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The prototype fast breeder reactor MONJU has been shut down since the
secondary sodium leak accident that occurred in December 1995. After the
accident, an investigation into the cause and a comprehensive safety review of the
plant were conducted, and various countermeasures for sodium leak were
examined. Modification work commenced in September 2005. Since sodium, a
chemically active material, is used as coolant in MONJU, the modification work
required work methods suitable for the handling of sodium. From this perspective,
the use of a plastic bag when opening the sodium boundary, oxygen concentration
control in a plastic bag, slightly-positive pressure control of cover gas in the
systems, pressing and cutting with a roller cutter to prevent the incorporation of
metal fillings, etc. were adopted, with careful consideration given to experience
and findings from previous modification work at the experimental fast reactor
JOYO and plants abroad. Owing to these work methods, the modification work

proceeded close to schedule without incident.
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1. Introduction

Japan aims to develop the sodium-cooled fast reactor as a
fourth-generation reactor, and has built the experimental reactor JOYO and the
prototype reactor MONJU as a part of this plan.

The role of MONJU includes the demonstration of performance,
reliability, and safety as the prototype FBR power plant in Japan, and the
establishment of sodium handling technologies. In addition, MONJU contributes
to research and development toward the realization of future demonstration
reactors, and, from a global viewpoint, has an important role as a core facility for
the promotion of international cooperation through the Generation-IV
International Forum (GIF).

This paper describes the full-scale modification work that commenced in
September 2005 with a focus on modification work technologies for sodium

components.

2. MONJU overview

MONJU is a prototype fast breeder reactor fueled by uranium-plutonium
mixed oxide with a rated power of 280MWe (714MW?t). Construction began in
1985, and manufacturing and installation were completed in 1991.

The first criticality was achieved in April 1994 following the completion
of the functional test, and power supply to the grid started in August of 1995.
However, an accident, in which sodium coolant leaked due to the break of a
thermo-couple well in the secondary cooling system, occurred in December 1995,

and since then the reactor has been shut down.

3. Modification work overview
After the sodium leak accident, an investigation into the cause was

conducted along with a comprehensive review of plant safety. Considering the

_1_
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lessons learned from the accident, it was revealed that the previous design
requirements for countermeasures for medium or small-scale sodium leak were
not clearly specified in MONJU equipment design. Accordingly, these
requirements were clearly specified, and it was decided to perform equipment
improvements from the perspective of the prevention, early detection and
suppression of a sodium leak, and the mitigation of the effect of any sodium leak.

Modification work for these improvements was started in September
2005 following completion of the national safety assessment and examination for
the application for approval of the amendment of the design and construction

method, and preparatory work that had started in March 2005.(see Fig. 1).
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Fig.1 Modification work Schedule at Monju
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The main modifications for countermeasures for sodium leak from the
secondary cooling system at MONJU are outlined below (see Fig. 2).
(1) Prevention of sodium leaks
O Improvement in thermo-couple(T/C) well
Shortening of well and modification in shape
The total number of T/Cs is reduced from 48 to 42.
(2) Monitoring and early detection of sodium leaks
O Installation of cell monitors (smoke detector, thermal detector)
O Installation of TV cameras
O Installation of an integrated leak monitoring system
(3) Suppression of sodium leaks
O Modification of sodium drain system equipment
Increase in drain piping diameter and additional installation of a drain line
Parallel installation of drain valves
Use of motor-operated drain valves and its operation at the main control
room
O Modification of the secondary argon gas system equipment
Addition of a cover gas depressurization line
O Installation of nitrogen-gas injection equipment
(4) Mitigation of the effects of leaks
O Installation of heat sink material in the fuel storage vault
O Installation of heat insulator on the wall and ceiling
O Improvement in the ventilation and air conditioning equipment

O Smaller compartmentation of the areas inside buildings
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3.1 Improvement in the thermo-couple well

The investigation, testing and analysis performed after the sodium leak
accident revealed that the failure in the thermo-couple well was caused by
high-cycle fatigue due to flow-induced vibration. On the basis of this finding and
the experience in the leak accident, the structural design of the thermo-couple
well for the secondary cooling system was examined. Specifically, based on due
consideration of the temperature measurement capability, workability and
maintainability, an evaluation of integrity with regard to flow-induced vibration,
strength, etc. was performed by analysis to determine the required dimensions
and shape for the thermo-couple well. In addition, the design was validated by
mmpact test and flow-induced vibration test. To eliminate a potential cause of
sodium leaks, it was decided to remove thermo-couple whose function could be
substituted by other thermo-couple and mount closure caps.

Schematic structure diagrams and photographs of the previous and the
improved thermo-couple are shown in Fig. 3 and Photo.1, respectively. To meet the
requirement for the prevention of a failure, the thermo-couple well was shortened
and the outer shape was changed from a stepped type to a tapered type. The
thermo-couple sheath for which good response is required was designed to be long
enough for accurate measurement (for system control), and the thermo-couple
sheath for which good response is not required was designed to be short to a
degree not affected by the sodium piping wall (for system monitoring).

In addition, a seal structure employing a metal gasket was adopted to
suppress the leak of sodium inflow to the exterior of the thermo-couple well in the
event of a well failure, and a contact-type sodium leak detector was installed

inside of the well.
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Modification of
sheath shape
and length

(For system monitoring)

(For system control)

Unit: mm
Previous Improved

Fig.3 Previous and improved thermo-couple

Previous T.C Improved T.C

Photo.1  Previous and improved thermo-couple

_7_
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3.2 Modification of sodium drain system equipment

Based on the lessons learned from the secondary sodium leak accident, it
was decided to achieve improvement in equipment to rapidly shut down the
reactor in the event of a leak as well as to start the draining of sodium without

waiting for the temperature decrease in the secondary cooling system.

(a) Additional installation of a sodium drain line and the increase in diameter of the
existing sodium drain piping

To shorten the time required to drain sodium from main piping, work was
performed to add a new drain line at the inlet side of each sodium pump in the
secondary cooling system (see Fig. 4), and to increase the diameter of the existing
sodium drain piping from 3-4 inches to 4-6 inches. This modification would make
it possible to shorten the drainage time from approximately 50 minutes to
approximately 20 minutes. Thermal stresses are caused at the drain piping, drain
tanks, and intermediate heat exchangers in the case where drainage is started
under a high temperature condition just after a reactor trip. However, detailed
structural evaluation revealed that the structural integrities of these components

are not impaired due to the thermal stresses.

(b) Improved reliability by multiplexed sodium drain valves

Two valves were installed in parallel so as to assure sodium drainage
from the system piping in the event of the failure of one of the drain valves. In
addition, measures to protect the drain valves and driving cables from scattered
sodium and the increase in the atmosphere's temperature were enhanced to
ensure secure operation of the drain valves even under a sodium leakage

environment.
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(c) Improved operability of sodium drain valves
For early termination and mitigation of effect in the event of a sodium
leak, a drain operation switch was mounted on the control panel in the main

control room to speed up sodium drainage.

SH

T EV
X Na
pump
X X X X
g X X X
X X X X
X X X X
Na tank Na tank

Large diameter

piping
Sodium draining time
X Multlplexed valve X X 50 min.
20 min.
Additional line

Fig.4 Improvement of sodium drain line
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4. Sodium handling technology used during modification work
4.1 Sodium as coolant

Nuclear reactor coolant is directly related to the features of the reactor
type, and significantly affects the nuclear characteristics of the core, structural
material, including the fuel cladding material, and the design of key components,
such as sodium pumps and steam generators. To determine coolant for FBR, it is
necessary to make a comprehensive judgment based on discussions on the
thermal, fluid dynamic and nuclear characteristics of the coolant and its
compatibility with materials, to assure the appropriate removal of heat generated
from a core. Taking these factors into consideration, sodium is adopted for the
coolant for MONJU since it has a small slowing-down power and an absorption
cross-section for fast neutrons, and excellent heat transfer capability.

On the other hand, since sodium generates flammable hydrogen gas
when 1t comes into contact with water and reacts even with the moisture in air, it
may generate hydrogen bubbles when it is left as it is in a high-humidity
environment. In addition, when sodium comes into contact with human skin or
mucous membrane, it reacts with moisture, and the reaction heat or sodium
hydroxide may cause burn injury. Because of these characteristics, it is necessary
to adopt methods that take into account the characteristics of sodium for the
modification work for lessons learned.

For the reasons, experience gained from the experimental reactor JOYO MK-III
modification work and plants abroad were used as reference. The methods
described in the following sections were applied to the actual work by taking

accont of mock-up tests of the modification work.
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4.2 Work methods for sodium-containing piping
4.2.1 Plastic bag method and gas seal method

The sodium in the system was already stored in the dump tank; however,
solid sodium remained attached to the inner surface of the piping. Due to this and
taking into account the above-noted characteristics of sodium, it was necessary to
prevent air infusion into the system when cutting piping.

Two methods were adopted in this modification work to prevent air
infusion into the system during work that required the opening of the sodium
boundary: 1) the plastic bag method, a method by which the entire work space is
surrounded with a transparent plastic cover to isolate the space from the air, and
i) the gas seal method, a method by which the pressure of argon gas enclosed in
the system is maintained at a slightly positive level to prevent air infusion into

the system (see Fig. 5).

Pipe opening Pipe opening
Na piping

Na piping

Atmosphere (Air)

lastic bags -Ar pressure is maintained under slightly
Sodium areas are isolated from more than atmosphere pressure by controllers.
atmosphere by a plastic bag. - Air infusion is avoided by Ar gas pressure.
Plastic bag method Gas seal method

Fig.5 Plastic bag method and seal method

When cutting the drain piping, the plastic bag method was used at
positions where there is no gate valve between the position and the dump tank,
and at tanks that have no vent valve. The plastic bag method was also used to the
area where the sodium leak accident occured. Because the work required a large
opening area. On the other hand, when welding, the gas seal method, which was

determined to be a more reasonable method, was used.
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4.2.2 Plastic bag and cleaning tools

The external view of the plastic bag is shown in Photo. 2. The plastic bag
1s designed to have good transparency and flexibility to avoid hindering work in
the bag. The projected portions are intended for inserting the hands for work and
their arrangement was examined taking into account the mock-up test result of

the workability.
. .

— Projected
“ portion

Photo.2  Plastic bag

The cleaning tools used to remove the sodium attached to the inner
surface of the piping were a metallic spatula, rags, and a metallic bucket for used
rags. In addition, a sodium fire extinguishing agent (NATREX) was prepared in
the event of sodium fire. The rags were wetted with a solution of alcohol diluted
with water (degree of dilution: 50%) and used in addition to dry rags.

To assure removal of the sodium attached to the inner surface of the piping, the
inner surface was wiped with rags and subsequently sprayed repeatedly with

phenolphthalein until the rags ceased turning red.
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4.3 Management during the work
4.3.1 Purity control in the plastic bag

When using the plastic bag method, the inner atmosphere of the bag was
replaced with argon gas beforehand, and work was started after confirming that
the oxygen concentration was reduced to 2% or less (1% or less in reality), which
was the work condition.

In addition, when the gas replacement was performed, all lids of the
containers in the plastic bag were opened to assure that no air remained in the
containers. Attention was also given to the moisture in the plastic bag due to the
fact that moisture causes the deliquescence of sodium hydrate that leads to
corrosion of structural material.

Agron gas purity monitoring in the secondary system was also performed

using a gas chromatograph during the work period.

4.3.2 Cover gas pressure control

Normally, the pressure of the cover gas (argon) in the system is
maintained at approximately 100 kPa = 10%.

However, since it is difficult to control pressure using the existing control
equipment during the work in the plastic bag or welding, a new control unit for
creating a slightly positive pressure was introduced specifically for this
modification work. Here, the pressure was maintained within the range of 20 to
100 Pa as a pressure slightly higher than atmospheric pressure. The system
pressure was measured by a manometer installed in the system.

The slightly positive pressure control was employed for both the plastic
bag method and the gas seal method. When cutting and welding, the slightly
positive pressure control unit was set to adjust the pressure at a cutting zone to

approximately 100 Pa and the pressure at a welding zone to approximately 20 Pa.
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4.3.3 Welding management

A small amount of sodium remains in several places in sodium piping.
Since the melting point of sodium is approximately 98°C, the remaining sodium
may melt due to piping welding heat. Accordingly, welding was performed while
monitoring the temperature registered on a thermo-couple attached near the
piping welding zone to assure that it does not exceed the preset upper limit of
70°C. The weldimg zone pressure was maintained to be within 20Pa in

consideration of the atmospheric pressure variation due to weather changes.

4.4 Performance of the modification work
4.4.1 Replacement of the sodium leaking piping

A series of figures to explain the cutting procedure for the piping
concerned with the sodium leak accident (the intermediate heat exchanger outlet
pipiing of the secondary main cooling system loop C, 22B pipe, outer diameter:
558.8 mm, wall thickness: 9.5 mm) is shown in Fig. 6.

The sodium leaked piping was cut at two positions using a roller cutter
and replaced with newly-manufactured piping.

A newly-manufactured thermo-couple well was mounted in advance to
this newly-installed piping by welding in the factory manufacturing stage. The

cutting work of the sodium leaked piping is shown in Photo. 3.
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Firstly, (1) a roller cutter (see Fig. 7) was mounted to the positions of the
piping to be cut off, and a plastic bag was installed. Cutting was carried out in two
steps: 1) the primary cutting, cutting by slowly rotating a turning tool, and ii) the
secondary cutting, pressing and cutting with a roller cutter to prevent the ingress
of metal fillings. Next, (2) after cutting the piping at two positions, gaps were
provided at the cuts on the pipe using a chain block, and closing plates were
attached to the end surfaces and then sealed by metal tape. (3) Then, the cut-off
pipe section was removed. (4) The plastic bag was again installed, and the sodium
remaining in the existing piping was cleaned off. (5) An internal pipe closing plugs
were mounted at a position internal to the end surface of the pipe, and then the
plastic bag was removed and the edge preparation was made for welding. In this
process, since the piping was not perfectly round, a restraining ring was
shrinkage-fit to the newly-installed pipe to maintain the perfectly round condition,
and with reference to the pipe, the existing piping was adjusted by a circle-making
device (see Fig. 8) to achieve a perfect circle to adjust the groove position to that of

the new pipe.
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After completion of the edge preparation, (6) the internal pipe closing
plugs were removed and the closing plates were attached to the pipe ends surface.
(7) The new pipe was inserted into the cut section and firmly fixed by a chain
block, (8) and then the closing plates were removed. An external view of this
condition is shown in Photo. 4. The pipe fixing by a chain block is an important
measure to prevent pipe moving during cutting. Subsequently, (9) pipe welding

was carried out. The pipe welding is shown in Photo. 5.

: i ' a . | g
| __rflnmg
7 Chain block

Photo.5 Main pipe welding
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4.4.2 Replacement of thermo-couple

The replacement procedure of thermo-couple is shown in Fig. 9. Firstly,
after preparation for cutting, including (1) placement of scaffolding and (2)
installation of the plastic bag, the nozzle of the thermo-couple well stand was
removed using a pipe cutter, the thermo-couple was pulled out, and then the
sodium remaining in the nozzle was cleaned off. After (4) edge preparation using a
beveling machine, (5) the edge setter was installed to adjust the groove position to
that of the new thermo-couple well. At this point in time, the plastic bag was
removed, (6) welding was carried out, and (7) the thermo-couple was installed.

Welding was carried out in a three-step series: spot welding, welding up
to half the layer, and full-layer welding (see Photo. 6). In addition, liquid
penetrant testing was performed at the half layer and full layer for weld
inspection, and no abnormality was identified. Although the inspection provided
by law is liquid penetrant testing, radiographic testing was also performed at the
final layer to observe the shape of the penetration bead and to confirm whether

the gap between the bead and the thermo-couple had been maintained.
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(1) Pipe cutter seton  (2) Plastic bag installation (3) T/C well stand cut
Welding point

New T/C well

(4)T/C well nozzle edge  (5)New T/C insertion to its
preparation well stand
for welding

(7) T/C installation

Fig.9 T/C Replacement procedures

Sodium
T/C well Well stand g}gmg T/C well Well stand

Half layer welding

Full layer welding

Photo.6 T/C replacement work
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4.4.3 Cutting off of the existing sodium drain piping

The piping valves were fixed to prevent the movement of piping
associated with cutting first. And the primary cutting was performed up to a
depth of 3 mm, approximately half of the pipe thickness, without the plastic bag.
Since sodium was attached on the piping, a roller cutter was used to prevent an
increase in the cutting surface temperature. After installation of the plastic bag,
the secondary cutting (final cutting of piping) was performed using a
press-and-cut type roller cutter.

A view of sodium remaining in the piping after completion of the final
cutting is shown in Photo. 7. A small amount of sodium was observed on inner
surface of the pipe, and in several places, a body of sodium, approximately 50 mm
wide and 5 mm high, remained at the bottom of the pipe. Subsequently, the
remaining sodium was scraped out, and cleaned off with rags. The cleaned region
was specified as 150 mm or greater from the pipe end. This region was specified
based on advance test results showing that the pipe temperature at a position 100
mm or more away from the pipe end did not exceed the sodium melting
temperature.

After cleaning the sodium, the closing plug was installed inside the
piping, the plastic bag was removed and then the closing lid was mounted on the
pipe end. A wire to the closing lid was attached to the closing plug to prevent being
drawn into the piping. A set value for system pressure during cutting was
determined to adjust the pressure at the cut section to approximately 100 Pa, and
the control value of the oxygen concentration in the plastic bag was 2% or less, as
described above.

In preparation for cleaning, the existing pipe that was cut off from the
system was cut into sections of approximately 1m using a band saw. Since this
was sodium handling work in air, the work was carried out wearing protective

equipment for after sectioning and protection of the work area using a metal pan.
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Photo.7 Sodium drain piping cut view

(Photography outside plastic bag)
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4.4.4 Addition of the nozzle for additional sodium drain piping

A method to add a nozzle to the sodium main piping (22B pipe, outer
diameter: 558.8 mm) was employed to install an additional drain line. The
procedure for this work is shown in Fig. 10.

A nozzle was welded to the sodium main piping first, and then a hole was
drilled into the piping, including the undercut at the inner side of the nozzle. This
method made it possible to avoid cutting out part of the main piping, minimize the
workload.

To inspect the integrity of this weld zone, ultrasonic testing was
performed in addition to liquid penetrant testing. Since ultrasonic testing had
been used only a few times for a nozzle welded by this method, a mock-up test was
performed in factory first to verify defect detectability.

After welding the nozzle to the piping, the primary cutting was
performed by installing a driller to the nozzle. A plastic bag was installed and the
inside atmosphere was replaced by argon gas. Then, secondary cutting, drilling a
hole to the piping, was performed and the hole diameter was enlarged (see Photo.

8).

Photo.8 Drill work at sodium main piping opening
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After enlarging the hole, the pipe end closing device was mounted, and
the finishing of the inner surface was performed manually with a grinder.
Subsequently, all work tools were removed and the newly-installed pipe was
welded.

To prevent the metal fillings from spreading into the piping during
enlargement of the hole and subsequent finishing of the inner surface, an

umbrella-shaped device was set on the top surface of the hole.(see Photo. 9).

Photo.9 Pipe opening machine and metal fillings capture device
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5. Concluding remarks

This report describes the work performed to take countermeasures for
sodium leaks, mainly in the secondary cooling system, during MONJU
modification work. Modification work to take countermeasures for sodium leaks
was also performed in the sodium equipment, such as the secondary maintenance
cooling system and the ex-vessel fuel storage equipment cooling system to
improve the safety margin of the MONJU facility.

Recently, nuclear energy is considered to be a reliable and cost-effective
energy source in various countries, and the Japan Atomic Energy Agency aims to
make a contribution to the world through the development of MONJU.

Unfortunately, MONJU has been shut down years due to the sodium leak
accident. However, during the shutdown period, engineering knowledge on the
leaked sodium has been accumulated. Based on that knowledge, equipment
employed to take countermeasures for sodium leaks in MONJU was reexamined
and modification work on the sodium components was performed. We believe that
great progress was achieved in sodium handling technologies. Hereafter,
modification work confirmation testing will be performed and plant verification
testing will be also carried out to confirm the function of the equipment. Re-criti
cality will be soon achieved,the reactor will be operated,and thereby MONJU

fulfils a role as a proto type reactor.

References

K.Itoh, K.Onuki, et al. “Replacement of the Drain System of Secondary Circuit
at MONJU”, ICONE11-36072, April 2003.



[EBREEALR (ST)

1. ST AT # 2. JEAHIA VTR S 5 ST i i 5. SIEHE
g | SR TR e — Tk | bR | ave | Rk | B | an
i T 7 WEHA T e L ] I I A

& S|A— h A m [E3 A{SziE A — v m® 10% | ¥ sz 102 | » F| ¢
= Blenrsa WX, EA— bER m/s 108 |= 7 ¥ E 10% |2 y
= i ER=4 kg i Y | % — bR e O15 - 0_6 m
53 fifl ® s i st A — b1 m 107 |~ Z P 10° |v A7 m n
[ W7 X7 A #FE, OB BE|%n /7 AElA— L | kg/m® 10" |7 7l T 107 [ | n
BOFRE v E U] K woOR % E|xesIamThA— b | kg/m? 10° |¥ H G 1012 (v al p
B e M mol 4z, [ZS | A— bR R 2T A | mbkg 10¢ [# M 10 [7 =& b f
. wly v = 5 E W B ETSTEBES ARV | Am? 3 -18
N BOR 0 B |7osTEA— b Alm LU I I L A
ﬁ?l:%)%‘“), | ST A — kL @’ 10 ~ 7 k h 10 £ 7 k z
TR EFosIamsiEA— L | kg/m® 10" |7 B da | 10* (5 7 M ¥y
i PE( 2T T A— RV | ed/m?
T O (o) 1 1
e % B Of GrrEeo) 1 1

. ST

TR S 2RV, STE R S 2 HAT
(a) HLRFE (amount concentration) (XERARALS: D5 B TIIMELIREE e SI Bz L A1
(substance concentration) & & LiE 5.,

K6
i
B e B VNITE 1 & bORTH S, 20T & 93 min |1 min=60s
IS
H
BE
5

RS TH BT 1 ILEE TR LV, h 1h =60 min=3600 s
d |1 d=24 h=86 400 s
°  [1°=(0/180) rad

3. DL TR AT H R T
* [Ef D4R LGB T S5 ST HAL  |1°=(1/60)°=(/10800) rad

ST AT FRAL
LiRVATS S s fhDSTHALIC & 5 | STEAHALIC X 5 » 7 [17=(1/60)=(n/648000) rad
zLF KL ~J B—) ha |lha=1hm?*=10*m?
¥ H i el L i Uy b | L 1 [1L=11=1dm®=10%em*=10%m?
Sr 7S fi| 27507 O &© 1® m”m? % t |1t=10° K
J b3 Bl (@ Hz st £
7 —a—FhFv N m kg s?
Eh , [ Vil A% Pa N/m? m’kgs?
TR LX = T, BRIV J Nm m2kg s 7. SITBS AV A, SLEHH SN BB T, SIEALT
R, T %, Hatdluo b W Jis Py ﬁéﬂé?ﬁ(ﬂﬁﬁ%ﬁﬂ"ﬂlﬁ%ﬂé 12}
E O, ® & #lr—mr c A A L5 SI BN TFR S D5
B (BE) , &€& AR v WIA m?kg s? A’ B F A L b eV [1eV=1.602 176 53(14)x107°J
[ o " 777K F Ccv m?kg’s'A® # A b | Da |1Da=1.660 538 86(28)x10 kg
[ = #® Hi| A — 2 Q VIA m’kg s?A? MR EREA u  |1u=1Da
a y Z g v AU RAUR S ANV m?kg’s®A? K X B 7 ua [1ua=1.495 978 706 91(6)x10''m
T w®|w=—x Wb Vs m’kg s2A?
73 xR 7 E|7 A7 T Wh/m? kg s?A”
PO AR S R H Wh/A m’kg s? A
o vy 2 R OEleryyrES C K #£8. SHTEE VA, ST&HFH S % % Do Hifr
Pin Ek Jb— A Im cd sr(”) cd £k Cibeas SI Hifr TH Sh D5l
fz%‘f PUREI [);; iz i/» . 11;; 1m/m? ?1'2 cd N - /M bar | 1bar=0.1MPa=100kPa=10°Pa
WIRER Hor oL Eh i | - ARFER U 2 — b/ {mmHg 1mmHg=133.322Pa
e |ZvA Gy Jikg m’s? v 72 bu—n A |1A=0.1nm=100pm=10""m
MM R OB, | s i H M |1M=1852m
TS RO O S R Sv g e s = Y b [1b=100fm’=(10"cm)2=10%m?
i3 # I P & — kat s mol J v M kn |1kn=(1852/3600)m/s
<a>:sllfiﬁigﬁﬂ2?fﬁ:aaa#—fmwuﬁmmammmrMfmm B. Uin UESHGE A4 LIs 0T b 1350 7 - 7| Np STME & MLl A BRI
OV ST & 2T 5 T D 1155 W OB BT, Bz CORHE S 2 5 T izt 5, =~ . h SR D EFACKAT
FPRICIE, BT B RICIEE Brad R Cse 0 b A A, BIRL L CHLLEL L LTORETHHHFO 110 7 v~ /M dB

RENIE,

@ADL TIEAT T OT v LI AFE LB sr 2 HLOE L OFIC, TOEEHERFL TN D,
@~V FEBRIC OV TOR, N7 LW OREABBRIC SOV TOREH ST D,
@AY RERTVE L DERARATHT, AT RAREZRTEDIERSNS, BAVTRELILELD 9. [HADLHE HDOCGSHLEAL
BIOKE SFRA—Chs, Lidio>T, MEACREREE R THKINL LS bORM TR L TR LTH D, = e T ey
OREHERERE D HURTE (activity referred to a radionuclide) 1%, LiE LIEi& - 723 T radioactivity” & it S5, A - s SI ?T%Ti%éﬂ‘éi&ﬂﬁ
(¥ —~L b (PV,2002,70,205) 12U THECIPMAENE2 (C1-2002) % 5, = Ud 7| erg (1erg=10"J
4 F | dyn |1 dyn=10°N
,,,,, e R : ] §
F4. BMOPICEAOL L A zﬁgﬁﬁjﬂumw AR 7 Al P [1P=1dynscm?=0.1Pa s
JREL N DA 9 - ~ B
ST Ty A — 7 R = 2 1 104m2 o]
[liRAT At . ST EABNLIC L 5 I ] St |1 St =1lcm’ 5-2 10 4m 5_2
7 AL %% A v v 7| sb [1sb=lcdecm®=10%d m
BE| SR A VD Pas mtkgs? 7 *+ M ph |1 ph=lcd srem™ 10%x
— A ¥ HK=az—brrA—}1 Nm m?kg s? A M Gal |1 Gal=1lcm s?=10%ms?
G H==a—brmA—br  [N/m kgs® ~ 7 A U =z 4 Mx |1Mx=1Gem*=10"Wb
# K7 T ER rad/s mm’s’=s? v 7 Al G [1G=1Mx em?=10"T
ﬁ‘ L“I FIT ‘/’ﬂ?fﬂ‘ﬁ@ rad/s’ mm’s?=s? A A7 v R )| Oe [10e2 (10%4m)A m?
=, B a R EY s M by e e (c) FOCCSHLFR & SICIHEHELTE Rz, %45 |
. 9 ) 3RO HL R & SITIRIE I TE 2, 5 [ 2 |
Ty bm ey JIK m’kg s 2K = N
FAISERE R T O TH S,
v br E—|va—rmrarsagrrey |JikgK)  [m2s?K! ’ J .
x v ¥ |va—afmEurssa |Jkg m?s?
# 15 L oy A= brmrrey [WimK)  |mkes?K? #10. SICJE S 72\ 2 DD BT O P
B = % v F —|Va—UEihA— L |Jm? m™ kg 2 GaLi R SI WL T S h 5 %
R 0 R &R MEA— R Vim mkgs?A" ¥ = U | Ci [1Ci=3.7x10"Bq
5 Ao % B —w g3 A— bV [C/m?® m? sA v ¥ b 7 Y| R [1R=258x10"Clkg
ES i) E-'é |7 —a mESA— RV |C/m? m?sA 7 K| rad |1 rad=1cGy=107Gy
EREE, BERE {:i 7 —na g A— RV |C/m? m'zsA‘ s i 4| rem |1 rem=1 ¢Sv=102Sv
G i #7757 REA— L Skg .
2 2 aiieecin  |mm s I I e v
’; 5 e o N g I/F; ) b $/m1 mkgs A" A 17 =/ 3=1 fm=10-15m
T S —|Ya—
! T A S Al |¥me el A—RALFRHT v b 1A—NLHAT v b =200 mg = 2x10-4kg
EALY h B, BAARR Y 2 —AHEAES L E Y [J/(mol K) |mPkg s2K ! mol!
e ., o : > V| Torr [1 Torr = (101 325/760) Pa
AR (XBREDy ) |[7—rrEdns T A Clkg kg sA o P
AR S U R PSP Gyls m2e % K & JE| atm |1 atm =101 325 Pa
i 5 i ElUy MEATIUT v W/sr m*m?kg s’=m’kg s P Y | eap [leal=41858) (M15C1HmY T) , 4.1868J
Tt o) o JE|7 s M A= A7 7272 (Wim® sr) |m® m® kg sP=kg s (T2 Y —) 4.184F (FBLEI =Y —)
B OdE M @ g Am S A— b katim®  [m® s mol S 7 v v o [1p=1ym=10"m

(538, 20064FET)



ZOFRIMEBEREFRALTOET





