2  OVERVIEW OF SHALLOW BOREHOLE INVESTIGATIONS

Preparation for MSB-2 started in April 2002. Drilling and planned field work in both MSB-2
and 4 were carried out at the same time. After completion of the field work in MSB-2 and 4,
drilling and planned field work in both MSB-1 and 3 were carried out. All field work and site
restorations were finished on schedule by the end of October 2002. Four sets of the MP
System'™ were installed in all boreholes by December 2002. In each borehole, the entire
drilled sections include the sedimentary rocks of the Mizunami Group and the upper part of
the Toki Granite. Geological, hydrogeological and geochemical investigations were carried
out according to the Working Programme [2], as shown in Figures 1 to 6.

The following subsections (2.1 to 2.7) provide an overview of the Shallow Borehole
Investigations in each field.
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Figure 1 Timetable of planned/actual investigations in MSB boreholes
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Figure 2 Location of M5B boreholes

4




SUONEDINSIAU] [-FSIN JO MIIAIIA(Q) € IN31]

Eunduses 3aiE) "G, 5158 2sind pue Dnig 45 ‘158 Dutwng 44
155 Jeoyoed apanog] P 1s) Jeped affiug € = Gusduieg smep) | 5158) SpneIpdy,

B0 es FaE) T 1 3 W mm“.-...m.m_ .T.q_.__._,.. W i u__. L ..ﬂ..u..ﬁ.uvvwﬂ.. i rmmm D02
= m F il
o ....._._u__. Emm N BUUEIE) O L .
et = Ik .hw... FErELL D8k
8- | .m ,mﬁw.%w.
- iy .._...“._L..a 5
el § 57 ooy o
0014 oospuss| 2 Fm
o oy m S poL
021 ..,ro...h”..._.v...p L LEL
d - 3 y
L FOLZEL oet
0¥l
el B - s E
il ' = BE} g ok
0914 U & w
- @
IS fosms 08
08l - R Ler'en
o h ] veewsoy
R S v 001
iz -
= _|-‘. P. 3.—
- _IJ.
gz Juili s
3
¥ L ] 3= | vl 0
E‘“.l i o 2] R... rl.. .l rl g
. || R i
1 mil o m L g2
m [Bupg| Guiug = FIEE; g R B = 5 5 4 g
3 13 m : .
e G H R R IR R
.m JBuydweg saEg, m : ,W * Mm iz W £ m
‘sjse symeipdy Wb. Bumug .W = b : W w
gy Buung | 8
SN SUEN SN {Eabinjoan [exfiojoan
s deponly | mashatonn mofonss i
e i) ) 08 aeley £ o} AMRREUIEY i
_Snﬁn.__ﬂpﬂ..ﬁ_maﬂﬁ. _gaﬂas;tam suonebnsanu) |-gSi Jo mainIany




Suone3NsIAUL Z-gSIAl JO MIIAIAQ § 9InGI

Buydwes Jayep ;S ‘sisa} asind pue Bn|g :dS ‘Isa] buidwind :dd

159} Jaxoed a|gno :p ‘1s8} Jexoed jbulS :s = Buldwes Jajep) / 1S dlnespAH,

. dlIUBIL) PO,
098 4 | ovost| ovos oose|S ¥ ovosr]  ooost 0008 Weld toL Looosl 0814
02
A A E T .
e 3U0Z peJByN LGe'eL)
b (ouiuein)| FS6°0L1
I ]|
o 094
€3¢ - 6
00Var 11 00Var 007SH 8Jeleu0jouod
. feseg|
SM/dds:you . =
0. 5 v
(0T R N A N N A I I [ [ N (N (N A [ N S F uolewo Lorzel
OET 8 :|Buneag-eyub
08, M MoL 021
: ayubr| &
“iBoainuern | 3
SM/ddp:gou ‘auoispniy .
0014 . ‘aujospues | S = 0014
@ (8 2100) QISO}Y N
5 ord? E
irfn = m
g ! °
024 — i [0 | = St %8
ddpizoil’] aeiL0Puoo eseg RSB BTS2 S
: | 2 50 O9p
0069 R P = OIS 0500 Loe'69
0529 L S On.upo ol
b1 ; ‘BUOJSpUES P 094
Snosoeyn| W R0 10
........... 5 e L00'6Y
09t . 7 i ) W oo | losee o]
W Se — ofexy
= R
auoJspues R R A
0814 0061 y H 002t sl s 021
00°LL 00°Z1 -
A Si8 . .
[ i I Log2
=7 0L 087 wmm - 8100 ON B
o founa| bupa [ 2 (g 9 [3ge(zz [ 2| 2 (22 ¢ [97]9=[g9] 2 o2 g5 St | & 2 g
5 [suwy | bung | & |<8| @ (88255 | S S 823|353 1258|122|12%| 5 |22 83 53 S 3 =3 5
= i — S| © 53| 3 5 @ a €3] 3 g 2la5|lald]| - = @ 32 3 2 [} a
5] ) S| 2 62383 8 o 82| = |83|2® |8 | w |88 23 S > g o o
= S| g|l2[E%E|e |g|s748|8 5 |=252|3 (22| &< &| & K g
m JBuiduwes sarem | @ cl & 13 |3 o|= NIERENE W 53| 3 |€¢ @ .W .W .W 8 =
= | 'sisaLojneipAy 8. Bung mw a = Sg g g 8 s W
3 || Buung U0J8j0id 8joyaiog 3 ® o = = = = g
Suopefseny Suofebysan Buluq a|oysio! suolyeAasqQ [eaifiojoa suopjoIpald [edlbojos
leaiway2oipAH / [eaibojosBoiphy | reaisydoar) / jeaibojosr) liug eloysiog " 40 1801001089 Holpeid [Eal0089
DEZew N / £002 51BNy €1 |BOIUBA WO} ,( :UOIBUIIOU| B]0YBI0g -
88Y'861 :Z ‘LLS5'8Y9 ‘A 7L0'69069- X OIBUIPIO0D mco_umm_um0>c_ ¢ mms_ hO >>0_>gw>o




SUONESNSIAU] C-FSIN JO MIAIAIIA(Q S N3]

Euydhwes saleny -Gy ‘1s6 asjnd pue Bng 45 se] Duduny dg

1584 Jenpred Spanog] P Ysa) seved affiueg ¢ = Gusdwes ey | sisa) saneiply,

ZEUPOE 7 000'E0KD ) OS0GRS T MEunNG]

% nig
| . gy e . - o] BWUBSDMOL |rogal 002
i ¥ . w |- || & : o
e ] L . 15 m -
= | ITT ] TRE = BT
= : T
LR
L
LR
Eﬂg FOSOFL  oplLd
sl Moy
0214
0014 =
- el m e Lo m
s = E2L il m D01+
014 nﬂn_n.p.. i ..___, g @ [l ed
s 064
Loszs
e
B.
Loovs
il " LB R
aa ohayy G N
051 4 5
2= gt ' 024
1 i n o il
0024 il | v i . I TR ..w......... e
Gumo| Gumg | D FrAEAF 'EIEFIET| E |58 g H g
1SS AR AR BEIE IR R
7 | Bupdwes sy m m i ; 0 g 3 m.mm:m. w g m
B | gee) opmply W ] bumeg W W .m M : ] . W M
| Baung | T P j
ﬁ..f:. E}”f Bunjug apuguog suoeasqy) (X600 Fucpaig (1bopes
[ ——— S L1 (32 “UOREUIPU) BogRIog suonebnsanu| e-8SIN JO MaIAMBAD




SUONESNSIAU] F-SIN JO MAIAIIAQ 9 Ty

Bundwres saep Sy ‘sise) asind pue Bryg 145 ‘1se) Budung 44
1504 syoud sygnof] P 159l ssaped ofbueg 5 = Busdureg s/ 5158 Sepiy,
Fll
n BuBIE) L i
pa. % b i i o i &G ¥ o .. 5 % 66 i
” gz, JEE oE b (Te: 5 [ s
dswgey
ol = m s ]
[ .
e - HOF ES
a Wi 5 3
A58 [ou ! g mu or
. " [ [
snosoggny | | L 021
0021 e S " ——— — o5 el
B, [l [=e | EE
IEEREH R EEREE I
B | urdues s & B 11]= |2 ERIEL w g . -
= | oy el mu Bawa | 8 7 g m,m. M m m g £
pmy| Buung | T IR R & X
niawiﬂsn_.._ ik E%iyﬁffﬂa& Buguq) epusiog suogeNEa) [FBOi09D sugapalg [exbopen
v 0 S PSRN WS} ) UCHPUER] M0N0 suoebnsaau| p-gSi o Matang

BFIFPLE 7 BRI 00RO TET PLLAG- O BEURIOOT




2.1 Borehole Drilling

2.1.1 Aims

- Full core recovery for geological, hydrogeological, hydrochemical and geochemical
investigations.

- To provide suitable locations for downhole investigations such as hydraulic tests,
groundwater sampling and borehole logging.

2.1.2 Work performed

The four MSB boreholes were drilled with two rigs. Initially, MSB-2 and 4 were drilled
simultaneously, and then MSB-1 and 3 were drilled. As planned the original working
programme, each borehole was drilled in three phases, phase I from surficial material to
bedrock, phase II to above or immediately below the unconformity between sedimentary
rocks and granite, and phase III to below the bottom of the weathered granite (Figures 3, 4, 5
and 6).

Casing and cementing: After the soil and friable top of the Mizunami Group were drilled with
either tricone bit or casing drilling from the surface to depths ranging from 2.00 to 8.15 mabh
(metres along borehole), 14 inch (355 mm) casing pipes were installed and fixed by full hole
cementing. PQ wireline core drilling was then performed from the bottom of the 14 inch
casing to a depth of 12.80 to 17.00 mabh. In MSB-4, tricone bit drilling was used because the
need for core was low. After the boreholes were reamed to a diameter of 12 1/4 inch (311
mm), 10 inch (254 mm) casing pipes were installed and fixed by full hole cementing.
Summary of drilling and casing installations in each borehole is shown in Table 1.

Table 1 Summary of drilling and casing installations

Borehole MSB-1 MSB-2 MSB-3 MSB-4
X -68858.514 m | -69069.074 m | -68962.856 m | -68774.222 m
Coordinates* Y 6378.611 m 6448.577 m 6463.090 m 6470.129 m
Z 253.081 m 198.488 m 204.622 m 214,448 m
Drilling length 201.0m 180.0 m 199.0 m 99.0m
Core recovery 98.6 % 96.8 % 97.3% 99.4 %
14-STPG** 2.00 mabh 8.15 mabh 3.41 mabh 3.10 mabh
Casing 10”-SUS*** 17.00 mabh 17.00 mabh 12.80 mabh 13.50 mabh
Temporary 5”-SUS*** - - 12.57 mabh -
Water level after drilling 64.27 mabh 13.75 mabh 14.8 mabh 8.1 mabh

*Coordinates: World Geodetic System
“*STPG: carbon-steel casing
“*SUS: stainless-steel casing

Coring: PQ wireline core drilling was performed from the bottom of the 14 inch casing to the
final depth in each borehole. A triple-barrel corer with an acrylic innermost tube was
employed to ensure full core recovery. For all PQ drilling, the borehole diameter was 123 mm
and the core diameter was 83 mm. MSB-1, 2 and 4 are vertical, while MSB-3 is an inclined
hole, about 20 degrees from vertical, oriented to intersect the NNW fault in the sedimentary
rocks.



Drilling/flushing fluid: Fresh water was used for all drilling and flushing operations. The fresh
water was tagged with different fluorescent dyes, depending on the rock being drilled, to
allow identification of drilling fluid during the hydrochemical investigations. Drilling fluid (I),
fresh water tagged with Na-naphtionate, was used only in the sedimentary rocks and drilling
fluid (II), fresh water tagged with uranine, was used in the final drilling phase into the upper
part of the granite. The concentration of fluorescent dyes was kept as constant as possible
during drilling.

Monitoring: Drilling data such as drilling rate, bit revolution, bit load, torque, pumping
pressure, rate of water supply and return and any fluid volumes lost or gained were
continuously monitored to complement the geological and hydrogeological investigations. A
single shot hole deviation survey and calliper logging were performed after every 30 m of
drilling and/or at geological boundaries because borehole enlargement due to circulation fluid
erosion was expected in the sedimentary rocks based on prior experience in drilling other
boreholes. The principal drilling parameters monitored and the result of borehole deviation in
each borehole are presented in Figures 7 to 14.

Borehole protection: The occurrence of fluid loss and/or borehole collapse and the remedial
action taken in each borehole is presented in Table 2. In MSB-1, 100 % drilling fluid loss
occurred in the interval from 28 to 64 mabh. It was decided that plugging by cementing as
well as with cellulose (LCM) was needed in this interval because hydraulic testing and long
term monitoring would be difficult to perform because of the low hydraulic head. Although
100 % fluid loss occurred again below 67 mabh in MSB-1, drilling continued without
borehole protection because there was insufficient time to identify the outflow point(s) and
perform hydraulic tests. In MSB-3, borehole collapse occurred at the bottom of the basal
conglomerate of the Akeyo Formation and at the NNW fault. Dredging and flushing by
reverse circulation (from outside to inside of PQ rods) during drilling was performed often to
prevent sludge accumulation and borehole collapse.

Table 2 Occurrence of fluid loss and borehole collapse and the remedial action
in each borehole

Borehole MSB-1 MSB-2 MSB-3 MSB-4
Several percent
) 100 % loss (betv:/?esesn to Several percent
Loss of drilling (28~64 mabh) P P
. y of basal loss None.
fluid ) 100 % loss conglomerate layer (in granite)
(67~199 mabh) in Akeyo F. and
bottom of borehole)
: : Fluid loss section - -
Remedial action filled with LCM and _DnIImg and .Dr|II|n.g and
for loss of investigation investigation None.
. . cemented. . .
drilling fluid " . continued. continued.
Drilling continued.
Borehole None. None. 91~102 mabh None.
collapse
Remedial action Dredaina and
for borehole None. None. redging None.
flushing carried out.
collapse
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Figure 7 Monitoring of major parameters during drilling (M5B-1)
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Figure 9 Monitoring of major parameters during drilling (MSB-2)
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Figure 11 Monitoring of major parameters during drilling (MSB-3)
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Figure 13 Monitoring of major parameters during drilling (MSB-4)
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2.1.3 Results

Drilling was successfully performed through the weathered granite in all boreholes, as
planned in the original working programme.

In MSB-1, 100 % drilling fluid loss occurred in the interval from 28 to 64 mabh. Plugging
with both cellulose (LCM) and cementing was carried out seven times in the interval.
Although 100 % fluid loss occurred below 67 mabh, drilling continued to the bottom of the
weathered granite without any plugging work.

The average rates of core recovery through the sedimentary rocks and the granite were
98.6 %, 96.8 %, 97.3 % and 99.4 % in MSB-1, 2, 3 and 4, respectively. Also, 100 % core
recovery was achieved in the fault zone (87.7 to 92.2 mabh) in MSB-3. However, some
cases of reduced core recovery occurred. For example, in the two intervals a few meters
thick in the basal conglomerate layer of the Toki Lignite-bearing Formation in MSB-1 and
3, core recovery dropped to 55.3 % and 54.0 %, respectively. This is presumed to be
because drilling fluid flushed out unconsolidated matrix in the conglomerate.

2.1.4 Evaluations

The use of a triple-barrel coring technique with an acrylic innermost tube as in the previous
MIU-4 investigation resulted in both excellent core recovery and high quality core for
geological, hydrogeological, hydrochemical and geochemical investigations.

The monitoring of drilling data, keeping fluorescent dye concentrations constant in the
drilling fluid, periodic calliper logging during drilling and the appropriate borehole
protection measures provided suitable locations for both installation of long term
monitoring equipment and the downhole investigations such as hydraulic testing, and
groundwater sampling.

2.1.5 Lessons learned

Periodic calliper logging during drilling should be carried out in soft sedimentary rocks
such as the Mizunami Group, because fluid circulation may easily enlarge borehole
diameter; this knowledge is important for follow up testing and surveys.

If necessary, PQ rods can be used as casing to the depth of significant borehole collapse in
order to continue with a downsized drilling specification using, for example, HQ drilling.
This will allow completion of any downhole investigations such as BTV and hydraulic
tests.

Employment of a solids control system should be considered in future investigations to
prevent sludge formation on borehole walls and its accumulation at the bottom of a
borehole.

Further modification of drilling methods, such as using a percussion coring method
without drilling fluid, to achieve full core recovery in the conglomerate layers and the
weathered granite, in which lower core recovery occurred.
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