574 # 4 M * 4 4 , 

¥ A 4 ¥314 * # 4 4 4 ±%^4 ¥ A 4 5 4 ¥ ^ - ¥ 4 4 ^ 4 . 4 4 
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3-4 ¥£ 4z.% ¥3*44 £1¥44 ¥3474 ^44 ¥3 ¥A74 ¥£ 
4£4 1H 44 334. 444 £#¥44 ¥ ¥# 33¥ ¥3 4 x t 
#3*44 £4^14 £1-4 ¥3 2:344 ¥344 334 44 4s4 4 
444JL 34. 4 3 334 34 ¥4 14414 743144 H4 -i--^ ¥A 
s ¥33X74 4444 4s4 £43 ¥ Si4. 

(3) Advanced Processing 7 1 ^ 4 4 # - 3 wflTj 

(74) Leak Noise4 3 x 4 4 

1) Leak noise4 ¥74133 ¥ 3 

Autocorrelation function¥ 4 ¥ A S 3 4 3 4 . 

Lim-^ r°°x(t)x(t+r)dt=0 (4.7)4 
T—**> 1 J — 00 

Acoustic signal4 mean # ¥ 4 ¥ A S 3 4 3 4 . 

Acoustic signal4 dispersion¥ 4 ¥ A S 3 4 3 4 . 

^-N^\f\{xi~x)Z (4-9)^} 
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2) Leak detection ¥ 3 4 ¥*d=3x44 

¥ # ¥3= A 4 A Q4 ^ ¥ £ 1 ¥ 4 % ¥ # S 3 3 - 7>¥3 Sl¥ 

domain¥ SGU4 £ ¥ ¥ 4 Sl¥ ¥ £ 4 £ 4 ¥5L4 4*114 l l - ¥ 4 3 A S 

¥5L€ ¥ Si A , E 3 -8-^4 A A 4 ¥5L4 9]ii ¥ 3 4 1 ¥ Si 4 . A 4 A 

4 3 4 4 4 ¥ # ¥ 3 3 x ¥ 4 4 4 s 4 . 

A 3 4 4 4 h44 ¥ 4 3 3 ¥3= 3 x & X1(tl)4 ^ 3 " 

(combination)¥ £ A ¥ 5 . 41-(density distribution probability) HX{), ^ 

T?&(mean value)4 4 # ¥ 5 . # 1 - 4 3" 4 -14f4 & X(t)£ ^ 3 3 : 4 . 

4 3 3*113 ¥ 4 4 4 ¥ # ¥3= 3 x X„(f)¥ 4 3 4l4f4 & £ ^ 3 

3-4. 4€- ¥ 4 4 4 ¥ l - ¥ 4 # 4 ^(combination)* ^ 3 3 4 . 

£ 3 3 : ¥ # ¥ A 4 ¥3= 3 x ¥ £ 3 3 # ¥ 4 ¥3(steady random 

process )°14. 

3) 3 x 4 4 M 

4<£3: ¥3= 3 x ¥ ¥ # 4 ¥ # ^44 afl3¥ ¥ ¥ * 4 4 i i 4 34*1 

3 # * 4 1 * 4 4 4*114¥ neural network4 ^ 3 4 adaptive filtering13> "1 

^ ¥ 4 ¥ * 4 4 , 4 HJ-^¥ 4 ¥ 3 A S 4 3 4 3 ¥ 1 - 2 : 3 3 ¥ SIA, 4*4 

¥ 3 x 4 A 4 A 4 ^44 4 3 4 3 4 & 4 A 4 4 . 3 x 4 4 3"4¥ 

PSD 74l¥&# 3 l ¥ 4 4 . J i 4 ¥ 4 ¥ o l l 3 1 * ^ &4Q <g^ layers neural 
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network4 neural network¥ ^ 3 4 3A4 4S7fl 3 ^ 3 4 . 
RMS # 4 lg/sec4 ¥ # A 4 3 ¥ ¥ # 4 4 -22 dB2±4 3 ¥ 4 3 ¥ 

3 3 ¥ # 4 x 1 - 343- ¥ 514. 
¥ # 3 # 4 ¥ 4 4 4 ¥ 3 3 i i A 4 3 4 . 

±r^9] 4^ Aî i-4 duration4 ^ 3 ¥ 4*H4¥ 4 ¥ 4 4 ¥ # 3 3l 
# ¥ 34*444 4 4 . 

-RMS&4 4 x ¥ 4 * ¥3*44 4*114 BGN! ¥ 3 

-4^. (~x) V-3o4 BGN4 threshold # 4 ^ 3 
-BGN threshold4 A £ 4 ¥ 4 4 4 3 4 
-¥3= 4 x 4 4 4 4 ¥ 3¥(time dependency function)4 3 4 

water/£l- 3 ¥ 4 4 4 4 4 ¥ 3¥(function)4 background RMS& 
coincide4 moments 3 4 3 4 . 

¥ # 4 x 4 duration¥ feature signal°l 4 3 4 ̂ (background level) 
-i- 4 ¥ 4 4 4 4 4 4 4 . 

4) FFT4 4*44 

^4A.^ 4 ^ 4 4 4 ¥ 1144 4 x 4 3 * ¥ 3 4 A , 4 ¥ 4 ¥ t 4 
£ 3 ¥ A S ¥4*44 £4*4¥ ¥ 3 4 4 4 . A 4 J = 3 4 ^ 4 4 4 4 4 4 ¥ 
¥ 4 4 3 4 4 7}o\^}3. SIA4, 4 3 ¥ 4all 3 ¥ 3 3 3 ¥ 4 3 ¥ s 3 4 
4 A 514. 44U 4 x 4 4 4 4 4 3 ¥ 413*4¥ 3 ¥ ¥ 4 4 3 4 4 3 
41- A 4 S 4-8-3: ¥ §14. 4 4 3 ¥ 4 4 34(DFT)4 4 4 4-§-44. 

FFT¥ V̂414- 4 4 3 4 4 ¥ DFT! 34-3.3. 44*44 4 3 £ A 4 
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#4 ^ 3 4 4 . DFT 4 3 4 3 ¥ 4¥4 4434. 

*U1= 2A*[H] • e x p ( - ^ ^ ) = & « ] • WN "* (4.10)4 

( *=0. 1. 2, • • • . N-\) 

444. 

^-*=exp(-^f^) (4.11)4 

4 ;¥ 4¥1- £4 34. 4 4 * Atfls 44*43 444 JH 4*11 A3 

4 3 4 3 4 4 ^A*44, A¥ H ^ r A x ^ = ^ 3 4 3434AS 4 

4. 

4 3¥ 486(33MHz) 4 A £ ^ ¥ 4 S 4 4 3 3¥ Ar=1024S 4 3 3 

4 343AS 4 3 i ^4 4 44. 444 wN
 k4 3 3 * 4 ¥ 4 3 -43 

AS 34 3 ¥ * 3 £ 4 4 ¥ 514. wN '4 3 3 4 4 4¥ 2744 344. 

43)3: WN"=-WN "\TI (4.12)4 

¥ 4 3 : WN "=- WN
 N+A (4.13)4 

74) 4 4 # ¥#(Decimation In Time:DIT) FFT 

4*4 (4.10)444 «4 4¥£ 3 ¥ 4 £¥£ 3¥4 ¥ 744s ¥ 3 

34. 
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X[k)= " S ' x M • WN
 2"*+NI$llx{2nA-l] • WN

 (2"+m 

= N^x{2n] ■ WN
 2fl*+ WN * / /£1xt2«+ 11 • ^ 2B* (4.14)4 

n - 0 

444, 

WN
 2 = [ e x p ( — ^ ) ] 2 = [ e x p ( ­ ^ ) ] 2 = Wfo4M (4.15)4 

" S ^ w ] • WM2 **+ WN * /^ )
142«+1] • Wm "* (4.16)4 

4 4 ¥ A 5L3S4 DFT74 A/2 5L3S4 ¥ DFTS ¥ 3 ­ 4 3 * 5. 

4 3 4 . ¥ Y[k]4 2[*]» A/2 5L3JA DFTS 4 3 , 

( Ar=0. 1. 2. • • ■ . N-l) 

(4.17)4 

4 ¥ 4 A S 4 4 . 

YU]¥ 4 ¥ i 3 i = 4 411­3, 2U1¥ # ¥ i £ s 4 411­34 4 ¥ 3 

4 . 3 , Y[k], Z[k] A ¥ *4 ^ 4 ¥ 0 ^ ^ ( A / 2 ) ­ l S 4 4 . 

N/2&k&N-\9] A4 cfloflA^ 4 A I , 

*U+A/2] = "i;l*[2H] • WJ, "(*+"/2) 

»-o 
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+ WN
 k+2IN ^x[2n+l]- WSI2 "(*+W2) (4.18)4 

[0£*£(«/2)-l] 

4 4 4 (4.13)4 A S ¥ 4 

Wm «k+Nm=wm "* (4.19)4 

(4.12)4 A S ¥ 4 

Wm * + w —Hfr k (4.20)3 

4 4 4 (4.18)4 ¥ , 

X[k+Nl2] = N^x[2n] • Wfo "*- WN * ' l l ^ n + l ] • Wfo "* 

= y[*]-»V*2[*] (4.21)3 

( k=0, 1, 2. • • • . A72-1) 

Fig.4.36¥ 43 -4 7414 9l3z]*r-£ 4 1 ^ 4 3 4 4 . 4 3 ¥ 4 ¥ 4 3l 

7444 3 ¥ ¥ 

A¥2(A72)2 = A¥A*/2 (4.22)3 

s 4 4 , #74 3 4 3 - 4 4 ¥ 441*1 4 £ * 4 A S l ¥ * £ ¥ 514. 4 4 4 

¥ 2 : 4 * Y[k], ZLk]3. ?41¥ 3¥*ll 7>4 4 4 4 ¥ N 7} 24 DFTS 4 

4 . 4 3 ¥ 4 ¥ 4 4 4 4 4 4 ¥ ¥ 
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X(2n) 

OO 

X(0) 

X(2)-

X(4)-

X(N-2J-

X(2n+1) 
X(l) 

X(3)-

X(5) 

X(N-1)~ 

N/2 point DFT 
Y(k) 

N/3-1 

£ x(2n)Ww* 
n=0 

N/2 point DFT 
Z(k) 

I x(2n+l)WN "* 
n=0 

N/2 

-Z[(N/2-l)] 

+ X(0) 

T+ X(l) 

+ X(2) 

*► X[(N/2)-l] 

*> X(N/2) 

X[(N/2)+l] 

* X[(N/2)+2] 

Wjmy 
7> X(N-1) 

' N 

Fig.4.36. Algorithm of F F T calculation. 



(N/2) teg 2 N (4.23)4 

A S 4 4 . 

4) 47j-^ ¥#(Decimation In Frequency:DIF) FFT 

4 4 ¥ ¥ # 3 FFT4 rflall ¥ 4 ¥ ¥#(Decimation In 

Frequency:DIF)4 4 4 FFT£aL4w°l 514. 4 3 ¥ Sande-Tukey4 £ A 

elfAS. £ 4 4 514. 

4 3 ¥ 4¥7fl4 4 4 4 1 - 3 4 4 ¥ 4 4 ¥ DFTS ¥*1144 7414 3= 

4 4 ^ 1 - 4 4 ¥ M A S , 3 # 3 A S ¥ A 4 24 DFTS 4 4 4 4 4 . 
DIT, DIF 4 A ^ 4 M A 3 # 3 A S 37} 24 DFTS 4 4 4 7 l ¥ 4 , 3 
7} 44 DFTS ^ 4 3 3 ¥ 4 ¥ 44 DFTS 4 4 . 4 3 ¥ 4 T4143=¥ 4 
¥ 24 3 ¥ 4 4*11 3/4AS 4 4 4 3 4 . 4 ¥ 4 ¥ » ¥7443 4 4 4 4 
7414 # * 4 ^ 4 4 ¥ 5143. 4474 ¥4*44 4 ¥ W £ * 4 £ 4 3 
4 . tf=4£ 3 ¥ 4 £ * 4 M S 4 ¥ 3 4 4 . 

4 3 4 4¥*4¥ FFT ^ . s n ^ ¥ 2% 4 ¥ S 4 ¥ 4 4 ¥ ¥ # 3 4 
Cooley-Tukey £ A 4 # * *rl¥$H4. Table 2¥ C 3 4 S 4 3 4 FFT S S 
n ^ 1 4 ) 4 4 . 

FFT4 74144¥ 4374 WN
k9] #3.3. 

*=0. 1, 2. • • • , A72-1 

4 ^ A 4 4 3 
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Table 2. Program list of FFT algorithm programmed by Boland C++. 

////////////////////////////////////////////////////////////// 
// Program Name: FFT algorithm programmed by Boland C4-4- Ver 3 
////////////////////////////////////////////////////////////// 

////////////////////////////////////////////////////////////// 
// ^include files 
////////////////////////////////////////////////////////////// 
#include <stdio.h> 
#include <stdlib.h> 
#include <math.h> 

void make_bitrev(int n, int bitrev[]) 

{ 
int i, j, k, n2; 
n2 = n / 2; 
i = j = 0; 
for (;:) { 

bitrev[i] = j; 
if (++i >= n ) 

break; 
k = n2; 
while ( k <= j ) { 

j -= k; 
k /= 2; 

} 
j 4-= k; 

} 
4 
void fft( int n, float x[], float y[] ) 
{ 

int i, j, k, ik, h, d, k2; 
float t, s, c, dx, dy; 
sintbl = malloc( (n + n/4) * sizeof(float) ); 
bitrev = malloc( n * sizeof(int) ); 
make_sintbl(n, sintbl); 
make_bitrev(n, bitrev); 
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for ( i = 0; i < n; i++ ) { 
j = bitrevfi]; 
if (i < j) { 

t = x[i]; x[il = x[j4; x[j4 = t; 
t = ylil; y[i] = y[j]; y[j] = t; 

} 
} 

for ( k = l; k < n; k = k2 ) { 
h = 0; k2 = 2 * k; d = n / 2k; 
for ( j = l; j < k; j'4-4- ) { 

c = sintbl [h 4- n/4]; 
s = sintbllhl; 
for ( i = j; i < n; i 4-=k2 ) { 

ik = i 4- k; 
dx = s*y[ik] 4- c*x[ikl; 
dy = c*y[ik] - s*x[ikl; 
xlikl = xli] - dx', 
xli] 4-= dx; 
y[ik] = yli] - dy; 
y[i] += dy; 

> 
j 4-= d; 

} 
> 
for ( i = 0; i < n; i++ ) { 

x[i] /= ni 
yfi] /= n; 

} 
} 
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cos(*+;r/2) = -sin(x) (4.24)4 

4 474H14 cos(2xk/N)4 tfl*r]4¥ 

k=0, 1. 2, • • ■ . A74-1 

4 4 4 37} si A 3 ¥ ¥ * 4 4 . 

FFT4 4144 4 4 A¥ 5124AS sin4 tfl*H4¥ 512 4 4 4 , cos 

4 4*H4¥ 128 4 4 4 , 3"*114 6404 4 4 1 - 44A74 4 A 4 4 . 

(4) 3 ¥ ^ 4 (adaptive filter) 

1) ¥ 4 4 4x(random signal)444 3 ¥ W 

U 3 * 3 4 £ 4 ¥ 4 4 A 4 3 4 x s„¥ 4 4 4)#&4 4 3 

weight 3-AS ¥ 4 3 A S 4 4 € ¥ 514. 3 e 4 4 1 s „ 4 4 ¥ 3 

sn = -^aks„-k (4.25)4 

4 4 4 1 - 7444, 413m s ,4 44$ s„ 4 4 4 4 4 ¥ 

en=s„-s„=s„+£[alt Sn-t (4.26)4 
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A S 4 eH-& residual44 4 4 . 4± 4¥(least square)^44 3 ¥ a*¥ 

^ # 4 4 331 4 4 4 ¥ # 4 4± & A S 3 4 3 4 . 

4 4 *H4¥ ¥ 744 M A S 4 ¥ 4 4 ¥ 514. A ¥ 4 4 ¥ s„* 

deterministic signals 743 4 ¥ 3 4 ¥ 4 4 ¥ 3 (random process)AS ¥ 

4 4 4 x S „ A S 7 4 3 4 ^ 3 4 4 . 

3 £ s„0l random process43 4 4 e„3. random process°14. least 

squares methodoll4 4 4 4 ¥ 4 4 7l 4 ^(expectation)4 4 ^ 4 4 4 4 4 

4 . A2fl4 

E= siel) = £(s„+ ^fl*s,-*)2 (4.27)4 

E7} 2 U 4 4 4 4*114¥ 4 * 4 2 : 4 4 3"4*444 3 4 . 

^ = 0 , \£tep (4.28)4 da, 

4 ¥ 4 A S ¥ 4 normal equation¥ 4 ¥ 4 4 4 . 

g^ak e(sn-.ksn-) = -£(snsn-d (4.29)4 

4 :£. ^ ir 4 4 (minimum average error)¥ 
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Ep= eiel) + ̂ ak eia.s,-*) (4.30)4 

44 7 ] 4 4 ¥ s„ process74 stationary4 nonstationary44 ^ $ 4 . 

stationary 3 3 ¥ 

EisH-ksn-i) = It(i-k) (4.31)4 

4 4 , 4 7 1 4 /?(0¥ process4 autocorrelation0! 4 . 

(4.29)44 (4.30)4¥ 4 4 4 ¥ A S 4 ^ ¥ 514. 

£iakR(i-k)=-R({), l^i^p (4.32)4 

Ep=m)+^akR(k) (4.33)4 

4 4 4 . 

/?(0=(i2oos„ s»+, (4.34)4 

¥ 4 x sn4 autocorrelation functionol4. SE /?(0¥ even function0!4. 

R(-{) = R({) (4.35)4 
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4 ¥ #(*'-*)¥ 74if 4 ¥ 3 4 *J1 (autocorrelation matrix)S £ 4 4 51 

7l nfl¥4 °1 M * autocorrelation method4 ¥ ¥ 4 . autocorrelation 

matrix¥ symmetric Toeplitz matrix (Toeplitz matrix¥ diagonal matrix4 

A i & 4 4 ¥ ) 4 4 . 

431S 4 x sfl¥ ¥ 3 ^ 4 (finite interval)443 £ 4 4 3.4 4 ¥ 

3 3 4 4 4*1143 4 3 4 514. 3744 £ 4 3 A S A^-4 M A S ¥ 4 

X s„4 4 A ¥ 4 ¥ (window function) u>„¥ 3-*44 4 ¥ 4 x sB* 3 

¥ 4 . 4 s ,¥ window34 4 4 ¥ zero44. 

[s„w„ O^n^N-1 
(4.36)4 

0, otherwise 

4 4 4 ¥ 3 - 4 4 ¥ (autocorrelation function)¥ 

R( 0 = N~i 's„ sn+ ,. i>0 (4.37)4 
n — 0 

4 4 4 Q^ tg-^ (window function) wn4 A4¥ ¥A*44. 

2) 3 ¥ ^ 4 4 4 4 

Fig.4.37¥ 3 * ^ 4 4 743 4 ¥ 3 3 3 « A 4 ¥ 4 41- M 4 4 
¥413133 ¥411- *rl£4¥31 4 4 1 ¥ 514. 4 1 1-3 4 ^ 4 ¥ 4 4 
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Filter 
input 

Adaptive 
filter 

/ 

Filter 
adaptation 

rules 

i > 

Quality 
assessment , 

Filter 
output 

Fig.4.37. The general structure of an adaptive filter. 
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S n 4 4 4 1 1 4 4 A ¥ S °1¥€ ¥ 51A4 tapped-delay-line, pole-zero, 

lattice structurel 744¥ £ 4 4 A A ¥ S 4 ¥ 4 4 . 2 : 4 * 4*11 4 ¥ U 

¥ 5l¥ 3 ¥ l - ¥ impulse-response sequence values °144 ^ 4 4 ¥ 4 ¥ 

¥4(frequency response)4 ¥ 4 ¥ 4 3 3 ¥ £ ¥ 514. 

4 4 4 ^ 4 # 4 4 3 * ^744^- 3 s ¥ 3 ¥ ^ 4 4 3 ¥ 4 ¥ 4 4 

744 3 314 4 ¥ 3 4 . 3(quality)4 ^744 S1444 3744 M ¥ 3 ¥ 

4 A 3 4 514. ¥ 3 ¥ 4 2:34 4 3 ¥ £ A 4 ¥ 4 4 . S 3 3 3 ¥ 5l¥ 

3 ¥ 4 4 . ^ 4 ¥ A 4 4 4 4 3 , 3 3 3 %7\ 4 4 4 ¥ , 3 ¥ ^(adaptive 

update)4 A ¥ 4 4 3 3 ¥ ^ 4 4 4 ¥ ¥ 3 5J 3 ¥ 3 * ¥ ¥ 4 ¥ 4 4 

¥ 4 4 . 

4 4 4 Fig.4.37¥ 3 ¥ ^ 4 4 £ 3 3 3 3 4 4 3 ¥ £ A 4 ¥ 4 4 3 

4 4*11 £°4A7l 4 4 4 quality assessment4 ^ 4 :?^A14 ¥ £ 4 4 3 

* ¥ 4 4 £ A 4 ^ 4 S 3 4 7fl«j-* 4 ¥ 4 Hi ¥ Sl¥ 43A.S £ 4 ¥ 4 . 

Fig.4.384 ^ 4 ¥ 44(discrete-time), ¥ 4 3 ^ A ¥ 4 

(finite-impulse-response (FIR)) ¥A1- 744 A S1A4 tapped delay line4 

w09\ wN_x9] A7114 2:3 4 ¥ 741 ¥ 4 4 ^ 4 A si4. 4 4 4 4 # 4 

*(*)¥ 43*1 4 3 4 A.44 1144 3"AS ¥ 4 3 4 . ^ , 

y(k) = f^wix(k-t) (4.38)4 

4 4 . 34*44 3</fe)¥ S&3 27114 ^ 4 4 dot(^¥ inner) f A 5 . 2:4 3 

¥ 514. 

- 5 8 7 -



FIR filter 
Filter 
input x(k) x(k-N+l) 

Filter output y(k) 
► 

Quality assessment 

Desired 
signal d(k) 

Fig.4.38. Specialized form of an adaptive filter employing a 
tapped-delay-line finite impulse response (FIR) 
filter and a reference-matching quality assessment. 

- 5 8 8 -



y(k)=X'(k)W (4.39)4 

444 . 

W = [w0 Wi w2 Wi' • • • Wjv-J' (4.40)4 

X(k)=[x(k) x(k-l)- • • -xik-N+1)]' (4.41)4 

44. 44 4 4 1 ^ 4 4 ¥2:¥ 743 4 4 3 3¥4 4 4 4 4 3 FIR ^ 

44 ¥ ¥ € ¥ 514. 4 3 ¥ WS 44 #¥ £ 4 3 3344 , 3 ^ A ¥ 4 

¥ 333AS 44 W4 A4i4 4*11 3*1134. 

Fig.4.384 A4¥¥ 3¥ 447l¥ H3 quality assessment4 744 4 

3 4 3444 . 4 4 #4 >0)¥ A¥4¥ 4¥ d(k)4 44 4^44 , s. 

27114 constitute4 44 3l quality 4 degradation* 4Aofl ¥ ¥ 514. 4 

¥ « ¥ 74^ SI4 45L(desired signal)4 fS7]E 44 42: 4 x 

(reference signal),-?-¥ 3 4 4¥(template waveform)4 4 ¥¥4 . 

3 ¥ ^ 4 741¥(adaptive filter coefficient)!- 43*4¥4 51444 3 ¥ 3 

¥ 34*4741 y(k)% <Kk)4 £ ¥ ¥ 4*844. 444 3744 4 ^ 4 ^7}^ 

4 >0)2i4 A*14 d(k)7} ^ 4 4 3 4 # 4 4 4 nfl¥4 4 ¥ 3 4 4 4 

43*1 ¥ 4 4 4 &¥4. 4 ¥ 4 >0)2i4 A*14 d(k)4 3¥4 4̂ S %?\ 

¥ 4 £4 271-4 4 3 * 3¥3- 344 . 

4 3 3¥4 5144 » ¥ 34 4*1 4^14 x 4 ^ ! A 4 34 Sl¥ 

&4 374l(training phaseH Sl¥ ¥ 3 3 ¥¥44 . A3 3 ¥ 4 3 ¥ 3 ¥ 

431 x 4^0A4 4 4 ¥ 3 4 4 4 4 4 dU)¥ 1A $434. 
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4¥ ¥ ¥ 4 4 <#£)¥ y(k)% 74144A 4 3 ¥ 3 74¥*114¥ 4 3 4 4 4 

4 quality assessment¥ 44*44 3434 . 

d(k)4 y(k) 4 4 4 %\o]^ igEl £¥ 3¥ rule4 4 ¥ 4 ¥ nonzero 

error 4S-e(k)% 3¥4. 4 A34 ¥ 3 ¥ 743" 4¥ e(/fe)3¥ ^ ¥ e(k) 

¥ # 4 4 4 4 44 W °4 T41¥1- 412=1- ^v¥ 344. 44 3 ¥ ¥ % 

51* 4 4 4 ¥ 44 W °s £ 3 4 ¥ 44 T41¥4 4 A S 3 4 4 4 A 4 

4. 

d(k)=X '(k) W ° (4.42)4 

44 3^ w= W °¥ A¥ A4 444 74¥4 743 4¥ # 3 e(k) = 0 

1- 4444 . 

4 4 4 4 44 3¥ A3 ¥ 4 ¥ 1H44 43 *H4 W "4 4 s ¥ & 

AS 3 3 4 A 45t* 4 3¥(adaptive)44 ¥S4, ^ 3 3¥ £ J L 4 ¥ ¥ 

4¥3AS ¥4(recursive) ¥, 4 s ¥ 344 7<§44A¥ ^ ^ ^ ^ 

quality74 3g744AS 4 4 ¥ 4̂ 4 4S°1 3444 . 

3¥ 3 ¥ (parameter adaptive) 4 £ 4 3 3 3Efl¥ single, multi, 

multiple-real3 3¥4 3 4 ¥ (4.43)4AS 44^S ¥ 514. 

New parameter] _ [" Old parameter] , r Bounded] . I" Function] . r Function] 
estimate J L estimate J [ step size] [ of input] [ of error] 

(4.43)4 

3) 3 ¥ A ° l A 4 ^ 4 (adaptive noise canceDer) 
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74) 42:(reference) £ 3 * 4 ¥ 3 4 * 3 ¥ 314 

3.42, ^I^412)4 S/N474 4 ^ 4 ^ 4 x 4 4*11 4 * 3 ¥ 4 4 4 

74 4 ¥ 42: U 3 * oi-g-^n^^) #£- 4»±. *14*4¥ 4 4 4 4 . 3 ¥ 

h^o]2. ?J1#4¥ 4 4 4 4 4 x 4 7444 ^ j t * 4 A S 4 4 & A 2n°li 

3141- U 3 4 4 S 3¥*44 44*4¥ 3 A S 4 4 4 4 4 4 4 * 3 ¥ 51 

¥ ¥ 3 * 744A 514. Fig.4.39¥ 3 ¥ A ° 1 A ^ # 4 4 7ilsiA19)l- 4 4 

3 4 . 414 Ksignal source)¥ ¥ 114(primary input)44 ¥ S 4 , 4 x s 

4 4 * n0o] ¥ 3 4 s+n0(=x)* 4 ¥ 3 4 . 414 Ksignal source)4 4 A 

1-4A¥ 4 ¥ 3 ¥ «0* 3 1 4 4 A 4 X 3 ¥ S 3 ¥#*4¥ 3 4 A 4 A *» 

# 4 4 ¥ 3 4 4 . 347} 4*114¥ 4 4 * 3 ¥ 4 4 4 4 3 ¥ 42: £ 4 

(reference input) Mil- U ^ 4 ¥ 3124 414(noise source)-! ¥ 4 4 4 . °1 

414 2(noise source)4 114 «i* 2=4A44t £4(FIR £ 4 ) S 4 4 4 A , 

¥ 1 1 4 ¥ 4 4 4 * 3 ¥ n04 74^3 7444 4 4 4 A S 4 4 * * &SH 

4 . £ 4 741¥¥ «04 «i4 W 4¥A474 4±3- 43m 4^43.3. ¥ 

3 4 4 . 

4 4 411 ¥ 4 ¥ 4 ¥ ¥ 414 14 414 2 s ¥ 4 3 ¥ 4 4 31 £ 4 ¥ 

3 * £ A 5143 4 ^ - 3 A S Wl4 »0S 3 3 4 4 ¥ 51¥ A 3 ^ 4 1 - 4 

4*44 4 4 4 4 3 , 3 ¥ 3 s 4 ^-34 £ 3 3 A S £ £ 4 4 514 $ 4 4 

4 4 ¥ 4 3 A S £ 4 4 A S l A s s 3 i34 3 4 4 4 4 $ 4 . Aefl4 fixed 

filter4 4 * 4 74¥*44 ¥ 4 4 . 

4) 3 ¥ A 4 A ^ ^ 4 4 U # 4 4 4 4 
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Fig.4.394 3 * A 4 A ?J1#44 4^3.4 5144 42: £H Wl4 £ 

4 3 4 s^flA44! £ 4 1 4¥*4¥ 3 ¥ 1 - A 3 , £ 4 114 T41£* ni[i], 

# 4 T41£* 3**14 4 3 

y[i] = '^tL{k]-nl[i-k] (4.44)4 

s ^ ¥ 514. Fig.4.394 ¥ 3 4 5144 42:U4 «il41- £ 4 3 4 yl4 

1- ¥ 3 4 *14 ¥ 4 4 * 3 ¥ «oL44 74^-3 5-3*43 4 * ¥ * I # 4 A 

4 x s[zll- # 4 £ ¥ 514. 

4 3 ¥ ¥ 114 x[i]4 y[i]9] 3.7} 74l£ 4zl4 *85 74^ 3.4% $±3. 

3 A S 4 4 3 4 ¥ 3 4 4 . 

¥, A4T41£ ekM 2n4A ^ 4 4 # 4 A S 4 4 . 4 3 ¥ 4 * 4 £ 
¥ 4 A S £ 4 4 4 . 

E\e2] = E[(x-y)2] = E[(sA-no-y)2] 

= E[e2]+2E[s(n0-y)]A-E[(n0-y)2] (4.45)4 

4 x 4 4*oil r |4 42^ 44s] sg -̂514 044, 5E4 4 s ¥T413A 

s ¥ ^ 3 3 , ¥ 4 x 4 4 4 4 * 4 4 4 ^3=* 3 4 4 , A 4 3 1 S 4 * 4 
4 x 4 oj*j:^. 4 ^ ] - ojoj 0^4^ ^ ^ o j ^ ^ ^124¥ OAS 4 4 . 

444. 
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SOURCE 

s+n„ 
SYSTEM 
OUTPUT 
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FILTER 

FILTER 
OUTPUT 

Fig.4.39. The adaptive noise cancelling concept. 
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E[e2] = E[s2]A-E[(n0-y)2] (4.46)4 

s 44. 444 £U2]¥ £44¥4 4¥*44 &¥4. 444 £4 T41¥1-

2:4*44 A4 74l£ e[i}9] -̂g- 74¥ A41- 4±sL *4¥ 3¥ 4 44 ¥ 

3 3123 £t(«0-y)2]l- 4S 44^s *4¥ 344. 43¥ %2: U4 nx[i\ 

% £ 4 3 3 M*]* ¥ U44 3 * M0L44 74^3 ¥ 3 4 4 ¥ 3 * 44 

4A S1A4, Fig. 14 ¥34 A°1A ^H#4S 4 ¥ 4 A si** 4434 . 

s Fig. 144 £ ¥ 51¥4 s-<?=y-«044 4¥4 

E[(s-e)2] = E[(n0-y)2] (4.47)4 

s 44, A4 741£ e[i)4 A°1A *E#4 #3, ¥ ¥ U444 4x 3¥ 

4 4 3 3 ¥3 513* £ ¥ 514. 

4) £4 741¥4 7414 

4 3 3 £4 741¥1- T414*4¥ 4 ^ 4 ¥ 44 74474 514. 4 4 4 ¥ 4 

444 3 3 * 3¥3AS 4̂ *11 74¥ 3 * £4 ¥44 S ¥ 3 A S 914 

4 ¥ 4 * 4 4£ ¥ 5l¥ LMS £ A 4 # * 4 * 3 41- ^7fl14)44. 

3 * £44 3¥, £4 31 ¥# 4<£*ti 74¥ 3 4 A S 4¥¥ 4 44 

444 44 4¥ &AS 44. A2fl4 43 1 4 51444 £4 T41¥1-

wjii]; k=0, l, 2 LS ^ 4 s 43, £4 T41¥1- 4^4 44 4*11 

33*11 743 4 4 . 
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w*[/+l] =«;*[/]-T-2/i-ekl -niii-k] (4.48)4 

444 741¥/̂ ¥ 3334 4¥4 ¥¥34 ^34 4*fl 3*H34. 4 
34 4A3 3334 #44¥ 444 ¥¥34 4444, A3 ¥¥4 £ 
44¥ 3144 3334 444 #34 £4*44A 34. ^ U4 4x4 
S i 44, ¥ 4 ^ 3 44 7f¥* ^ 3 3* 344 514 4¥1- 3A 
3 1:334741 4 4 A £44 5l¥4. 333AS¥ A 1/1044 1/100 3A 
74 #¥ 3 £4. 4 741 ¥74 ¥£44 ^3*fl4 £ 444444. 3*4 4 
4 333AS 33 £A74 514. 

4) £3*8-3 

£3 4444 4 3 * 4*114, 31 12=44 ¥*€ 4x4 31 2 s^4 
¥¥€ 4** 43*44 ¥ 114AS 4A, 1̂ 4 2=44 ¥*€ 4** 4 
2: U4AS 44. ¥ 1144 S44¥ 4*¥ 4 £ 4 4 A S £4 3451A 

4 42: £44 4*4 ¥£44¥ $4. 
Fig.4.40¥ 444 £3 444 43 4^* 2i4¥4. 

4) £344 

£3 £41- Fig.4.414 44qisi4. Fig.4.414 4^¥ A ^ ¥ 4 x s 
4341- 4*3 3¥, Fig.4.414 4 ^ 4 A ^ ¥ ¥ 3 * 4*4 3¥44. 
Fig.4.414 4^4 4¥¥ ¥ U4, ¥4¥¥ ¥ 114 74*44 4x3¥, 4 
¥¥ DSP4 44 3¥ A°1A ?J#44 4*11 444 #4 4 3 * 443 
344. 
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SINE wave 
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Fig.4.40. Method for making experimental data. 
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Fig.4.414 4 « 4 4 ¥ ¥ ¥ 3 4 x , ¥ 4 ¥ ¥ 4 * 4 £ £ 4 ¥ £ 4 , 
*4¥¥ 4 4 4 4*11 4 * 4 3144 # 4 * 4 4 3 3 4 4 . 4 A 4 4 4 4 
4 4 # 4 ¥ ¥ 114 74*44 4 x 3 ¥ * £ ¥ 4 4 A 514 U=x4 £ 4 
7} 93o\7.}3. 514. 

(4) 4 4 3 4 4 4 (Pattern Recognition Analysis) 

sfl4 3 4 444 4 # ¥ BGN(background noise)4 signal 44-1 ¥ 
£ 4 ¥ 4 7J-34 1-44. 4 4 ^ * 3744 4 4 4 4)#* 4 4 744 ¥ ¥ 
s 4 ¥ 4 3 ¥ ¥ ¥ A S ¥ 4 4 ¥ 4 # s 4 , ¥ ¥ 4 4°ot4 £ 3 2 : 4 4 4 
4 744 source4 4 4 4 4 ) « ¥ S 4 A 3 4 33"3 3 4 £ A 4 # * l£ 
4 ^ ¥ ¥ 7l^15'16'1718)°i4. 

Boiling 3 # 4 4 4 4 41-1-4 £ ^ 4 3 , 10msec ¥ 3 4 x 1 - 4)1-
4 4 3744 2:4AS 4 4 £ 741¥s 4 ^ 4 . 4 4 4 4 43-¥. 4 4 744 
¥ 4 ¥ ^ A 4 4 4 4 4 4 , 3^°]* 4 ^ 4 4 3 , 4 4 4 4^$ standard 
deviation* 3 4 4 ¥ 12744 <#4AS 3 ¥ 4 . 

(4) * 3 3 # 4 ^ 4 ¥ # ^4 

A¥4¥ 3# 4A«S4 ¥#¥ SGINH4 ¥#4 344 ¥# 34 
¥434 4*11 £344. ¥#4 444#¥ 4*4 ¥ 744 4€- 3 4s 
4*113 AS 4434. 

4744¥ ¥ # 4 10"244 10"1 g/sec4 3 4 4 4 4 4 3 A S 4 4 4 
¥ 3 4 £ 4 open°l ¥ 4 4 ¥ 3 4A, 3 4 * ¥i£ ¥ 3 4 ¥ # 4 ^3*1 
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Ajg+ai jA i jS | 

■fem^: v -v. v -v v i %' u v v v v v v.-. v -v w v \ <M§(500Hz A1°!IU) 

WB^fi^m^sN'S^ kOI* EH^ai 2 ^ 

lms 

fc!S(S§/8/) 

d S + ^ ^ S i 

kOI£S cHgai 2 ^ 

r— 
lms 

Fig.4.41. Results of filtering for sine curve signal and a 
voice, "e", with white noise. 
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¥7>4¥ 33-44. A 4 A 4 * ¥#(small leak)¥ 10"2 g/sec 4 4 4 4 £ 
3 4 4 A 4 * 4 S 4 ¥ # 3 4 4 4 4 4 3 4 ¥ 4 4 4 3 ¥ 4 ¥ 3 ¥ 
# * 3 ¥ ¥ 33-4 514. 

A 4 3 ¥ # 4 ¥ 4 3X4¥ &¥ 3 ¥ 4 4*114 4*114A 4 * 4 ¥74 
4 ¥ 3 4 damage 3 ¥ 1 A 4 4 4 4 3 4 . A ¥ 4 *44¥ secondary 
failure4 SGU tube bundle°l failure4¥ 3-444. secondary failure3 3 
¥ 4 ¥ 10-2 g/sec44 34A 100 g/sec 4 4 4 4 £4!4¥ # ¥ # s 3 
3 wastage 3 4 4 £ 3 4 4 A 214, 4 3 g/sec4 * ¥ # 4 4 ¥ # 3 4 
4 3 4 4 ¥ ¥ # ¥ A S £ 4 4 514. 10 g/sec 4 4 4 * ¥#¥A<44¥ 
¥ 3 4 4 £ 33"* ¥ 3 3 wastages £ 3 4 4 243 4 ¥ 4 £ 4 4 
MTR (multiple tube rupture) S £ 3 £ ¥ 514. 

3 3 3 A S 4 4 4 ¥3"* ¥ ¥ ¥ # # A ¥ 4 3 g/secS4 MTR 
(multiple tube rupture) * 4 4 4 4*114¥ 1 sec 4 4 4 ¥ 4 3 4 Sl¥ 
3 # 4 4 ¥ 4 4 4 3 4 . 4214 3 ¥ 10"2 g/sec4 * ¥ # 4 4 ¥ 4 4 3 A 
5 * ¥ # * 3 # 3 ¥ 5143 ¥ 4 ¥ A ¥ £ ¥A*44. 4 4 3 ¥ 4 ¥ 
¥A 3#47f 3.44 4 33-44 4 ¥ 4 4 3 ¥ 4 3 4 4 ¥ A 4 PFR4 
4 4 3 ¥ ¥ A3 4 70 sec3A°14. 

AEA 4 S 4 4*43, ¥A ¥ # 3#(HLD)44 ¥ 3 ¥ # 3#(ALD) 
4 4*44 3 # 4 4 3 ¥ 10"1 events/year 3 4 4*44 nuclear release(SC) 
¥ ¥ 4 4 ¥ 10~7 events/year°lAS 3 4 3 3 # 4 4 5144 ¥ 3 £ 4 4 ¥ 
3 * £ ¥ 514. A 4 A S 3 # 4A«g¥ ¥ ¥ 3 3 3 3 3 * A 4 4 474 
4 ¥ 3 A S 4 * 4 ¥ 3 4 4 4 4 4 4 . 

(5) 4 4 **J ¥ # £ 3 4 4 4 £4/314 
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(7\) 3 4 711A 

*3= 4144 ¥ 3 , *3= 4144 ¥ 4 # 3 3\ *3= 4 x ¥ 3 * 43<4 

4 4 4 A 4 A ^ ] £ 4 1 - 4 3 4 i 4 3 * 4 4 4 4 ¥ (passive) ¥ 3 = 3 * 

3 ¥ * * A 4 £ 3 3 4 4 A > B * Fig.4.424 £ 4 £ 741*45* A 4 4 4 314 

3\ £ 4 1 - ¥ ¥ 3 A S £4*4514. *3= 4144 ^4 3\ *3= ^ 3 * £ 4 

H 4 4*H4¥ 4144 ¥ 4 4 4 3-¥ 4144 £ 4 A ^ 4 ¥ 4 ¥ - ^ 3 * 

4 * 1 1 4 A 4S.% 3 # * 4 ¥ 4 £ A 4 4 4 * 4 i L £ ¥ S i* 3 A S 4 3 4 

4 . 

¥ £ 3 3 4 ¥ # A 4 £ 3 * A S 4 4 4 S 1 A 4 Af- £ 3 4 £ A 4 4 

4 A J L 4 4 4 cold trapA 4 4 £ 4 4 5 1 4 . 

*2rL4 *3= £ 3 4 £ A 3 4 4 4 ¥ 3 A i ¥ * A 4 ¥3= £ 3 * 

4 . A 4 *3= £41 3-4 ( ¥ ¥ A 4 4 , 74A 2n# 3 4 , £ 7 4 4 * 4 * 4 4 

4 3 3 * 3 = £ ^ 4 ¥) , ¥3= 414 3\ *3= A4¥(acoustic transmission 

guide ; acoustic guide ; guide) ¥ 4 £ A * 4 A 7j]¥ 3 4 S ¥ 444 ^ ¥ 

AS-(data acquisition board), 4 x 4 4 3 4 (signal filter system), 4 x ¥ 

44(signal analyzer), 3 ¥ 4 4 A ^ 3\ 3.S14 ¥ 4 £A*44. 

(4) 3-4 ¥ 4 

¥3= £ 3 * 4 ¥ Fig.4.434 £ 4 £ 4 2000mm, 4 # 500mm, ¥ 4 4 

4 ¥ 4 10mm4 A 4 S 4 5 3 A, ¥ 4 4 7414¥ sus304S 4 4 ¥ 4 i4}¥¥ 

buffing 4 4 4 5 t 4 . * 4 4 3 * ¥ A ¥ 3 " ¥ 4 4 A ¥ 4 5 0 0 r 4 4 4 * 

4 74^4i£s . <#B^ $.7) ^ . g . ^ ^ s 4 ° t 4 . 

Af-4 s]^ ^± 3 # 7 l £ ^ ^ 4 4 4 * ¥ U A S 4 J 4 ¥ 42=1-
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s 

Mixed gas 

Fig.4.42. P & I diagram for development of acoustic and hydrogen leak detection system. 



Seal unit 
(packing & screw 

Bracket 

Nozzle 
Orientation 

discharge 
nozzle 

inlet nozzle 
location 

Vent nozzle 
2" ANSI 900# 

Top nozzle 
* 1/2" 

View glass 
& flange 

ANSI 300# 

discharge 
nozzle 

* inlet nozzle 
location 

h -500-

ottom nozzle 
1/4" thick pipe 
4 

T 
300 

JL 500 

500 

_A_ 
100 

500 

250 

100 

Fig.4.43. Size and nozzle orientation of vessel for acoustic 
leak detection experiments. 
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* 4 4 A 4 3141- 4*414 Fig.4.444 £ 4 cold trap°l £7414514. 

A4 ¥3= £ 4 J 4 S ¥ ?}^ ¥114 4 4 ^ A S 3 4 £ 3 4 * * 4 

4 451A4 Fig.4,454 £ 4 7}±. ¥ 3 4 4 £ 3 4 5mm ¥^14 sus304 £ 

4 4 4 0.1 mm4 ¥ 3 * 4514. £ 4 4 4 ¥ ¥ 4 4 4 4 4 4 500mm4 

4 4 £ 4 4 5 1 A 4 ¥ 4 4 ¥ ¥ 4 4 ¥44(cover)44 ¥ 4 A S 3 4 ^ 4 

451A4 A # 4 4 4 - 1 2 :££ ¥ 5lA¥ 4514. 

*3= A 4 ¥ 4 3 4 4 £ 4 4 4 ¥ Fig.4.464 £ 4 . 3 # 4134 4 4 

¥ ¥ 4 4 ^2} 4 3 A S 6^(Cl, C2, C3, Dl, D2, D3)44 * 4 A 4 ¥ 4 

^ 4 4 3 4 ¥ 4 4 4 ¥ 4 4 ucV^AS £4*4514. ¥ , 3*(C1, C2, C3)¥ 

¥ 4 4 4 4 £ 4 3 3 ¥ 3 3 3 ¥ 4 A 4 4 4 3£(D1, D2, D3)¥ * 4 A 

4 ¥ 4 rf* ¥ 4 4 4 4 * # 4 ¥ A S 3 4 ^ ¥ 4 4 s ¥ 3 4 3 ¥ 4 4 . 

A4A Fig.4.474 £ 4 *7I4 4%- «>3(radial direction)AS 3(E1, E2, 

E3)£34 4 ¥ l£(E3)¥ ¥ 3 #3=4 £ 4 4 4141- 4 * * 4 A S 4 1 - # 

3=4 414 £ 4 ¥ ¥74s 27fl(El, E2) 4 £ 4 4 4144. 4 4 4 Fig.4.484 

£ 4 ¥ 4 ¥ ^ 4 2£(A, B)4 ¥ 3 A 4 ¥ * 444S1A4 17)1(A)¥ *3= 

A 4 ¥ * ¥ 4 4 4 ^ 4 4 s ¥ 4 4 5 1 A 4 4 4 l7fl(B)¥ A 4 ¥ * * 4 

¥ A S 3 4 ^ 4 ¥3*4514. *3= A 4 ¥ 4 £ 4 ¥ 300mm, fMfe * 

10mm, 7fl£¥ sus304°14. *3= A 4 ¥ * * 4 3 ^ A S £ £ 4 £ 4 ¥ 

100mm44. Fig.4.494 4 4 4 A44514. 

*3= 4144 £ 4 u < ^ * 4 4 74474 51A4 Fig.4.504 214¥ # 3 4 
4 4 454* 3 3 4^A]% 4 * 4 4 ¥ ^ 4 ¥ 3 ¥ 4 4 4 s 31£4¥ »d 
^ 4 514. 414¥ ¥ £ 3 ¥ 4 1 - 4*44 Fig.4.514 £ ¥ ^ - 3 * # ¥ 
high temperature4 high frequency accelerometerl 4 3 4 ¥ 3 4 4 4 3 
4 3 A S 4 3 4 5 1 4 . 

- 6 0 3 -



3/4"tube 
fitting 

Details of seal 
joint 

NX 
1" PIPE 

\ 
Hexa 
shape * ¥ □ " 

% 

1510 

8-H 

r r M 

.M10 

W s 

Pipe arrangements 
2" PIPE 

Tangentia 

30 2" PIPE 
Tangentia 

1 

ANSI 
300# 

Min. \ 

T 
2" PIPE / ~ 

Tangentia 
1 
Thickness*' 

5mm 

Thickness* 
5mm 

Thickness* 
5mm 

200 

200 

i: 

ID 
300" 

ID_ 
"206 

Seal joint 

i f f 

-25 
—25 

-200-J 

2"Pfi>E 
Tangentia 

JN i 
m 3/4" PIPE ! 

800 

Fig.4.44. Detail drawing of cold trap. 
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Wa!l(10t) 
(Inside) 

hole 

-600-

Fig.4.45. Injection nozzle used in Ar gas injected to acoustic 
leak experimental vessel. 



Gas inlet 

B 

m 

D3 m -

E1.E2.E3 
D2 

10t 
500-

Dl g|j§-

Acoustic sensor 
or accelerometer 

Guide 

i:r 
300 

I 
500 

455S8 C3 

500 

C2 

Gas inlet 500 

CI 

250 

Fig.4.46. Arrangement of acoustic sensor or accelerometer 
and guide located at vertical direction. 
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Guide 

E3 

Acoustic sensor 
or accelerometer 

Fig.4.47. Arrangement of acoustic sensor or accelerometer 
and guide located at radical direction. 
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-500-

-150 ► -150-

150 

Acoustic sensor 
or accelerometer 

Fig.4.48. Arrangement of acoustic sensor or accelerometer 
and guide at top location. 
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Sensor 

Type A 

Wall 

Welding 

io-*| L- -300-
10-» 

-100-

TypeB 

Weldin 

Fig.4.49. Methods welding acoustic transfer guide on vessel 
wall. 
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used when the objects produce large 
amounts of electrical noise 

Accelerometer 

Ground Isolation Base 

o 
I temporarily or permanently affixed to 

the structure 

Accelerometer 

Silicone Grease Interface 

Adhesive Base 

Adhesive 

Adhesive Mounting Methods 

Accelerometer 

Fig.4.50. Methods mounting acoustic sensor on acoustic transfer guide. 



5-44 Thd Coax. 
c/16 Connector 
Hex ^ — + 2 5 0 

T 
.33 I 

i i 
.10 

JLB® 

5-40 Thd' 
Integral Mtg Slud 

-3-T-T.275 

359815 
(359816) 

10-32 Thd Coaxial 
Connector-? 

.64 t y 

L1 

.10 J5 V t—.275 
" Oia Typ 

5-40 Thd 
Integral Mtg Stud 

359818 
(359817)' 

MODEL NUMBER 
Voltage Sensitivity: (1) 
Frequency Range (±5%); (2) 

(±10%) 
Resonant Frequency 
Amplitude Range 
Resolution (broadband) 
Mechanical Shock Limits 
Temperature Range 
Temperature Coefficient (3) 
Amplitude linearity 
Transverse Sensitivity 
Base Strain Sensitivity 
Excitation Voltage 
Constant Current Excitation (4) 
Output Impedance 
Output Bias Voltage 
Discharge Time Constant 
Sensing Element 
Connector 
Sealing 
Mounting Thread 
Housing 
Weight 

OPTIONAL MODELS: (5) 
Top Connector 
Ground Isolated (>108ohms) 
Adhesive Mount 
Water Resistant Connection 

SUPPUED ACCESSORIES: (6,7) 
Mounting Stud (8) 

OPTIONAL ACCESSORIES: (6) 
Adhesive Mounting Base 
Magnetic Mounting Base 
Triaxial Mounting Adaptor 

CABLING: (6) 
Mating Cable Connectors 
Recommended Slock Cable 

Unit 
mV/g 

Hz 
Hz 
kHz 

i g p k 
g p k 
i g p k 
°F 

%/°F 
% 
% 

g/ue 
VDC 
mA 
ohm 
VDC 

second 
quartz 
type 
type 
size 

material 
gram (oz) 

type 
senes 

HIGH FREQUENCY / LOW MASS 

3S9B15 
10 

2 to 10 000 
1.5 to 18 000 

2 70 
400 
0.01 

10000 
-65 to +325 
see graph 

± 1 
S5 

S 0.002 
18 to 30 
2 to 8 
2=300 
7 to 12 
2 0.25 

tn-shear 
5-44 coax 
weld/herm 

5-40 
titanium 
2 (0.07) 

359B16 
J359B1S 
A359815 
W3S9815 

N/A 

080A15 
080A30 
080A16 

P. G 
I 002 

359B18 
10 

2 to 10 000 
1.5 to 18 000 

>70 
400 
0.01 

10 000 
•65 to +325 
see graph 

+ 1 
S5 

S 0.002 
18 to 30 
2 to 8 
S300 
7 to 12 
2 0.25 

tri-shear 
10-32 coax 
weld/herm 

5-40 
titanium 

1.8(0.06) 

standard 
J359B18 
A359B18 
W359B18 

N/A 

080A15 
080A30 
080A16 

A. H. K. W 
002 

Fig.4.51. Specifications of high frequency and high 
temperature accelerometer. 
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(4) Tfl^HAtg 

-g-t$ 711 # * 1 ^ £ Fig.4.5221- £ t f . 4 3 ^ -g-*J> 4^ £7} <£^ 

4 4H1- *J*l*ra! M H*84% 9]^A] 7}+ ^«y #*l ĝ-g- l^lo-H, 

^-f°fl 444^ 1̂*H1 3 ^ : -§-$= A J i t t ^ « l E ^ - *}^- ^ A 014. 

1 H £ -§-$4*r 4H°« "T^^ ^ ^ ^^711- 71 *H °1 ^1A^ 4^1 -̂rfl 

3 <JA f ^ f ^ l * 7i*l tflol^ ^ s . ^]o)l ojta^c}-. tflolEl n^ 44 

^ 4^*4 4^-44 9X3.V] 3 ^ ^ 914 31 44-°r 44 ^ s j s m . °d 
3 £ ^ lAfe t4]olE4 7]^4T.]4 4443 X}3.3. Z.&S, *j- ^ ojT£js. fjj-

ACOUSTIC BROADBAND SIGNAL INPUT UNIT 

-Model:BR-640(Ultrasonic Receiver) 

64dB Gain, 74dB Gain Control, 100kHz to 50 MHz Bandwidth, 

Output Level:+/-1 V Peak in a 502 Load 

-junction box for 4 output connector 

DATA ACQUISITION SYSTEM 

-Simultaneous sampling amplifier CS512 board 

-Vertical scale :1000V/DIV - lOOpV/DIV 

-Input : 2, Bandwidth : 5MHz, Resolution : 12bit 

-Memory depth : 512KB 

-Triggering : CH A, CH B, EXT. 

-Mathematical analysis, FFT, averaging 
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Acoustic signal generator 

HI 
Acoustic 
sensor 

Gas supply 
system 

Signal generation 
system 

incidentally 

Water 
realor 

for 
acoustic 

experiment 
system 

r~ 

J 
Acoustic 
sensor 

f ° 
Amplifier 

Amplifier 

Amplifier 

Printer 

Broadband signal 
input unit 

Broadband signal 
input unit 

Broadband signal 
input unit 

Pentium processing unit 

Data acquisition system 
(using high frequency signal 

analysis unit) 

High speed 
data storage 

system 

Fig.4.52. Schematic signal flow diagram for experiments of acoustic leak detection 
(ALD) system. 



-Software drivers : C, C++, VISUAL BASIC 

PENTIUM MICRO-PROCESSING UNIT 

-Pentium PRO 200 (Cheche 256K) 

-Memory : 32MB 

-HDD: 2GB 

-Monitor : 21"GLSi 

HIGH SPEED DATA STORAGE SYSTEM 

1) Features 

-The disk arrays : "plug-and-play" RAID-3 storage subsystem. 

-The transfer rate : 40MB/sec, expandable up to lOOMB/sec. 

-The conceptional design type ' "High Speed Raid Disk Array 

System". 

2) Specifications 

-Type : RAID-3 

-Configuration •' 8 data drives + 1 redundant drive (up to 17GB 

capacity) 

-Data Transfers : Parallel on all data drives 

-Performance : up to 40 MB/sec 

-Defect Management : optional auto re-allocation 

-Retries '• Drive-dependant, configurable through array 

-Hard Sector Errors '• Corrected on the fly and optionally auto 

allocated 

-Diagnostics : Power up and user selectable 

-614 -



­Host Interface : SCSI­3 

­SCSI burst rates : 40MB/sec 

­Expandable transfer rate : up to lOOMB/sec 

­Data resolution : 16 bit 

­Power : 200­240 VAC, 50/60Hz 

*r± 4^4^ q*g avuj-o^ <g^ stress7f A\44 ^ r ^ ^ ^-¥-«>JELS 

44 7fl^ol Cl^.^^0): t}^, ^± 4%- Al^oflAi 3*3,9] ^± $& ^ 

43-3.1= 4%- W] Ai 4^4^ 4£ <& ^ 511511 A , ^ v}%9] ^± 4 

& ^<33.3.\=: 3 # ^44 43- #A 4^4 44 4£ ^44 4^£ 3 

# 4S- 444 W 9l=?-7} 7]}^s]44 tf 43.3, ##&4. £■ ^ 4 4 

4-%-$. 7}^A= Z*v]% ^r± 4^ *13£ #44 £*r Ar 7} +91 6 N ^ 

0.3ppm­H2 444 ?rA, 1.9 ppm­H2, 4.9 ppm­H2 1̂ Ar £ t f 7 f i t A)~g­

* r £ 4 . 4# ^ 4^4 ^r± 4£4 9X^ 7}^ £­$l7HH ^± 4^ $4 

*!°14. 

4^(passive) £­# 3 M £ *lr??r*l #■& £ ^ 1 ­ *M # * 1 ^ A<>1 

A ^21 &A}4 41­ ^ r # s ?lafl $44^ 4§­*c> ^ : M 3fl<rd<>l 4 1 ­ £ n J <>> 

qei­ ^ ui^s ; 1­ ^ 3 . 4 3 ^44^ 4$.%-& ? J « ^ . o s f e ­§­# 

^°1 # 3 M^M­*, &­§• ^ 5U4. ol24 4-°-°\}±r 43L 44 9134^4 ­a 

71171­ nfl­f ^jl^fcf. g o . 3 . olej # * H 1 ^ t}*^ £­# Ai^ofl 3 ^ oj. 

A 2 l ^ 44 % ^74H1 l ^ t l tf 51AS. JB.?14. 
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-619— 

K I X T P>AGE(S) 
!©ft BLAHK 



*ll 3 # ^ & 

<a|*||-g-#3. ^4711 91444 3 ^ 1 - -f-*ti £ £ 1^-t- - g - ^ t A 444 

1. A l - SMI) oV^tfl^l 

7f. Flame <SA S.«a°IM T|)X).^ i f 1- £ £ , 1̂ ^ -§-̂ 1 vfl 7fA £ £ , 

^ A ^ A ^ S ^ <SA S.^°IM 741^^1 5 1 ^ 4 cfl^^. ^Tfl i ^ t f r } . o] 

^ flamed A l - €-JL^4°l°f l^ t$45l A l - ^7 l^° l l °1§H flamed^si 

^ A 7 f i l - 1-S^Sl ^ £ j i t f ^oM]7l nfl^^l4. 

M-. SA5) 3 * r # 7 4 ] ^ fl«H ^M- 1 ^ 741^!- *}%4-4 *i$4 

A 3 £ 3 3 * r «a^«^ofl 44: #^7} A ^ t } . 

4 . 391 9l± A < i 4 HliiLSH flame 9l± 3.^9] - f ^ o ] <a^5)*l 

^ * 3 r 5 a * l ^ tfel^olji ^<tgi i^ Ji«aS.>H & A A o]ofl cflTjj- <£^ 7))«sv 

°1 7lr4l£4. 

ej>. 3 * r $ 3 A 5 ) 3^-g- flsM ^ ^ SJ-̂ fl A]^ A ] ^ ^ f-^v Als]^ 

5U^ «a 3*1-5. 31 ^^4S.7} ^ A § f 4 

4 . Pi ^4^4 S4
 H>U-S- °l-8- 4 4 914^ #3*l -§- € - * H ^ t t 

14-71- surface combustion modeler flame combustion model si Tg 

42-4 A-f <£A^ 30£ 43,7>}4^ ^ 1421- « l * « m 3 o] 

^ M H ^ E ^ ^^^ ls l - s l _o_*r7r ^eflsl £ ^ 1 - j i 4 c] 3 . 7j*J:-§-

A ° J 4 

«>. 4 ° ^ A l - 9^437} ^ - i S l 7fl^ol 7 > ^ t r G a u s s i a n £ - i ^ » 

A°d*b 1 4 £ 4 r & S ] £ 3 H nl-s oj-gj ^ 7 j . ^Aioj) u M l ^ o j ^ o i vyo-
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3A] M-Ef̂ cf. 
4. Al - ^4 ^-A ? i l - ^ ^ « f - A i M i f s l-^^ rjx̂ V ^ - g -

£ s M l ^ 5a&4. 
4. ^fl-A i f 5r7}l A ^ A ^ O ] 7 l ] ^ ^ 7 | ^ ^ ^ -sj^c*) Al 

^444: ^Ao-f^cf. 5f7fl A1^ A p ^ ± = 3.3.el E Al« ^ i f -g-gfl 

^ , i f T ^ A , i f ^-^2,, i f sMfl AJJAJ-. ^e) A^Eflj!} C*)j>f A]i 

- AlTg >g 7 | ] ^ : ^7^-^ Sa.e)jH 

- Al̂ g ^i 37] ; 48m3 (3x4x4m) 

- 44 f £ ; 700° C 

- 44 914 ; 1 bar (max.) 
- ^r-S-71 ^*)1 ; 45cm 
- ^<3 T3:£ ; 530° C 

2. ±W444^ ^ A ^ e l 

7}. i ^ i f f-^sl 42, $ £-§- : 

i ^ i f ^ t 14741 • ? iA^^r4 . ^ = ifl3.o| i # o l ^ ^ ^ - ^ 

^il : 4^43.3. ^ M & A , ^-Al- -gr3i*Rr <̂L> ^-*MlSl "r^^-4% 

Q9144 °1€- <k449X4. ^ ^ t 4-%-^: A f s l ĝ̂ 1 ̂ ^ , ^8.717l si 

4* 4^ 31 ¥ ^ # ^ASl &4 A)& ^O] O ^ O ^ ^ oj^-tb 100Al?l 

^l^^l -̂71 ^ ^ o i ] A ^ ^V^^ojc^c]. E M pumpsf -̂ -̂ 74H1 tfltr 3*cM 

* H H 7-H1 ^1^*V ^ 7l7lSl A ^ o l n j - ^ ^ n l - ^ £ 4 rx ^ ^ or 

plugging temperature indicator-!- ol-g-tr I r A ^ A # ^ U ^ - i - ^ l ^ - 0 ! , 

^M ^TJHIA-I ^sjjsj 7f^jZJ=^ plugging temperature indicator si lMt-%r 

44: 4^t ^£4. 
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4. £4j7l# 7}^4^ -
i f -g-4°fl 4£o] s j - A|£.*fl3#*ll- i ^ ^ = iflo|| A ^ ^ oi 

A-*f&) A ^ f $)^4±r 44 31 A>A^A# S-^SHr * i * H # 4 ^ 4 5 9 

4 . A?V Cover gas 3 741^*11- -g^*) i r A S ^*1«H 4^^: 1 4 gas 

(He)^°fl S*)"4 AkA7r ^ A ^ 7)l(A}i^51 ; 2-3ppm / GC£-4) 3*fl^ 

*r 5U£-§: A534. 

4 . # A E ^ S I 4^^4 31 ^4^4 7fl\i^7j| ; 

^47114 # ^ # °1 4 # 4 ^ r A f Al-^-4 ^°fl ^ 4 - g r A ^ s . Jf 

4 ^ r W -°rA-g:S4 i 3 r * £ # *3l% o}^.^ #JE .E ^ o ^ o] i f ^ 

7ll*lH-§- ^r*S4594. ^ A #JE.i=^ z*ifH ^^43.3. i ^ t f ^ 5UA 

^ ^ l i ^ - i - £11 ^r 5U*r t4^4 7fl^^7fl# 1-^-i- *H>84 1 * < 1 « 4 

° l ^ i - ?1AA <S^°-l-534. # ^ # %1;*M ^ ^ 4 ^ - *134 ^3r vf-rt-fij 

<8^^- ^ M A . 3 . * # W 4 £s)-t- # ^5U^ ^ # * I Uir*ll4 4-§-AA 
7>^"tf ^ A S Af5.^T4 

3. i l - t H } - 8 - ^ *H4 

i f - t £-8- ^4 «fl^^l tfltr < 2 ^ "1$ ¥ # ^ 4 44 &°M*\ 

^, 914 4€- ^ 4 A 4 H4 °J|*l|-g-#3.«>IM f̂ ^47flA o J ^ ^ o j os^ 

Af^ l 4-8-^71 n^o\], °Jj*il i fof l tfltr #el • sl-s|-2joi ^4^ 4^4 
4 <£4, 4491 ^4°] 4 4 4 f t A * l , i f 4 <£-§- ^4 ^4, # 4 4 £-8-

^ 1 ^ # ^ r # 4 43- ^r# path4 plugging4 reopen^ tfl$ ^ H f ^ l 

44S15SAD1, -̂*1 plugging 49XTH leak path7r r e o p e n ^ tfl ^ e l ^ 4 

4-Sr ^Tfl 4 ^ ° i l 4 ^r*S4 -g^ 1 4 1 - ^ - AAf^H 4 0 ^ 0 ^ ^4% ¥ 

^ A I ^-AJJSI^. wastage »!443. 913- 4449X4. 4% ¥ # 4 43-

target materiaH4 ^ ^ 4 ^ wastage ^4~4 4449X3.^1, wastage0!! 9§ 
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#­§: D14fe ^ A 4 4 # 4 ¥ # # , i f 4 £3., leak point4 targets 4 

Tie! f l 44: *114­i­ ­f­*fl wastage ^44$ "H'S 4T)1AS M­E^^T 7} 
7} 3}­S)­El^T4. r x ^ x ^ o i igMjj^g ^ t ^ o , ^ jet7f ^^^Tf l 4 ^ 

c41, ° H jet zoneSl £ £ , target S ^ s l £r£^­S, wastage H ^ ' f l 4 

tt 4N 4^°114 «*■££ 45.1­i­ T 1 ^ ­ ^ 4 45514. A4fA ^ o ] tgj­

W S Al—I" ­̂8­ofl 4 t r ^ 1 ^ ­ 8 ­ 1 4 A^Sl ­̂ AlAjjAj­̂ o,! ojgfl ­ ^ 

^­s|7f SJ­cfl4fe secondary failure7f ^AMfe 4, °l°fl 431: ¥ # 4 ^ 4 

3­i­ 4^°!14 t £ 4 4^.1­1­ T 1 ^ , ^­4tfAS.4 ¥ # 4 ^ 4443.% 

4443-3. 4 4 t f *r AlilA4, 4^491 4Afe 4 4 ^^sl<4 s i4 $ 
7} nfl­g­°11, 4 ^ ^ M l ^ f <2^£i. ^ <y^ >.*j.g. ^ ^ KALIMERSl 24 

Tilf­si 7d44 47}4 4­8­^ DBLl^­§­ 4 ^ 4 A # 4 A 4 ^ r 44 4 ^ 

4 t f 51 AA 4 A 4 4 . 

cflif­E. # 4 ^ 4°11^ 4 3 4 £ 5 ^ ^7lo4l ^ 4 ^ 4 AJ­^O] o} 

j ^ 4 oj^ofl rJlJZ^ ^ £ ­ oj­^oj A J ­ ^ 4 Aĵ ofl T4HJ. Tjoj oj 3 ^ oj­^oj 

­fM4 4 ^7)15. ol^ol^T4. ^71 4 ^ A4°1AS1 3.71^ ^7] ^"^7lSl 

^3- 3L2i4 4 ^ 4 4 4H ^ H H 4 4 1 ^ 4 4 2 4 914 A1^3r 24 ^ 

4 Til f­ si inertia constraints0!!, ­rr4 ^ o v ­#3)4 °J;^^­ rupture disk 4 

91 ^ A l ­ 4 ^A7f iS l * # «0vsfl jliofl r4sl­Ai ^ s l t l ­

^-8- ^ # 4 7f^Aj-oJ| > ^ . - ^ j o f l ZJL^OJ cj-oj 7 ] i l : ^ A ^ o } 

74"447f 9144^ ^ A ^ ^ A 4 4 5­1 2 4 j y f | ­ ^ A J ^ J ! # o j ­ * o l 
3 ^7}*}*1 7fiAj /oJ| ^ OJJAJ-OJ i f ^ oj ^ # ^ o ^ ^Oj 2AJ-OJ H ] ^ 

<H 2# * f " l : ^ f r 4 . 
oî 74l 4 4 7r4 43-g. ^ t f ^ H 444fe s ^ H ^ ^ 7 r4 4 # 

7411­ 7i?l 2ILS1 4^-0] ^ j l ^ o j HVCAI i ^ ­ S^Vo} ^ A o] 4 ^ 3 4 0 ) : 

1*4. 
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4444 4 ^ 4 44°H 7]3,44 3,7} 914 spike4 4 4 4 4 31 24 
74H­°11 4 4 ^ 'S 'W 47}47] 4 4 SPIKES A 4 7}] 4 4 4 

o 4­8­ 3-3:4 44*H^§r 4 4: parameter study 
o ^7413144 47} 
o £ 4 4 A 4 4 4 A 

f­l: ^ 4 5 3 4 . 1 4 ^ 4^44 4:£­4 ^4- ^ 4 7} °J4*h§­ j£4^53A 
4 ^ 4 4 3:3.4 43.4 44, 443.719] 3-4Q4 f 43r4 £44: 4 
^■Bs 4 r̂ &£A4 4fe­ 4 ^ ^ A ^ ^ * J 4 4 4 4 4 . 

KALIMER 7H^4 ^ f 4 ^ ^ « U c d 4 ^ ^ A ^ (MDP, Modular 
Double Pool Type) 44A^­?­El pool^AS #4%4 4 4 £­ 4 T ^ 4 
1­ 4 ^ 4 4 4 A 4 4^4741 453A4, Af­­|­ 4­8­ ^ ­ g ­ *H444 4 
4 # A4 4 ^ 4 4 1 ­ 474144 4 4 4 KALIMER4 24 31­§•­§­ 5-*i4 
4$SA 41­ 5­43. scale­down factor!­ 1 4 4 5 3 A , ^ 4 4 ^ 4 ^ ^4 
1 A 4 4 1 ­ £ 4 4 24 741^4 41­4 31 °H44^r4­I­ 741A>4­4 ­§­ 514 4 
^ 4 4 4 4 A 5J geometry f­§­ 14453A4, 4 # 4 ^ 4 4 #*]%■£ 4 
741/4444 444534 . 

3. 1- ¥ # 4 4 4 ^ 4 7fl4 
^ A 4 ^ 4 ^ 4 ^ til­nl­^ ^ 3 ^M o ] ^ +^M. 3}3-*}E-3, 4 

4 444 4 ^ 4 4 4 4 4 , 3^± 4 # 4 t H 4 A f JE4 ^ A 43: 3^91 
3.3.1= 4% ^­4°1 4 4 4 4 ^ 4­1­ 4 ^ 453A, ^ 4 £ 4 ^ A 4­M­

3^913.3.1= 4 # ^ H 4 nfl­f 4T41 4 4 4 °14 4 # 4 4 4 4#­§­ 4 4 
4 A 4el°!l 4 4 4 ^ 4 ^ 4 4 4 tf 4AA 4 4 4 4 . 

4f(passive) ­g­4 4W^3r 444*1 %v­̂  4 ^ * 4 4 # 4 4 A 4 
A 4 4 £­44 1­ ¥ # A 4*11 ^A^4fe ­g­^ A ] ^ 3^0] 4 1 ­ ^ of 

4 4 4 4 ^ 4 % ±r%3.3-4 4 ^ 4 ^ 4s.-°r3r 4 4 4 4^AS.fe ­8­4 
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A<H 4 4 4 4 4 4 #-§• ^ 53AAA, 4 A 4 4 4 A 4 # 4 47417} ^O, 

^ A 4 5 3 4 . 
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INIS T ^ 1 U £ 

" ­ W ^ S . ^4*H ?r?icH«! £ A 

* ^ EH (°J]445­^ ^4­zU 4 4 ^ <£?­g­4­) 

4 £ ^ , 4*<8, 3 ^ , 3 3*11, ^Aov£, ^ i , 3*l<3(°kov °AA^k 
* « T ^ T 1 « ­ 4 ) , 4 * 1 J £ , 2 # ^ , 2 » g l 

1H871# t ^ ^ r ^ A i 

s. a 5U­g­( v ), gi­g­( ) 

u
e

v ^ 

3. A 

1997. 8. 

26 Cm. 

­̂7H( v ), cfl4u|( ), _ ^­a]Tg j i i A X ^ ^ ­

<SA447l# 4 « M £ 4 4 4 #± 
i ^ ­ (15­20#44) 

<3?­JiJi4 

A ­P­

^l­g­^­ l ­ ^4*r] °J:4tflai «STL«­4S1 1.2 &n <aA^4­& 4­1­4 £ 4 ; 
1. ±­§­ 8**1*3 o ^ 

7f. ­§• ­&.£., 7fAi^i, ^± ^£.­§­°r] tflSrl Flame ^ ± £ ­ 1 4 £ ° | ^ ^ . a . nlj£ ^ £ 
tr ^2f Flame <3±JZ.t<H|4 n}4^. tk°] *>H 44­Ai4. 

4 . ^4T­E. ± 1 ­ S*T» 4*8*1^3 7flu ^ 1̂ ­g­a?fl» T ^ S M 4 « 4 £ ­ i ­ ^2:«r5a4. 
2. £# /7 rH. 7Di ^ i ^ E l 

7f. ±­g­ ^SHJ­ Cold trap°ll4 i f ­ 3*J *fi4­§­ *«« KALIMER 4 3­8­tt Cold trap4 
71­S­ 45 .1 ­ «rJi*rSi4. 

4 . *<M1 £*­§­ *£«! 41 SITT Cold trap * ^ * s ] 7fl^1i7||* *£■§­ « 1 ^ 4 3 3 ­ S # ° l 
tHr+ 4S­.2.3. £ ^ 4 3 4 . 
3. ± 1 ­ S ­ uA§­^4 «H4 

±TTSL ^ " £ * i ^ *IM°1M*7 ¥ * 4 « * * * l | ^ 4 *4*4°] « H 4 4 A 1 ^ , ^4T­5L Y # 
A] 3-7] H $A4 spike °a

v3*fl4­§­ 4 $ ^4T­E1 3 = 1 7))^*f^°­Dl , cflir­SL 1­ ^ r # 4 ­ J I 
^0>­"*r]^­§­ o.^. o. m o c k _ u p A I ^ A I ^ O ] ^?flp XI ij­si a 4 . 
4. * * r * # 4 7l^ 7fl^ 

" 1 * ^r±^#7 |o ] £ 4 ^ 4 Ar * « ­ 7 l ­ i * 4 * * 3 ^ # 4 AJ^7f 4­g­ tftf­fr 44^fl 
» 4 . ^4TJ2­ # ¥ # # 4 1 ­ 4 * passive uov,34 ifl# 7l£*J# £4­§­ ^ s j ­ ^ o . 4 , w a ter 
mock­up A¥4A7\ ^741, ;H144£4. 

^ * H * 4 4 H sodium fire, purification, sodium­water reaction, leak detector, steam generator, 
plugging meter 
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Abstract 
A study on safety measures of LMR coolant showed the results as follows ; 
1. Sodium fire characteristics 

A. Sodium pool temp., gas temp., oxygen concentration calculated by flame combustion 
model were generally higher than those calculated by surface combustion model. 

B. Basic and detail designs for medium sodium fire test facility were carried out and 
medium sodium fire test facility was constructed. 

2. Sodium/Cover gas purification technology 
A. Construction and operation of calibration loop 
B. Purification analysis and conceptual design of the packings for a cold trap 

3. Analysis of sodium-water reaction characteristics 
We have investigated the characteristics analysis for micro and small leaks phenomena, 

development of the computer code for analysis of initial and quasi steady-state spike 
pressures to analyze large leak accident. Also, water mock-up test facility for the analysis 
of large leak accident phenomena was designed and manufactured. 
4. Development of water leak detection technology 

Detection signals were appeared when the hydrogen detector is operated to Ar-H2 gas 
system. The technology for the passive acoustic detection with respect to large leakage of 
water into sodium media was reviewed. And water mock-up test equipments and 
instrument system were designed and constructed. 
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