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6 Summary

The strategy for closing MIU is to produce full backfilling of the underground spaces, which
provides permanent and safe solution for closing the URL and returning the land to the local
municipality. The overall flow of the developing the strategy into a plan is presented in Figure
49.
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Figure 49. Overview of the strategy and implementation plan development.

The strategy proposed in this report is designed to contribute to overall project goals set for
MIU; those focussing on establishing techniques for investigation, analysis and assessment of
the deep geological environment and developing engineering solutions for underground
repositories. The greatest potential in MIU closure lies within testing and demonstrating
full-scale system. This has not been done anywhere in the world yet in relation to radioactive
waste disposal. Full-scale closure enables gaining experience on operational and post-closure
implementation and monitoring of the full-scale system. Furthermore, it aims at providing
data that can be used to develop modelling of the site behaviour. This topic of site restoration
is a theme in geoscientific research that has been very little studies by full scale experiments

- 120 -



JAEA-Technology 2015-027

to date. The development presented in this report is based on the site characteristics of the
MIU site and the information available from the scientific literature (Figure 50).
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Alternative implementation plans

Figure 50. Derivation of boundary conditions and development of closure concept.

The strategy is planned focussing on scientifically optimal solution, and thus some practical
constraints regarding budget and detailed schedules are not discussed in detail. The strategy
is based on the idea of full backfilling and closing of the facility. Due to the full scale nature of
the plan, international collaboration is seen as of great importance in order to be able to use
the full potential of the MIU facility, before the end of operation.

Due to schedules foreseen at the moment for MIU, it is clear that retrieval experiments are
not feasible. Large scale experiments with retrieval take longer time than what is available at
MIU. This is reflected in the plan by focussing on step wise backfilling, including experiments
that can be monitored during the operational period and by including long-term monitoring
from the surface.

In addition to experience on design, installation and monitoring also QA for backfilling should
be developed during the project, in order to verify the initial state of the closure.

The properties of MIU site, such as high inflow rates, extensive shotcreting etc. that would be
considered problematic for an actual disposal facility are useful considering closure
demonstration. Especially the inflow would allow quicker saturation of the installed
materials, and the extensive use of cement could be monitored and used as a benchmark for
OPC (Ordinary Portland Cement) systems.
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Also, galleries located at higher levels would provide information that would be useful also
L/ILW repositories. In addition, sedimentary cap rock on top of Toki granite has been taken
into account in the design, providing relevant information of closing sedimentary site
repositories. This might be a key also for gaining interest from organisations that are
currently focussing on sedimentary host rocks/ shallow disposal.

Since the full scale demonstration of closure would be internationally ambitious project, the
overall theme should be such that it supports disposal programmes in general. The main
objective is to cover the gap in demonstrating closure:

e testing and development of the repository closure implementation and monitoring
applied to both crystalline and sedimentary environments providing relevant information
on closure structures to be used at the whole depth range of the geological disposal.

In addition, the theme can be subdivided by disciplines that include:
design and implementation,

quality control and quality assurance,

monitoring,

demonstrating long-term safety aspects of closure designs, and,

e modelling.

Although MIU closure does not need to perform in the long-term as a real repository would, it
1s still a topic that is accounted for in order to design closure demonstration that would serve
the radioactive disposal research. The extensiveness of these considerations depend in the
end of the final experimental set ups and objectives that will be set on them. Closure is part of
the repository systems in all advanced high level waste disposal programmes. Posiva and
SKB have assessed closure performance as a part of their long term safety assessments (see
e.g. Posiva 2013, SKB 2011) and this is likely to be the case in all national programmes
worldwide. MIU closure could provide very valuable information for the Japanese radioactive
waste disposal programmes as well as internationally.

- 122 -



JAEA-Technology 2015-027

References

Alessio, F., Seiphoori, A,. Riedi, J., Laloui, L. 2014. Shot-clay MX-80 bentonite: an assessment
of the hydro-mechanical behaviour. Engineering Geology —Amsterdam. vol.173, p.10-18.
Elsevier, 2014.

Borgesson, L., Dixon, D., Gunnarsson, D., Hansen, J., Jonsson, E. & Keto, P. 2009.
Assessment of backfill design for KBS-3V repository. Olkiluoto, Finland: Posiva Oy. Working
Report 2009-115.

Chandler, N.A., Cornut, A., Dixon, D., Fairhurst, C., Hansen, F., Gray, M., Hara, K., Ishijima,
Y., Kozak, E., Martino, J., Masumoto, K., McCrank, G., Sugita, Y., Thompson, P., Tillerson, J.
& Vignal, B. 2002. The five year report on the tunnel sealing experiment: An international
project of AECL, JNC, ANDRA and WIPP. Chalk River: Atomic Energy of Canada Limited
(AECL). AECL-12127.

Chegbeleh, L.P., Yidana, S.M., Nishigaki, M., Achampong, F. 2014.Comparative study on the
application of ethanol-bentonite slurry and salt-bentonite slurry as effective injection
materials for barrier sealing. Applied Clay Science, vol. 87, 40-45.

Dahlstrém, L.-O. 2009. Experiences from the design and construction of plug II in the
Prototype Repository. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB). R-09-49.

Dahlstrom, L.-O., Magnusson, J., Gueorguiev, G. & Johansson, M. 2009. Feasibility study of a
concrete plug made of low pH concrete. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-09-34.

Daimaru, S., Takeuchi, R., Takeda, M., Ishibashi, M. 2010. “Hydrogeological Characterization
Based on Long Term Groundwater Pressure Monitoring” Proceedings of the 13th
International Conference on Environmental Remediation and Radioactive Waste
Management, ICEM2010, Tsukuba, Japan.

Dixon, D. & Keto, P. 2008. Backfilling techniques and materials in underground excavations:
Potential alternative backfill materials for use in Posiva’s spent fuel repository concept.
Olkiluoto, Finland: Posiva Oy. Working Report 2008-56.

Dixon, D., Lundin, C., Ortendahl, E., Hedin, M. & Ramgqvist, G. 2008a. Deep repository -
Engineered barrier systems. Half scale tests to examine water uptake by bentonite pellets in
a block-pellet backfill system. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-08-132.

Dixon, D., Anttila, S., Viitanen, M. & Keto, P. 2008b. Tests to determine water uptake
behaviour of tunnel backfill. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-08-134.

Dixon, D.A., Martino, J.B. & Onagi, D.P. 2009. Enhanced Sealing Project (ESP): design,
construction and instrumentation plan. Toronto, Canada: Nuclear Waste Management
Organization NWMO). APM Report, APM-REP-01601-0001, October 2009.

Dixon, D., Jonsson, E., Hansen, J., Hedin, M. & Ramqvist, G. 2011. Effect of localized water
uptake on backfill hydration and water movement in a backfilled tunnel: Half-scale tests at
Asp6 bentonite laboratory. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-11-27.

- 123 -



JAEA-Technology 2015-027

Dixon, D., Hansen, J., Korkiala-Tanttu, K., Karvonen, T., Marcos, N., Sievianen, U., 2012.
Underground disposal facility closure design. Eurajoki, Finland: Posiva Oy. Working report
2012-09.

Falth, B. & Gatter, P. 2009. Mechanical and thermo-mechanical analyses of the tapered plug
for plugging of deposition tunnels: A feasibility study. Stockholm, Sweden: Swedish Nuclear
Fuel and Waste Management Co. (SKB). R-09-33.

Gray, M.N. 1993. OECD/NEA International Stripa project: Overview volume III -
Engineered barriers. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB).

Goudarzi, R., Johannesson, L.-E. & Borgesson, L. 2008. Backfill and Plug test. Sensors data
report (Period 990601-070101) Report No:14. Stockholm, Sweden: Swedish Nuclear Fuel and
Waste Management Co. (SKB). IPR-08-02.

Goudarzi, R. 2012. Prototype Repository - Sensor data report (period 100917-110101) Report
no 24. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB). IPR-08-02.
P-12-12

Goudarzi, R. & Johannesson, L.-E. 2009. Aspé Hard Rock Laboratory. Prototype Repository.
Sensors data report (Period 010917-090601). Report No: 21. Stockholm, Sweden: Swedish
Nuclear Fuel and Waste Management Co. (SKB). IPR-08-02. TPR-09-17.

Gunnarsson, D. & Borgesson, L. 2003. Development equipment, material and technique for
backfilling tunnels in a nuclear waste disposal. In: Clays in natural and engineered barriers
for radioactive waste confinement: Experiments in underground laboratories.
Chatenay-Malabry Cedex: ANDRA. Science and Technology Series Report, ISBN 2-
9510108-5-0.

Gunnarsson, D., Borgesson, L., Hokmark, H., Johannesson, L.-E. & Sanden, T. 2003.
Installation of the backfill and plug test. In: Clays in natural and engineered barriers for

radioactive waste confinement: Experiments in underground laboratories. Chatenay Malabry
Cedex: ANDRA. Science and Technology Series Report 235. ISBN 2-9510108-5-0.

Gunnarsson, D., Borgesson, L., Keto, P., Tolppanen, P. & Hansen J. 2004. Backfilling and
closure of the deep repository — Assessment of backfill concepts. Olkiluoto, Finland: Posiva Oy.
Working Report 2003-77. (Also published as SKB R-04-53.)

Gunnarsson, D., Keto, P., Morén, L.. & Sellin, P. 2006. Deep repository — Backfill and closure:
Assessment of backfill materials and methods for deposition tunnels. Olkiluoto, Finland:
Posiva Oy. Working Report 2006-64.

Hansen, J., Korkiala-Tanttu, L., Keski-Kuha, E. & Keto, P. 2009. Deposition tunnel backfill
design for KBS-3V repository. Eurajoki, Finland: Posiva Oy. Working Report 2009-129.

Hayano, A., Nakamata, K., Tsuruta, T., Takeuchi, S. 2008. “Relationship between fractures
and flow paths in granitic rock at the Mizunami Underground Research Laboratory site”
Proceedings of 36th IAH Congress, October, 2008 Toyama, Japan.

Holowick, B., Dixon, D.A. & Martino, J.B. 2011. Enhanced Sealing Project (ESP): project

status and data report for period ending 31 December 2010. Toronto, Canada: Nuclear Waste
Management Organisation NWMO). APM-REP-01601-0004.

- 124 -



JAEA-Technology 2015-027

TAEA 2011a. Geological Disposal Facilities for Radioactive Waste. IAEA Safety Standards,
Specific Safety Guide No. SSG-14. IAEA, Vienna 2011.

TAEA 2011b. INTERNATIONAL ATOMIC ENERGY AGENCY, Disposal of Radioactive Waste,
IAEA Safety Standards Series No. SSR-5, IAEA, Vienna (2011).

Iwatsuki, T., Furue, R., Mie, H., Ioka, S. & Mizuno, T. 2005. “Hydrochemical baseline
condition of groundwater at the Mizunami underground research laboratory (MIU)” Applied
Geochemistry 20, 2283-2302.

Iwatsuki, T., Hagiwara, H., Ohmori, K., Munemoto, T. & Onoe, H. 2015. “Hydrochemical
disturbances measured in groundwater during the construction and operation of a large-scale
underground facility in deep crystalline rock in dJapan” Environ Earth Sci, DOI
10.1007/s12665-015-4337-3.

Johannesson, L-E. 2008. Backfilling and closure of the deep repository. Phase 3 - Pilot tests to
verify engineering feasibility. Geotechnical investigations made on unsaturated backfill
materials. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB).
R-08-131.

Johannesson, L.E. & Nilsson, U. 2006. Deep repository engineered barrier systems;
Geotechnical behaviour of candidate backfill materials, laboratory tests and calculations for
determining performance of the backfill. Stockholm, Sweden: Swedish Nuclear Fuel and
Waste Management Co. (SKB). R-06-73.

Johannesson, L-E., Sandén, T. & Dueck, A. 2008. Deep repository - Engineered barrier system.
Wetting and homogenization processes in backfill materials. Laboratory tests for evaluating
modeling parameters. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB). R-08-136.

Karvonen, T. 2011. Foreign materials in the repository - Update of estimated quantities.
Eurajoki, Finland: Posiva Oy. Working Report 2011-32.

Keto, P. 2006. Backfilling of deposition tunnels. In situ alternative. Olkiluoto, Finland: Posiva
Oy. WR-2006-90.

Keto, P. & Ronngvist, P-E. 2006. Backfilling of deposition tunnels. Block alternative.
Olkiluoto, Finland: Posiva Oy. Working Report 2006-89.

Keto, P., Jonsson, E., Dixon, D., Borgesson, L., Hansen, J. & Gunnarsson, D. 2009.
Assessment of backfill design for KBS-3V repository. Olkiluoto, Finland: Posiva Oy. Working
Report 2009-115.

Korkiala-Tanttu, L., Keto, P., Kuula-Vaisianen, P., Vuorimies, N. & Adam, D. 2007. Packfill —
Development of in situ compaction, tests report for field tests November 2005. Olkiluoto,
Finland: Posiva Oy. Working Report 2007-75.

Laaksoharju, M., Smellie, J., Tullborg, E.-L., Gimeno, M., Hallbéck, L., Molinero, J., Waber, N.
2008. Bedrock hydrogeochemistry Forsmark. Site descriptive modelling, SDM-Site Forsmark.
Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB). R-08-47.

Luna, M., Arcos, D. & Duro, L. 2006. Effects of grouting, shotcreting and concrete leachates on
backfill geochemistry. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB). R-06-107.

- 125 -



JAEA-Technology 2015-027

Martino, J.B. 2006. Durability of concrete as a sealing material in a deep geologic repository.
Ontario Power Generation Report 06819-REP-01200-10143-R00.

Martino, J.B., Dixon, D.A., Stroes-Gascoyne, S., Guo, R., Kozak, E.T., Gascoyne, M., Fujita, T.,
Vignal, B., Sugita, Y., Masumoto, K., Saskura, T., Bourbon, X., Gingras- Genois, A. & Collins,

D. 2008. The Tunnel Sealing Experiment 10 year summary report.. Missassauga, Ontario,
Canada® Atomic Energy of Canada Limited (AECL). URL-121550-REPT-001.

Martino, J.B., Dixon, D.A., Holowick, B.E. & Kim, C.-S. 2011. Enhanced Sealing Project
(ESP): Seal construction and instrumentation report. Toronto, Canada: Nuclear Waste
Management Organisation NWMO). APM-REP-01601-0003.

Mizuno, T., Milodowski, A. E., Iwatsuki, T. 2010. “Evaluation of the Long-Term Evolution of
the Groundwater System in the Mizunami Area, Japan” Proceedings of the ASME 13th
International Conference on Environmental Remediation and Radioactive Waste
Management, ICEM2010, Tsukuba, Japan.

Niimi, K., Kobayashi, S., Nobuto, J. 2012. Analysis and numerical simulation of seismic
events recorded in the ventilation shaft at the Mizunami URL. Eurock 2012.

Ohyama, T., Saegusa, H., Takeuchi, R., Takeuchi, S., Matsuoka, T. 2009. “Multiple lines of
evidence for characterization of hydrogeological structures at the Mizunami Underground
Research Laboratory in Tono area, Japan” Proceedings of the 2009 Korea-Japan dJoint
Symposium on Rock Engineering.

Olsson, S., Jensen, V., Johannesson, L.-E., Hansen, E., Karnland, O., Kumpulainen, S.,
Kiviranta, L., Svensson, D., Hansen, S. & Lindén, J. 2013. Prototype Repository.
Hydro-mechanical, chemical and mineralogical characterization of the buffer and tunnel
backfill material from the outer section of the Prototype Repository. Stockholm, Sweden:
Swedish Nuclear Fuel and Waste Management Co. (SKB). TR-13-21.

Posiva 2012a. Monitoring at Olkiluoto — a Programme for the Period Before Repository
Operation. Eurajoki, Finland: Posiva Oy. POSIVA 2012-01.

Posiva 2012b. Safety case for the disposal of spent nuclear fuel at Olkiluoto — Design Basis
2012. Eurajoki, Finland: Posiva Oy. POSIVA 2012-03. 173 p. ISBN 978-951-652-184-1.

Posiva 2013. Safety case for the disposal of spent nuclear fuel at Olkiluoto — Performance
Assessment 2012. Eurajoki, Finland: Posiva Oy. POSIVA 2012-04. 520p. ISBN
978-951-652-185-8.

Pusch, R. 2002a. The buffer and backfill handbook. Part 1: Definitions, basic relationships
and laboratory. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB).
TR-02-20.

Pusch, R. 2002b. The buffer and backfill handbook. Part 2: Materials and techniques.
Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB). TR-02-12.

Pusch, R. 2003. The buffer and backfill handbook. Part 3: Models for calculation of processes
and behaviour. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB).
R-03-07.

Riikonen, E. 2009. Flow through and wetting tests of pre-compacted backfill blocks - in a
quarter-scale test tunnel. Olkiluoto, Finland: Posiva Oy. Working Report 2008-89.

- 126 -



JAEA-Technology 2015-027

Saegusa, H., Matsuoka, T. 2011. “Final Report on the Surface-based Investigation Phase
(Phase I) at the Mizunami Underground Research Laboratory Project”, Japan Atomic Energy
Agency, JAEA-Research 2010-067.

Saegusa, H. , Osawa, H., Onoe, H. , Ohyama, T., Takeuchi, R. Takeuchi, S. 2009. “Stepwise
hydrogeological characterisation utilising a geosynthesis methodology — A case study from the
Mizunami Underground Research Laboratory Project”, Proceedings of 3rd Amigo Workshop

on Approaches and Challenges for the Use of Geological Information in the Safety Case
(CD-ROM).

Sandén, T., Borgesson, L., Dueck, A., Goudarzi, R., & Lonnqgvist, M. 2008. Deep repository -
Engineered barrier system. Erosion and sealing processes in tunnel backfill materials
investigated in laboratory. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-08-135.

Sievénen, U., Karvonen, T., Dixon, D., Hansen, J. & Jalonen, T. 2012. Design, Production and Initial State
of the Underground Disposal Facility Closure. Eurajoki, Finland: Posiva Oy. POSIVA 2012-19.

SKB 2006. Buffer and backfill process report for the safety assessment SR-Can. Stockholm,
Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB). TR-06-18.

SKB 2008. Site description of Forsmark at completion of the site investigation phase -
SDM-Site Forsmark. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB). TR-08-05.

SKB 2009. Aspd Hard Rock Laboratory: Annual report 2008. Stockholm, Sweden: Swedish Nuclear Fuel
and Waste Management Co. (SKB). TR-09-10.

SKB 2010a. Design, production and initial state of the closure. Stockholm, Sweden: Swedish
Nuclear Fuel and Waste Management Co. (SKB). TR-10-17.

SKB 2010b. Asp6 Hard Rock Laboratory, Planning Report for 2010. Stockholm, Sweden:
Swedish Nuclear Fuel and Waste Management Co. (SKB). IPR-10-06.

SKB 2011. Long-term safety for the final repository for spent nuclear fuel at Forsmark - Main
report of the SR-Site project. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). Technical Report TR-11-01. 893 p. ISSN 1404-0344.

SKB 2013a. RD&D Programme 2013, Programme for research, development
and demonstration of methods for the management and disposal of nuclear waste. Stockholm,
Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB). TR-13-18.

SKB 2013b. Site description of Forsmark at completion of the site investigation phase
SDM-Site Forsmark. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co.
(SKB). TR-08-05. Update on 8/2013.

SKB 2014. Aspé Hard Rock Laboratory Annual Report 2013. Stockholm, Sweden: Swedish
Nuclear Fuel and Waste Management Co. (SKB). TR-14-17.

Shimono, M., Suzuki, S., Taguchi, Y., Kamemura, K., Sato, T., Makake, S. 2004. Risk

assessment approach for underground research laboratory. Proc. ISRM International
Symposium: 3rd Asian Rock Mechanics Symposium, 359-365.

- 127 -



JAEA-Technology 2015-027

Takeuchi, S., Takeuchi, R., Salden, W., Saegusa, H., Arai, T., Matsuki, K. 2007.
“Hydrogeological Conceptual Model Determined from Baseline and Construction Phase
Groundwater Pressure and Surface Tiltmeter Data at the Mizunami Uuderground Research
Laboratory, Japan” Proceedings of the 11th International Conference on Environmental
Remediation and Radioactive Waste Management, ICEM2007, Bruges, Belgium.

Tsuruta, T., Uchida, M., Hama, K., Matsui, H., Takeuchi, S., Amano, K., Takeuchi, R.,
Saegusa, H., Matsuoka, T., Mizuno, T. 2009. “Current status of Phase Il investigations,
Mizunami Underground Research Laboratory (MIU) Project -16262” Proceedings of the 2009
12th International Conference on Environmental Remediation and Radioactive Waste
Management, ICEM2009, Liverpool, UK.

Vogt, C., Lagerblad, B., Wallin, K., Baldy, F. & Jonasson, J.-E. 2009. Low pH self compacting
concrete for deposition tunnel plugs. Stockholm, Sweden: Swedish Nuclear Fuel and Waste
Management Co. (SKB). R-09-07.

White, M.J. (ed.) 2014. Monitoring During the Staged Implementation of Geological Disposal:
The MoDeRn Project Synthesis. MODERN DELIVERABLE (D-6.1).
http://www.modern-fp7.eu/fileadmin/modern/docs/Deliverables/MoDeRn_D6.1_Project_Synth
esis_Report.pdf.

Wimelius, H. & Pusch, R. 2008. Backfilling of KBS-3V deposition tunnels — Possibilities and

limitations. Stockholm, Sweden: Swedish Nuclear Fuel and Waste Management Co. (SKB).
R-08-59.

- 128 -



EBREAL R (SI)

F 1. ST FEAHL F 2. FARHALZ FV TR SN2 SIS BT O ] # 5. SI BEuHE
o | SUEAE . SIS R | b | mm | mm | 48 | me
i T = e ffp fies w0 2z ¥y | 0 |7 ] a
- i[~1~ — P/ N s
£ s[x =+ m s #;jjj'x~wu 23 102 [ % z 102 | >~ F ¢
W dxesTL ke HOx A hED mis [ i
53 o ® s n b JEE| A — bR D m/s’ 107 | Z P | 10° (w478 p
o o P I\ i3 A [ m’ 1027 7 T | 10°|F /| n
ahEEls v v | K B, HRE KSR T AL A= | kg 0° (¥ A G | (e = p
W B e 2 mol WO E EFRZTAEELA— V| kgim® 100 |2 # M |10 [z=sr]|
X* gl v 7 5| ed e % By A= brfg®a s b | mike 100 [ = k |w0®[r K a
B W B ETATEPEA-MV] Am 10> [~ 7 K h 102 |® 7 M =z
B OR o o os|[7rrmA—t A/m e o
- =l
BOEE©, BT EIAA— L | molm? O 7 A s |0 Z b v
Boo& R E[xersIamiliA—ba | kgm®
i BN T 7S A— RV | cd/m? .
o e i #6. SUCBE RN, SIE P S B Hif
b % B ok ® GFEo) 1 1 LR e ST Hifizic L % i
(a) i (amount concentration) (XRFRFRALAED 58 TIIEHEE Gy min |1 min=60 s
(substance concentration) & Lifh 5, — a4
(b) 2 Selikd HUNEITE 1 & b O Th M, 20T & & b [1h=60min=3600 s
B THHEFO 1 ITEFITRE LR, H d [1d=24 h=86 400 s
i 3 °  |1°=(#/180) rad
%3, [FHDAH L IE TR SN DS N I
ST ML ET 43 1'=(1/60)°=(=/10 800) rad
FANZ L SFr p | OSTEALIC K5 [ STEABLIC X 5 i ? |17=(1/60)=(=/648 000) rad
' e #LK #L) ~J B =)L ha |1 ha=1 hm?=10*m?
¥ I Alzv7 1 rad o wm Uy b | L1 [1171 121 dmP=10%em?=10"m’
A [G3 AT FTOT © 1 / s 103
= 48 sl D Séz :}1 I ¥ t [1t=10"kg
7 =a—hv N mkgs?
Eh IS P M Pa N/m* m" kg s” . 5 y o
T RAX— fEE BBV J Nm m’kg s2 #7. SUTB SRR, SIEPH S D HAL T, SIKALT
HE®, TR, KHklvy W s Pl RINDBEHERIHEOND SO
& . @ = Moy C SA A o SI Bifir Tk S 5 Hfil
e (BIE) , & EHAL L v WI/A m’kg P A ﬂ:: F A v b eV [1eV=1.602176 53(14)x10'T9J
“ & pe Alors F oV m2 kgl 6t A2 4 b | Da [1Da=1.660 538 86(28)x10*'kg
& & % I N Q VIA m’kg 7 A MR EEEM u |1u=1Da
ERIN N AT S DA S0 S S ANV m2kg's®A? K X H 7] ua [1ua=1.495 978 706 91(6)x10"'m
73 H 7 =— Wb Vs m’kg s?A’
Ttk R # i1 b T Wh/m* kg s?A?
A4 v Xy F v A~rU— H Whb/A m?kg s2A?
L v oy 2 R EerswzEe)| C K #8. SHIB eV a3, STE i Sh 5 Z Do Hifir
b/ F— R Im cd sr© cd R A SI BN CH S 55l
4 ( /); YIS . Ix Im/m* m?cd N = V| bar |1bar=0.1MPa=100 kPa=10"Pa
- T e f S d -1
zﬁz%&ﬁ EI;E ) /?izijr at/\g 7L Bq s JKEHES U A — kL {mmHg 1 mmHg~133.322Pa
iwi(fy‘f%. T/ 75 g Gy Jikg m?s? 4v 72 ku—2a] A |1A=0.1nm=100pm=10""m
s, moREsE || g " ) 2 i B M |1M=1852m _
P T Y UL Eamadd o g w8 s = > b [1b=100fm>=(10%cm)*=10%m’
ik e i P & — kat s mol J v K kn [1kn=(1852/3600)m/s
()SHEFFRAEA O & F & 7B 2 F ML L AR DET LA TE 5, Lo UEIEZ L7z 0T 1350 3 = 2 N o
2Ly b TR, . P st & oseiiso BRI
BT VT v AT T IT VEEFD LIS B A ORHRLHT, RSOV TON#E S 2 Hdiclibhs, - & RELEE D E RIS
FEBRIE, AT SRHCITRE Srad X CsrV AV 5523, B L L THIZEL L L TORES THHHFT0 1138 = > X | dB
RENR,
@WHFETIIAT FIVT v VD AL i FsrZ PLOE LT OHIC, TOEEHREL TS,
(D~ BEHIBERIC DN T DI, R7 LT OB EHBRRIC OV TOREH Sh b,
@ BNV T RERZIVE L OERNRLTT, EAVTRAREEZERT ZOIEAShS, BAVTIRELFLEYD N _ e (< B
HEOKE SRFA—ThB, LitioT, MEACRENELZEZTKINLE S bOMETEL TR THS, s, i 0jﬁﬁ£%OQS}§%#¥f{\/A7 e
ORFHEZREOHUARE (activity referred to a radionuclide) (%, LiE LiEii - 7= l7E Tradioactivity” & i2 S5, GEL AL SI HAL TR S %l
() Bifii > —~UL b (PV,2002,70,205) {22\ TiXCIPMAEIH2 (CI-2002) %2, = v 7| erg |1 erg:lo'7 J
4 A | dyn |1 dyn=10°N
o _ e e ) )
R R e ® 7 A P |1P=1dynscm=01Pas
o — _ 2 1142 -1
AT AL o s SI AN L 5 A b 7 1‘ St |1 St=lem®s'=10"m"s
7 ke FLF 2z F 7| sb [1sb=1cd em?=10%d m?
i PE|SZ T FD Pas m'kgs? 7 *+ I ph |1 ph=lcd srem?=10%x
oo ' — A v MMEa—braA—tn Nm m’kg s bl V| Gal |1 Gal=lcm s?=10?ms”
# ] iR Hl==2—bhrmA— v N/m kg s ~ 7 A U = Ji| Mx [1Mx=1Gcem’=10°Wb
bl H )iy T B rad/s mm'sl=s? H 74 %l G |1 G=1Mxcm?=10"T
£ m T E|Z7 o7 v mEs rad/s® mm’ s?=g> 25 k()| o ~ (10° -1
BB, B M W ED s METEA— b (Wim? [kgs? T A7y B | O 102 W0MDAm
e . R I A el (a) 3ICROCGSHNLR & SITIRERLB TERVED, %5 [ &)
BAARARE, = o v —|Va—NErrey JIK m-kg s*K ERERERE R T HOTH S,
EBAER, oo bo v —|va—nfrnsssmrriey Jikg K)  |m2s?K!
K = x A ¥ —|Ya—n@mEIFeria Jlkg m?s?
# & i H| vy MEA— bEZALEY (W(mK)  |mkgs?K?! #10. SICJE S 72\ 2 Ofth o BAL O fil
B M = X v ¥ —|Pa—nEIHA—FV (Jm? m' kg s? EAa %3 SI BT S5 HE
& R o W S[ErMEA-Y V/m mkgs?A’ ¥ = U~ Ci |1Ci=3.7x10"Bg
& i # ey —w Az A— A |Cm? m?s A v v b 7 ¥ R [1R=258x10"Clke
* fiii} E fif| 7 —nwa UG A— RV [C/m? m?sA 5 F| rad |1 rad=1cGy=107Gy
O EE, B L MrermELA— Y [Cm? ZsA _ 102
# 5 #7575 A=t |Pm g o A2 - S| rem | rem=1 cSv=1078v
H v < 1 y=1nT=10°T
% Tk I~ —fFEA— Fb H/m mkgs?A”® > PR K 1;3:/:‘\—1 fm=10"m
T L T X N X —|Pa—UEEL SJ/mol m?kg s2mol® = 8 <=1 fm= .
— kL% > —MLFEAT Y h=02g=
E)T Y b a B FABER Y 2 — AV BEAES A E Y (I (mol K) |m?kg s2K ! mol?t A i 1 }_/EM] 4 //} ());g 2107ke
BHGE (XGERVy &) |7—orEXarssa Clkg kglsA B L /Y| Torr |1 Torr = (101 325/760) Pa
% o B & =riamwp Gyls m?s? #o# Kk & JE| atm |1 atm =101 325 Pa
% Lh bzt Elvy vaRTIoT v W/sr m'm?kg s*=m’kg s° B m Y —| cal |Veal=41858] (I15CIHmY f), 4.1868J
T i P EE|r v b= mx7 797 (Wim? sr) |m? m2ke sP=ke s° (MTIAE ) =), 4.184J (TBYLZE I m ) —)
B FOE M B ERE—AEEFA— L |kat/m?® m® s mol N 7 = S 1 p=1pm=10"m

(FF8HR, 20064F)






