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the Lac du Bonnet batholith, and composite lineaments ftom remote sensing and
geophysical SUJVeys.
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CANDIDATE AREA CHARACTERIZATION:

•

•

• PIEZOMETER.

• GROUNDWAF PLING

SSANCE
PPING

• DATA COLLECTION, ANALYSIS AND ARCHIVING

• CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
, AECL, WHITESHELL LABORATORIES, PINAWA MIl CANADA

~-=------------



BOREHOLE SITING, DRILLING AND LOGGING, AND
TESTING

BOREHOLE SITING:

•

•

•

'0 divide Candidate Area in separlltg structural domains, and
locate afew boreholes in each·domain to extendsurface
structuralpattern to dgI3th in sta%gs: shallgw depth (0 -
100 m); intermediate clftpth (100-400 m); dgep(400 -1000 m).

orient shallow borehole(s) tointersect all shallowlfjint sets and
fractures zones; log andins(rJJ11lgyzt boreholes as drilled to
observe hydraulic interference.

locate and orient deeper boreholes to intersect majorfracture
zones at depth (case and cementoffupper 100 m ofdeep holes).

DRILLING AND LOGGING: (see next slide)

/\ THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGYN' ---:.:AEC=::;-L::!..:,W=H1=TE=SHE=LL=LA=BO=RA=TO=R1ES=,=PIN=AW=A=MB;..::;CAN=A=DA:.:..-- ---,-_



BOREHOLE SITING, DRILLING AND LOGGING, AND
TESTING (cont'd)

DRILLING AND LOGGING:

• core shallow boreholes (triple tu.be) and deeper boreholes below
the 100 m level (drill with wqter.andjlush cuttings); identify

o . and orientate permeable fractures / fracture zones / aquifers

• standardgeophysical logs, TV/IJATV, flow meter.

TESTING: SINGLE BOREHOLE HYDRAULIC TESTING:

• straddle packer: closedsystem injecti<miLeugeo& constant
flow, constant head, pulse; wen system constantflow, constant
head, slug, rising head,' heat pulse.

• multi-packer (piezometer) testing: closed system pressurefalloff/
buildup; .open system slug, rising head.

INTERFERENCE TESTING:

• test well and observation well(s) / piezometer(s).

_6-. THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGY
~ -=AE=CI..:..;,;..WHI=TES=HE=LL=LAB=ORA=TO=R1=ES.=PIN=AW=A=MB;;..:;CAN=A=DA"-- _
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'..\
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4.4E-20

2.6IE-19

2.49E-20

5.76&19
2.7&17

1.10&21

1.9OE-21
4.70E-21

1.90&21
1.10&21
7.40E-21
1.40E-20

6.7E-18

4.2&21

5.2&20

9.9E-21

2.2E-20

2.7&21

4.2&18

3.9E-20

I.!E-21

2.5E-22

1.3E-20

2E-20
1.4&19

2.88&20
3.66E-21
4.5E-21
7.7E-21

2.28E-20
2.29&20 .
3.42&20
4.6&20
1.6&20
4.5E-20

2.23E-19
4E-20

3.23&18

1.61E-20
4.37&18

2.6 IE-20
3.78E-21

7.89&20
1.09&19
3.2E-18

URLI5HT-4 4 51
WBIHT-34 2.26 72.5
WGlHT-D7 0.6 74.3
WBIWB-3 33.1 95.3
WGIHT-Fl 48.84 122.6
WAIHT-4 2.19 124
M4B-2HT 51.6 126.13
URLIHT-3 7.1 166.6
URLI5HT-4 4 195
WGlHT-F3 48.84 207.6
WAIHT-8 2.19 231
AC3 5.143 231
ACI5 4.075 231
OCI/0C2 35.1 234
RMI3 EBH I 233
URLHG7-3 1.8 240
URL3HT-8 229.4 253.2
WG3SI-2 384.2 320.06
WGIHT-F6 48.84 333.1
WB3HT-4C 199.7 344.2
URLI3-PZP9 63.6 372
WGlHT-F7 48.84 374.6
SMI 20.6 413
WGlHT-F8 48.84 415.8
SM7 23.2 425
GCI 20 426
WAIHT-48 199.7 426
WmSI-3 142.2 443.3
WG30SP-4 122.2 448.64
WGIHT-F9 48.84 457
WB3HT-14 10.15 467.6
URLIHT-5 7.1 468.3
WGlHT-FIO 48.84 498
WB3HT-5 199.73 512.7
WB3HT-8 50.38 533.9
WBIHT-29 7.3 571.3
WB3HT-9 50.38 574.6
WB3HT-3 50.7 586.3
WN9-4 113.7 643.1
WGlHT-FI3 48,84 620.7
WGIHT-FI5 48.84 685.1
WAIHT-47 20 687.5
WJlHT-14 20.3 567.9
URL2HT-13 399.8 857.6
WJlHT-06 142.3 883.2 8.8&21
• SPCPI =stnddle packer constant pnossure injcetion: SPP =straddle packer pulse: OSPRH =open standpipe rising bead:

SPPBU =stnddle ker ore build : WBPBU =Wcstba build . QBRS = _Ie

Table I: Summary of permeability tests in sparsely fracIured rock versus test inIerva1 mid-depth,
WhiIeshell Research Area-
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WELL WITH WELLBORE STORAGE AND SKIN IN A RESERVOIR WITH 2-POROSITY BEHAVIOR

DRAWDOWN TYPE CURVE. [CDE (2S)] f+m- 2.50. [cOE (28)] 1'- 374 •• LE (-25) - 4.500E-02
FP01. BOUNDARY *1 AT ~76 FT (206M), BOUNDARY #2 AT 1353 FT (412M)
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-cP
-l/psi
-ft
-ft
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DERIVED FROM: A u,-u l..-c) <!rL..0 <:;-
2PPS-WELL STORAGE-INF RES-FO&~ULA(OIL)

INPUT DATA :
fATION VOLUME FACTOR
lIX POROSITY
:OSITY
\L COMPRESSIBILITY
ffiVOIR THICKNESS
~ RADIUS
fA RATE QN-Q(N-1)
:;SURE MATCH
g MATCH
\L SYSTEM CURVE MATCH [CDE2S]F+M
:I K MEDIUM CURVE MATCH [CDE2S]F
~SITION CURVE MATCH ( LE-2S )
RESULTS: .
~ILITY THICKNESS
l!EABILITY
LBORE STORAGE COEFF!CIE~r

ENSIONLESS WELLBORE STORAGE COEF.
N FACTOR
RATIVITY RATIO - OMEGA
ERPOROSITY FLOW COEF. - L.""~BDA

ERPOSITION SLOPE
F LENGTH OF FRACTURE

(FQ2PPSWSIOP

1. 0000000
0.20000000

1.3460000
0•.53472002E-03

1.6404001
0.34999999

1358.5995
1.1283822
18.000000
2.5000000
374.00000

0.45000002E-Ol

291370.59
177621. 67
3.5486567
146570.50

-5.4894857
0.66844919E-02
0.76754844E-06

0.751E-03
O.OOOOOOOOE+OO

11-+ IVI.I. (# + ~ 1) )( 0" 1~,,-/r-' /. t ;'-'=-1 0:> ~

'."1SE-'b_1..~ D~:"E=r ~ /.('E-~ "-/S'
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CANDIDATE AREA CHARACTERIZATION:

G
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ON, ANALYSIS A

\JL-IL-I SITING, DRIL

'''':£J~kl,~ SITE CHARACTE

• PIEZOMB

• DATA COLL,

• GROUND

•

• CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION
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PIEZOMETER CONSTR"UCTION AND MONITORING

PIEZOMETER CONSTRUCTION:

MULTI-PACKER (MP) CASING$YSTEM$:

•

•

o
Surface collared: Westbay MP casing system;

A.ECLiYlPcasing system

Underground: AECL MP casing system.

PIEZOMETRIC LEVEL MONIl'OR.ING:
'(.:..

o

• WESTBAY CASiNG SYSTEMS:s~~g{~(?robe, periodic pressure
profile; single interval, continuous pre;sslilfe; profile (HDAS:
surface collared); multi-probe, remotetrahsmitted, continuous

pressure profiles.

• AECL MP CASING SYSTEMS: multi - interval, continuous pressure
profiles (UDAS: underground - collared);

/\ THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGYN' --.:.:::AE:::::::CL:...:;..W:.:..:HITE=SIIE=.L::::..:LLA;:.::B=ORA::;.:l'.::.::ORJ=ES=.PIN=AW=A=MB:;..::CAN:.:.;A=DA:..:....- _



HYDRAULIC HEAD

COMPONENTS: PRESSURE HEAl) (m): \II.Plpol<g, where P = gauge
pl."~ssl.lI'e,and8 - pore fluid density

o (YfITie$'¥i!ht~p1:p~l"l;l.tJlre and dissolved ions).
;.;c.' .... ,· .. '-,',' c··.·,' .... ,·'.: .... _,', ····.i.':-'··,··,.····· _">

ELEVATION HEAD Z, '¥h@J;ez .. ' ·rileasurmgpoint elevation,
< ..: .,',:0-",-:,',-,. _,c.•>.;

'\11 + Z - HYDRA ULIC HEAD (h)

o
'.'

RANGE: betwt;.gYl the highest an(j}~~~~ITelevations at the water table
betww6nthe regional bq~~cJqf1ies, and above the fresh water / salt

.. . water interface

THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGY
AECL, WIDTESHELLLABORATORlES••P:.::IN;:.:.AW::.:..:A=MB:..::C:..::;AN=AD~A _
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MP System installation with monitoring zones
isolated by packers.



152mm Diameter Borehole Packer System
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Water Table Instrument

FL 15

111..._----Locking Metal Cap

Depth (m)
• 3" 0.0.- 1.8m Length

Metal Pipe

nS1171wrr

Ur-----Cement Seal

Fig 10
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Chemical
Packer Assembly

Coupling

Borehole Wall
(76 mm - 1.0.)

Entry Port Assembly

Chemical
Packer Assembly
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Casing

Pressure
Probe

Transducer

Location arm

Poppet Valve

MP Measurement
Port Coupling

Backing
Shoe

A) Probe Located at
Measurement Port
Coupling

B) Probe Measuring
Fluid Pressure
Outside Coupling

AGURE 2; Operation of a Westbay Electric Pressure Probe



WG2
HYDRAULIC HEAD VS TIME

276.,.-------;;--._,r----------,----------,-------,-0.Z

274 •.....•.••..................•.. . . . . . . . . . . . . . .. 0. Jj

O.Oj

~
.. 0./ ti

~
+

......

......... - .. '1\ .. . -....:. . .. ""
....... '-1' '-...

--./
..... / ..........

..... ---/ Ai /--
/

. -
j /

/

-i----

- • - . - . - . . -1--'

270

Nov-90 NlI'I-9J Ntlv-92

MONTHIYEAR
N",,·93

-- PIEZO PORT 1 -'-+- . PIEZO PORT 2 - ..- PIEZO PORT 3 - PRECIP(m)



June 2, 1994 data
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Figure Borehole WD3 lithology I fractured rock domains, and equivalent fresh water hydraulic

head versus piezometer port elevation



July 6, 1994 data
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Figure 9a: Borehole WG4lithoiogy, fractured rock domains, and equivalent fresh water hydraulic

head versus piezometer port elevation



CANDIDATE AREA CHARACTERIZATION:

• OPTIMIZING SITE CHARACTE;i~
...... , .. ....• " ..i/'/!·'"

• PIEZOME

• GROUND

• DATA COLL

SSANCE
PipING

G

• CONCEPTUAL HYDROGEOLOGIC NIODEL CONSTRUCTION
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