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Introduction

Since about 2014, research and examinatiawve been conducted by the relevant organizations around
the proposed site for thavil engineering plarof the International Linear Collider (ILC) that is to be
constructed in the Kitakami site the Tohoku Region. In cooperation with the High Energy Accelerator
Research Organization, the project now contains the full results from the consideration of the Global Design
Effort for the ILC.

It is important for the technical feasibility of a projeot fin ILC facility to be evaluated technically in

terms of rock mechanics and rock engineering because the facility requires large underground works.
Accordingly, an ILCcivil engineering plann the Kitakami site in the Tohoku Region (hereafter referred

to t he 0 TGOl hgimeeringPl@nd) was examined for its technic
Subcommittee for ILC Civil Engineering Facility in Tohoku, established under the Committee for Rock
Mechanics, the Japan Society of Civil Engineersufalip interest incorporated association), in the 2019
fiscal year. This subcommittee then evaluated t he
feasibil ity ivil Bndineeringanbh caksu glulad ant eed, alsadtheconcl u
project are appropriate. o

The Tohoku ILC Project Development Center opens the details of the construction technologpilf the
engineering plato the public and contributes to various scientific and technical examinations of it in many
fields, considering these activities to be both very beneficial and essential for stepping toward the
realization of the ILC. The development center has thus reorganized the technical details ofdikié ILC
engineering plaim the Kitakami site and has decitl® introduce them here.

We expect that the ILCivil engineering plarwill be widely understood through this document and the
consideration of the technical details of it will be developed by many specialists in various fields.

Atsuto Suzuki,
Director ofthe Tohoku ILC Project Development Center






Contribution to disclosing the Tohoku ILC Civil Engineering Plan

The Tohoku ILCCivil EngineeringPlan has been established by the Tohoku ILC Preparation Office in
cooperation with the High Energy Accelerator Research Organization (KEK), and has been evaluated for
its technical feasibility in terms of rock mechanics and rock engineering by the Evaluaticon8nittee

for ILC Civil Engineering Facility in Tohoku in the Committee for Rock Mechanics, the Japan Society of
Civil Engineers (a public interest incorporated association). We describe the circumstances of these
activities and the result of the evalioat by the Japan Society of Civil Engineering below.

Committee for Rock Mechanics, the Japan Society of Civil Engineering
Evaluation Subcommittee for ILC Civil Engineering Facility in Tohoku

I. Circumstances

1. Tohoku ILCCivil EngineeringPlan

The ILCproject is based on the Technical Design Report (2013), and has been examined for cost reduction
and other purposes in Japan by international cooperative works with researchers in many countries, with
the High Energy Accelerator Research Organization (K&the central figure. The specifications of the

ILC project have been almost established up to now.

On the other hand, the Tohoku ILC Preparation Office has carried out point surveys, concept design, and
other activities independently for the achievemantLC location in the proposed area of the Tohoku
Region, because the ILC project involves large underground work, and must consider some conditions
intrinsic to its planned point, such as topography and geology.

Adding intrinsic conditions regarding tiproposed point to internationalxamined specifications, the
Tohoku ILC Preparation Office and KEK have established the TohokuQiM EngineeringPlan
described here.

2. Evaluation of thecivil engineering plan

The feasibility of thecivil engineering plaris required to be satisfactorily guaranteed in terms of rock
mechanics and rock engineering, because the construction of the ILC facility involves large underground
work. Accordingly, the evaluation of thidvil engineering plamwas entrgted to the Committee for Rock
Mechanics, the Japan Society of Civil Engineering (a public interest incorporated association), which had
also carried out technical examinations for Iti@l engineering plasas a third party in the past.

3. Evaluation Shcommittee for ILC Civil Engineering Facility in Tohoku in the Committee for Rock
Mechanics, the Japan Society of Civil Engineering

3.1 Establishment of the subcommittee and memberume

The Committee for Rock Mechanics decided to promote evaluatioksvioyr establishing the exclusive

AEvaluation Subcommittee for I'LC Civil Engineeri
subcommittee members were widely selected from members of the Japanese Society for Rock Mechanics
(JSRM) with considerationfarh ei r speci al fi el ds; we t Rermadheciede c

organization in the fields of rock mechanics and rock engineering.



The abovementioned JSRM is the Japanese branch of the International Society for Rock Mechanics and
Rock Engneering (ISRM), a global academy of rock mechanics and rock engineering, and is an academic
research organization in cooperation with the Science Council of Japan. The JSRM mainly consists of four
academies, which are the Japan Society of Civil EngineetiregJapanese Geotechnical Society, the
Mining and Material Processing Institute of Japan, and the Japan Society of Materials Science; thus, most
Japanese researchers and engineers involved in rock mechanics and rock engineering belong to the JSRM.

This subcommittee is headed by Chairman Ohnishi, who is ancexpresident of th&SRM, along with
the chief directofIto) andtwo exchief directors (Obara and Kyoya) of the JSRivid other experienced
members as well as an-dlhpanese member |l consiting of those in the JSRM, becoming a reliable
work team both domestically and internationally.

3.2 Subcommittee member list
Chairman Yuzo Ohnishi

Chief Secretary Takashi Kyoya

(Emeritus Professor in Kyoto University)

(Department of Civil andEnvironmental Engineering in tF

Graduate School of Engineering, Tohoku University)

Secretary Tomoyuki Sanuki (Department of Physics in the Graduate School of Scie
Tohoku University)
Nobuhiro Terunuma (High Energy Accelerator Research Organization)
Member Junichi Kodama (Division of Sustainable Resources Engineering in the Grac

Takafumi Seiki

Masahiko Osada

Tomochika Tokunaga

Kiyoshi Kishida

Tomofumi Koyama

Shinichi Akutagawa

Hideaki Yasuhara

Yasuhiro Mitani

Yuzo Obara

Takatoshi Ito
Yoshinobu Nishimoto

Satoru Yamashita

ShinichiroMichizono

School of Engineering, Hokkaido University)

(Division of Social Design in the Graduate School of Regic
Development and CreativitiJtsunomiya University)

(Programs of Environmental Science and Civil Engineerin
the Graduate School of Science and Engineering, Sal
University)

(Department of Environment Systems in the Graduate Schc
Frontier Sciences, the University of Tokyo)

(Department of Urban Management in the Graduate Schc
Engineering, Kyoto University)

(Department of Safety Management in the Faculty of St
Safety Sciences, Kansai University)

(Department of Civil Engineering in the Graduate Schoa
Engineering, Kobe University)

(Engineering for Production and Environment in the Grad
School of Science and Engineering, Ehime University)

(Department of Civil and Structural Engineering in the Grad
School of Engineering, Kyushu University)

(Department of Civil and Environmental Engineering in
Faculty of Engineering, Kumamoto University)

(Chief director of the Japanese Society for Rock Mechanics
(Chairman of the Committee for Rock Mechanics)

(International Center for Elementary Particle Physics,
University of Tokyo)

(High Energy Accelerator Research Organization)



3.3Activities of the subcommittee
Activities:
(1) Explanation of the outline of the ILC project agidil engineering plan
(2) Explanation of the Tohoku ILCivil EngineeringPlan
(3) Inspection of th@oroposed site and extraction of points to note

(4) Summarization of evaluations and points to note

Subcommittee meetings and-site inspection:
- 1st meeting (July 30, 2019)

- 2nd meeting (August 30, 2019)

- 3rd meeting (November 11, 2019)

- On-site inspectin (November 27, 2019)
- 4th meeting (December 19, 2019)

- 5th meeting (February 20, 2020)

The End.

Takashi Kyoya,
Chief Secretary of the Evaluation Subcommittee for ILC Civil Engineering Facility in Tohoku
in the Committee for Rock Mechanitke Japan Society of Civil Engineering



Result of the evaluation of the Tohoku ILCCivil Engineering Plan (extracted)?

The Evaluation Subcommittee for ILC Civil Engineering Facility in Tohoku concluded that the
"Tohoku ILC Civil Engineering Plan" is technically feasible and that the contents of the plan are
appropriate.

The Evaluation Subcommittee for ILC Civil Engineering Facility in Tohoku investigated a wide range of
topics covering the entire facility planning process as follows: 1) DescriptitredfC Plan Summary
andCivil Engineering Plan2) Description of Tohku ILC Civil Engineering Plan3) Field survey of the
candidate site and identification of points to be noted, and 4) Summary of evaluation and points to be noted.

The Subcommittee started the evaluation in-thily 2019 and completed the work in Februz®20. The

features of this facility are that the main tunnel, through which the beams run, has a substantial total length
of 20.5 km accompanied by five access tunnels (width 8 m, height B&migylindricalshapg and that

there is a large cavern (WMdR5 m, length 108 r® 133 m, height 42 m) to house the detectors. Due to the
various impacts arising from the large size of the facility and its underground location, it was necessary to
take into account a wide range of perspectives such as rock emginegotechnical engineering, and
hydrogeology, and to draw on the Japanese civil engineering technologies used in the past to construct
tunnels and underground caverns as ordinary facilities, in order to assess the adequacy of the contents of
thecivil engineering plan

Since the underground facilities will be constructed in underground rock with complex geological
conditions, the following issues were discussed in this study: investigation of the unique characteristics of
the proposed construction sitgetermination of the properties of the ground, rock, and water by surface
and underground exploration; confirmation of the mechanical stability of the underground facilities for the
construction safety; checking the impact of the design on the safe &hdaasgtructability of the facilities;

and planning with consideration of economic efficiency.

The Subcommittee, consisting of leading experts in the relevant fields, conducted a careful and thorough
evaluation based on the various exchanges of opiniods as oncl uded t haCiilt he
EngineeringPlamn i s technically feasible from an expert
are appropriate.

i T
K

February 20, 2020

Japan Society of Civil Engineers, Committee on Rock Mechanics
EvaluationSubcommittee for ILC Civil Engineering Facility in Tohoku

Chair Yuzo Ohnishi

' The result of the evaluation can be viewed on the website of the Evaluation Subcommittee for ILC Civil EngineeringhFedtildi in the
Committee for Rock Mechanics, the Japan Society of Civil Enginedrttyy/(www.rockjsce.org/index.php?ILC_subcommittee_2th


http://www.rock-jsce.org/index.php?ILC_subcommittee_2th
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International Linear Collider (ILC)
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1 Outline of the ILC Facility

1.1 The ILC accelerator

Theconfigurationof the ILC (nternationaLinearCollider) accelerator is shown in Figure 1.1[1, 2]. First,
anelectronsource gun) anda positron sourcéocatednear the centesf ILC generate darge numbenf
electrons and positroffier usein theresearch oélementary particles. Several tendibions of electrons

and positronsform bunchresandare injected ito the damping ring. The bunch becomes a highality
beamwhile it is circulating in the damping rin@he electron and positron beams from the damping rings
are transported tiheendsof the MLs (Main Linear Accelerators; Main Linacs) throdlgé RTMLs (Rings

To Main Linacs), and immediately accelerategthe ML s andtransported to theollision pointby the

BDS BeamDelivery System)which finally focus a buncto an ultrasmall sizefeeveral nanometefer

e+ e collision Elementary particle reactions that happen during the collision are completely recorded by
the detectors installed around the collision point; then, the study of elementary particle physics is carried
out. After pasing throughthe collision pointelectron and positrobeams aresent to the beam dursp
where they arabsorbed

A linear collider such aghe ILC can be extended to perfomperimentsat further higher eneiigs. This
is aunique featuref a linearcollider because a circulamwllider cannotchange the circumferenc&he
present ILC project is optimized for thesearcto f t h e f Hwhicly isthebnoss impodanand
urgentresearchopic at presentvith anenergyof 250 GeVandalength of 20.5 kmThe desigrallows for
extersion andupgraddn casethe importance ofiigh energyexperiments is confirmed by tipeogressof
ILC research

/_\‘
FYEXIIVY )
Dumping Ring
=PIV
\ - RTML
— BFRNER
— BEFE Electron Accelerator

~ s Positron Source

- REIRAS R

Beam Delivery System

BFH

Electron Gun

BRERRALR
Beam Delivery System

FRARGR LR
BB F RIS Detectors (ILD & SiD)

Positron Accelerator
Y=VFIIVEF
RTML

ILCHNEZR DS AR VR

Schematic illustration of ILC
©Rey.Hori/KEK

Figure 1.1. Configurationof the ILC accelerator.
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4 1 Ouitline of the ILC Facilit

1.2 ILC underground facility

Figure 1.2 shows an overview of the underground facility necessary for installing tlaede@rator.

To install theML and BDSequipmentthe underground tunnels of the electron side and positron side are
placed opposite each oth&hesetunnelsare angled at4 mrad in the horizontal plane to prevent beams
from entering their opposgy accekrator after pagsg throughthe collision point. Loopd tunnels are
requiredat both ends of ILGo accommodate the turnarourid the cemntal region a tunnel with a race
track shapdor damping ringsanda detector hallor two detectorswill be constructed.

Five access tunnels aunsed(onein the center and two eacdmthe electron and positron sides) to connect
the underground tunneb the surface.The location ofaccess tunnels to the underground tunieels
determinedy the design of the aeleratorThe detector haWvill be connected to the surfabgtwo shafts.

The length of the electron side is 10.9 km and that of the positron side is 9.6 km; accordingly, the overall
length is 20.5 kmSince the electron side contaars accelerator syemfor thepositrongeneration, the length
of it is longer than that of the positron side.

©Rey .Hori/KEK

Figure 1.2. Configurationof the ILC underground facility.
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2 Design Requirements

2.1 Access tunnels and access halls

Thesurfaceacility and undergroundccelerator tunneareconnectedy anAccess Tunnel (AT)which is
aninclinedtunnelfor enty. There arewo access tunnelsonnected to the electron sifisT -8, AT-10),
two to the positron sid@AT+8 and AT+10)and oneo the damping ring and detector H&AT-DR/DH)?.
At the connection between the access tunnel an@dbelerator tunnel, aAccess Halls (AHwill be
constructed to install thearious kinds of equipment necessarylfdt operation (see Figui21l).

AH-—lO
AT-—DR/DH AT-8 y o
-10
\s 3 & AH-1
s Tunne AT+ S
5 x Acces ' AH-8
AT+10 L
AR +8
-
AH +10
5 x Access Hall

Figure 2.1. Access tunnels.

The access tunnels are udedcarrying in large devices such as cold boxes and laying various kinds of

cables, pips andducts necessary foL.C operation (see Figure 2.2). In consideration of thess the

cross section of an access tunnel is determined to be a semicyliffunisashoe) shape with a width of 8
m and a height of 7.5 m. Tmeaximum slope of thaccess tunnés 10% (9% on average) in accordance
with the maximum longitudinal slope of 12% (a special value for the Types 1, 2, and 3 regular roads) stated

in theRoad Structure Ordinance.

The pithead of the access tuniselocated athe Access Stations (AS)hich requires yards with an area

of 18,200 m for installing various kinds of equipment such as electricalrachanical facilitiesThese
AS yards are alsosed as temporary yards during construction.

The access hall consists of four domes (called dome, E dome, He dome, and S dome respectively)
that contain themachinery, electric powerequipment, plant for liquid helium, and various service

equipmentgee Figures 2.3 and 2.4).

The distancéetweeneach access halendthe collision pointis determinedby the design of the ILC

accelerator.

? The numbers-8,-10, +8, and +10) added to the access[ tjuninel s

I Tohoku ILCCivil Engineering Plari
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6 2 Design Requiremer

T y W -7\7-\“\\
I |
< — —
=
ELR \
[Eo]
~
| 50 |
Carn%eway l_(mj
 ——
LQ I —
o)
‘  —
 —
_ Voo NS L

| 8.0 |

Figure 2.2. A planof piping and cabling in thaccess tunnel
(under consideration).

Access Station ___

Access Tunnel

Access Hall

Main Linear Accelerator Tunnel

ORey .Hori/KEK

Figure 2.3. An illustration of a connection from an access station to a main linear accelerator tunnel.
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2.1 Access tunnels and access halls 7

©Rey .Hori/KEK N

Figure 2.4. Anillustration of the access hall.
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8 2 Design Requiremer

2.2 Accelerator tunnel

The accelerator tunnel consists of the damping ring tunnel, main linear accelerator tunnels, BDS tunnels,
and other tunnels connecting them.

2.2.1 Damping ring tunnel

A tunrel containing damping rings is placedthe central regiorand has a raetack shape combining
straightand curved sections (see Figure 2.5). @ineumferencef this tunnel is 3.2 km.

Figure 2.5. Damping ring tunnel.

In the damping ring tunnednelectrondamping ringanda positrondamping rincareinstalled in twdayers
(see Figure 2.6). The inner spat®uldbe large enougto install the third ring for positron to cure the
positronbeamperformancen future upgrade

The curved sections of the damping ring tunnel comdaigerbending magnets that require an inner space
with a width of 5.5 m and a height of 4.7 m or more. On the other handirdightsections contain
superconductig aceleraton modules(cryomodules) and higfrequency generators, which require a
larger inner space with a width of 11 m and a height of 5.5 m or, raoda concrete shield walkill be
installed betweethem

T Tohoku ILCCivil Engineering Plari



2.2 Accelerator tunnel 9

©Rey .Hori!

Figure 2.6. An illustration of thenside of a curved section of the damping ring tunnel.
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10 2 Design Requiremer

2.2.2 Main linear accelerator tunnel

The main linear acceleratarhichaccelerateelectron and positron beamsth® requirecenergy will be
installedin opposng straightunnels (see Figure 2. T the current plan, whicaimsfor 250 GeVcollision

energy the lengths of the main linear accelerator tunnels are 7.4 km for the electron side and 7.2 km for
the positron side.

RT
Tunnel  \L

ator
N\a‘\\'\ L\“ea{E‘eC‘xo“s

2.4km

eleratof Tunne! 5.0kmM

. AcC!
Main \_\\‘\ea{P os-\“ons)

RT
ML
3.8km

2.Akm

Figure 2.7. Main linear accelerator tunnels

The main linear accelerator tunnels contain superconductive-fieighency acceleratomodules
(cryomodules) and higirequency generatorsThe yellow cylindrical objects in Figure 2.8 are
cryomodules. Concrete shield walls with a thickness of 1vlinbe installedn the centerof the tunnel

for separating cryomodules and hiffequency generats. In addition to that, power lines, cooling water
piping, and othexnecessary for the operation of hiffpquency generators drestalled A large space also
needs to be ensured for the installation and exchange of cryomodules and otherRigsécbs.the above
conditions, the inner space tife main linear accelerator tunnel is determined to be a semicylindrical
(horseshoe) shape with a width of 9.5 m and a height of 5.5 m.

In the turnaround sectiorhending magnetsire installedto bendthe beam @th. A semicylindrical
(horseshoe) shapennelwith a width of 4.5 m and a height of 4.0 m is planbedause a concrete shield
wall is not necessary

In addition, the main linear accelerator tunstebuld beparallel to the geoid plane becaadiguid helium
is used in the cryomodules.

T Tohoku ILCCivil Engineering Plari



2.2 Accelerator tunnel 11

cRey Hori/KEK

Cryomoaules

©Rey . Hori/KEK

Figure 2.8. An illustration of the inside of a main linear accelerator tunnel (shield walls are not shown).
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12 2 Design Requiremer

2.2.3 BDS tunnels

The Beam Delivery System (BDS) transgdtte electron and positron beams accelerdigdhe main
linear accelerator to the collision poifithe BDS sectionhas two parallel tunnéls one is a beam tunnel
that contains a group of magnets forming a BDS beamline, and the other is a servicthatrmogitains
power supplies and otheguipment necessafgr the beamlineThe lengths of the BDS tunrigl3.5 km
for the electron side and 2.4 km for the positron side (see Figure 2.9).

nel
BDS Tun
ps TuenS) (glectron®)
(Pos

3.5km
2.4km

Figure 2.9. BDS tunnels.

TheBDS beamline mainly consists of electromagnets. Figure 2.10 shows the ATF2 beamline constructed
atKEK to demonstrate thBDS technologyfor ILC. Thedesign of thaBDS beamline for ILC ign origin

of the ATF2 beamline thoughe sizes of them are differdng beam energietn addition, theBDS tunnel

contains the electron/positron source as well as a BDS beamline. Since a cross section is required to be
large due to inconstadistancebetween these beam lines, a semicylsadi(horseshoe) shape with a width

of 8.0 m and a height of 5.0 m is planned. A cross section of the service tunnel is planned to be a
semicylindrical (horseshoe) shape with a width of 4.5 m and a height of 40iah, is large enough to

contain power spply devices for electromagnéts

To makesmall electron and positron beamghich collide with sufficiently highrepetition rate it is
important for a beam path not to be bent in a vertical direction (to make a beam path straight) in a BDS
beamline. Ths, the BDS tunnels are constructed in laser straight unlike the main linear accelerator tunnels
which constructed parallel to the geoid plane (see Figure 2.11).

3 Thesetunnels are integrated into one tunnel in the present design from the result of examinations by the Global Design Effort
for the ILC.
4 A cross section of the integrated tunnel is a semicylindrical (horseshoe) shape with a width of 11 m and a height of 5.5

T Tohoku ILCCivil Engineering Plari



2.2 Accelerator tunnel 13

Figure 2.10. ATF2 beamlindo demonstrate thBDS technology

lision
oint

Figure 2.11. Relative position of the ILC accelerator to the geoid plane.
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14 2 Design Requiremer

2.3 Detector hall and peripheral tunnels

A hall containing detectors is constructed at the point where the electron and positron beams abikde. In
detector hall, two detectowll be installedoneachmovable basehich brings the detectto the collision
point alternately. Various kinds of machinery such as an air conditioner are also installed in the hall.

Figure 2.12. Detector hall.

Theinner space necessary for detectors is determined to have a width of 25hgtheofel08 m, and a

height of 42 m. In addition to that, the spacplaned to bextended by 25 m to contain machinery and
other devicesand resultedn undergroundavernwith a length of 133 m.

Theundergroundietector hall and surfaeell be connetedtwo shaftsa shaft 18 m in diameter used for
carryingthe units ofdetectors, a shaft 10 m in diameter laying power lines and various kindesf pipl

anaccess tunnel (see Figures 2.13 and 2.14). Peripheral tohdei®ctor halhave sectionwith widths
of 8 m and 4 m according to applications.

Damping Ring

Connection Tunnel Access Tunnel

8m
Linear Section of the Damping 300m

Ring Tunnel

RTML Transport RTML Transpo

Route Route
Bypass Tunnel \w‘ﬁ
BDS Tunnel (Positrons) 153m BDS Tunnel (Electrons)

4m

Figure 2.13. Plan view of the periphery of the detector hall.
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2.3 Detedor hall and peripheral tunnels 15

©Rey.Hori/KEK

Figure 2.14. An illustration of the detector hall and peripheral tunnels.
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Kitakami Site
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3 Topography and Geology

3.1 Outline of topography

The Kitakami Mountains are a naolcanic mountain region that exten2/80 kmnorthto south andB0
km eastto west. Having ridgesf constant height, the mountains are considardxean uplifted peneplain
with topographical featuseshowing highlandike topography with gentle riseand fals. Though the
Northeastern Japan Arc has some developed structural basikgatkeami Mountains do not seem to have
them. In addition, the mountains do not have largesiamdvalleys alongherivers in the mountains are
generally wide and gentle.

The planned area for the ILC is in the southern part of the Kitakami Mountains. Figure 3.1 (left) shows a
topographic map of the Kitakami sif8]. Some topographical feature$ the siteinclude beltshaped
topography extending frorthe Hitokaberegion along theToriumi River and drogshaped topography
extending from the Okita region to Fujisasfo. These types of topography correspond to distribution
areas of granites beloimg to the Hitokabe and Senmaya plutonic rock bodied forma characteristic
topography that borders a granite rock bdust isweathered easilgue tohard hornfels formed around

the granite rock body by contact metamorphism during intru€larthe western side of the planned area

for the ILCis the Ktakami River,onthe west edge of theitakami Mountains, flowing down from north

to south. Since many rivers in the planned area are tributaries of the Kitakami River, most of them flow
downin a meandeng wayfrom east to west. These rivers mainly include, from the north, the Hitokabe
River, Ide River, Satetsu River, and Senmaya River; on the other hand, the Kamiyama River and Tsuya
River near the southern end run to the $®Hflow into the Pacific @ean. Many mountains with an
altitude of 700 to 900 m are formed along the planned area for theNit.an altitude of 782 mMt.

Abara is the highest mountaamongthose formed by granite. Since other mounta@em to have a height

of 400 to 500 mthey havea gentle highlandike topographyas a wholeAround he circumference dahe

granite is a distribution of Mesozoic/Paleozoic strata affected by thermal metamorphism and many
mountains witran altitude of 700 to 800 m. These mountains mainly include, from the north, Mt. Tenguiwa
(an altitude of 775 m), Mt. Hourai (788 m), and Mt. Tokusenjo2 (M};in addition, Mt. Murone (895 m)

is the highestmountainin the vicinity ands formed by the intrusion of dike swarms into Paleozoic strata
and the Orikabe plutonic complex.
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Mt."Hourai

Mt. Hayama,

Mt. Murone

Mt Tokusenjou

Figure 3.1. A topographic map (left) and a geologic map (right) of the Kitakami site.

3.2 Outline of the geology

The KitakamiMountains are mainly formed by Paleozoic/Mesozoic sedimentary rocks and Cretaceous
granite intruding into them. The mountains are geologically separated into the Northern and Southern
Kitakami Mountainsby a northwessoutheast border, the Hayachine Ta@ioBelt extending from
Morioka to Kamaishi. The planned area for the ILC is included in the Southkakhi Mountains. The
distribution of geology in the Northern Kitakami Mountains is separated into the west Kuzkiama&ishi

and east Akkd& anohata bés; while both belts mainly consist of Mesozoic/Paleozoic strata including
allochthons such as cherts, the distribution of geology in the Southern Kitakami Mountains consists of
neritic sedimentary rocks with pf&lurian as a basement rock. In additiorgny plutonic rock bodies
mainly formed by granite intrude into these types of geology.

Figure 3.1 (right) shows a geologic map of the Kitakami[4iteExtending up to 50 km, the ILC is planned

to penetrate the Hitokabe plutonic rock body, Senmaya ptutook body, and Orikabe plutonic complex
which extend into the southwest part of the Southern Kitakami Mountains, and to reach the Mesozoic
Triassic Inai Group in an area south of the site. North of the site, older exposed geology surrounding granite
canbe found,and the vicinity of Miyamori and Motai has basic rocks and metamorphic rocks of the pre
Silurian period, which is a base rock of these regions. On the other hand, on their southern side is
Carboniferous rock contacting the Hitokabe and Senrmphytanic rock bodies. In addition, the Permian

rock is distributed around the Carboniferous rock, Hitokabe plutonic rock body, and Orikabe plutonic
complex while Triasic rocks such as the Inai Group are distributed to the south of it. The Carboniferous
and Permian rock formations consist of lutite and sandstone inserted into limestone while the Triasic
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consists of mudstone, sandstone, and alternating strata. The Southern Kitakami Mountains have a fault
structure extending from the Hizume region to the Kesera region in the NNWBSE direction; this
structure is called the Hizum¢esennuma Fault. Fold structures in the same direction are widely developed

in the Southern Kitakami Mountains, and were supposed to be formed by the Oshima Orogenic Movement
activaed mainly in the Cretaceous period. The Oshima Orogenic Movement is considered as a series of
the following movements: the addition of the allochthonous strata of the Northern Kitakami Mountains
occurred during the time from the middle Jurassic to the €xdtaceous periods due to compression in

the eastvest direction; and then, fold structures and faults in the same direction were formed due to
volcanic activity and the intrusion of plutonic rocks. Alluvia and terrace deposits are distributed as younger
sediments in valleys along rivarsthe site; in addition to that, the unconformity of the Pliocene covers a
part of the western Senmaya granite rock body.
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4 Geological Survey?

4.1 Description of geological surveys

The geological surveys were conducted almost along a straight line through the Hitokabe granite rock body,
Senmaya granite rock body, and Orikabe granite rock body. Table 4.1 outlines the geological surveys
conducted until now. In addith, Figure 4.1 shows the main survey points along with outlines of their
results. As of the 2017 fiscal year, we have carried out seismic exploration with an overall length of 30 km,

electromagnetic/electric prospecting with an overall length of 13 kmparidg surveys in six places
(seven cores).

Table 4.1. Outline of the geological surveys

Fiscal year Main survey item Description of the survey Orgsred
2009 Ground surface/geologll nv e st i gati on of t he ¢ q Iwate
investigation the Hitokabe and Senmaya granite rock bodies Pref.
Seismic exploration
Radiation survey
2010 |Ground surface/geolog| Investigation of the properties and conditions of the Hitokalf Tohoku
investigation and Senmaya granite rock bodies Univ.
Seismic exploration Investigation of the cross points of rivers
Electromagnetic
prospecting
Boring survey
2011 Ground surface/geolog| Investigation of overviews of Mt. Hayama and the Inai Gro| Tohoku
investigation Univ.
2012 | Airborne laser survey | Creation of topographical maps (with a contour of 1m/5m) | Tohoku
from the DEM (with a grid of 1m) Univ.
Ground surface/geolog| Investigation of the properties and conditions of geology Tohoku
investigation around the proposed collision point Investigation of geologi Univ.
Seismic exploration | boundaries
Electromagnetic Reading of topography
prospecting (Inclined shafts are assumed for accessing the detector ha
Boring survey
Ground surface/geolog| Investigation of lineaments and active faults Iwate
investigation Pref.
2015 Ground surface/geolog| Investigation of the properties and conditions of geology Tohoku
investigation around the proposed collision point Univ.
Seismic exploration (Shafts are assumed for accessing the detector hall.)
Electromagnetic
prospecting
Boring survey
2016 Seismic exploration Investigation of the properties and conditions of the northelf Tohoku
slope of Mt. Abara Univ.
2017 Seismic exploration Whole line of 30 km Tohoku
Univ.

® The outline of the geological surveys conducted up to the 2017 fiscal year is described in material (Maferittd 6th
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Figure 4.1. Outline of the results of the geological surveys.
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4.2 Outline of the results of the geological surveys 25

4.2 Outline of the results of the geological surveys
Electromagnetic (electric) prospecting

The result of the electromagnetic (electric) prospecting in Figure 4.1 shows that electric resistivities for a

depth of 100 m or more were generally as high 4¥10m or mor e whi | e ?2tet¥fme of
Y L. mcallyoThough places with low electric resistivities are suspected to have fissures containing water,

rock masdaving a few fissures can be expected to extend in the almost whole area.

Seismic exploration

The result of the seismic exploration in Figurg ghows that the elastic wave speeds (P wave speeds) were

4 to 5 km/s, which is very high, at points other than near the ground surface. As described in Chapter 6, the
Tohoku ILCCivil EngineeringPlan has determined the planned altitude of the ILC tutmdéle 110 m.

Figure 4.2 shows elastic wave speeds at altitudes of 100 m and 120 m. The speeds were generally 5 km/s
or more near the planned altitude of the ILC tunnel. Though the accuracy of seismic exploration may be
problematic near a distance of 5 kioe to a large overburden, elastic wave speeds can also be expected to
be 5 km or more near an altitude of 110 m because the speeds were over 4 km/s even near the ground
surface. On the other hand, the elastic wave speeds on the cross points of rivarsmdéthoverburden

were approximately 4 km/s or lower. The cross points of Okita River and Satetsu River had speeds of 3
km/s and 2 km/s, respectively.

Ide Riv. Okita Riv. Satetsu Riv. Sokei Riv. Senmaya Riv.

1

Elastic Wave
Speed (km/s)

S N OB O

= EL 100m =EL 120m

0 5 10 15 20 25 30
Distance (km)

Figure 4.2. Elastic wave speeds (P wave speeds).
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26 4 Geological Survey

Boring surveys

In a boring survey, we obtained the overall length of a corecanductedvarious kinds of well logging
using a borehole.

Figure 4.3 shows pictures and the RQD values of the cores near an altitude ahat@®planned for the
accelerator tunnel. Granitecksare shown to be widely distributed at the tunnel altitude regardless of the
altitude of the ground surface. In dtiloh, sincethe RQD values are generally 80% or more for the borings
other than the H22 and H221 6 ingsrock maswith a few fissures are supposed to be distributed.

The H242 and H221/-1 6 bori ngs were perfor med anthSatetsudiveri ver b
with the aim ofinvestigating the properties and conditions of surface soil and the weathering conditions of
granites in zones with thin overburddrne cores obtained in these two borings were disintegrated into
granite sand by finger pssure. The place wherethe HED b o r i na@nductedvasassessed as a

low specific resistance zone by electric prospecting. On the other hand, tHeld?idgconducted ah

place about 100 m away fromthe H2Z2® b or i ng r e s u littgeuite. Thus, theecrogs zogeso d g |
of the rivers are supposed to have some places locally affected by strong weathering or hydrothermal
alteration.

Borehole camera

We observed the inner walls of the boreholes with a borehole camera.

The borehole camera sérvation allowed us to read various fissures mainly consisting of joints. Figure 4.4
shows the frequency distribution of fissures that we observed. The Senmaya granite rock body was shown
to have many fissures with a low angle inclination close to thedmal. The Hitokabe granite rock body

was shown to have many fissures inclined in the BMWEW strike direction to the south. Figure 4.4 also
shows the axial direction of the ILC tunnel and the major axis of the detector hall in the facility location
plandescribed in Chapter 6.

Measurement d initial stress

Using a borehole (H24) near the top of Mt. Hayama, we measured ingtedss of theground by a
hydraulic fracturing method. Table 4.2 and Figure 4.5 show the result of the measurement.

Since the initialstressobtained by the measuremeasathe same as those measured in Japan, the site is
supposed to have napecialinitial stress state
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Figure 4.3. Pictures and the RQD of the cores near an altitude of 110 m (the numbers added to the core
pictures indicatelepths (m)).
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Figure 4.4. Frequency distributions of fissures observed with a borehole camera. The Schmidt net (equal
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represent the axial direction of the ILC tunnel, amakbn lines represent the main axial direction of the

detector hall.
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Table 4.2. Result of the measurementinitial stress
. - . Maximum S

Depth | Altitude M al_xmlmm .M'F"mlum Vertlczl lateralstress D|r°ect|on of

(m) (m) principa stress principa stress ostres ratio uHmax

UHmax (MPa) | uUHmin (MPa) | Uz (MPa) dHmMaxfiz (degree)

200.1 | 145.9 9.49 5.11 5.36 1.77 N44-86W
210.7 | 135.3 9.68 6.17 5.64 1.71 N54-77W
230.0 | 116.0 10.72 5.75 6.16 1.74 N14-39W
247.3| 98.7 11.31 5.83 6.62 1.71 N21-35W
261.7| 843 9.45 5.34 7.01 1.35 N32W

296.5| 495 10.59 6.10 7.94 1.33 N45W
1The density of a rock mass is assumed to be 2.73g/cm
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Figure 4.5. Result of the measurementinitial stress
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Laboratory rock specimentests

We conductedaboratory rock specimen te$ts grasping the properties of the granite. For places where
the intrusion of porphyrite was shown, we also conducted tests for porphyrite. Table 4.3 shows the results
of these tests.

From the measurement, granite rocks at an altitude of 120 m or lesssh@wn to have a uniaxial
compressive strength of 129 MPa or monel asplitting tensile strengtiof 7 MPa or more. Intruding
porphyrites were also shown to have almost the same uniaxial compressivghstas the granite.
Ultrasonic speeds amnsistent with the speeds obtained by the seismic exploration.

Table 4.3. Results of thé.aboratoryrock specimerteds

Altitude of a UnlaX|aI_ splitting tensile Ultrasonic speed
compressive

Borehole sample Type strength strength
(m) (MPa) (MPa) Ve (mM/s) Vs (m/s)
Hitokabe H24-2 [129.3i 130.3 Granite 141 11.70 6,290 3,190
granite H22-3 [95.1 i 95.4 Porphyrite 121 o} 5,680 3,400
rock body H22-3 |[86.0 i 86.3 Granite 194 o} 5,670 3,400
H22-3 |[81.5 i 85.8 Granite 166 0 5,780 3,500
H22-2 |129.0i 129.3 Porphyrite 253 o} 5,770 3,350
H22-2 |87.7 1 88.0 Granite 161 o} 5,430 3,240
H22-2 [82.0 i 82.3 Granite 129 o 5,310 3,190
H24-1 |145.7 T 146.0 |Granite 90 8.51 6,220 3,170
Senmaya H24-1 |135.2 i 135.5 Gran?te 76 8.69 6,230 3,160
granite H241 1159 7 116.2 |Granite 153 8.74 6,270 3,180
rock body H24-1 (98.6 i 98.9 Granite 142 10.00 6,040 3,140
H24-1 (84.1 i 84.4 Granite 152 7.31 6,100 3,130
H24-1 (494 i 49.7 Granite 158 9.28 5,850 3,040
H22-1 [89.4 71 89.7 Granite 176 o} 5,240 3,720
H22-1 |87.4 1 88.8 Granite 169 o} 5,110 3,180
H22-1 (83.3 1 83.7 Granite 176 o} 4,880 2,940

Fluorescence Xray analysis

The cores obtained by the boring surveys had some friable and/or discolored regions locally. Since these
regions are suspected to leffected by mineralization/alteration, we obtained samples from
friable/discolored regions to conduct fluorescencea) analysis. Table 4.4 shows the results of the
analysis. These results of the fluorescenaayanalysis do not show any signs of mitization or other

effects; thus, the site is supposed to have granite with natural conditions.
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Table 4.4. Results of the fluorescencerdy analysis
Hitokabe| Hitokabe| Senmayd Senmayq Senmayg Senmayd Senmayq Senmayg Senmayd Senmaya
NaO % 3.31 4.13 3.39 3.67 3.79 3.77 1.94 0.67 2.18 3.68
MgO % 1.73 0.84 2.03 2.15 2.05 2.77 1.53 2.07 1.89 2.56
Al203 % 15.1 17.4 175 16.0 16.0 16.1 18.0 20.3 17.0 16.6
SIOz % 68.3 75.2 68.0 70.2 67.3 67.2 67.0 63.9 67.4 67.0
P20s % 0.138 | 0.075 | 0.094 | 0.151 | 0.108 | 0.126 | 0.091 | 0.099 | 0.125 | 0.102
S % -0.029 | -0.026 | -0.026 | -0.021 | -0.024 | -0.026 | -0.026 | -0.022 | -0.022 | -0.025
K20 % 2.65 2.20 1.57 2.21 1.94 1.82 1.12 1.27 1.28 1.43
CaO % 4.40 4.45 5.49 4.94 4.97 5.52 7.49 7.94 6.49 5.70
TiO2 % 0.49 0.22 0.45 0.47 0.46 0.55 0.37 0.38 0.44 0.48
MnO % 0.08 0.03 0.07 0.08 0.07 0.09 0.09 0.05 0.07 0.09
FeOs % 4.52 2.08 4.28 4.33 4.59 5.25 3.95 3.90 4.70 4.96
\Y, ppm 78.6 43.8 85.2 84.5 89.2 111 94.3 101 102 103
Cr ppm 15.9 9.36 16.3 15.3 16.7 41.9 34.7 42.3 37.9 37.6
Co ppm 115 4.60 10.8 11.3 12.4 14.3 9.24 8.96 12.1 13.4
Ni ppm 12.7 9.29 14.9 14.0 15.3 211 17.6 154 18.1 20.3
Cu ppm 10.8 9.76 16.8 13.8 15.8 15.9 26.2 56.4 58.8 24.4
Zn ppm 61.2 37.0 55.3 59.0 58.1 64.9 48.3 45.7 53.7 61.2
As ppm 151 1.83 3.18 1.87 0.67 0.50 0.93 0.61 0.51 0.97
Rb ppm 79.2 59.4 335 63.8 52.9 49.4 19.1 21.0 33.3 40.0
Sr ppm 276 310 310 348 359 382 163 106 200 380
Y ppm 10.4 3.33 10.6 14.4 12.3 13.9 9.80 10.2 11.4 15.8
Zr ppm 102 90.0 101 108 111 107 84.6 93.6 114 133
Nb ppm 6.60 4.54 3.93 4.78 4.83 4.75 3.96 4.18 4.75 4.81
Sn ppm 1.17 0.68 0.78 0.76 0.42 0.60 0.91 0.78 0.93 0.82
Sb ppm 0.49 0.36 0.82 0.60 0.06 0.09 0.50 0.38 0.34 0.11
Cs ppm 4.54 2.12 1.71 4.06 2.40 1.85 3.22 2.65 4.36 2.32
Ba ppm 361 347 348 406 363 347 329 248 343 299
La ppm 23.6 124 7.61 4.83 10.7 8.80 7.51 43.9 8.87 10.1
Ce ppm 374 20.8 18.9 13.7 23.1 20.7 174 40.8 18.1 24.3
Pr ppm 2.09 0.80 0.80 0.80 1.54 1.61 0.97 4.24 1.78 4.28
Nd ppm 10.7 5.54 9.07 8.23 10.3 10.7 7.63 17.7 9.03 12.2
Pb ppm 14.2 15.2 9.10 11.2 9.52 8.48 9.21 8.95 8.05 8.64
Th ppm 10.8 5.62 3.34 5.00 3.88 2.85 3.28 3.70 2.42 3.22
Cd ppm -0.05 0.14 0.08 -0.10 -0.07 0.10 -0.02 0.14 -0.02 -0.04
u ppm 3.76 3.68 3.24 4.48 3.52 3.30 1.18 3.23 1.62 3.25
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32 4 Geological Survey

Estimation of the constant groundwater inflow rate

We estimated the constant inflow rate of groundwater into the tunnel based on the topography, tunnel route,
and specific discharge of base flow (river flowrate during dry periods divided by the catcmesnby
means o f -basddeTunifielc Gr@undwater InfloRate Prediction System"[7] based on the
"Hydrogeological Approach"[5,6] developed by the Railway Technical Research Institute (a public interest
incorporated foundation). Digital Elevation Mod&8IEM) of the Fundamental Geospatial Data from the
Geospatial Information Authority of Japan was used for the topography modeling, and the data from the
Water Information System of the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) was
used br the river flow rates of the three river systems (Hitokabe River, Satetsu River, and Senmaya River).
As a result, the average groundwater inflow rate along the entire tunnel route was estimated to be 0.8

m3/min/km.
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Part Il

Tohoku ILC Civil Engineering Plan
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5 Circumstances and Conditions for Settling the Project

In the Tohoku Region, the proposed place for ILC location, we have considered various details of the
construction of the ILC in the Kitakami Site on the basis of the Technical Design Report (TDR)[1, 2]
established by the Global Design Effort.

We entrustednvestigation work to the Tohoku Branch of the Japanese Geotechnical Society (a public
interest incorporated associatidrom the 2014 to 2017 fiscal years to examine the details of components
such as the ILC accelerator tunnel, detector hall, accesslsummd the positions of pitheads. Since the

2016 fiscal year, we have been examining them in cooperation with the High Energy Accelerator Research
Organization. In the examination, we investigated the results of geological surveys, ambient environment
conditions, and other situations, and then selected a reasonable Idcatitve underground facility
according to technical and economical evaluation. We also checked the topography of the thige and
positions of structures and selected the positionthefpitheads of the access tunnels througisitn
investigation. In addition, we considered the construction plan and estimated the processes and costs of the
construction.

The Global Design Effort still updated the design during the examination condycted abovenentioned
entrusted Japanese Geotechnical Socidtg. main updates of the design were changes in the cross section
of a main linear accelerator tunnel (its width was changed to 11 m, to 9 m, and then to 9.5 m in the 2015
and 2016 fiscal yeaJ and in the lenptatthe start of experiments (it was changed from approximately 30

km to approximately 20 km in the 2016 fiscal year).

Because of the circumstances mentioned above, the TohokGilliCEngineeringPlan described from
the next chapter is settled under the following conditions.

Construction plan: In accordance witkhe Civil EngineeringEstimationStandard (the 2014 fiscal year
edition) of theMinistry of Land, Infrastructure, Transport, and Tourism.

P  The plan was in accordance with the above standards even for design changes conducted during
the settlement of the plan.

i For changes in the cross section of a main linear accelerator tunnel, widths of 11 m and 9
m were examined in accordance with the abdardards. For the change in width to 9.5
m, the result of the examination for a width of 9 m was converted on the basis of a cross
section for the evaluation of costs and excavation processes (per month); for the evaluation
of roadbed processes, it was eerted on the basis of the tunnel width.

i For the change in length, unnecessary content due to extension/shortening was able to be
excluded.

P When a cross section is in a state of unconformity to the above standards due to its large size,
the above standardgere applied by setting the cycle time of construction.

P  The plan was in accordance with thechnical standards for road tunnefsthe Japan Road
Association that is equal to the above standards as necessary.

P  Shafts were in accordance with tB&ndard @sign Specifications Vol. 3 Tunnai§the East,
Central, and West Nippon Expressway Company and the Road Tunnel Technical Standards of
the Japan Road Association.
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Equipment ownership costs In accordance with the Table Gbnstruction Equipment Ownershiosts
(the 2014 fiscal year edition).

Material unit costs: In accordance with théonstruction Material Prices LiGAugust, the 2014 fiscal year)
and theEstimationData (August, the 2014 fiscal year)

Labor unit cost: In accordance with thidnit LaborCost forPublic Works (the 2014 fiscal year).
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6 Facility Location

6.1 Location plan
6.1.1 Concepts of the location plan

The ILC facility location plan was established according tddliewing concepts.

Containing the whole of the ILC accelerators in the granite rock bodies

To minimize risks for tunnel excavation crossing geologic boundaries and faults, wetairnathin the
ILC underground facility in the three granite rock bodidgokabe, Senamaya, and Orikabe granite rock
bodies).

If the ILC facility is to be contained in the granite rock bodies, the flexibility of routes is limited because
the accelerator tunnel passes t he i pantbetoveertde poi nt
Hitokabe and Senmaya granite rock bodies. On the other hand, risks for the tunnel excavation are expected

to be minimized because the tunnel can pass the boundary zone of the granite rock bodies along the shortest
route.

Unlike circular accelerators, the ILC hathe very important feature of being able to improve its
performance (to reach further higher energy) by extension. Examining the facility location plan, we checked
that it will be able to extend up to 50 km in the future.

Determining the altitude of the accelerator tunnel to be as high as possible (determining the
overburden of the shallowest point to be about 2D)

A shorter length access tunnel (inclined shaft) connecting the ground surface and underground facility is
advantageoum terms of convenience for usage and construction costs. Thus, we determined the altitude
of the accelerator tunnel to be as high as possible. On the other hand, to guarantee the stability of the tunnel
and avoid the influences above groundvibration and temperature changes, we decided to ensure
overburden with a thickness of approximately 2D (D is a width of 9.5 m of the accelerator tunnel) for the
shallowest point.

The cross point of Satetsu River has the lowest ground surface altitude in tHibesigdtitude of the ILC
underground facility is to be determined by the riverbed altitude of the cross point of Satetsu River.
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Considering the present land use conditions

Villages are interspersed along the bank of Satetsu River. For the shallowest point (the cross point of Satetus
River), we decided to locate the ILC underground facility without interfering regions where many houses
gather.

Considering the stability and workability of the detector hall and shafts

To guarantee the stability of the detector hall, we planned to einsacerockswith a thickness of 2D (D
is a height of 42 m of the detector hall) as overburden for the hall.

The ILC underground facility lation plan was settled according to the abmentioned concepts. ilfis

decided thathe accelerator tunnel is to pass the Hitokabe granite rock body that is long in theondinth
direction and the HAnar r evestdretipnoandrangle of difedtien are almoatt i o n
determined. In addition, the altitude of the floor of the tunnel is determined to be 110 m above sea level
according to the altitude of the shallowest point (the cross point of Satetsu River).

Assuming that the thiclass of a weathered layer is 30 m with reference to the result of the geological
surveys, the detector hall should be constructed at a ground surface altitude of approximately 250 m.

The location in the nortBouth direction of the ILC facility depends dretposition of the detector hall.

Under the condition that both ground surface altitude is approximately 250 rtheadoveground

facilities necessary for the operation of the ILC can be constructed, we examined the following two facility
location plansone is that the detector hall is placed to the south of Okita River, and the other is that the

hall is placed to the north of Okita River. The comparison between these two plans shows that the former
has advantages in terms of the construction perioccasis of public workswhile the latter featusea
highly flexible design. From this point forward,
south of Okita River.o Note that the granhete r 0Cc
southern end of the accelerator tunnel when the tunnebesgtktencddto 50 km in the future.

6.1.2 ILC facility location plan

Figures 6.1[3] and 6.2[4] show the ILC facility location plan. As shown in Figures 3.1 and 6.1, the
surrounding area of the ILC facility tends to have a higher altitude on its eastern side than its western side.
Since the lower altitude of a pithead is adtageous shorteiing the length of an access tunnel, the access
tunnels are determined to connect to the accelerator tunnel from the western side of the ILC facility. As
shown in Figure 6.2, in addition, the ILC facility is contained in the HitokabeSamdhaya granite rock
bodies.
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Figure 6.1. A plan view of the topography of the ILC facility location plan (blue line: the main
linear accelerator for electrons (a length of 10.9 km), red line: the main linear accelerator for positrons
(a length of % km)).
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7 Access Tunnels and Access Hall

7.1 Design specifications
7.1.1 Selection of the positions of pitheads

As shown in Figure 2.7, since the distanceéhefaccess halls to the collision poistdetermined by the

design of the accelerator, the connection points between the accelerator tunnel and access tunnels are
determined according to the position of the collision point. We narrowed the proposed posijtitnesads

under this condition so that the lengths of the access tunnels are as short as possible. In addition, we
conducted an onite investigation to research the proposed positions and the viainityestablished the
positions of pitheads more resically.

Thegradient of an access tunnel was determined to besldp¥itig downwardor 90% of the overall length

and horizontal for 10%; thus, an access tunnel was determined to extend from the pithead to the boundary
of an access hall with an averagdlihg gradient of 9%. The floor of an access hall was determined to be
horizontal, and the altitude of the floor was determined to be 110 m which is same as that of the main linear
accelerator tunnsl

Table 7.1 shows a list of the specifications of tbeeas tunnels. A yard area in the table is a site area that
can be ensured in front of a pithead. The uniform area of 19,00@ans that can ensuran area (18,200

m?) necessary for the installation of equipment and other purposes after the conmbléteopublic work.

In addition, two access tunnels connecting to the detector halDiTand to the damping rings (ADR)

were planned to have the same pithead and pithead yar®lASnd ASDR are same) and diverge
midway.

Table 7.1. List of the specifications dheaccess tunnels

Entry point Yard area Pllt_head Average Length
(pithead) (m?) altitude gradient m)
(m) (%)
ASI 10 19,000 250 190 1,707
ASI 8 19,000 170 190 817
ASI DH 131 747
ASI DR 19,000 170 190 817
AS+ 8 19,000 135 190 427
AS+10 19,000 200 190 1,147
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7.1.2 Rock mass classes

The access tunnels are to be excavated from the ground surface by passing a weathering zone though a hard
rock mass with classes B to Gglassumed for the evaluation of the ronkss at the depth of the main

linear accelerator tunnels. Considering weathering progression near to the overburden of 30 m with
reference to the results of the-site investigation and seismic exploratisuypportpatterrs of the access

tunnels wereassumed to be as follows according to the depth of ovenbufdenel support patterns
corresponding taock mass classesere determined in accordance with the Public Work Estimation
Standards of the Ministry of Land, Infrastructure, Transport, and Touris

P From the fApitheadod to the fAoDBIrburden of 2D

P From the fAoverburden of 2D (16 m)o to the ACc

DI

P From the fAoverburden of 30 mo taccelerdtarturfndlsl oor
(110 m)o: Pattern CII

p The Afl oor altitude same as the main |linear

To conduct more detailed design, detailed geological surveys are required for pithead points as necessary.

7.1.3 Dimensions and structires of the access tunnels and access halls

The cross sections of access tunnels and access halls are as follows:
1. Access tunnel: a width of 8.0 m and a height of 7.5 m
2. Access halls (S dome, E dome, and M dome): a width of 14.0 m and a height of 12.0 m
3. Access hall (He dome): a width of 20.0 m and a height of 12.0 m

A tunnel with a width of 8.0 m has difficulty in allowing dump trucks, concrete mixing transport trucks,
and crane trucks to change direction. Considering a vehicle can change its directiorcahstngction

and can easily pass after the completion, it was decided to have access tunnels with emergency parking
zones and reversal pits (with a widening of 2 m and a length of 30 m horizontally) placed at intervals of
approximately 300 m.

For the acces tunnels connecting the detector hall and damping rings, it was decided to widen the finished
width of the cross section of the common section (a length of 537 m) to 10.0 m (same as that of an
emergency parking zone) because large vehicles are congetstedection from the pithead to the fork.

Access tunnels other than the pith€2itl section were determined to have single shell structures omitting

lining concrete, whershotretelining with a thickness of 15 cm was determined, as well as shotarete
primary supportduring eccavation.
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The access halls were determinedhéve structures with shwetelining instead of lining concrete, even

though they contain devices. Standard cisesgional views andupportpatternsof each rock mass class

of the access tunnels are shown as follows: Figures 7.1 to 7.4 show those of the standard section; Figures
7.5 to 7.7 show those of a section for emergency parking zones; and Figure 7.8 shows those of a section
for widening. In addition, Figures 7.9 and 7 ditbw standard crossectional views andupportpatterns

of an He dome and an S/E/M dome of the access halls.

Other outlines of structures are as follows:

P  The pitheaeDlll section applied arall ground fastening methohnGF method)and was
determined to have an invert closing (ring structure) cross section. In addition, lining concrete
(with reinforcing iron bars and waterproof sheets) was determined.

p  For waterproof work, the pitheddlll section was determined to have waterproaeth, and
other sections were determinedte only drainage materials because of single shell structures.
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Shotcrete

Rock Bolts
L = 3.0 m (ayield strength of 117.7 kN or more)

2
Lining ~
Shotcrete
o
=]
=
=+
o
8 —_— ] W
o
Floor Slab =2
i s
L] _
|5 b L]
Central |/
Drainage 100 3
S |
100 Lining Shotcrete
200 8.000 — t =100 mm (18 N/mm?)
8.400 Shotcrete .
t =100 mm (18 N/mm?)
Table of unit quantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arctsupport < < Lining thickness e
- - Circumferg ot . ot ) ssistancg
Cross section of excavation m? 59.854| Per 1.0 m Length ntial Length Upper half| Lower half| thickness Wire net lining Archiside oy method
(design) direction direction wall
Cross section aéxcavation An outbreak of 22 cm m? 64.521| Per 1.0 m 3.0 1.5 1.5 -] - 10 - 10 - - -
(pay line)
Steel arctsupport H-125 units -|Perl5m .
Tableof the amount of a shot material
Shotcrete B =100 m? 20.555| Per 1.0 m
T=3.0m, ayield stength Name Dimension Standard Unit Quantity Remarks
Rock bolt b ieces 13| Per1.5m
of 117.7 kN or more P Shotcrete B" 100 G28=18N/ mm m2im| 20.555
Shot lining B =100 m? 20.556| Per 1.0 m
Lining concrete B =300 m “|Peri0m Table of the quantity of rock bolt materials
Roadbed concrete B =400 me 3.1|Per1.0m Name Dimension Standard Unit Quantity Remarks
Central drainage (drainpipe) |G 300 (perfor|m 10.0| Per 10.0 m _ A yield strength of .
: : - Rock bolt L=3,000 117.7 kN or more piece! 13| Mortar adheres to all surfaces
Central drainage (excavation m 6.956| Per 10.0 m Washer 150x150x9 A A 400 plece 13
K N B 3
Central drainage (filter) A -20 m 6.016| Per 10.0 m Nut M24 piece 13

Figure 7.1. Standard crossectional view (leftandsupportpattern(right) of the standard secti@f an access tunnel the CI section.
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Rock Bolts L=3.0 m

Shotcrete (a yield strength of 176.5 kN or more)
B
™ Steel Support
Lining Shotcrete H-125 (Upper Half)
(=)
(=]
(=]
<
=]
uw
(=]
w0
Floor Slab = =
sl [=]
* uy
i =
|} hJ L]
Central b/
Drainage 100 =]
Ll .
150 Lining Shotcrete
250 8.000 | — t =150 mm (18 N/mm?)
B.500 Shotcrete
t=100mm(18N/mm?)
Table of unit quantities Table ofspecifications
Name Specification Unit Quantity Remarks Rpck bolt Steel arctsupport Lining thickness )
C i f i Circumfer Length Upper Lower Shot Wire net Shot Arch/side Assistanc
ross section of excavation ; hicki lini h
(design) m? 60.90¢Per 1.0 m Length di?:«tclt?clm direction | half hat | keSS "ning wall Invert | e method
fi:r:g)ss section of excavation (] oy o threak of 20 cm m2 65.16Per 1.0 m 3.0 15 1.2 H-125 - 10 - 15 ' ' -
. 1 for uppe
Steel arctsupport H-125 units Per1.2m .
hait Table of the amount of a shot material
_ > p
Shotcrete =100 m 20.719Per 1.0m Name Dimension Standard Unit Quantity Remarks
L =3.0 m, ayield strength ¢ .
Rock bolt 17.65 kN or ,){wre 9 Ypieces 13|Per1.2m Shotcrete =100 G628=18N/ mm m2im|  20.714
Shot lining t=150 m? 20.714Per 1.0 m
Lining concrete =300 m? -|Per1.0m Table of the quantity of rock bolt materials
Roadbed concrete t=400 md 3.1|Per1.0m Name Dimension Standard Unit Quantity Remarks
- — - ] _ Ayield strength of .
Central drainage (drainpipe) |6 300 (perfor ¢dm 10|Per 10.0 m Rock bolt L=3,000 17.65 kN of more pieces| 13| Mortar adheres to all surfaces
Central drainage (excavation) md 6.95¢|Per 10.0 m Washer 150x150x9 $s400 pieces| 13
- - A
Central drainage (filter) s20 m 6.016/Per 10.0 m Nut M24 pieces| 13

Figure 7.2. Standard crossectional view (leftandsupportpattern(right) of the standard section of an accessiel in the Cll section.
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Shotcrete

14

Rock Bolts L =4.0 m
(a yield strength of 176.5 kN or more)

o
= Steel Support
Lining Shotcrete : H-125 (Upper/Lower Half)
o
o
=]
<
o
=]
- o Wire
Floor Slab =] (Uppd
a Cb';i <]
v N
LT Al
Central _‘,f
Drainage 150 2
Ls]
150 Lining Shotcrete
300 8.000 | t= 150 mm (18 N/mm?)
8.600 { Shotcrete
t =150 mm (18 N/mm?)
Table of unitquantities Table of specifications
Name Specification Unit Quantity Remarks R_’OCk bolt Steel arcfsupport Lining thickness .
Cross section of excavation Circumferd ) ooth Shot | wirenet [ S"O | Archiside Assistancq
design) m? 61.95¢Per 1.0 m Length ntial direction | UPPer hali| Lower half thickness lining wall Invert method
(desig - T - direction
fnrg)ss section of excavation (o outhreak of 17 cm m 65.604Per 1.0 m 2.0 1.2 1o H125] 129 15| Upper hal 15 - - -
1 for]
Steel archsupport H-125 units upper/lowe{Per 1.0 m Table of the amount of a shot material
half
— - . | Name | Dimension | Standard | unit | Quantity | Remarks |
Shotcrete =150 m 20.713Per 1.0 m I Shotorete _|t=150 [C28=18N/ mm| mzm| 20719 |
L =4.0 m, ayield strength | .
Rock bolt 17.65 kN or more pieces 16|Per 1.0 m ] )
Shot lining t=150 m2 20.714Per 1.0 m Table of the quantity of rock bolt materials
Name Dimension Standard Unit Quantity Remarks
Lining concrete t=300 mé -|Per 1.0 m i
9 Rock bolt L=4,000 ?yge;dksNtrength of piece 16|Mortar adheres to all surfaces
_ 3 R or more
Roadbed concrete t=400 m 3.1|Per 1.0 m -
Washer 150x150x9 55400 piece 16
Central drainage (drainpipe) |6 300 (perfor gm 10|Per 10.0 m Nut M24 piece: 16
Central drainage (excavation) mé 6.95¢ Per 10.0 m
Central drainage (filter) s20 m3 6.016Per 10.0 m

Figure 7.3. Standard crossectional view (le) andsupportpattern(right) of thestandard section of an access tunnel ilthgection.
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Invert
Concrete

Table of unit quantities

[=]
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@
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=}
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o
w
[=}
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s
=]
o
al 3
DEl

* Reinforcement Iron Bar: 50 kg/m®

Impregnation Long-sized Steel Pipe Tip
Receiving Work
L =12.5 m (Improved Length) at 60 cm

. " #114.3mm. t=6.0mm
L) "l " r? I
Lining Concrete o N wona 7, Rock Bolts
t=350mmwith % NN Gow b fo L = 4.0 m (a yield strength of
reinforcing bars P W 176.5 kN or more)
4 //// o
. ” Steel Support
0 H-200 (Upper/Lower Half)
— ire Net
(Upper/Lower
_ Half)
$5%150%150 8‘[
o~
Lining
Shotcrete Invert
= Concrete

Table of specifications

t=500rmrn

Name Specification Unit Quantity Remarks R_OCK bolt Steel arctsupport Lining thickness .
- - Circumfere Length Shot Wire net Shot Arch/sid Assistancg
Cross section of excavation 2 d Length ntial -eng Upper half| Lower half| thickness lining rehiside nyert method
- m 86.429Per 1.0 m e direction wall
(design) i i direction
ﬁ,:g)ss section of excavation (g An outbreak of 17 cm m? 90.967Per 1.0 m 4.0 1.2 1.0 H-200| H-200 25| Upper/l!lo.l R 300 500 AGF
er hal
1 for}
Steel arctsupport H-200 units upper/lowe|Per 1.0 m .
haf Table of the amount of a shot material
Shotcrete =250 m? 23.44¢Per 1.0m | Name | Dimension | Standard | Unit__| Quantity | Remarks |
L=4.0m, ayield stength d | Shotcrete =250 28 =18 N/ mm| _ m2/m| _ 23.444 ]
Rock bolt 17.65 kN or more pieces 10|Per 1.0 m
Shot lining m? -|Per10m Table of the quantity of rock bolt materials
Lining concrete t =300, invert with t = 500 |m?3 15.204Per 1.0 m Name Dimension Standard Unit Quantity Remarks
_ Avyield strength of .
— 3 |
Roadbed concrete t=400 m 3.1jPer1.0m Rock bolt L=4,000 17.65 kN or more pieceg 10| Mortar adheres to all surfaces
Central drainage (drainpipe) |6 300 (perfor dm 10|Per 10.0 m Washer 150x150x9 $s400 pieceq 10
Nut M24 ieceg 10)
Central drainage (excavation) m? -|Per 10.0 m P
Central drainage (filter; s20 md 6.01¢|Per 10.0 m . .
ge (ften Table of the quantity of an AGF material
Circumferg Diameter | Thickness
lTé)r:O;'ﬁ d ntial dli_g::?itgn of asteel | of a steel Unit Quantity Remarks
9 direction pipe pipe
12.5m} @6¢n] @6.0n 011 1=6.0) piece 15| Impregnation method

Figure 7.4. Standard crossectional view (left) andupportpattern(right) of the standard section of an access tuime DIl section.
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Rock Bolts
L = 3.0 m (a yield strength of
117.7 kN or more)
Shotcrete
=}
)
N
Lining Shotcrete
7~
s a8
4 S
el
)
a —
| o
Floor I
Slab | =] g
s} (Ts
| "3 =
|
Ls y T |
Central l:é o/
Drainage | 100 §
Lining Shotcrete
100 t =100 mm (18 N/mm?3)
200 10.000 I
i Shotcrete
10.400 t =100 mm (18 N/mm?)
Table of unit quantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arcrsupport Lining thickness
- - i Shot ) Shot Assistancg
Cross section of excavation i Circumferg h Wire net [ > i
(design) m? 81.974Per 1.0m Length ntial Length Upper half| Lower half| thickness lining | Arch/side ] o method
- - direction direction wall
Cross section of excavation (p A
line) An outbreak of 22 cm m? 87.314Per 1.0 m 3.0 15 I N N 10 N 10 N N N
Steel arctsupport H-125 units -|Per1.5m
Shotcrete =100 m? 23.614Per 1.0m Table of the amount of a shot material
Rock bolt Iiff;i::b?rﬂ::g strength o pieces 15 Per 1.5 m Name Dimension Standard Unit Quantity Remarks
- Shotcrete t=100 G628=18N/ mm m2/m 23.614
Shot lining t=100 m? 23.614Per 1.0 m
Lining concrete t=300 md -|Per1.0 m . .
g Table of the quantity of rock bolt materials
Roadbed concrete =400 m 3.9|Per 1.0m Name Dimension Standard Unit Quantity Remarks
Central drainage (drainpipe) a3 0 0 erfordm 10|Per 10.0m = A yield strength of i
ge ( pipe) (p Rock bolt L=3,000 117.7 kN or more piece Mortar adheres to all surfaces
Central drainage (excavation) m? 6.95¢ Per 10.0 m Washer 150x150x9 55400 piece
Central drainage (filter) s20 m? 6.016Per 10.0 m Nut M24 piece

Figure 7.5. Standard crossectional view (leftandsupportpattern(right) of the emergency parking zone sectibian access tunnel and the common
section of an access tunnel connecting the detector hall and damping rings iseb&ddl
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Rock Bolts
L = 3.0 m (ayield strength of
176.5 kN or more)
Shotcrete .
['3]
o~
L Steel Support
Lining Shotcrete H-125 (Upper Half)
=}
[=]
o
T3]
[=]
uwy
(=]
- ]I a
Floor |
Slab 2 g
| N bl
| " =
| |
T : =11}
Central ':@I,f
Drainage i 100 §
Lining Shotcrete
150 t =150 mm (18 N/mm?)
250 10.000
f 1 Shotcrete
10.500 | t =100 mm (18 N/mm?)
Table of unit quantities Table of specifications
Name Specification Unit | Quantity Remarks Rock bolt Steel arctsupport Lining thickness
i i Circumferd Shot . Shot . Assistanc
; Wire net o
Cross section of excavation m2 83.50¢|Per 1.0 m Length ntial Length Upper half| Lower half| thickness lining Archiside | e method
(design) direction direction wall
fi:r:g)ss section of excavation (g An outbreak of 20 cm m? 88.40¢Per 1.0 m 3.0l 1.5 1.2 H-125) - 10| R 15| - - R
Steel arctsupport H-125 units 1 for uﬁgﬁ Per1.2m
Table of the amount of a shot material
Shotcrete t=100 m? 23.86¢Per 1.0 m - - - -
7 - Name Dimension Standard Unit Quantity Remarks
L =3.0 m, ayield strength | . _ o _
Rock bolt 17.65 kN or more pieces 15|Per1.2m Shotcrete t=100 028=18N/ mm m2/m| 23.864
Shot lining t=100 m? 35.799Per 1.0 m
Lining concrete =300 = per L.om Table of the quantity of rock bolt materials
Name Dimension Standard Unit Quantity Remarks
Roadbed concrete t=400 md 3.9|Per 1.0 m Avield strength of
- — Rock bolt L=3,000 Y 9 piece! 15|Mortar adheres to all surfaces
Centraldrainage (drainpipe) [0 300 (perfor dm 10|Per 10.0m 17.65 kN or more
- - ~ Washer 150x150x9 ss400 piece: 15]
Central drainage (excavation) m 6.956|Per 10.0 m Nut N24 piece 15
Central drainage (filter) s20 m? 6.016{Per 10.0 m

Figure 7.6. Standard crossectional view (left) ad supportpattern(right) of the emergency parking zone sectidian access tunnel and the commor
section of araccess tunnel connecting the detector hall and damping rings in the CII section.
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Shotcrete
Shotcrete g
] - Steel Support
Lining Shotcrete H-125 (Upper/Lower Half)
Lining Shotcrete
Qo
o
o
ITs]
=}
2
1=
Floor
Slab S
)
\ - il
Lr i a1 |
Central
Drainage/ 150 3 Lining Shotcrete
i — e t =150 mm (18 N/mm?)
150 Shotcrete
300 10.000 t =150 mm (18 N/mm?)
10.600
Table of unitquantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arctsupport Lining thickness
Cross section of excavation Circumferg Shot - Shot ) Assistancg
(design) m2 84.404Per 1.0 m Length |  ntial d%g;%‘(')‘n Upper half] Lower half| thickness| W™ ™t | jining A’ﬂﬁ'de invert | method
: : direction
Cross section of excavation (1
line) An outbreak of 17 cm m2 89.815Per 1.0 m 2.0 12| 1.0 H-125| H-125] 15| Upper hal 15 N ~ N
Steel arctsupport 1 for|
H-125 units upper/lowe|Per 1.0 m .
PP half Table of the amount of a shot material
Shotcrete =150 m2 23.866 Per L0 m I Name IDimension I Standard IUnit {Quantity d| Remarks H
Rock bolt L =4.0 m, ayield strength d| . Shotcrete t=150 028=18N/ mm] m2/m| 23.86
17.65 kN or more pieces 20|Per 1.0 m
Shot linin = . .
ot nng 12150 m2 23.86@Per 1.0 m Table of the quantity of rock bolt materials
Lining concrete 12300 m3 -|Peri0m Name Dimension Standard Unit Quantity Remarks
Roadbed concrete =400 m3 3.9|Per1.0m YNV o a
Central drainage (drainpipe) |6 300 (perf or dm 10{Per 10.0 m Rock bolt L=4,000 kNYI:r ms;gngt orLs. piece 20| Mortar adheres to all surfaces
Central drainage (excavation) m3 6.95¢| Per 10.0 m Wash T50x15020 200 - >0l
Central drainage (filter) s-20 m3 6.01€|Per 10.0 m asher XoX SS p!ece
Nut M24 piece: 20

Figure 7.7. Standard crossectional view (leftandsupportpattern(right) of the emergency parking zone sectdan access tunnel and the common
section of an access tunnel connecting the detector hall and damping rings in the DI section
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e Impregnation Long-sized Steel Pipe Tip
©w Receiving Work
& L =12.5 m (Improved Lenath) at 60 cm
@ #114.3rom. 1=6.0mm
Shotcrete a b nog
3 o Moo I
Lining Shotcrete o C Wowowonu
® \\“ \\\\ Wy g ::" b{! ”fr .
Lining Concrete AN E o A
Sl ® i P
t=350 mm with «_ ¥ — v/ " ,RockBolts
reinforcing bars = - P L = 4.0 m (ayield strength
~ P of 176.5 kN or more)
™~
o P
2 0'0 teel Support
gl 8 \.\ - er Half)
o
R o J—
\ o I H
o
D N—
i
—1
N
M _// Shotcrete
—1 — £=250mm Invert
Icnvert . Central Drajnage Concrete
oncrete o * Pai . 3 =
— 3 10.000 Reinforcement Iron Bar: 50 kg/m
Table of unit quantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arctsupport Lining thickness )
Cross section of excavation Circumferg Length -hOt Wire net _Shot Arch/side Assistancg
(design) m? 154.43¢Per 1.0 m Length ntial direction | UPPer half| Lower half thickness lining wall Invert method
i i direction
Cross section of excavation (i 5 . -
line) An outbreak of 17 cm m 164.33]Per 1.0 m 40 1.2 10| H200  H-200 20| UPperion] - 300 500  AGF
1 for}
Steel arctsupport H-200 units upper/lowe|Per 1.5 m .
half Table of the amount of a shot material
Shotcrete =250 me 26.137Per .0 m | Name | Dimension | Standard | unit | Quantity | Remarks |
Y o [Shotcrete |t=250 |t28=18N/ mm| m2/m|  26.137 |
Rock bolt 17_65 klr\ln’o?rlgﬁre strength 9 pieces 10|Per 1.5 m ] ]
p— ' - 10 Table of the quantity of rock bolt materials
ot ining m cjrertom Name Dimension Standard Unit Quantity Remarks
— — - o N -
Lining concrete t =300, invert with t =500 |m 16.945Per 1.0 m Rock bolt 1=4,000 ?yge;dksNtrsrngmtgrgf piece 10|Mortar adheres to all surfaces
Roadbed concrete t=400 mé 3.9|Per 1.0 m Washer T50x150x9 55400 biece 10
Central drainage (drainpipe) [0 300 (perfor gdm 10|Per 10.0 m Nut M24 piece 10
Central drainage (excavation) mé -|Per10.0m Table of the quantity of an AGF material
Central drainage (filter) 520 mé 6.01¢|Per 10.0 m Circumferg] Diameter | Thickness
ngr:O;f d ntial dli_rizr::?itgn of a steel| of a steel Unit Quantity Remarks
9 direction pipe pipe
12.5m @60m! @6.0n] 011 1=6.0 pieceg 19 Impregnation method

Figure 7.8. Standard crossectional view (leftandsupportpattern(right) of the common sectioof an access tunnel connecting the detector hall an
damping rings in the DIl section.
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Shotcrete

Lining Shotcrete

Lining Shotcrete
1=150mm

Shotcrete

1=150mm

Rock Bolts
L = 4.0 m (ayield strength of
176.5 kN or more)

o
o
2
w
) \
=
Y/ A— (=] _—
o
o
=1
=
w
BT L LT |8
o
o
o
20.000
I
Table of unit quantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arctsupport Lining thickness )
- - Length Circumferg| Length Shot Wire net Shot Arch/side Assistancq
Cross section of excavation m? 222764 Per 1.0 m ntial €9 1 yoper halff Lower half| thickness lining invert | method
(design) direction direction wall
fr:g)ss section of excavation (/o iy reak m2 231.214Per 1.0m 4.0 15 15 | - 15 - 15 - -
Steel arctsupport H-125 units -|Per1.5m i
Table of the amount of a shot material
Shotcrete t=150 m? 37.574Per 1.0 m - - - -
ook bort L=4.0 m, ayield stength d oos o 1om Name Dimension Standard Unit Quantity Remarks
17.65 kN or more P i Shotcrete =150 028=18N/ mm m2/m| 37.579
Shot lining t=150 m? 37.574Per 1.0 m
Lining concrete =300 m? per1.0m Table of the guantity of rock bolt materials
N Dil i i i R k:
Roadbed concrete t=400 m3 7.9|Per1.0m ame fmenson Avield i:l:(;?;dof” 5 Unit Quantity cmarks
Rock bolt L=4,000 KN of more piece: 31|Mortar adheres to all surfaces
Washer 150x150x9 s$s400 pieceq 31
Nut M24 pieceq 31

Figure 7.9. Standard crossectional view (left) athsupportpattern(right) of an access hall (H#ome).

[A°]

{ SS820Y pue s|auun] Ssady /



ue|d Buusauibu3z (IND D71 MjoyoL |

Shotcrete

Lining Shotcrete

Lining Shotcrete

1=150mm

Shotcrete
t=150mmm

Rock Bolts
L = 4.0 m (ayield strength of

176.5 kN or more)

o
Q
(=]
=
[=]
[=]
(=]
b ~
[=]
[=
o
i3]
[=]
|
(=]
Q
L]
14.000
Table of unit quantities Table of specifications
Name Specification Unit Quantity Remarks Rock bolt Steel arctsupport Lining thickness
o Tom of excavaton Circumferd L h Shot Wire net Shot Archisid Assistancq
0ss section of excavatio m? 161.084Per 1.0 m Length ntial Length 1 ner halff Lower half| thickness lining TCVSIOE | nvert | method
(design) direction direction wall
I‘i:r:g)sssem"’” of excavation (Pq o preak m? 168.544Per 1.0 m 2.0) 15 1.5 B B 15 E 15 B B -
Steel arctsupport H-125 units -|Per1.5m .
Table of the amount of a shot material
Shotcrete t=150 m? 33.064Per 1.0 m - N - -
Y = . Name Dimension Standard Unit Quantity Remarks
=4.0 m, ayield strength o .
Rock bolt 17.65 kN or more pieces 27|Per15m Shotcrete =150 G28=18N/ mm m2/m|  33.06
Shot lining t=100 md 33.064Per 1.0 m
Lining concrete =300 - Irertom Table of the quantity of rock bolt materials
Roadbed concrete =400 = 5.5Per Lo m Name Dimension — IdStanda;d f Unit Quantity Remarks
_ yield strength o .
Rock bolt L=4,000 17.65 kN of more piece 27|Mortar adheres to all surfaces
Washer 150x150x9 ss400 piece 27|
Nut M24 piece 27

Figure 7.10. Standard crossectional view (left) andupportpattern(right) of an access hall (S/E/M dome).
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7.2 Construction plan
7.2.1 Outline of the plan

The construction plan was created in accordance with the Civil Engineering Estimation Standards of the
Ministry of Land, hfrastructure, Transport, and Tourism. For the construction of an access hall for an He
dome, however, itsupportpattern construction gantity per unit, and other matters were planned by
setting the cycle time of construction in accordance with the above estimation standards because the
construction requires a large cross section (292frexcavation.

The outline of the plan is as folls:

p Concepts of pay lines (for outbreak, extra shot, and extra lining) are in accordance with the
above estimation standards.

p Standards on excavating equipment (drill carriages, wheel loaders, concrete guns, concrete
breakers, and dump trucks) are in adamice with the above estimation standards.

p  Standards on shotcrete, rock bolts, steplport and other materials aredecordance with the
above estimation standards.

p Excavation muck is assumed to be placed near a pithead temporarily, arichtisported
secondarily to a place 10 km away from the pithead by@a@ump trucks for disposal. Since
the appearance of mineralized muck is assumed to be less likely according to the results of
geological surveys, we do not consider the costs andiesilor mineralized muck disposal. If
mineralized muck appears during construction, it is dispokagpropriately.

7.2.2 Preparation of pithead yards

For the preparation of pithead yards, we calculated the amount of cutting (88)0@@dnbanking?2,200
m?®) for AS-12 as a typical place with average topography (ground surface inclifatiog) assumed the
same amount of cutting and banking for yards of other pointdDR%nd ASDH were determined to
contain two temporary facilities in the sanmard.

7.2.3 Excavation method

A blasting method is applied to excavate places other than pithead sections. For blasting, we have decided
to apply &ull face method with auxiliary bench ciar pattern C and #p heading and bench cut method
for pattern D.

For the excavation of an access hall for an He dontepaheading raisingut and twelayered bench
methodwas assumed.

® AS12isa pithead yard that was planned for a length of 30 km. Though the present project does not include this pitedeatalezage
topography.

T Tohoku ILCCivil Engineering Plaii



7.2 Construction plan 55

7.2.4 Temporary facility plan

Outline of the temporary facility plan is as follows:

P Types of temporary facilities on the pithead yards aredaor@ance with the above estimation
standards.

p Temporary facilities in the shafts are in accordance with the above estimation standards.
However, some parts of the specifications, such as electric equipment, were planned.

P Turbid water treatment facilitiesere planned by assuming the amount of treatment.

7.2.5 Process plan

Processes for each access tunnel were calculated for each cross section corresporaikgresa class
on the basis of construction quantity per unit stated in the adstiveation standards.

Access halls and the accelerator tunnel were assumed to be excavated at the same time after an access
tunnel reaches the designated depth of the accelerator tunnel. Each pithead yard can ensure an area
necessary for operati for therelevantfacings Excavation and limg shot are conducted before drainage
(excavating the central drainage, installing perforated pipes, and backfilling broken stones) is performed,;
the floor slab concrete is then poured.

For the construction periodrfa large cross section of excavation for an access hall for an He dome, there
are no methods of calculating its construction quantity per unit according to cycle time calculation at present.
Accordingly, we calculated its cycle time and then the procesgespplying the Civil Engineering
Estimation Standards of the Ministry of Land, Infrastructure, Transport, and Tourism in the 2005 fiscal
year, which was the last fiscal year when the calculation method of construction quantity per unit according
to cycletime calculation was applicable.

In addition, the present construction process plan does not include the following activities: the new
installation of roads from ordinary roads to pithead yards for construction; the widening and reinforcement
of existingroads; and the rebuilding and new installation of bridges. This is because these activities are
assumed to be conducted in advance by other construction work as necessary. Similarly, the present
construction process plan does not include the periods aegéssobtaining lands for pithead yards, roads

for construction, surplus soil disposal facilities, and other purposes.

Figure 7.11 shows a table of processes for the access tunnels and access halls. Construction periods depend

on the lengths of the aca=innels; the shortest period was 33 months (AS+8) and the longest one was 54
months (AS10).
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LengthiPerio 1| 2| 3| 4 5 6] 7 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51 52| 53
(m) [Months) :
fnflﬁimén facility : rainage Floor slab i
AS—10 [Access tunnel| 1707 46 ccelerator
Access hall 339 8
i 1 |
: | , | T ;
:;”g&ﬁ":ﬂon 5 :;I;;‘i:rmporary Excavation and lining shot ; IR rainagel  Floor slab H :
AS—8 Access tunnel| 817| 28 E Excavation the
Access hall 339 8 | m
i I
f;roery]n‘%rsation 5 ;i'}'l}porary Excavation and lining shot Drainage; Floor slab :
AS-DR  |Access tunnel| 817| 36 To DR | ; ; ™
| L | | L : |
Accesshall [ sl s | RURIIRI RN
i Diverging | |
e J;{mg’orary §Excava\ion and lining shot rainage| Floor slab
AS-DH  |Access tunnel| 747] 17 To DH
|
] i i
rPnrgmi‘rSatlon 5 |Temporary | gycavation and lining shot Drainagei Floor slab i
AS+4+8 Access tunnel | 427 25 11011 ‘Eu?cnaevlasl‘\grn‘so e accelérator
Lo
Access hall 339 8
1 ” A R R i - 1 T -
§ i ] i § | i § | {
AS+10 |Accesstunnel| 1147) 35 loor s
i tunnel starts ‘: T |
Access hall 339 8 i
| R |

Figure7.11 Processes for the access tunnels and access halls.
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8 Accelerator Tunnel

8.1 Design specifications
8.1.1 Rock mass classes

The seismic exploration shows that an elastic wave speed at the altitude of the accelerator tunnel was 4.5
km/s or more in places other théme cross points of rivers, and the slowest speed was 2 km/s measured at
the cross point of Satetsu Rivé&tock mas classewvere determined to be CI for the whole site with
reference to the Table &ockMassClass in the Civil Engineering Estimation Standards of the Ministry

of Land, Infrastructure, Transport, and Tourism.

8.1.2 Dimensions and structures of the acceleratdaunnel

The accelerator tunnel has the following four types of cross sections:
1. Main linear accelerator tunnels: a width of 9.5 m and a height of 5.5 m
2. BDS beam tunnels: a width of 8.0 m and a height of 5.0 m
3. BDS service tunnels and loop sectionbath ends: a width of 4.5 m and a height of 4.0 m
4. Damping ring tunnel: a width of 5.5 m and a height of 4.7 m

In addition, the following dimensions are determined to be included:

p 10 widening sections are included fdf acceleratorelated tunnels; eackeation has a width
of 11 m, a height of 5.5 m, and a length of 50 m.

P  For the main linear accelerator tunnels, 76 reversal pits are included {att id@€rvals in the
overall length of 15,287 mgach of the pits has the same cross section as the tumneti{af
9.5 m and a height of 5.5 m) and a length of 20 m.

Table 8.1 shows the total lengths of the tunnels.
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8 Accelerator Tunnt

Table 8.1. List of the acceleratmlated tunnels

Excavation section

Main linearaccelerator tunnels
BDS beam tunnels

BDS service tunnels

Damping ring tunnel

Loop sections at both ends
Widening sections

Reversal pits

Width Height | Total length
(m) (m) (m)

9.5 5.5 15,287
8.0 5.0 5,850
4.5 4.0 5,850
5.5 4.7 3,725
4.5 4.0 346
11.0 5.5 500
9.5 55 1,520

We determined standard cressctional views rad supportpatternscorresponding to rockassclass and
excavation cross sections in accordance with the Civil Engineering Estimation Standards of the Ministry
of Land, Infrastructure, Transport, and Tourism.urés 8.1 to 8.4 shothestandard crossectional views

andsupport patternsf the tunnel8.

For cross points of rivers withthin overburden, wadditionallyconsider that they require other detailed

geological surveys and design examination.

" As described in Chapter 1, the main linear acceleratoels require a width of 9.5 m. As described in Chapter 5, the result of the examination
for a width of 9 m (Figure 8.1) was converted on the basis of a cross section for the evaluation of costs and excassdEs (peramonth); for

the evaluation ofaadbed processes, it was converted on the basis of a tunnel width.
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176.5 kN or more)
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+ =i ‘ yEL.~1,100 | 1 !
] I lo- « 1 |
¢ n' );“ T O’ o
S| BaR g
- n | o
Drainage ditch [ [ 12
ol 400100 11,000 || 100
L 3,800 1,500 | 3,700 | Table of specifications:
L 9,000 J Rock bolt Steelsupport Shot Llnlng(ctm():kness Deformation margin (cm)
Circumferentia] Length Upper Lower thicknes: Lower
tength |~ ton | direction| Tl half (em) | Arch | Invert Upper half " [ Invert
Table of unit quantities 3.0 15 15 - - 10 30 - 0 0 -
Name Specification Unit uantit; Remarks .
_ i P Quantity Table of shot material: PerP=150m
Cross section of excavation 5 51.941 Per 1.00
(design) m : er1.00m Name Dimension Standard Unit Quantity Remarks
Cross Sec“"’l‘irfg)exca"a“°” (P4 An outbreak of 22 cm m 56.044 | Per1.00m Shotcrete t 100 Gizs=18N/mn? m 26.684
Shotcrete t=100 mm m? 26.984 |Per150m
L=23.0m, ayield strength of | Table of rock bolt materials: Per P =1.50 m
Rock bolt 176.5 kN pieces 12 Per 1.50 m
: Oor more Name Dimension Standard Unit Quantity Remarks
Lining concrete t=300 mm m? 5.255 Per 1.00 m i
Rock bolt L=3,000 f}ge;dkﬁrgpgrltgrgf pieces 12 Mortar adheres to adlurfaces
Roadbed concrete t=400 mm m? 3.500 Per1.00 m -
Tigh-density polysthylens Washer 150x150x9 SS400 pieces 12
Central drainage (drain pipe) pipe G300 (pe m 10.0 Per 10.0 m Nut V24 pieces 12
Central drainage (excavation)| m? 6.956 Per 10.0 m
Central drainage (filter) S20 m? 6.016 Per 10.0 m

Figure 8.1. Standartosssectional view (left) ad supportpattern(right) of a main linear accelerator tunnel and a reversal pit (as described in Chap

the result of the examination for a width of 9 m was converted on the basis of the cross section and tunnel width).
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- o wEL-1,700  OUMP LW - T 2
= R -
g
~
o
Creainage ditch M YARIES,
0 10m
8,000 L 1 ! 1 ! |
5=1,/200
? 3m
S=1/100 g .
Table of specifications:
Rock bolt Steelsupport Shot Llnln%gm;kness Deformation margin (cm)
- - thickness
Circumferentia] Length Upper Lower Lower
Length ™ Girection | direction | half har | ™ | Arch | Invert Upper half =y [ Invert
Table of unit quantities: 3.0 15 15 - - 10 30 - - 0 0 -
Name Specification Unit uantit; Remarks .
= — i P Quantity Table of shot material: PerP=150m
ross section of excavation
(design) m? 41.851 | Per1.00m Name Dimension Standard Unit Quantity Remarks
E;E;Tir?ee)cuon of excavation | o gutbreak of 22 om m? 45.540 | Per1.00 m Shotcrete t" 100 (i26=18N/mn? m? 24.163
Shotcrete t=100 mm m? 24.163 | Per 1.50 m
= i Table of rock bolt materials: Per P =1.50 m
Rock bolt Ii7635(i<rr\ln ayield strength o pieces 1 Per 1.50 m able of rock bolt materials e 0
: or more Name Dimension Standard Unit Quantity Remarks
Lining concrete t=300 mm m? 4.691 Per 1.00 m i
Rock bolt L=3,000 ?;gesldkiltrgrngqtgrgf pieces 11 Mortar adheres to all surfaces
Roadbed concrete t=300 mm m? 2.300 Per 1.00 m -
Tigh-density polyethylens Washer 150x150x9 SS400 pieces 11
Central drainage (drain pipe) pipe G300 (pe m 10.0 Per 10.0 m NUL V24 pieces 11
Central drainage (excavation) m? 5.839 Per 10.0 m
Central drainage (filter) S20 m? 4.899 Per 10.0 m

Figure 8.2. Standard cresectional view (left) andupportpattern(right) of a BDS beam tunnel.
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Table of specifications:
Rock bolt Steelsupport Shot Llnln%gm;kness Deformation margin (cm)
- - thickness
Circumferentia] Length Upper Lower Lower
tength |™ Girection | direction| half | haif (cm) [ Arch ] Invert Upper half =y | Invert
Table of unit quantities: 3.0 15 15 - - 10 30 - 0 0 -
Name Specification Unit uantit Remarks .
= — i P Quantity Table of shot material: PerP=150m
ross section of excavation
(design) m? 21.896 | Per 1.00m Name Dimension Standard Unit Quantity Remarks
ﬁ:nrg)ss section of excavation (3 p o tbreak of 17 cm m 24054 |Per1.00m Shotcrete t 100 fz=18N/mn? m 18.167
Shotcrete t=100 mm m? 18.167 |Per1.50 m
= i Table of rock bolt materials: Per P =1.50 m
Rock bolt i763"5?(’r\1“1, ayield strength of pieces 8 Per 1.50m ab € ol roc bO t materials e 50
: Or more Name Dimension Standard Unit Quantity Remarks
Lining concrete t=300 mm m? 3.492 Per 1.00 m i
Rock bolt L=3,000 f7)gesldk’s\‘tr§rr12]t2rgf pieces 8 Mortar adheres to all surfaces
Roadbed concrete t=300 mm m? 1.250 Per 1.00 m -
Figh-density polyethylene Washer 150x150x9 SS400 pieces 8
Centraldrainage (drain pipe) pipe G300 (pe m 10.0 Per 10.0 m Nut V24 pieces 3
Central drainage (excavation) m? 5.668 Per 10.0 m
Central drainage (filter) S20 m? 4.727 Per 10.0 m

Figure 8.3. Standard cressctional view (leftandsupportpattern(right) of a BO5 service tunnel and a loop section at both ends.
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Rock Bolts
L = 3.0 m (ayield strength of
176.5 kN or more)

Shotcret
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3
&J Drainage ditch 0 10m
5,500 L L I L L ]
S=1/200
o . Table of specifications:
m — -
SI ] /1 O‘O L J Rock bolt Steelsupport Shot meg(ct:l'):kness Deformation margin (cm)
= - - thickness|
Circumferentia] Length Upper Lower Lower
tength |™ Girection | direction| half | hait (cm) [ Arch ] Invert Upperhalf “p i | Invert
Table of unit quantities: 3.0 15 15 - - 10 30 - - 0 0 -
Name Specification Unit uantit; Remarks .
= — i P Quantity Table of shomaterial: PerP=150m
ross section of excavation
(design) m? 29.761 | Per1.00m Name Dimension Standard Unit Quantity Remarks
ﬁ:n'g)ss section of excavation (b3 A, outbreak of 17 cm m 32.254 | Per1.00m Shotcrete t 100 {l2=18N/mnr? m 21.123
Shotcrete t=100 mm m? 21.123 |Per150m
= i Table of rock bolt materials: Per P =1.50m
Rock bolt i763"5?(’r\1“1, ayield strength of pieces 9 Per 1.50 m ab € ol roc bO t materials e 50
: Or more Name Dimension Standard Unit Quantity Remarks
Lining concrete t=300 mm m? 4.083 Per 1.00 m i
Rock bolt L=3,000 f7)gesldk’s\‘tr§rr12]t2rgf pieces 9 Mortar adheres to all surfaces
Roadbed concrete t=300 mm m? 1.550 Per 1.00 m -
Fiigh-density polyethylene Washer 150x150x9 SS400 pieces 9
Central drainage (drain pipe) pipe G300 (pe m 10.0 Per 10.0 m Nut V24 pieces 9
Central drainage (excavation) m? 7.882 Per 10.0 m
Centraldrainage (filter) S20 m? 6.942 Per 10.0 m

Figure 8.4. Standard cressctional view (left) ad supportpattern(right) of the damping ring tunnel.
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Table of unit quantities:

Rock Bolts

L = 3.0 m (a yield strength of
176.5 kN or more)

Table ofspecifications:

Shotcret

Rock bolt Steelsupport Shot Lining(ctmgkness Deformation margin (cm)
- - thickness
Circumferentia] Length Upper Lower Lower
Length | ™ Girection | direction | half half (em) | Arch | Invert Upper haif “p ¢ | Invert
3.0 1.5 1.5 - - 10 30 - 0 0 -
Table of shot material: Per P =1.50m
Name Dimension Standard Unit Quantity Remarks
Shotcrete t” 100 (i2g=18N/mn? m? 29.476
Table of rock bolt materials: Per P =1.50 m
Name Dimension Standard Unit Quantity Remarks
_ A yield strength of .
Rock bolt L=3,000 176.5 KN or more pieces 13 Mortar adheres to all surfaces
Washer 150x150x9 SS400 pieces 13
Nut M24 pieces 13

Name Specification Unit Quantity Remarks

Cross section of excavati 2

(design) m 62.725 Per 1.00 m
ﬁ:nrg)ss section of excavation (P Ay gutbreak of 22 cm m 67.194 | Per1.00m
Shotcrete t=100 mm m? 29.476 | Per1.50 m

L = 3.0 m, ayield strength of .
Rock bolt 176.5 kN or more pieces 13 Per 1.50 m
Lining concrete t=300 mm m? 5.753 Per 1.00 m
Roadbed concrete t =400 mm m? 4.300 Per 1.00 m
. A High-density polyethylene

Central drainage (drain pipe) pipe G300 (pe m 10.0 Per 10.0 m
Central drainage (excavation) m? 6.956 Per 10.0 m
Centraldrainage (filter) S20 m? 6.016 Per 10.0 m

Figure 8.5. Standard cresectional view (leftandsupportpattern(right) of a widening section.
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