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1, bfjec%lvés'ahd'SigﬁifICSﬂce'df'DEvélopment o£

EQuipmentS"and'Idstruménts fdr'UndétgrOuﬁd'ReSearch
* Laboratorles (URL) |
" The second stage of R & D on HLW geological disposal
inciudes'qe016giéél survey, fn-situ as well as laboratory
tests and trial deﬁiQning of tHé’faéYilty on a more
concrete basis to promote the R § D program on HLW
geological disposal. The second stags will call for
numerous field investigations and tests. They can be
summarized ac foildws:
1. Survey {n search of potential sites for
disposal (Wide-area Sutvey)
2. - Various tests to be conducted'individu&lly'for
I the development of techniques for evaluating the
¥

; - performance of the natural barrier, ascertaining

the pettormance'of the engineered barrier and
techniques for in-situ tests and constructlon
ﬁorks'(?esté'ln Existing Caverns, Investigation on
Groundwater Flow System)

3, Tests'forﬂdeveloping,'verlffing and
establiéblng'an overall disposal technologf by
utiiiélng different technlqﬁes such as for survey,

| performance evaluation, engineered barrier, and
construction works that have already been

devéloped or are under development, (Tests in URL)
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4. Investigatlons for selecting a candidate site.

* (Detailed Sutvey or Tests in URLY |
5.  In-situ tests for demonstrating the safety of
'.dlSposal. {URL or Piohosed.éite'fot Disposal)
The "rock mechanics méasuilﬂé instrument" is the
~ most untvéfSAlly used apparatus for investigating the
mechanical behavior and characteristics of tocks. The
'hydrogeobhéﬁical'piézpmet:ld logging system” is
indispensable in fnvestigating and observing groundwater in
deep'formStions as a means to research and evaluate the
-performance of the natural barrfer. The préSent:study aims
at develobing'equipments and !dstruments'Eor'ihvestigat!ng
tock mechanics as well as a groundwater logging system to
fpromoﬁe'their on-site applications and to imporve th. data

evaluation technigue,




2, Need for Rock Mechanics Measuring Instruments and Thelr
'ﬁeQuitea'ﬁuhctions | |

2.1 Me'as_ureh_lént of Rock Behavior Induced by Cavern
' Exc.a'vatidn.

In the vicinity of walls of a shaft or a drift,
excavatioh works may cause deterioration of ihe rock and an
increase'in the permea$iii£y.- For the e?aluat}on'of vaste
isolation performance, it is necessary to take into a~count

the groundwater flow in the areas where thé'permeabifity
fncreased, éo that'if ls.alsd iﬁportant'to'eIUciaate the
hgchahism'and extent of deterio:ition and to tind out to
vhat extent.thé'permeabflity may increase in these areas.
.lt {s essential fo conduct in+situ measurements of fracture
behavior due to blastlng'and/or stress redistrlbution for
quantifative characterization of deterioration in rocks
near the wall of a cavern.

In order to determine the state of deteiioration in
surrounding rocks due to excavation of a shaft or a drift,
use of stressmeters and straln gauges is proposed, These
instruments must be capable of detecting the stress
behavior ﬁith Higher3précision and accuracy and must allow
{nstallation in a long borehole drilled horizontally or

‘downward,
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2.2 Measurenent of Hydrological and Thermal

“Characteristies of a Rock and Thefr Complex Phenomema ﬁ' i
Thereof | S
" Por designing a géolo@!é"dispbsai system, it is
necessary to understand in advance the fhermal and
meChanicél_behabiors of a rock and the groundwater £low

after the emplacement of canisters and subsequent closure

of the facility. Various test methods have been devised g j

for this purpose and ditferent equipments and instruments : N
are to be employed to measure various components such as
the tempetature, pore pressure, stress and straln in rocks,
The functions required of these instruments are:

1. Highly sensftive stressmeters and étraln

gauges capable of detecting even minute Changes in

stress and steain which occur correspording to
fine changes in the pore pressure, temperatire,
etc, |

2. Thermal-stressmeter, high heatproof strain
gauge and extensometer capable of detecting
fthérmal stress under heating and corresponding
changes in straln and:diéplacement.

3. Highly durable Instrunents capable of

measurements over a long term under high temperature

and wet environment,

'4. Instruments capable of installation in a long




borehole where measurements are possible at any

acbitrary point when the e&pé}iﬁentax’galzery is
iOng;:'Iﬁétxdméhfsishould also be'cbmpact-enough to
measure the vérioﬁs componénts'of stress, sitaih and
- displacement fnduced in the rock mass of a Yimited
_Qolume. | _ _
These are considered to coincide with the £inal
requirements demanded in equipments and instruments to be

used fn the URL,

3. Eklstlng Equipments and Instruments for Measuring the
Rock Mechanics and Their Applicabiiity
3.1 .Stresémeter |
Stressmeters are classified fnto two types: those
devised for measuring the {nitial stress and those
developed'fdr mohitbring the stress changes under the high
stress condition. |
Ditferent types of.instruments such as a botehble

deformation gauge, a tciaxial strain cell and a hollow-

‘{nclusion strain cell have been devised for the Enftial

stress measurement, Any of these instruments enables by

- itself estimation of the mUItiple components of the stress

with adequate sensitivity. However, they are not durable

enough and thus not suitable for long term measurements.

Forther, when the surrounding rock around the points of
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measurement shows a'non*éLSEtlé behavior, it becomes
"dlfffcblg.fo estimate the stress changes ﬁiéh sufflclent
accuracy. |
Instrunents developed fbr“monltofing the stress

‘changes are :oughly'claSSffiéé'intb tvo types, i.e. a
'fléxlﬁle stressmeter and a'tié{d'stressmeter. The rigld
st;essmetef is1t6 be instaltéd:dlreCtly;ih"ajbOrehole by
."ufiffiihé”a.wedge mechanism, It is mainly used fn hard
rocks, As the fidid'stressmeter'iS'préSSed directly
against the borehole wall, measurement sometimes becomes
impossible when cracks and fractures occurred in the rock
mass surrounding the measuring points, In view of its
mechanism and structure, it may be easily improved for use
under high temperatures for thermal stréss measurements.

"As a'flexible §t:essmeter; a flat'jack type is
'répreéehtatlve vhich detects stress changes as changes in
the hydravlic pressure of the flat jack. As mortar is used
for emplacing the flat jack into the borehole, finish of
the borehble or cracks {n:the éurrOundfng rock mass poses
"iiftlé'problem, making {t applicabie'to mediun hard to soft
"trocks, With the flat jack type stressmeter, as the
.-increase/decrease in stress can be measured regardless of
fracturing In rocks surcounding the point of measurement,
it is suitable for mohitotiﬁg the stress bebavior under

- bigh rock pressure. However, this device is more
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'suStéptibié to témperature cﬁ&nééé'add”fé'somewbai-leSs

sehéliivé'ih:reSpéct of measurement when compared ﬁlth

'ofhet'iypGSIOf Stféksméters; .Also,iii"féquitesfaéditlohél
: _accurate data on the deformatfon coefflcient for oonverting

hydraulic préssure changes into stress changes.

3.2 Stratn Gauge

Embédded-type'Stféin gauges are recently marketed

for measuring strains fn concrete. Some have suftiéiently

low tigidity and thus can measure the strain changes

including the behavior'afterrfracture'occurréd':n the

su:rounding{tocks by embedding with mortar. For tests in

' URL, strafn gauges of this'type seem most sultable.

- 4. Development of Rock Mechanics Measuring Instruments for

Use in URL

" In 1984, a wedge type riqid stressmetet was

-

ranufactured on a trlal basis which fs relatively durable
and resistant to high temperatures. Upon performance tests
under high temperatures, this stressmeter proved usable at

temperatures up to 100°C, This year, the trial manufacture

i s e s . o0 g i o T

will be continued, with the target heat resistance set at
- 200%¢,

4.1 Structure and Specification of Trlal Stressmeter for
High Temperatures

The trial stressmeter named wedgé'type stressmeter
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' utllizes ¥ proving rlng of thick-walled cylinder as the

'stress sensor whlch is made of nicke1~chrome—molybdenum

steel and has cross-pattern strain gauges on both sides,
This stressmeter s settled in a borehole by means of a
vedge mechan{ sn at a measur!nq po=itlon under a given pre-

stress and detects the changes of one stress component in

‘the pre-stressed direction. Fig. 4 1 shows the structure,

The sttucture and material used for the ma[n body are the

same as those used in the trial stressmeter manufactured in

' 1984. By improving the heat resistance of the proving

ring, the stressmeter can be used at h{gher'temperatures.

A section Y ' -
provisg ¢in 3 _platen wedge #75 dorehole
. } trils |au||.f -
- ) o o ' R
Rt L1} > -k

a4 e e - =
; l1ead wire

'Fig., 4.1t Construction of Wedge-type Stressmoter
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The materials and ‘spectflcation used in the

manufacture of the proving ring for high temperatures are

" tisted Below;

!ll.'MAterlél : 'SNCH'Bickeléchrome-m01ybdenum
- (proving ring)  steel
' (é] Strafn gauge Hdiiingez Baidwin MéSétechnic
| GMBﬁ 3/350 X611 {W. Germany)
{3)  Gauge adhesfve: Hoftlnger.Baldwin'Meéstechnic
GMBH EP310 '(W. Germany)

*Curing at 300°C for 1 hour was repeated for 3
“cycles.,

{4} Gauge coating: The adhesive, EP310, is
coated {n three layers for
wate:"@robfing, and Fine heat~
proof TFE coating (Fine
Chemical Japan LTD) was further
applied for-impact resistance,

*After each coating step, curing at 300°C for 1
hour was conducted,

(5) Gauge lead wire: Junphrone éoated wire

| (for'hiéh temperatures)
‘A 2-element-cross~pattern strain gauge is attached
at the center of the proving ring on both sides to form a
4—g&hge—br!dge'circult. One of the axes of the strain

gauge coincides with the direction for detecting the

e e L L
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‘stress,

4.2 Performance of Tklal'sttessmetef for High Temperatures

A sttessmeter vas placed in'a borehole in an

: alumlnum block to determine the sensitivity

characteristics. The output of the sttessmeter agalnst the

_stress imposed on the block vas 0, 38 kg/cm /10 (26x10

6/kg/cm }, demonstrating sufficient resolution.

' Fig. 4.2 shows thermal characteristics of the trial
stressmeter !n the heating test, Because of rapid heating,
a sliqht drift is observed in the output strain several
hours after heating .s completed Thereafter the output
becomes stable showi1g only negligible changes In the
output strain even ‘f the temperature fs raised to 200°C

from the room temperature. However, under the high .

'temperature of 200°C, ft takes quite some tine for the

'output to level off at a certatin value compared to ISO‘C.

Even after the output reaches a plateau, the output still

'Eluctuates”slightly"and'is somewhat unstable, We therefore
consider that temperatures below 200°C are the adequate

‘range for'the trial stressmeter according to the present

speclfication;
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‘Fig. 4.21 Result of Temperature Characteristics Test

instruments have the required performances.

As the first stage of the on-site épplicatlon tests
this year, the rock behavior during excavation was measured
in tuff breccla using the wedge type'stréssméter,'hydraulic

capsule, embedded-type strafn gauge and triaxial strain

o B e

¥

%g : {Lefty :temﬁexature-tima relation, |

i Right: output Stiain of stressmeter - time xelﬁtibn}
é% . S, On-site Applicability of the Rock Mebhaniés Measuring

EE Instruments

%f In order to assure acquisition of adequate data from
_; - various tests in URL using the instruments, it is essential
%; to conduct'préliminary appllcabiiit} tests under similar

E rock conditlons and environment tojvérlfy'that these
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“to review the" applicability of ‘each instrument
- 5.1 'Outline of the Insttuments for Trial Use
(1) Wedge type stressmeter |
 The wedge type stressmeter is identical in
structure with that described in Section 4 (see Fig.
| '4'.-'1).
'd(2) -Hydraulic capsule
The hydraulic capsule is ons of the flexidble
- stressmeters of flat jack type. It is widely used
| in coal mines in Japan for monitoring the stress
changes..

The sensor means in the hydraulic capsule
comprises a f!at jack which is f!lled with oil and
is interposed between semi-cyl!ndrical platens made
of fron. The sensor selectively detects a stress

. c0mponént'inithe vertical direction if any change in
the rock pressure occurs,'aﬁd'féads it out as a

" change in the hydraulic pressure. As Showh'tn7Plg.
5.1, a borehole is dtilled 1n a rock mass to a _.
measuring point, where the rock preséure sensor of
the hydraullc capsule is embedded at the bottom of
the borehole using mortar.

-12-



pressure tange

"8'75 borehole .
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'\
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portar

platen

ﬂ’ e i = . ‘\ |
H t k :hh!esa . o
) jac \ \P&C steel pipe ' \1/2' la. pipe

Fig. §.15 Emplacement of Hydraulic Capsule

Embedded strain gauge

‘various types of embedded strain qauge are
commercially available,  In the ptesent study, an

embedded strain gauge manufactured by Tokyo Sokki

“ Kenkyusho is used, For the {n-situ measurements

" shown in Flg. 5.2, the straln gauge was attached to

the tip of the hydraullc capsule to measure strain

changes in the ditection in which the stress changes

are detected,

\__ .
T\ D
NAY
embedded-Type

slulngauialﬁi_J\_thlen tHat Jack

Fig, 5.,2: Combination of HYdraulicICapSQIe

and Embedded-type Strairmeter

R



(4) Triaxial strain cell

The triaxial strain cell we used is a simplified

version of CSIR type shown ia Fig, 5.3.

% e MIA Swnes

a;:.c; 2l L LN .
16! W Py RO ALaEAT v Dy Ga
Carel webn B ouSEl ! m WG B pait .

Fig. 5.3: Triaxfal Strain Cell (CSIR type)
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5.2 Outllhé and Condit{ons of the Measurement Site

The measurement was conducted at a site about 340n
below the surface. The surrounding rock mass comprises
tuff breccia. ?ig. 5.4 shows the layqut ard contours of
galleries, fracture distribution, layout of borehbles,
‘arrangement of instruments, progress 6f gﬁllery excavation,
etc,

Prior to excavation of Gallery ¢ which is under
observation, boreholes were drilled from the exiétlng
"Gallery A to tﬁe locétion'OE Gallery €. After the
instrunents were fnstalled, Gallery C was excavated to

measure the concurrent rock behavior,

— 15~
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5,3 Numerical Analyses of Stress Chénges'rnduced'by

Gallery Excavation

FEM analyses were conducted using éiasto;piaétic
axi-symmetrical models to elucidate stress status in the
surrounding rock during excavation.

‘Fig, 5.5'shows.the_models used for calculation as
well as the results, According to thé"téshltS”of
caléhlatiod; a compfessed state which {s termed as an
abutment stress occurs in both components of Or §{n the

direction of the cavern Jiameter and 06 in the tangential

“direction near'thé”front of the face when the rock mass is

under elastic conditions.' In the regions extendlhg on both
sides of the face, ihe stress component 0@ comes under
Stfil'greater compression whereas the component or shows a
marked decrease as the stress s released by'the gallery
excavation,

“Under an élasto4p1astic condition which produces
plastic zones in the £o¢k mass beyond the face, an abutment
stress s observed in front of the face where 1o fracturing
has occured, as {s also the case under'the elastic
condtion, However, increase fn stress §s greater here than
the cése undef the elastic condition. The tendency in the
stzess changes fn the region stretching on both sldes of
the face varies dependlng on the distance from the gallery

wall, In the plastic zone near the wall, the stress change

g
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shows a completely different pattern and both the

compdnents 66 and or are released gféatly; Along the line
C where Ehere is no'fractuting; the stess changes show
substantially similsr tendency as under the elastic
condition excepi that the degree of change is greater, 1In
other words,.when'a"blaéfic zone appears near a géllefy,
the effect of stress changes propagates nore extensively.
5.4 Result of MeaSurements'ana_hpplicability of
Instruments |
The result obtained from the measurements using the

{nstruments cah be fnterpreted, in view of the geological
.stzUctﬁre; by comparing with the result of numerfcal
“analyses of the rock behavior under elasto-plastic
conditions. No abnormal behavior was cbserved. This
essentially indicates that the instruments we employed have
correctly'defected the stress behavior caused By gallery
excavation,
:(l}"Wedge type éttessmeter

The results of measurements shown in Fig. 5.6

indicate that the'lncreaséﬁln'atress'caused by faze
advancing {s detected at higﬁ_sensltl?ity.' The
wedge type stcessmeter is suitable for use fn hard

rocks, but these results suggest that this
stressmeter can be édequatéiy used {n medium hard
‘rocks 1ike the one found at this site, Although its

P,
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ong tern apblicabiiity is still unknown as the
measurement was fnterrupted by blasting, only a
sli§ht rusting vas observed on the-body of the
sttessmeter recovered 2}5 months aftér'instéllétion,

Indicating potential applicabiiity in long term

measurements,
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Fig. 5.61 Measuxement Using Wedge-type Strescmeter

(2)'.Hydraulic capsule and embedded type strain gauge
As these apparatuses are completely embedded in
‘the rock mass using mortar, they can probably
withstand long term measuremenfs”vlth'Stability. In
" the present measurements which lasted'tor.mcre than

S months of gallery excavation, widening at the stde

I
distance of face
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will" and expéhsion'of the crown, they operated

smbofhly'and normally. As shown in Fig. 5.7, the
rock behavie: such éS'!nCreasé/dechASe in stress

caused by advancing/passing”of'thé face is

acturately detected, ' After the face passed through

the measuring point, a fractured zone ocecurred in
the vicinity of the gallefy and it seems the
measuring point was contained in this zone.
However, the stress behavior in the fractured zone
could also be monltoréd._ This 1eads us to conclude
that these apparatuses are suitable for accurately

detecting the tendency in the stress changes aven if

- fractures occur in (he tock mass due to significant

changes in the rock pressure during measurement,
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' Pié. 5.7: Measurement ﬁsing Hydraulic Capsule
_ _ and Erbedded-type Strainmeter
{Left: at the time of Gallery ¢ exéavatibn
Right: at the time of expanding the side wall of
Gallery C)

(3) Stcaln in borehole wall
Direct measurement of strains in the rock mass is,
in thebry;"the most sensitive method. However, it
'ls.aiftlcult to securely attach the strain gauge,
 Moreover, neasurenents often become tapidfy unstable
because of alteration of the rock at the borehole
wall due to weatherlng or because of deterioration
of the adhesive and the strain gauge itself due to

molsturefabsOrptiOn. We were able to obtain data
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which indicate a cértéin.tehdency-in'the strain
changes this time, it is ptobdbi& because the
measuremenf'iasted only for about 1 week. However,
as several measurements COnduc;ed while the face
remained at one point, varied values were obtained.
This sﬁggesls'that the triaxial strain cells should
be used in téSts which tequire b{ghly_precise
measuteménts within a short period of time in a
‘favorable environment, |
* As has been described fn the foregoing, there is no
single apparatus among the rock medhaniés measuring
instruments which 6an'be'universai1y used for all kinds of
tests, "It is therefore recommended to thoroughly review
the features of each appartus to Selectnand combine optimum

apparatuses for a glven measurement object.

6, Technology for InveStigaEing the Gre .ndwater Flow
Among various equipménté and instruments used {(n

URL, -the development of thoée used for investlgating the

groundwater flow should be given the top §rldr£ty. Fig.

6.1 1s a flow chart for investigation and estimation of the

'groundwaier f1ow in the vicinity of a”tepdgitbry. The

groundwater flow can be estimated more accuraiely it a
numerical simulation using the data that have been

collected (herefnafter referced to as *estimation of

~23—




<Items of Investiqation Necessary for Numerical Analyses>

‘ropoqraphical survey

Estimation of groundwater

PATT)

Geological survey ' _ ~ [Estirstion of grovawater
Survey on water head distribution —— £30v by simulation -
-w-mbnnnsurement of perlanbilitr coe::iciene~« 4
{ E—-—acn-ﬁnunnuremant Of effective DOXOSALY—mm—m—— ]
j' ,: Croas?
: § verification
E “Items Necessary for Cross~verification> .
; .
- é E Im.rest.iq&t.io.:.; on wate.r bal M\.m‘- - +
} i Mutemnt of. qroundwh&;r £IOW rate me— ---;!Character;zat:.on of phenomena
E ;-—-—Seudy on env;xonmentnl isotope tracers«m—_ |1n groundwater tlow
i

k .
S '........-- Survey of. vat.er gquality

<Items of Ihyest.iqation Necessary for

To understand the minimum

traval time

prediétinq Nuclide Migration>

Inve-tiqnt.ion of nucl,tda somion
property of rocks

R e

Fig. 6.11 TFlow Chart for lﬁvest.;ifqatiol\/.!:stmtioﬁ of
Groundwater Fiow in CGeologic Disposal
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groundwéterFfLOV by sinulation™} and 'character!zation of
phenomena in groundwater'.are conducted in parallel for
conparison and érdse-veri?iCEtlon._ The Yatter process
includes studies on the water balance, groundw&tér-guélity.
and ehuironmental isotope tracers as well as direct
measurement of the groundwater flow. Cross-checking of the
results of *estimation by simulation' and "characterization
of phenomena®™ enhances the rellabifity'and may lead to
improvement of the simulation models. ‘ |
The estimation by simulation is a process in which

the behavior of groundwater flow is deduced on the basis of

‘data obtained from simulated models and hypothetiCal

conditions. The characterization of phenomena in the

groundwater flow is, on the other hand. a nrocess in which

" the overall groundwater behavior is !nducedufrom lndlvidual

observatfons, It {s therefore preferable to collect data
as extensively as possible both in quantity and quallty.
Recause Insufficient data may lead to an fnaccurate
conclusion, carefully planned fnvestigation must be
conducted to collect well examlned data in bulk and to
demohstrete'the accuracy of estimation te'complement
uncertainty inherént in the eStimatiqn by'slmu1Etlon.

Itens necessry for characterizing the phenonmena of -
the groundwater flow_include.water bulanee study,

measurement of flow rate, study on environmental isotope
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itacets, adfvey on the quallty of groundvater and surface
water, Although these ftems are not necessarlly essentfal
"for estimation, it is always preferable to collect as much
“data covering as many ftems as possible,
Characterization of the groundwater flov by
' lnvestigatinq the environmental lsotopes, quality of water,
etc. is an effective method to explaln the performance of
the natural bartier. At the same time, the water balance
whioh'focuses on the observations at the sutface is
“important as backup data;“'Difedt'measurement of the
direction and rate of groundwater flow 1s also useful as it
'offers flrst-hand data on the Subjects for which it is |

rather difficult to obtain macroscopic characterization

. data.

Items for'the'groundwatefIIOQQing system required in
- the futute”study'incluoe'the fo11o§inga |
* Borehole instrument for in-situ measurement of
groundwater pxessure (depth: 1000 m range)
' Instrument for determining permeation
| cﬁaracterlaflos:(deptht'IOOOHerande)

Packer téét'edﬁipment"ﬁhich'ié_téllable at least
ﬁatalOOOIm-debth {s necessary., However, it Is
5pfaferab1e'that'tbé?instrumeht'is capabla of
‘determining the permeation oha:actériatios,

'tpérmeaoility coetticient, effective porosity,
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'stotage coefficient, étc;) of the rock aS”a'mass{ve
medium'withbut'pollutinénihé groundwater.
- Borehole {nstrument for grouhd#ater sampYing

(depth: 1000 m range)

Apparatus capébie §f continudus sdhpling and in-
' sitp measurement ~f water QUality s preferable. It
is also desirable that the QroundwéterIbe.sampléd'in
a target zone without being pollutéﬁ'by the
groundwater ehtetihg the zone from elsewhere.
 Test apparatus for anaiyzlng.groundwater
Sﬁparatus-éap&ble of effectl%é'genéral Ehemical

analysis and isotope anﬁiyéié'is'preferable.
Borehole fnstrument for in-situ measurement of
‘irection and flow rate of groundwater

(depth: 1000 m range) |

‘Multi-hole artiffcial tracer test is not effective
for rocks In deeb'fbrmatidhs and having low
'pérﬁeab{fity; ‘Measurement should be conducted using
“a single borehole without-pdllﬁtlhgziﬁe”g:oundﬁater.
Apparatus for monitoring borehole walls
:.(dépthzu.ibob m range)

| Apparatus capable of monitoring the fracture
distribution in deep formations fron boreholes such
as borehblé'TV}IaCOustic Eéleviewer and dip-meter is

necessary. Borehole T Is especlally desieable as




1t allovs direct monitoring,

The groundwater logging system in the present study
is”{otenoed'for use both fn measuring the pressure and
quality of groundwater {groundwater sampling in boreholes

and in-situ measurements).

7. Development of Hydrogeochemical?Piezometrio Looqing
| Systenm
~ One of the principal objectives in URL is to
elucidate the flow characteristics and water quality of
" groundwater as well as the permeability of the rock mass.
For.slte selection or for various investigations, it is
necessary to deue;op”a technology for simpiified
grouhdwater logging using boreholes.' As a oontinued.study
from last year, measurement probes were manufactured for
assembly of an. apparatus capable of measuring the pressure
and qual!ty of groundwater in deep formations and of
'colleotiné samples.
7;1 'bbjectives'in the Deﬁelopnent of Hydrogeochenfcal
Piezometrio Logglng System
The objectives can be summarlzed {nto ¢ categories.
-+ 7o qrasp the distribution of groundwater potential
in deep formations
* To collect in-situ water samples tor the analysis of

‘groundwater quallty “and environmental lsotopes.
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* To cohduct'reaeonable in-situ measurement of
grounwater quality as the conposition of the water
may'change"after'the'water is pumped'to the surface.
{p&, Eh, electrlc -conductivity, water temperature)

% To grasp the changes in the pressure and quality of
groundwater over a long period of time in one
specific borehole, and to adapt the appartus to

different measurement sites.

1.2 Specifications of Hydrogeochemical Plezometric Logging

(HPL) Systen

| Table 7.1 shows the specifications for HPL systen.,
Eh sensor excluded in the 1984 study fs included in this
study as SKB of Sweden recommends in-sits measurement by Eh
sensor in boreholes.
7.3 Schedule of Development

In the 1984 study, we prepared the basic deSIgn”of

" the system, purchased sensors, and manufactured cables and

Erial'probe.heads; This year, we plan to manufacture the
probes and test their pressure resistance performances,
etc. When the surface apparatuses are completed next year,
we will be able to conduct on-site appllcatlon tests. As

certain defects are expected to be found during'trlal

a operations in the flelds, actual measurements using the

system ‘can only be implemented in 1987 at the earliest.

As the surface'apparatuses and cables manufactured
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Tanla 1,11 Specifications for Groundwster Logying Systen

ta xqe't location

tentative spéclf[cailon

targets for improvement

type of rocks

rock mass (not
sultable for soft

and weaX formations)

250 « 1000 m 450 n {total length of 1000 m {total iength of
depth the cable 500 m) the ¢able 1200m: drumé to
be added)
capable of 50 ml/nin 50 rM/min
groundwater continuons sampl-
sampling fng at 100 - 200

rl/ein

piuoﬁ:eter o - %0 ki;f/cmz

plezometer 0 - 100 xgf/ca’

area Survey

“appiieadle €62
certals axtent for

"1 1009 term obberva- .

tlon durkny a de-

talled gurviy 1f the
number of points to

be measured {u fev

{n-situ
measurement of precision  +0.24 Fs precision 0.2\ £S
t"em;pentﬁn tenparature :
pore water for vse ~EO°C forpgse CAEDC
tessure ressure '
pressare feafstance 600 n fesista.ﬂ“ 1204 m
in-slity pH sensor 4 '%u' %] ii_nprow pressure
- T iva resistance forpd
PH precision IV FS sensor TAL300
temperature
naxgurement for use ~5°|C
Ia-sita oap sensor :7'90 o Enprove pressure
(Eh sensor) teslstance. for ORP
Eh precision 2 gensor © Além
_ {minimun calibration
neasurement 0wV}
temparature
for use 80"
in-sity sensor for electro- improve pressure
; #lectrocone : _ _ -
condustivity resistanie to %1200 m
ductivity, 0 % 1000 1 V/ca o _
vater precision -:5‘ rs rake tﬁa mersurenant rangae
| . Ctemporiture variable between
temperature for use VL. 0 A 100,000 18/co
pressure resistance
R LY
~ 1 conventent In
- point samplings
' Quring the Wide-
features f .
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Upper hydrauhc pac.ker' . Comnector _ Rater asmoling chamber

Cable -

540

]

-Tmram amr

. Aiplifier- for sensors

- it -

73:51‘[m |
L

1240

_ Connecting rod e Eh sensor pH sensor  Sensor for elédtéodoﬁdﬁct'iv.iﬂw :

[ Ny X
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15606 ~ 606 (variable) | N - 2231

Fig. 7.1: Construction of the Probs for Groundwater Logging System
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for the loggihg-SyStem can.bé'adapiedafOr pérmeébility

K e L

_tests in boreholes, they will provide an efficient system

" for groundwater investigation if a separate probe for

permeability test can be manufactured,
7.4 Probe Performance Tésts
(1) Sound pertormance test for fts water preSSure
reslstance
It is hecessary to use a pressure résfétant _
coh%ainer'(sound).for proteétlng those components of
a prodbe which are susceptible to water such as
eléctronic parts and which are less res{stant to
_ pressure such as pipes. In order to place sensors,
'wirings, pipings and electronic circuits in a sound
or to allow maintenance thereof, the sound must be
divided fnto several sections so that they can be
assembled or dismantled by means of éonnectora'and
joints. ’Water immerélbn tests were conducted to
cohfirm'the water resistance of the sound,
_Defective parts were !mproved and the performance
test was repeated

"(2} Packer “leakage test

N
!
i
i

After installation of a prode within a borehole,
lt is necessary to protect the probe at 1ts top and
bottonm with packers against seepage fn the borehole.

Leakage test was conductéd to confirm the




: performahce of the packers in’prevehtlng seepage
from other regions mixlhg:with the vater to be
‘collected. When the pressure difference between the
‘packers and the sound exceeded 4 kéf/cm2 leakage was
'likély to occur and no abnotmal signs In the packer
strength were observed even when the pressure
diffexence reached 20 kgf/cﬁz. Gﬁ the basis of
'thesé £1ndings,'thé-ptessure difference of 10
kgf/’ém2 is selected as the normal pressure,
{3) Performance test of water Sampling punp
we designed and manufactured a water sampling pump
-pf a combleteiy new type last'year. The maximum
discharge and delivery pressure were confirmed to
R : .improve'any defects,
| ‘The pump according to the final spéclficétiOns was
operated on trial basis using nylon tdbés'(lnner
diameter l_mm) connected to a length of 200 m. The
result is given below. As the supplied voltage was
11,6 V, the output will increase if the rated
voltage of 18 v ls used. |
‘Flow rate In the tube: 47 nin/200 m
Discharge: Omax -:ll"ﬁi/hin'{at the tip of the
| | 200 m tube) |
"béii§ery”pressurez Prax 30 kéf/cﬁzltat'the

 dischatge'openiﬁ9)




8, Fufuké-bbjectives
8.1 futuré Objéctlves fn the Rock Mechanics Measuring
Technology
(1) Heaf-resiStant étressmete; for hard rocks
- Development of Stressmeters"fdr hard rocks used at
h!gh'températurés has been combleted.
We expect tQ'cattf”out the heated block jack test
{test on deformation characteristics of in-situ
tocks ﬁnder bigh temperature conditions}) as a part
of the application tests. The test is éxpected to
bear significance when catf[éd out in an existing
cavétn, or an underground research laboratory which
~ is eventually completed,
(2) Stressmetor for measuring thermal stress
-.Although it s desiiablé to measuré the thermal
stress ina rock mass usihg'aLstressmeter for hard
rbcké, it is notlblear at this point whether.the :
”_thérmal'stieSS can be correctly measured under
fluctuating temperatures. It {s therefore necessary

to improve the mateérials for the stressmeter and

Conductﬁiaﬁotatbr? tests on the basis of pxellminary_

‘theoretical studies using numerical analyses, These
' testslﬁili-tequire some 3'&eéis. Measurement

~ technology should be established before the heater

"-tests can be caftiéd out.

!
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(3) Other rock measurement instruments
" The following items must be developed in addition

'to stressmeters for hard rocks.

@  Heat-resistant stressmeter for soft rocks
| @ Heat—tesistant strain Qauge
3 High precision convergence-meter

Development df'item:Q)'is quite'dlfficnlt because
of its stiucture. The next ftem on the developnent
schedule is the heat-resistant strain gauge.
(%) On-site applicatiion test of the rock mechanics
measuring instruments
1f deformation, stress and strain of a rock mass
can be accurately mea5ured at a number of points,
~ the basic mechanical behavior of the rock mass can
be chararterized. However,-slnce the individual
measurement technlques aré not yet perfect, it is
impossible to put the instruments to practical
. application unless the measurement instruments and
evaluatlon technique are flrmly established as a
| system._ Such’ a system can only be realized through
_frepeated'tests, fmprovements and training. " The rock
measurement”lnstruments developed'éach;year'ih'dur
'study must be improved for their long term
durabillty. perto:mance in the £1e1d and method of
'installation. ‘At the same t{me; the technique for

- 38 ~
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inteiyrétlng and eyaluatihq the obtained data must
be"iﬁproved.for acCuﬁulation'of fn<situ data in
Japan. |
{5) Instruments for evaluatinq the mechanical

properties of rocks
'_:In'addition to the rock mechanics meaSutihé/
évaluating system mentloned above, it is pacessary

" to establish a technique for delineating the
mechanical properties and deterforation of rocks in
respect of such problems as: to what extent the
meéhanical'prOpertiés of rocks deteriorte by

excavation; to what extent the deterioration of

* rocks can be prevented by {mproving the construction
tehcniques and what measures can be employed in
monitor!ng the gallery stability. Apparatuses for
the borehole jack test, permeability test and
ulttasonic detectlon should be revlewed for their
applicability as a means for evaluating the 1009

‘term stability and deterloratlon behavior of rocks,

and for their i{mprovement,

3 2 Puture Objectlves Relating to the invéétléatiOn
Technique Eor Groundwater Flow |
Y] Development of groundwate: 109ging techntque

‘As we flnished developing measurement probes'last



P

year, the grourdwater logging system will be
completed in"1986 i€ a winding nachine and éontfol
devices are designed and nanufactured. The System,
when completed, stil) remains to be tested £df'its
on-site applléability for fﬂriher improvements.
{(2) Apparatus for permeability test_ln'deep formations
Althougﬁ tugeon test {packer téSt}'is the most
_'typical method for detérmin{hg'pérmeabiilty of

- p——ar -

rocks, much remains to be solved and improved for
accurate measurement bf'permeability_in deeper
formations or in a rock mass where the interval S
between fractures is great. As the @inding machine f
and measurement cables used {n the qrohndwater

logging system can be used in the Lugeon test as

o 1 e

well,'packer'testS'ln'deép'formations can be
conducted when the probes are developed.
{3) Technlqu: for measuring e_ffe'c't‘ive porosity of rocks
Safety of a disposal site {5 evaluated on the
basis of the concentration of nuclides migtating in
groundwater. Tt is therefore essential to measure

“the amount of fnfiltration, dissipation and sorption

- e

p:operty of groundwater. As the attenuation due to

| decay of nuclldes is governed by the travel time of

o

the groundwater, it is indispensable to understand

" not only the permeablllty but the effective porosity
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of rocks. The future objedtives in this area
‘include development of various methods and
instruments for measureﬁent using core samples and
| boreholes for in-situ tests and back- analysis from
the envirOnmental isotope tracer study.
{4} Method for understanding the €racture distribution in
rock nass |
As the groundwater in deep formations flows
through fractures, it is fmportant to develop
borehole obsefvatlbh apparatuses for understanding
the fracture distribution in the rock mass and to

study the technique for analyzing the data obtalned.

i5 'Technlque for measuring the direction and rate of
groundwatet.flow | |
For more comprehensive studies to obtain more
accurate data Orzfor ver{ffcation of'ééiimhtlons by
numerical analyses based on the lnvestigation
' results, it becomes necessary to obtain data from
di;ect ‘measurement of the groundwater flow rate in
~ addition to those from the tracer tests and the
envlronmenta1:156tope tracer study. The existing
'apparatuses cannot measure the Elow rate as small as
several meters per year, nor are they applicable to

measureménts in deep formations.  Use of tracers in

S



these measurements is not desitable. Much remains

to be studied tn these respects.

!
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(6) Invest[gation of groundwater flow mechanisn through

on- site application tests

Technique for safety evaluation of a disposal

| facility can be established when the precision in

3 measurements, models for numér fcal analfsés and

: technique for verification and'intetpretatién of

| data.are improved through comprehensive studfes
utfi(ildé various fnstrumentations discussed above K
as well as predictions by numerfcal analyses, We "f{ :i
must exert our éffor{s In improving the sgSteﬁ'for

investigating the groundwater flow mechanism and in

accumulating data on groundwater flow in deep

formations'in Japan.

L




