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Investigation on Sealing in Geological Disposal

T.Inaba* , M.toida* , Y.Shiogama* , T.Yamamoto* ,
S.Yasui* , E.Fukazawa* , M. Tanaka* , H.Yamamoto* ,

M.Furuichi**

Abstract

For the geological disposal of high level radioactive wastes, after placement of the wastes, it is necessary to close
off ( to be called “sealing” hereafter ) the underground potential passages ( disposal pits, disposal tunnels, liaison tunnel
and construction tunnels ) with an effective combination of engineered barriers such as buffers, backfilling materials,
plugs and grout. It is necessary to ensure the long-term liability to isolate disposed wastes in the system.

The results of the research works this year are as follows ;

1) To determine the deformation properties of unsaturated bentonite and saturate-bentonite mixture, three cyclic

triaxial tests were carried out.

2) The objectives are to discuss the design of tunnel sealing experiments at URL site. The resuits of research are
as follows;
@ instrument types and layout
@ clay bulkhead construction
@ tracer experiment
@ clay grouting trial

Work performed by KAJIMA Corporation under contract with Power Reactor and Nuclear Fuel Development
Corporation.
PNC Liaison : Geological Isolation Technology Section, Waste Technology Development Division, Tokai Works,
Hiroyuki Ishikawa
*  : Kajima Technical Research Institute.
*% : Kajima Corporation, Nuclear Power Dept.
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@O @0 .
Measurement for Section® Section )
Swelling Pressura ¥ 7 Measurement for . ® , Section®
Measurement for Y Pore Water Pressure ; 3

Temperature and Moislure

Pressure
Chamber

Jld i1l

Clay/Sand

Backfill ﬁjﬂmﬂm{ Steel Support

Measuring Sections

Legend : + Thermo-couple Psychrometer 4 Piezometer
UNIT . Imm = Farth Pressure Cell ® Farth Pressure Cell
( Radius Direction ) ( Axis Direction )

B3 11 '75&%@3&@@%%%@%"



G1—¢

£-3.1

N hFA NTS U omset e

INSTRUMENTS FOR BENTONITE PLUG

21

Instruments Sect. D | seet. @ | sect. @ | seet. @ | sect. ® sect. ® fjTotal
Thermocouple Psychrometer 21 |25 25 25 25 121
Piezometer 4 4 8
Barth Pressure Cell (Radius Direction) 4 4 4 12
“Earth Pressure Cell (Axis Direction) 4 2 2 8
Total 8 31 29 31 2 9
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Section@®
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Section® | ' -Section(®

@ Thermocouple Psychrometer = 121 - — Earth Pressure Cell ( Radius direction ) = 12

A Piézometer =8
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Clay Bulkhead
Backfill
Downstream side Upstream Side
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Gasket (25mun sq x 2mm thick)

~25mm

Cable (9.5mm OD)
Bentonite Gasket Installation on Cables Within Clay Bulkhéad

Gasket

Cable (9.5mm OD)

Rubber Stopper Gasket Installation on Cables Within Clay Bulkhead
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Instrument Leads

/ 76mm pipe

1 Pipe to be grouted
following cable installation

—— Perforation in pipe

JUHLI

Porous Stainless Plate
Water Discharge and Collection

Tube (fixed at one end to the
perforation in the steel pipe to
facilitate drainage of the porous

plate) Steel Plate
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Stainless Steel Plate
Rock Bolt FELNOTIY,

Reinforced

Concrete
Bearin
Ring : Steel Shell | Clay Buikhead
Restraint
Collection
tray afes
ke
Drain < ':'
Tube ‘ -
through AP TNI7 TN P
concrete .
Drain slot
Pressure drilled in the floor
Transducer  ysing overlapping
Line-drilled borehoies

slot in the floor
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Component  Composition  As-Placed Properties Swelling Hydraulic
: ' Pressure  Conductivity
. (kPa) (f/s)
Dense Clay 70% Kunigel ~ ~1.9 Mg/m’ Dry Density < 1000 <10
Blocks 30% Sand ~1.7 Mg/m® Clay Density
~14.5% Gravimetric m/c
> 90% Saturation
Shotclay 70% Kunigel 1.2 to 1.4 Mg/m® Dry Density 150-200 <35x 10"
30% Sand f to 1.17 Mg/m® Clay Density
~ 22% to 25% Gravimetric m/c
~ 60% Saturation
Jointand Gap 70% Kunigel  ~ 1 Mg/m® Dry Density <100 <10
Filler 30% Sand ~ 0.8 Mg/m® Clay Density
Backfill 10% Kunigel ~ ~ 2.1 Mg/m® Dry Density nil ~101°
- 90% ~ 0.7 Mg/m’ Clay Density
Aggregate ~ 8% Gravimetric m/c .
Tunnel Fill 100% ~2.1 Mg/m’ Dry Density nil ~10°
Aggregate ~ 8% Gravimetric m/c

m/c - moisture content
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Hydraulic test result

il borehole Jlength(em)|test length(cm)| K (m/s)

;f - @G 0.97 0.85| 6.33E-13

| G2 0.91 0.64] 2.06E-12

| a3 094 0.82} 2.28E~11

1 0.69| 1.95E-12

1 a4 0.66 0.54] 5.76E-14

| a5 0.69 057 3.86E-14

T _

£-35 HEARR
proportion |spent time to 500kPalinjection time at 500kPa|  total injection
vol.(L)

0.2% 47min. 4hrs. 53.21
0.5% 20min. 3hrs, 20min. 60.52
1.0% 16min. Thr. 33min. 29.78
2.0% 12min. . 1hr. 42min. 30.44
4.0% 16min. Thr. 39min. 17.57
6.0% 20min. 1hr. 50min. 12.50
8.0% 16min. 1hr. 52min. 4.06
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Conductivity(mS/cm)
proportion | slurry | flushing | outflow

0.2% 0.823 0.821 0.800
0.5% 0.836 0.836 0.807
1.0% 0.886 0.860 0.848
2.0% 1.002 0.974 0.966
4.0% 1.208 1.060 1.142
6.0% 1.388 1.227 ~
8.0% 1.587 1.336 0.8977

Mixing waten 0.788

Dam water 0.235
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4™ Tunnel Sealing Experiment Coordination Meeting
Agenda
Wednesday June 25, 1997 (URL)

8:45 Arrive URL - Coffee/Muffins

9:00 Introduction - opening comments (comments invited from experiment partners)
9:15 Status & schedule - Chandler

9:30 Excavation summary video - Read

9:45 Underground Site Visit and Surface Tour

12:00 BBQ Lunch

13:15 Pressure system - Martino

13:35 Hydrogeology/Connected permeability - Kozak

14:00 Tracer testing - Frost

14;20 Rock characterization & AE/MS - Read, Cournut (SEPPI)
14:40 Modelling of bulkhead keys - Chandler, Carvahlo, Cournut
15:10 Coffee break

15:30 Shape and location of keys (review) - Chandler

15:45 Trial keys/MVP data/key excavation methods - Read

16:15 Adjourn

17:45 Return to Winnipeg

18:45 Dinner (Winnipeg)
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4'" Tunnel Sealing Experiment Coordination Meeting
Agenda
Thursday June 26 (Delta Hotel)

8:30 Clay block making (review) - Dixon

9:00 Issues from clay modelling - Vercoutere

9:30 The Clay Bulkhead Simulation - Chandler/Dixon

10:00 Break

10:20 Clay bulkhead restraint system - Hawk

10:40 TDR - Cournut

10:50 Bulkhead geometry, construction and instrumentation - Dixon

11:20 Clay bulkhead grouting - Masumoto

11:35 Comments on clay bulkhead design - Fujita, Toida
12:00 Lunch

13:15 Shot-clay, filter (backfill) material, pneumatic sand placement - Dixon
13:40 Concrete bulkhead construction & instrumentation - Gray/Hawk
14:40 Break

15:00 Concrete modelling - Didry (EDF)

15:30 Construction/Operation sequence and Operauon Protocol - Chandler
15:45 Reporting - Chandler

16:00 Participants Comments (PNC, WIPP, ANDRA, Fairhurst)

16:20 Meeting wrap-up - Chandler

. 16:30 Adjourn
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LIST OF MEETING PARTICIPANTS

4TH’ TUNNEL SEALING EXPERIMENT COORDINATION MEETING

Kiyoshi Amemiya - Hazama Corporation

José Carvalho - Golders Associates

Neil Chandler - AECL

André Cournut - ANDRA

Olivier Didry -E.DF

David Dixon - AECL

Prof. Charles Fairhurst - Reviewer, University of Minnesota
Laurie Frost - AECL

Tomoo Fujita -PNC

Malcolm Gray - AECL

Frank Hansen - WIPP

Hugh Hawk - Delcan

Prof. Yoji Ishijima - Reviewer, Hokkaido University
Ed Kozak - AECL

Jason Martino - AECL -

Kazuhiko Masumoto - Kajima Corporation (attached to URL)
Glen McCrank - AECL

Francois Pineau - ANDRA

Rod Read - AECL

Joe Tillerson - WIPP

Masaru Toida - Kajima Corporation

Gautier Vercoutere - ANDRA

Bertrand Vignal - ANDRA
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5™ Tunnel Sealing Experiment Coordination Meeting

Agenda

Tuesday December 2, 1997 (URL)

8:45
9:00

0:20

11:00
11:15
11:30

11:45

13:00
13:20

-13:40
14:30
14:50
14:55
15:10
15:25
15:40
16:00

17:45

Arrive URL - Coffee/Muffins
Introduction - opening comments, status and schedule -

 Chandler

Underground Site Visit

Opening comments - PNC, WIPP, Andra

Experiment Reporting and Publications - Chandler
Construction summary, steel shell restraint & pressure supply
system - Onagi/Martino '
Lunch

(a video of TSX construction will be played 12:15-13:00)
Clay grouting trials & placement - Masumoto

Rock characterization:

Seismic Tomography - Hayles

Seismic Refraction & AE/MS - Young

BREAK

MVP (Martino) & SEPPI (Cournut) (comment on status)
Connected permeability - Kozak

Hydrogeology and seepage measurements - Kozak
Tracer test

Plan for water flow simulation (K. Taira, Kajima)
Adjourn

Return to Winnipeg

3. 38 1997712,/ 2 @ agenda



5" Tunnel Sealing Experiment Coordination Meeting

Agenda

Wednesday December 3 (Delta Hotel)

9:00  Clay block making and materials summary - Dixon
9:30  Imstrumentation summary - Roach
10:00 Clay Bulkhead Simmulation & cable seal tests - Dixon
10:20 BREAK
10:40 Characterization of clay (comparison between PNC and
CERMES) - Andra
Results of Hydromechanical modelling - Andra
Experiment on effective stress - Andra
11:20 Clay bulkhead construction - Dixon
11:50 LUNCH
13:10 Concrete bulkhead issues - Gray
13:40 Concrete bulkhead construction sequencing and method -
: - Cravalho (Golder)
14:10 Concrete bulkhead modelling - Didry (E.d.F.)
14:40 BREAK
15:00 Concrete instrumentation - Gray
15:20 Experiment operation and remedial actions - Chandler
15:40 Participants Comments (PNC, Andra, WIPP, Peer reviewers)
16:00 Adjourn
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2% XH
1) The Tunnel Sealing Experiment Conceptual Design Report, N. A Chandler, D. A
Dixon, M. N.Gray, and R.S.Read
2) Tunnel Sealing Experiment Coordination Meeting No. 1, July 26, 1995
3) Tunnel Sealing Experiment Coordination Meeting No. 2, April 9&10, 19396
4) Tunnel Sealing Experiment Coordination Meeting No. 3, September 12&13,
1996
5) Secoping Analysis for the Tumnel Sealing Experiment, E. Dzik and R. Read
6) Reasults of Clay Grouting Trail, K Masumeto (Kajima Corp.)
7) Tunnel Sealing Experiment Coordination Meeting No. 4, July 25&26, 1997
8) Tunnel Sealing Experiment Coordination Meeting No. 5 December 2&3, 1997
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Instrument Purpose Location # Installed

Geonor TPC’ monitor rock/clay in rock immediately 11
contact pressure around clay bulkhead

Roctest TPC monitor rock/clay in rock immediately 16
contact pressure around clay bulkhead

Roctest EPC monitor total pressures.  in clay blocks 35
within clay

Piezometers monitor water pressure  in clay blocks 8

' in adjacent rock 5

Rotronic INonitor moisture in clay blocks 14

Hygrometers content

TDR Probes monitor moisture in clay blocks 12
content :

Wescor monitor moisture in clay blocks 82

Psychrometers content in shotclay 48

Linear monitor displacement clay/backfill interface 3

Potentiometers ' in clay 1

Rotating monitor displacement  clay/backfill interface 1

Potentiometers

LVDT’s monitor displacement steel restraint 6

Sonic Probe Bulkhead Strain through blocks 1

" TPC Total Pressure Cell, Only one face of cell will sense pressure
) Geonor and Roctest are different manufacturers of this type of instrument
" EPC = Earth Pressure Cell, Similar to TPC except it can sense pressure on both faces
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|
Total Pressure Cells (5)
Mounted on face of steel plate

P Psychrometers: mounted in series A blocks
close to plate surface (8)
P.  Psychrometers: mounted in shot clay (4)

B C D G H I Layer %: 5.9%m

1 | | / \ Layer B: 5.0m
\ Layer T: 4.5m

tayer G: 3.7%m

Layer St 2.75m

e Tt S T e~ T Pl

layer 4 1.75m

o
i
A
I 7
- > : e Layer 3 1.0m
H -1 = 2
L P'
3 - layer 2: 0,%m
" | \ / Layer Iz Om

Profile View of Clay Seal
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Profile View of Clay Seal

|
@ Total Pressure Cells (4)

Mounted on Rock Face measuring pressures
parallel to the tunnel axis

P.  Psychrometers, mounted in Shotclay (8)

H Hygrometers: Mounted in series A
block near B interface (1)

Layer 9: 5.5m

Layer 8: 5.0m

Layer T: 4.5m

Layer 6: 3.75m

Layer 5: 2.75m

Layer 4 1.75m

%ggf Layer 3 1.0m

Layer 2: 9.%5m

tayer 1: Om
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Profile View of Clay Seal

Earth Pressure Cells (8)
Mounted at interface of B § C

Psychrometers mounted in series B blocks (14)

Hygrometers: mounted in series B blocks (2)
p, Psychrometers mounted in shot clay (4)

.

Layer %: 5.5m

Laycr 8: 5.0m

Layex 7: 4.5m

Layer 6: 1,75m

Layer 5: 2.75m

Layer 4 1.75m

lLayer 3 1.0m

Layer 2: 0.5m

Layer I1: Om
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. Profile View of Clay Seal

Total Pre%sure Cell mounted on rock face (4)
Earth Pressure Cells; mounted in series D blocks
Psychrometers mounted. in Series D blocks {10)
Hygrometers, mounted in series D blocks (3)
Psychrometers mounted in shot clay layer {4)
Piezometers: mounted in series C blocks (6)

N ’GHI

Layer 9: 5.5

layer 8: S.0m

lLayer 7: 4.5m

Layer 6: 3.75m

Layer 4 1.75m

/ Layer 3 1.0m

Layer 2: 0.%m

Layer 1: Om
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Profile View of Clay Seal

i
Earth Pressure Cells: mounted at interface
of series E & F (8)

P Psychrometers mounted in series F blocks (14)

P, Psychrometers, mounted in shotclay (4)
H Hygrometers mounted in series F blocks (3)

Layer 9: 5.5m

Layer 81 5.0m

Layer 7: 4.5m

Layer &: 3.75m

Layer 5: 2.7%m

Layer 4 1.75m

A

Layer 3 1.0m

Layer 2: 0.5m

Layer 1z Um

Sections E,F



o ‘total ~ressure Cell mounted on rock face {4)

e Earth Pressure Cells (4)
_ Mounted on Rock Facé measuring pressures
Normal to the tunnel axis

L— 1~}

Pz Piezometers: mounted in series G blocks {1)
p Psychrometers: mounted series H blocks (8)
P, Psychrometers, mounted in shotclay layer (4)
H Hygrometers, mounted in series H blocks (3)
TDR TDR Probes: mounted in clay blocks (6)
EF '
BCD GHTI » Layer 33 5.5m
L -Ii Luyer Uz %, 0m
A b - J Layer 7: 4.%m
l [N IV—

~
v
L
0

-

Layer 6: 3.7m

hayer 4 1,75m

AU UL

Layer 3 1.0m

i TT, I

Layer 23 0.%m

latyer 13 Um

Profile View of Clay Seal
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Profile View of Clay Seal

Earth Pre'ssure Cells: mounted on interface
of series H & I (8)

Psychrometers mounted in series I blocks(12)

P
H Hygrometers: mounted in series I blocks (2)
P Psychrometers mounted in shot clay layer (4)

Layer 9: 5.5m

tayer D 5.0m

lLayer 7: 4.5m

Layer S: 2.75m

/ Layer 3 1.0m

Layer 2: 0.5m

Layer 1: Om
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Profile View of Clay Seal

|
® Total Pressure Cells: mounted on rock face (4)

P. Psychrometers, mounted in Shotclay (8)
PZ Piezometers: mounted in series T blocks (4)

Layer 9: 5,5m

Layer §: 5.0n

layer 1: 4.5%m

Layer 6: 3.75m

Layer 5: 2.75m

Layer 4 1.75m

Layer 3 1.0m

Layer 2: O.5m

Layer b2 Om
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— Total Pressure Cells (6)

P Psychrometers, Mounted in c¢lay Blocks (13)

Layer 9: 5.5m

/ Layer B: 9.0m

Layer 7: 4.5m

Layer 6: 3.75m

Layer 5: 2.7%m

Layer 4 1,7%m

Layer 3 1.0m

\ Layer 2: 0.5m

/ bayer 1z Om

Profile View of Clay Seal



PLAN VIEW

]!

(3 Leads)

)

L 1

PROFILE VIEW

-1-11
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Eﬁ

UPSTREAM

4 ~—

-

Or
F

DOWNSTREAM
TOTAL OF 12 INSTRUMENTS
(2 Leads) (5 Leads)
(2 Leads) -
DOWNSTREAM UPSTREAM




PLAN VIEW

UPSTREAM

)

P
@—
DOWNSTREAM

TOTAL # INSTRUMENTS = 12+9 =21

(3 Leads)
(7 leads) (2 Leads)
(4 Leads)
DOWNSTREAM (5 Leads UPSTREAM
|
«— ~0.52r
=‘—L..._._.] i b=
1 | ® | - 0m

SECTION VIEW
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PLAN VIEW

(4) (4)
jon P P,' Py
— Pie(5—4 — :
el l! .%m | P
TPC ﬁTDR P TDR.
P @p Pom o () T
eTDR P P TDR.
T
s P PH (7) . Jp— -
F=g
|| 1 i ’ -
DOWNSTREAM
" Total leads = 55
(7 Leads)|(4 leads) (5 Leads)
(8 1|eads) (5 Leads)
oy
L E;i;;;:L———-~1.O m
DOWNSTREAM UPSTREAM

«——— ~0.52m
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PLAN VIEW

UPSTREAM
(4) (4) P
p p
—— = e =
1 TPC.TDR o ) P TDR.
P
B ) bl €1 10 P € N
.TDR P P TD‘.R.
- (5) (4) (5) -
% P ' . — P & —l,
. < P,P;’) c [
DOWNSTREAM - i

Total # Instruments = 55

|

—1N ! o£.0m
DOWNSTREAM UPSTREAM

«— ~0.52m
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(4) i (4)
e —et5H—8
*®
|
l
€9 %‘TE) P L))
(3 (4) (5)
— &
—@ 0(.” @ ey
DOWNSTREAM

Number and Location of Instrument leads Extending
Upwards through the Clay Barrier at Tunnel Floor
Level (1.0m Elevation)

Note: There are an additional 5 leads coming up through the
Clay key which originate from the rock immediately below the

key (5 VW Piezometers)

Total # of Instruments = 55 from Clay + 5 from Rock

= [ =18



UPSTREAM

P 4 P(4 )
(.19 ) ALl :L

b H )] F N
PR (@) 5 (4) !
I f 1
'ﬁ) (7)
15 14
aoll as) (20) (15) (
DOWNSTREAM

TOTAL INSTRUMENTS = 78

Note: Rock-mounted Piezometers will exit via
Instrument Layer # 5

Level of )
Ingtrumentation
Channels
g 3 4— 1.75 m
| L | J
i
!‘—-—-
[C—
pDOWNSTREAM [7 Leadsy [(4 1eadp) 8 lleads) (5 Lea Leads) UPSTREAM
DOWNSTREAM
~1.0m

4+— ~0.52m
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| | | T
Upstream
P, P, PJ ®
P Ip s-—c_./P 5 — Ep
.
z TDRS | ‘% TDR -3 ‘
P..B I P Pt H, H = = — =
P 2 TR+ , Hiupz TDR B B
!
5 (3) :
F__p—— FE T —1 ———27
= — 1} i T——
B, P P, |2 \1.: i P .|, B, P,
Py e 2
Downstream '
L e - - L
(14) (12) (12) (10) (16) (15)
Note: Port thru which the rock- TOTAL INSTRUMENTS = 78+79 = 156
mounted Piezometers are passed
Pz PZ

.75

M
-
5
n
)
[N
a

Level of ,
Ingtrumentatlon

channels
e —_— h g -ﬂ ——_—‘-1-!_1f PR |,
§6 Lead (4 leadh) heads) (¢ Leadd LeadB) UPSTREAM
DOWNSTREAM
— ~1,0 m

4—— ~0.52m

-
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Instrunentation Layer 9

- __I 5.5
s ~5.5 m
| |
) = .q 4——— Instrumentation Layer 8
_ “""‘_. ~5.0m
) - Instrumentation Layer 7
= = ~4.5 m
i = = == _
a— —— 4—— Instrumentation Layer 6
- 3.75 m
P2  pz .
7 i H SI 4—— Ingtrumentation Layer 5,
T Tunnel Mid height
~2,75 m
Level of )
Ingtrumentation
Channels
H 4— Instrumentation Layer 4
@ ~1.75 m
DOWNSTREAM JL Hesd (4 leadpg) L eads) (5 Leads Leads) ypsTREAM
DOWNSTREAM
Instrumentation Layer 3
~1.0m
L ~ | :
<¢—— Instrumentation Layer 2
~0.52m
P —m——
| — @ | —ly
) ' kil 4—— 1Instrumentation Layer 1:
0 m

ff—1-18



61—1—P

iiiiiiiiii T & F & B B §F ¥V U R s Ny T % F T s v v E s s T TT

L_!P

P

L

Downstream

PORT 5| | PORT 4 PORT 3 PORT 2 PORT 1
(3) (1) (0) (1) (3)

Construction of Instrument Layer # 6:

Note: The unshaded region is the floor level (instrument layer #5 + 0.2m)
which is used to allow access to layers 6 through 9 for construction
purposes.Instruments will not be installed until layers 7-9 are ready to be
installed above them.
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Upstream

£y
2

= & e
'
agn o}
a i Downstream 3f i §:
PORT 5 i PORT 4if PORT 3 i PORT 2 i: 3 poRT 1
1) E M i © i ay i Y
W 3 W% i H

Instrument Layer 7 :

Note: Floor level for this activity is instrument layer #5 +0.2m
No other instruments from Layers 8 or 9 are present in the
reagion constructed as Staace 1
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(14) = {1)
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(L
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(0}

PORT 1
(14)
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Instrument Layers 8 to 9:
There is no instrumentation to be installed in outermost regions.
Complete construction vertically to xoof level,
£ill gaps between blocks with powder material and finally,
blow in material into any space at roof level
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Total Pressure Cells

Earth Pressure Cells

Psychrometer (in blocks)

Psychrometer (in shot clay)

Hygrometer (in Blocks)

Piezometers

Upstream

(3,8,2)

(3,9,2)

(2,6.N\

'_—_’llnlﬂ'l;n 3 ':

: : (2,9,4)
g s,
s (2,6,2)
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Notation (3,9,2) refers to:
3 instrumentation leads originating in
layer 9 which will pass through port #2

Build from Upstream to
installing instruments
are reached

= h
PORLS BQECt 4 PORT 3 PORT 2 PORT 1
thE @ @ = (18) i o (14)
= :: Downstream .E 5' :é
T & HE

Downstream and all way to roof,
at appropriate elevations as locations

Instruments shown are those on Layer #7,
Others are shown in layout plans for layers 6,8,9
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Notation (3,9,2) refers to: E: = :

3 instrumentation leads origimating in E a: i i
layer 9 which will pass through port #2|PORT 5 Ii PORT 4:: PORT 3 i i: PORT 1
(14) = (1) :: (18) (18) i i(19)

= L F i i

Build from Upstream to Downstream and all way to roof

Build from floor to ceiling completing each instrument as appropriate
elevation is reached
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Upstream

3 instrumentation leads originating in

Notation (3,9,2) refers to: t%
layer 9 which will pass through port #2

P
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- = X
: z £ 3. |
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a z :
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sesssanm = = s
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] - o
- (3,7,4) . .
(1,6,4) H :
B

9 d
9 '-
3
[y

PORT 5 :PORT 4 PORT 3:: PORT 2 :i
(14) = (13) 2 as) :i el : (1)

=s :: Downstream E' §E :

¥ * i i

Build from Downstream to Upstream and all way to roof

Only the 3 psychrometers mounted in layers 6 & 7 will require prestringing
of their cables

Note:Construction is based on using Instrument Layer #5 + 0.2m as the floor

from which the higher instrument layers are constructed, thereby providing
sufficient headroom for working.



APPENDIX C -
PROCEDURES FOR INSTALLATION OF TOTAL PRESSURE CELLS AND

PIEZOMETERS INTO THE ROCK ADJACENT TO THE
CLAY BULKHEAD-ROCK INTERFACE
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Title: Roctest VW Piezometer 100 mm Depth Installation Procedure URL Proc. No.

Doc. No.: " _. |Section: NA [ Revision:0 | Date Issued: 97/09/25] Page lof 3 |

ROCTEST VIBRATING WIRE PIEZOMETER
100 mm DEPTH INSTALLATION
~PROCEDURE

by

Peter J. Roach
1997 Sept
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Title; Roctest VW Piezometer 100 mm Depth Installation Procedure URL Proc. No.

Doc. No.: . [Secuon. NA[‘ Revision:0 | Date Issued: 97/09/25| Page 2 of 3

1.0

1.1

1.2

1.3

1.4

Purpose:

This procedure describes the methods and responsibilities for the installation of the
Roctest Vibrating Wire Piezometer at a 100 mm depth within the rock.

Scope:

This procedure is used when conducting Roctest Vibrating Wire Installations at depth of a
100 mm with in rock, in the URL experiment program. It operates at Grade II quality
level.

Definitions:

Swagelok Pressure Fitting - A pressure fitting that is used to connect standard size tubing
to other fittings. -

Roctest Vibrating Wire Piezometer - - An instrument that measures pore water pressure
via vibrating wire transducer.

Transducer - Converts a mechanical property into an electrical signal.

Vibrating Wire Readout Box - The instrument used to obtain readings from a variety of
different types of vibrating wires transducers. Model # MB-6

Silica fume - Ground Silica.
Responsibilities:

It is the responsibility of the Geotechnical Science and Engineering Branch technicians
performing the calibrations to follow this procedure.

References:

Nil
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1.5 Procedure:

The calibration procedure is contained in Attachment 1.

1.6 Records:

Installation report
Instrument Header Sheet

1.7 Attachments:

Attachment 1:  Roctest Vibrating Wire 100 mm Depth Piezometer Installation

Checklist

Attachment 2:  Roctest Vibrating Wire 100 mm Depth Piezometer Commissioning

Checklist
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Altachment 1

CHECKLIST FOR VIBRATING WIRE PIEZOMETER INSTALLATION
100 mm DEPTH - Tunnel Sealing Experiment

Instrument Name:

Date:

Inspectors Initials:

A. Equipment for the Installation

Gather the listed equipment for the installation

VSM Readout Box

Yibrating Wire Piezometer
16-30 Sand (dry)

Silica Fume

Clean Water

Cement (Portland Type 50)
Superplasticizer

Tape Measure

. 5litre Pail

10. Hilti TE22 Drill with 5/8” Bit
11. Power Drill with Mixing Attachment
12. Paper Towels :

I R

B. Calibrations

1. Ensure the piezometer selected is calibrated.
Record the serial number.

C. Installation

1. Using the Hilti drill with a 5/8" bit, drill a hole into the rock to a
depth of a 100 mm.

2. Clean the drilled hole of any rock dust.

3. Record the depth of hole. . mm
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4. Place a small amount of sand in the hole, enough to fill the
rounded bottom portion, roughly 0.5 cm”,

5. Insert Piezometer filter into the hole allowing the bottom of the

filter to rest on the sand. _—
6. Place sand around filter to a depth of 85mm from the hole collar.
7. Record the depth of the top of sand. mm

© 8. Mix a stiff grout mixture in the 5 litre pail using the ingredients in
the following order. Mix water, superplasticizer, silica flume, and
cement. Mix the ingredients together with the drill and mixer
attachment, for a period of 5 minutes.

Water 250 g
Superplasticizer 18 g
Silica Fume 15 g
Cement 2700 g

9. Tamp the stiff grout into the hole and tightly around the piezometer
tubing, to the top of hole collar.

10. Allow 24 hours for the grout to harden before disturbing the
piezometer.
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97/09/1
Roctest Total Pressure Cell

Installation Checklist

INSTRUMENT URL REGISTRY FILE #
TAG # DATE (YY/NMINYDD)
SERIAL # INSPECTOR
Equipment: Materials:
1. Rock Saw L. Type 50 Cement
2. Allan Wrench - 3/16” 2. Silica Flume
3, Adjustable Wrench 3. * Premixed Grout Water
4. Mixer and Mixer Bow! 4, 6 mm Hilti bolts, Nuts
5. Trowel 5. Alignment bars
6. Electronic Scale 6. Roctest Cell
7. Scrub Brush 7. Clean Water
8. 20 L. Cleaning Bucket 8. Paper Towels
9. 5/16” Concrete Drill Bit 0. 14" ready rod bolts cut to 150 mm long

10. TE22 Hilti Drill
11. Rubber Hammer

*

71.6 gms Superplastisyser to

12. Ball Pein Hammer 558.4 gms of water
13. Weighing Containers

14, Tube Bender, and Cutter

15. Roctest Mold Template

Grout Mix Design:

Type 50 cement = 2700 gm
Silica Fume = 300 gm
Pre Mixed Water = 630 gm

% 71.6 gms of superplasticiser to 558.4 gms of water.
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stallation:

Svin koW

10.

11.

13.
14.

15.

Using the Roctest Template, mark the first hole position on the flattened rock face for the locatior
of the Roctest Earth Pressure Cell..

Using the TE22 and a 5/16 “ concrete drill bit, drill the first hole for the Roctest cell.

Install a ¥4 “ ready rod bolt and fasten the template to the rock.

Drill the next two holes through the template. '

Continue doing this for 4 pressure cells before grouting them in.

Place pre mixed water into the mixer bowl, add the silica fume and mix it up well. Use a dust mask
while doing this so you do not inhale the silica fume. The grout material proportions on page | are sufficient for 4

pressure cells. ,
While mixing at a slow speed, add the cement slowly and mix for 5 minutes after it has all been

added.

Let the mixture set for 5-10 minutes after it has been mixed.

While the grout mixture is setting, adjust the bottom out nuts on the ¥4 * ready rod bolts by placing
the nuts on the bolts and place the cell onto the bolts. Adjust the nuts until the Roctest cell face is
flush with the rock surface.( See Figure 1 attached)

Remove the cell and clean any dust off of the area where the Roctest cell will be installed. Dampe:
the area with a wet towel.

Grab a handfull of the grout and tap on the back of your hand until the mixture is at the right

consistency to apply to the face of the dampened area for the cell. You should use plastic surgical gloves
before grabbing a handful of the grout.
Apply the grout to the center of the cell cutout and place the Roctest cell onto the three % “ ready

rod bolts.

Put three more nuts on and fasten down securely.

Spread some more grout around the cell to build it up CLOSE to the rock face. (Do not fill right tc
the face). It can have a final coat of grout to level it to the rock face at a later date.

While the buffer blocks are being placed, the % * ready rod bolts can be cut off flush with the
Pressure Cell before placing the buffer blocks.
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Roctest Total Pressure Cell

Roctest Total Pressure Cell

N

AU ML UNAL MWL UL M

Total Pressura
Cell Transducer

Slot Cut Out For
Transducer and
Lead

WTUR N

f-1-35



Appendix— I AECLY1TED
A5 4=« R — M RTER



T-02-397 THU 13:28 FLCAN PROG. & PROJ. HMGT.  Fr{ KO, 418 381 7530

TUNNZL EDGE —-

STEEL SULKHEAD EDGE

ELGE OF CONCRETE
RING XKEYED INTC RCCK —

. _ . SASE PL.,, ANCHORED
ENERAL NOTES: INTO CONCREYE RING

— ALL SOLTS, ASTM A325-M24 "
A e AME rAAT (R N3
- ALL STZEL 7O RECEIVE ONE CQAT OF PRIME 4
~ ALL STEZL GRADE 420W CR BLiIER - A
ALL STEZL GRADE 420 E SECTION A

—~ FABRICATION ONLY, PLUS SHIPPING TO URL AT ) ~
ANAWE MANITOBA {ELEVATION OF STEZL SHELL BULKKFAD)
1: 80

— SOMONTCM IXCHANGIR WILL SULPPLY 20mm
1HICK SPHERICAL CAPS, SPHERICAL SHELL
PLATE AND CURVED COVER PLATZS, BUT NOT
THT TAFIRED FILLER FLATEZS. FOS EOMONTON

~ NON-CURVED FLATES ONLY CAN 28 RzPLACZED
SY 3I00W MATSRIAL SASED ON A SUBSTITUTION
OF THICKNESS 15% GREATZIR ThHAM SPECIFIED

—~ TARZRED SPACERS CAN Bk 3O0W




0, HGT.

A%

LOAN PROG. & PR

~02-97 ThU

AR
s
44
T3

SN
- E'q ' 3‘
&
OF
FME
i 7

PL

=}

; )

3

i
—& <
S

Pl
-
Q5
1 * .

TICM
RANG
20

-
£
t

i
-
J
—

g
A
o

£
f
e
gL
R
i
EVA

i

o= 200x30
S
o
2
STAGGERED
40

g MZ4 BOLTS

-
-

i KN+/,”hhl“hwh e 5

AN B

URL - TS X

LIXG
o

we
it

TR L
QT 4
oha

N,
|
TH=EL CEN
TAINTTAT
NNEL
]

ml.:.. e llu.ll PV o
mnm‘ PZ5I
_.\.V .......................

SYMMETRICAL

RH“G"*-ﬁ\
OiMd ARE
ABQUT Q

LI

fF—1—2



T-02-G7 THU 13:28 DELCAIl FROG. & PROJ. IG

7. FAX NC. 418 381 7380

# - Q) 2,
‘ A -~ (\ LA \ Ff
QE]NF CDNC _'__/% \\.‘\‘-\\‘ \",’-.‘\")‘ :,5 :L__\ / /
R \s ;
- ’ '
T %

4—'.'.‘4::60 BaST

ANG

-—-"" 200%320
BASE PL

\ rd
25 WES PL~

STIFFENER -
s B “a
DiM ARE ST T
SYMMETRICAL
ABOUT § ;
; [ ‘s
P ‘
g |
29 5
214 T YO 8EAR
L | PL
; i S 200420 FLANGE
A
- DE TAIL SA
3C 1: 10
L I
SECTION |
1: 30 +— M24 BOLTS THREADED INTO
THRY CENTRZ UNF . \ LOWER PLATE (TYP}
200 87s \\ 209,
) N '
| ‘ N
/"_4—'"-."'-‘_6 " 0 . C’ ‘N ’ \ﬂ_ O C ? : -___._\
"‘F/ L O3 T = —! O : 3
L /_:-—-—ﬁf‘\ %\\\\\e{v& RTINS S e e
\.-..-/./-;-""- L --,-v—u \J.:-v-e---g—'ﬁw
~ 7 o 0,40 T > 9040 o ¢ “*:“T
L T i 80 e T
Il | e — v ! 3
Ao T fN )
't 'BASE CONNELCTION e:ra = CYLINCRICAL! M— +00xEC PL_
SHELL & SPHERICAL € . XIZ73 LONG
el e Bl 1 o '
SZCTION Zé‘;: \

1:1C

URL - TSX
TUNNEL SEALING EXPERIMENT BENTONITE RESTRAINT SYSTEM
STEEL SHELL BULKHEAD

nre NODT NTLOAN | SHEET 2 of 7

ff—-1T-3



418 281 7580

Ol

X i

FA

DELCAN PROG. & FRQJ. MGT.

e

(D

T-02-97 THU 1

la
o

—~:::r/ ;
.ﬂ—v——-—n—-

oyl —— 3 g mmyier™

%
==
————

{
{

<
hh-
—

==
ey
/
/

P
_—

\

o
=
i

1

= f

j;_,___.

SEALING FXPERIMENT

=

YST

tn
[

E RESTRAIN

T

Loumtd

L

4]

[=)
e

Pl |

. el

m

HEAD

-

T
L%

il
.

STEEL SHELL Bx

\\.[

&n-..—
C.
Le.
ﬂll!f

ff—10-—4



T-OZ—QT‘THU 13130 DELCAN PROG.& PROJ. MGT.  FAX NO. 416 381 7580

~ 20M @ 200 ¢/C

T /. et \‘/"/ /:. i

‘ LN ,

[ 1 N

Q .
~

Ml

Y i
RiNG © JUNCTION OF CYLINDRICAL SHELL

BY OTHERS
FOR REFERENCE ONLY

Cf MAKMUNM LOADING

350% I0CE I
| /T s ol
Z5M {T‘r.’—’)\! ){ : l f ! i
{ A I
! TN T, s = % ‘ﬁ"\.'// = I "‘c'f !
H | te / * % 3 |
b= | l ] . 1
ot 1 NNy ]
<, | L . \ 7 )| i
i I i T
1 ,1". N | 5 2
1 . ; # N «
A ! : . LPS
oz 1
= _I
N o'l
Wl i
11 20 _
RING © JUNCTICN OF SPRERICAL CAR LZHI
z. 4
. =24l
o c i =
/7251% @& 200 ¢/C @l Z
. - !
, 830% ) 700z : S =
2am {TYP) L | 5 o g
WEINL A Wil
'—\r 4 .: l : ~ !/’)/ G L !
T N e ke /\<;g' 15
+ YN\ | g L
5 7N =
o GERY
¢ 1A o NN ¢
- VN el 2

OF S—-20M @
C/C {INTC PAPER)

—- CROUPS OF 4-23M &

[ 200 C/C (INTO PAPCR)
Qi '
g1 DETAIL £3CN

CONCRETE SUPPORT RING

NOMIMAL 3300 x 4375 TUNNEL IS CLOSER TO
370C= » 48732 STEEL SHELL IS 3048¢ WITH
AN ADDITIOMAL STRAIGHT PIECE OF 875mm

MINIMUM OCMCRETE STRENGTH E0MPzs 2 TIME

URL - TSX

| STEEL SHELL BULKHEAD

TUNNEL SEALING EXPERIMENT BENTONITE RESTRAINT SYSTEM

SO NTDT S NP AN

f—1T—5

R



3T-02-97 THU 13:31 DELCAN PROG. & PROJ. MGT.  FAK MO, 416 381 7590

15824 . 875 ., 150
R !
H f.‘l.l‘ t 5
I ;
T T }
1 i v
/.--i S N
/ hd i 1 g -.- \\E
T 1 / ° e ¥ L
o | / ', @ ‘ IO \\E !
- Qg I il | P25\ Qi
S g N VA B e Bema ]
= e ) - o ! | ic: o -3 \ ‘! !
- _L_[————-. .eﬂ ; ! i N . 1 r T
CT L R R B
: ! i O 1 j T [ ©
Sigi \"\ ! T %703; ?:/ rg g
L’); o . \/ i I....i ',_...._‘ia ) i S
SRS B e v T
s o | 7 | ore o —
S N Lir A !
QS" ™~ i : H :iﬁ_/
xQ\"-.\Q‘\ B L
\Q,\"' 220 ! ;I i !
——
350 oy
v
1 G |
i 1000

ELEVATION

(PIPE LOCATIONS}

1050
LECEND:
D 7 & 115mm i.0.
o

@ 7émm LD,
TALS SEZ SHEET 7 of 7

URL - TSX
TUNNEL SEALING EXPERIVENT BENTONITE RESTRAINT SYSTEM
STEEL SHELL BULKHEAD |

Al DTS /P CAN; | SHEET 6 o

ff—TM—6



CT-02-97 THU 13:31 DELCAN PROC. & PROJ. MGT. Fak NO. 416 281 7590

75 7~ 80 10.-25 THICK PIFE 7~ 90 1.0.~20 THICK PIPE
Ll _/ 200 LONG /150 LONG
! I
i s . it .
/ I__ji it/ / /{i 'E
Zj: ! ; i
/"\}:_,,\{/, ;? - SNUG FIT ,/\';,_\ 7l
o : ! i e L
= 17 =
— A e — — Ty
L e g
@ e LNV
8 K,q | -':.’-5-3"':-:5 {4

; FUTURE PIPE i
1 78mm iL.D. HOLES IN CYLINDRICAL SHELL _ 7Emm LD. HOLES IN SPHERICAL CAP
SNUG F'T

135 1.0.-25 THICK PIPE
;225 LONG ———

s

£ Bmm SPHERICAL CAP / a
- - ! /cp
: IMNZR FACE oF shig, ——— :
115mm 1.D. HOLES IN CYUNDRICAL SHELL 113mm 1.0. HOLES IN SEHERICAL CAP
SHolLL PENETRATION DETAILS |
i: 3

SEZz SHERT 5 of 7 FOR PIPE LOCATIONS

URL - TSX
TUNNEL SFALING EXPERIMENT BENTONITE RESTRAINT SYSTEM
STEEL SHELL BULKHEAD

S
COLNERS / DFELCAN | SHEET 7 of 7

f-T—7



Appendix—1I X%/r‘v—)b c HR—MOD
TN EERICETA2REER

fF—-1—0



EDGE OF BENTONITE

KEY (BEYOND — I —
£y (BEYOND) . //*—" | 875
- N ~
—- \

£
o
TUNNEL EDGE /—L\ =0 P ,& N

STEEL BULKHEAD' EDGE —

_\
~ r 7
e [— o 0o BASE PL WiTH STIFFENERS
:“l ANCHORED INTO ROCK

SECTION &




o 8§00
>

1200 1500 ) 1500
I i
NAGEN
el ) 1
K W B
Ky ¥ i

USRS R S—_

R — i
SRR WS S—

~ \ [P
G GRS ROCK (T

50 PL
STIFFENER

AL 25*\

1500

RFRTOMITE Al Rk S /ARIMK'S

— L

4375

fNT T i T

: 5 =g e—  — -

5 Fo L LF TUNNEL 1.
g - T
]-—L—! L
‘wl @ —
818 . T
— - :'" ad . ]-"-“ .
YR T SN SN NG S A
T T 7 1 i T
- ‘,.f‘v' z P
p <
A - /
—
N
oA\ EP S
4 //I ! vt -
b A SR A
PLAN SECTION
b
Xy e
el H ;b
. T
3
> - «// 8 ...--.....l_.._,.__l_. .
SASK LN NN
i ! T
TN R N O A A |
i i : T l_
50 PL e R N
Q$LJ;;F|CAL LI N ST NCNTMUITC OLoona, (onicio _.!__.l._. =
: 25 PL —— - -1 8
ABCUT ¢ i | TToe
= . -!y‘-.-:-“.'mu" ‘c - > i e o / -
@ # 2.

:2; q'(:‘l}}\ & -r_r 2
] - —ld
o= % e
- e 1 i 1

= : A N R N
g S S S N O s

N

/




G‘r‘cor":' W Y. s

@ 200% ats

f"‘*i’ [ £a

?@ g,

1o

a .
— o
et 25 @ 2ov “

L37-0u

ot
it

Grovps of $2” -
G i® ¥ inte puper

TP
-;:_\_:’Z;i':'-:""'ﬂ
e 3

M/mT
_.l'
.

y ~
"
/-—?;‘. Jee ‘-'r
L4./ £ Dep
iy
A
\n
Mo 3
|25 (e
Nl ()

——=
12

f—1—3




2. Delcan OB#

Delcaﬁ BRAF—N##E ) (AR ), BRZ ) ELTHELTWLS,
BLEUTOEBIDWTRNLTNE LS TH 5,

@ = oER

@ WS EhH, iy
® BHkE

@ o>y )—bOXKE

® R—2T7 V- DOBHE

BERHLUTIR, REHEED 5Mpa, XF—)VOY > FHEELT 2.0X105 Mpa,
K7V V%015 ELTWS, |

=L,

—. REAFESORTIIRVED, FEORNMEBRLIZS

—. HEFRAOEKFEHND 3
LOEB TABIEEL =1,

THR. IOREOLTHHOERERD TS ERELIZIC N, BRI
TURWERNEE (327 ) — hORAKEE, SROTRDRE) KONT. BEED
HHROEETIRERENS 2 LBEbh3.

— Delcan OFFE&EE % O_T7"3 T E— b OELMERFTHIORERETSH S

EEZB,
- FETHNE. BHLHESEEFCERLTWAEFERN,

f—M—4



3. #p
(1) BRHBTOEFIL

4MFa
_Jﬁmu—- %1275@ . /ﬁijﬂfgﬁ] I ﬁr/(\j_‘{% %1
/WL\'\ == \w § FHE Y LA T3,
| #37¢ |
() | 7= 2315,

'@}3@: }L\fll L

| - o TfOT
HgpAf 7
M

X BEOFEn B E 0. FRP oDy s L H3E. bBEY
W 2ke -tk 45 BE.

— %
pAUR S V<
- FNAG |
O = 2730 kiphr (ER)
Or = /790 ki (48)

uﬁmﬁ{'ﬂ ' > Wﬁ% _C“[?.‘rb';\]ﬁigt |
Or - 469 K/ (E
{ﬁ +/2 - fet/and (3]8e)

n

i

ff—M~5



2) Px)VDEE
- WEERICESEARA
spherical shell (B x ) &L TEFIMET B, KERMERIZERTEM,
CTRESTIICKESMIZ 4Mpa OEHGRELEAIE S,
IO EEDOME I,
a

RREM: N, =—7p
BRAER: N, =a7p(1—2coszd>)

E7x3,
o - S0% 2196 — 430 thim
2 2
430X 10°
=0 = 172 )
o] 0% o3 1720 kegflfem2 .ok

*) EITERICK BE— X > FORERIRNF,

- BBJE DRE

(HEHELRE (IRER) ] X0
(B) BEHy zNOER - T - g o062y
1) #Eofe o 430 0

B =L Px:l?.QEE(%)Ls ) | ;

F 2.3 z
px—14.82E(-Z) (-a-> 0.0045)

_ t 1.19 :
px_o.mzzE(?) (g<o.oo45)

SERERESE LT, 845 HETSDH

pr=16.70 E(%)M oot

Rirmén (=) TERTAEES b b, RoEEAREE L M.
PP =0.36516 E( £ !,

Pk=in=0,36516 X (2.1X 107 X(0.025,72.146)2 = 1041 tfm? > 400 tfm? .

— 2FEECHE L T ok

TR F ED 27 - b

ft -6



@) 27— rEERBOBN
RAIXESIIOWTIREAERW U I ND - DEIET S,

MATEFER U 2 BIR

%@.iﬁ:yaU~b@ﬁh%tﬁhfﬁﬁbﬁﬁ%&%bhétb\u?w;ﬁ
BEWELFICE S THEWE,

4600t

- = 372 ¢
(4375+35)/2X 70 tim
372X10° 2

T = = 53 %
100X 70 & {em

I ) - MEERFETIX
T az =24X1.5= 36 kgflem? (fa=400kgfem? Bk, )

— R B=1500mm BERNETHZEEHNS,

MINZNTEFY > RS—ROTIA

F:@*W«D’ir&]@ﬁ'blﬁﬁ EBAIMA B DY R—FOBRET—FROL 2L
EOERS. RFWICRTHZORANARAETELOTIRZLD, 20 >
'—ﬁl:iiiﬁ%%%)\h%%i'@%%@'@%ﬁ&‘bj“/0U“—Fﬁf%i)@’ﬂi?ﬁ:bm\ D

£V T0em THALR TN



( REZETKFEHFRORAM A & LU THELE)
RTHTRH2H, WEHELETKEHRORANHE L TEL BRI FIc L3,

RIZZAF—VEBMPELRBRRTH YD, WELLTHERIERTIE, 7 —Fmm
KIERT B RADOHFRRT —FHGIc—BT5EEI 5N 30
1) BOFEOFRBIIER (AR Lo Tnso s
2) AF—VITRKE BHR) OB TR, BEDASOLE kEX1Z )
WEFIEAT 2 2 Bbha T &,
E5I1T, '
3) 22U U—F) P UEBMEFHED LEL TH B0, AF—ILh s OWELS
i BAEEOLE, KEESWDI &,
CNBLD. a7 Y- MR BNEDOH LT —F B OMEH A & 1 —F
T RN OKESMTESTNE NS ZenEL N5,
EJ
' *AXT U= bROBHREIBRRTRIZ- 0 Lz s, @EHRICIEFEM?)

W ER
Fv Y FI—ROEHEZRIT, UTOLSIKERNLE.

AT V- PXEBNORAET —FHEFREEAFRIHEL. COBAFROSL
AERFORIERT 2 EAMA EBBT.

4600¢

- = 372 ¢
@375+35)/ 2% = 12 t/m
S=372Xcos54° = 219 ¢/m
219X10° 2
T = = 66 k
10033~ o0 K&l |
> Taz =24X1,5=36 kgflem? (fa=400kgf/em? Lk,
EHD

E72D, PR FROBRTRERTHZLEbh3,

'E):@ﬁ&%%gmﬁﬁrﬂ@,ﬁﬁﬁﬁ@?éﬁﬁé%bﬂhtﬁfﬁﬁ?émv
B2<, ThWhR2B8bIOEEBATIIESRN] ENSEEETH 2,

f—-I-38



BEDZEZERTHE, /v FRRRBROLSETRARTS S LHUE I ND 0, x
BEEBREWLENW,

(4) BBROTRD CGREKH)

WENRKRELS, RETREBRAOTDAIME 5, HBREBEAALERIEL (3
NOBH) CHTDRBRENEZENS. CORARINTHERNESENLEN,




Appendix—1IV 19976 /25~26 O
TLVEYTF—a ER

ff—~IV—0



Laboratory Test of
Bentonite Plugging

&

Clay Grouts Experiment
in Kamaishi Mine

1997.6.26
PNC/Kajima
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Laboratory Test of
Bentonite Plugging

( Mixture of bebtonite and quartz sand )
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Objective of the Laboratory Test

Bl To evaluate the properties of

Compacted Bentonite Plug
(Mixture of Bentonite and Quartz Sand)

(1) Self-Sealing Capability
(2) Low Water Permeability
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Scheme of the Laboratory Test

B Conditions of Bentonite Blocks
Material : Mixture of Sodium Bentonite
(Kunigel V1) and Quartz sand (B:S=7:3)
Dry Density : 1.8t/m®
Initial Water Content : 10%

- I Installation of Bentonite Blocks

Seven Bentonite blocks
Diameter 50 cm X Thickness S¢m
No Bentonite Power between the Blocks
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Scheme of the Laboratory Test

N Equipment of Water Permeability Measurement
Water Pressure : 4MPa(Max)
Injected Water : Distilled Water

B Equipment of Swelling Pressure Measurement
Type : Flush Diaphragm(Earth Pressure Cell)
- Capacity : 10MPa I

Measuring Point : 4 points

Swelling Pressure
I measuring point
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Procedure of the Laboratory Test

(1) Compacted blocks™ are installed in the equipment

(2) 1m water head is given for saturation of the compacted
bentonite blocks*

(3) Value of earth pressure cell and amount of water
supply are measured

(4) When swelling pressure become constant,
water pressure is raised stepwise

(5) Starting water pressure is 0.4 MPa, and final water
pressure is 4 MPa

* Mixture of bentonite and quartz sand (B:S=7:3)
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Results of the Laboratory Test

(1) The coefficient of permeability of blocks* was 107
cm/s under pressure 0.8-4.0 MPa

(2) Swelling pressure of bentonite blocks* with dry
density 1.8 t/m’ was 0.5-0.7 MPa

(3) The measured values of earth pressure cell were 3.3-
4.3 MPa under water pressure 4.0 MPa

(4) The apertures of blocks were closed, because of the
swell of bentonite

* Mixture of bentonite and quartz sand (B:S=7:3)
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Clay Grouts Experiment
in Kamaishi Mine '
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Objectives of the Clay Grouts Experiment

B To improve the hydraulic cOnductiVity of
fractured rock mass

(1) Low Permeability
(2) Longevity




81— Al—

The Location of Experimeni Area
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injection
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boreholes
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The Layout of the Clay ?Grouts
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Arrangement of Boreholes and Map of Fractures
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Procedure of Experiinent

Permeability Test
(before Grouts)

l

Injection of Clay Slurry

l

Permeability Test )
(after Grouts) -

, @ KBG-1

l

Permeability Test | Injection boreholes : KGB-3,6
(after 1 year)
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| Outline of Permeability Test
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P (MPa)

Pressure

0.15

Results of Permeability Test (KBG-3)

/\ before Grouts | |
0 X .
: | X after Grouts . /
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Pressure P (MPa)

!

Results of Permeability Test (KBG-6)

0.15
/A before Grouts
F X after Grouts
0.1 ] O after Grouts —>
- (after 1year) A
: A
@ - X
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0 50 100 150 | 200
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Results of Permeability: Test

KBG-3 KBG-6
Coefficient of Coefficient of
Max.l\}[’ll;essure Permeability Max.l\i’;es)sure Permeability
( a) (cm/s) (MPa (cm/s)
Before grouts 0.1172 9.6 X10% 0.1108 4.2X10°¢
After grouts 0.1171 2.5X10” 0.1108 1.1 X103
After grouts 10 9
(After 1 year) 0.1170 7.0X10 0.11006 2.3X10
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Results of the Clay Gr(iuts Experiment

(1) The hydraulic conductivities by permeability
test after a year from clay grouts are 7.0 X10™"
to 2.3 X 10”(cm/s).

(2) The improvement of hydraulic conductivity by
clay grouts is effectively durable.
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Future Plan of the Clay Grouts Experiment

(1) Permeability tests of injection boreholes
(KBG-3,6) and observation boreholes (KBG
-1,2,4,5)

= Longevity of clay grouts (after 2 years)

(2) Careful excavation of the floor of the room
around injection boreholes

= Visual identification of the clay grouts



62—AN—1)

=

Material

(Bentonite)

1]
L0

Hh

—

@ — Pump

L |, ﬁ Injection  Meter
o —— -

Water Tank Pump Mixer.

- Outline of ClayGrouting'

licil:

90 (

Y

e
e"‘

T,

Boring Machine

~
~
R S
~ -
Y



KBG-3 (Injection Borehole)

{

,_
£
i
‘A

G

% 2
. 3 85
15

o ey

Core Samples (Injection Borehole)

ff—~IV—30



18—Al—FF

Properties

Diameter( . m)
~ Viscosity
Max. Avg. Min.
1.5 6.29 33.1 53

Diameter-Accumulation Curve

( ;/o ) frequency accfumulation ( %602]
4 / ( 80
3 60
2 ' X 40
1 20
0 ] 0
0.01 0.1 1 10 li?gmetgrg[qt Om]

Properties of Grouting Material _(Kunigel VA)
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B Material : Kunigel VA
B W/B (%) of grouting slurry

02% — 05% — 1.0%
- 20% — 4.0% — 8.0%

Procedure of Injection
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Plan of Water Flow Simulation

1997.12.2

PNC / Kajima



Objective

B To evaliate the outline of the water flow
tarough the clay bulkhead and rock mass

- water flow through the bentonite plug
( in the case of the saturated bentonite )

- water flow through the excavation damaged zone

\



Model of Simulation

A lal Symmetric Model

Rock M.ass Santii Filler |

4 - Highly Compacted Backfill

Clay - Blocks Bulkhead

- Sand Filler

Damaged Zone - Atmosi)heric 1 Steel Support

Press_ure
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