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Figure 1: Boundaries of the revised conceptual hydrogeological (RCH) model, drainage catchments,
the Lac du Bonnet batholith, and composite lineaments from remote sensing and
geophysical surveys.
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CANDIDATE AREA CHARACTERIZATION -

DATA COLLECTION, ANALYSIS AND ARCHIVING '

CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

: THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
‘ AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA




BOREHOLE SITING, DRILLING AND LOGGING, AND
TESTING

BOREHOLE SITING:

« o divide Candidate Area in separate structural domams and
locate a few boreholes in each domain to extend surface

- structural pattern to depth in stages shallow depth (0 -
100 m); intermediate depz‘h ( l 00 -400 m) deep(400 -1000 m).

. orient shallow borehole(s) to mtersect all shallow ﬁgmt sets and
fractures zones; log and msz‘rumerzt boreholes as drilled to
observe hydraulic mterference L

. locate and orient deeper boreholes to intersect major fracture
zones at depth (case and cement off upper 100 m of deep holes).

DRILLING AND LOGGING: (see next shde)

THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOQLOGY
AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA




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

DRILLING AND LOGGING:

. core shallow boreholes (triple tube) and deeper boreholes below
the 100 m level (drill with water and flush cuttings); identify
- and orientate permeable ﬁ’actures"/ ﬁact'ure zones / aquifers

. standard geophysical Iogs T v/ BAT v, ﬂow meter.
TESTING: SINGLE BOREHOLE HYDRA ULIC TESTING:

straddle packer: closed svstem injection ( Leug@ constant
flow, constant head, pulse open system constant flow, constant
head, slug, rising head, heat_puls

. multi-packer (piezometer) tést_in’g: closed system pressure falloff/
buildup,; open system, slug, rising head.
INTERFERENCE TESTING:

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

THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEQOLOGY
AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA




Work Over Rig

Mas?

Hoist Cable i

Mast Raise/Lower
— Hydraulics

\

Mast Rest

Hoist
Make and Break WOR Inflation
Tool (MABT) Controls Hose

Controls

MABT/FB Slide
Assembly

L : — L R Fuel Tank

Borehole Casing Collar WOR Blocking



WLOZX = S0UBNG O DU - BB)L

T

g g
r"""rr‘—"L'—L e b — ey

I
000 4

004
| 00CE o
008
Q0%

Barehole Depth (m)

HBorshole Length {m)

ARk wWeboisy enopy | xd
SRS 10 JSQUINN 0L

Borshole: Langth {m})

b

Borshole Length {m)

JOOUWNN 0]

Grmpriah o Y alcwisn-Giey
Groy

PirkinhrGroy
M

Mu&-wl-ndl‘m
Bieaching of Feldapars
of Fakdupary

|- 004

- 000 -

Borshole Length (m)
Lmnocrafic {irenita
Pogmatis Veing
Amphlolic

Tonsitc Xenolih

Borshole Depth [m}

Borshote Length {m)

§



g
-
8
8

Fractures

s laadaallasssdasaalingg

12

A RAS RAARAS I RALEI LLLAS LALLY R LARLE LALLY RALL)

aals

Dagresa Calshis Fractu,
=

my

rr{rrrrirrHr

panalaanaloaagbonrc] ba

-
&
lagaalescalay

~

salassalasis

Downhole Lengih {m)



Borehole Length(m)

No Pumping Pumping 25 L / min Core Log
0 5 0 5 0 50 5 0o 10 20
m 1 [ 1 N - 1 L L 1 4 L] L L L L L 1 L1 1 [ 1 [ m
Logging Down Logging Up Logging Down Logging Up
310 ~ -~ - - S - 310
320 - - - L - [ 320
1 | L { |
330 - - - - - 330
340 | 1 T T T ] L ] 1 \l T L) L L L] T L | 1 L] ¥ ¥ m
0 50 5 0 50 5 0 10 20 30
cps cp3 " eps cps Number of Fractures
Permeable Region of Fracture Zore B Open and Closed Fractures ]

Histogram Interval: 1m Borehole Length

Open Fractures

1



Work Over Rig ——
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H/Ho

1.00 -
.80 ;
0 Matched with type
curve Cpe™ =1E20
0.80 Match point:
t = 3000 sec, tp/Cp =1

0.70
0.60

Shut-in packer-inflation pressure pulse test, Borchole WB3,

Interval #3 (borehole length: 650 to 700.7 m}
0.40 JShut-in rising head model, Ramey et al, 1975,

= CTLA A »

where y1 = 1.518-3 Novm’, V,=7.32E-2 m,
0.30 15 - 4.47B-10m/N, L=50.7m,

k = (0.159%1%1.51E-3*7.32*E-2*4.47*E-10) £50.7*3000)

1
0.20 - k=52E-20m
0.10
0.00 ;
1000 10000 100000 1000000

Time since test began - m

Figure 10: Plot of normalized shut-in interval pressure fall-off (due to packer-inflation pulse) versus test duration in borehote WB3



H/Ho
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0.80 < Match point:

e type curve Coa2® = 200

/ t = 1E5 sec, L/Co = 0.45,
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Y
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Shut-in pressure build-up test WG3 #3,83.03.25t0

0.49 +— 3.05.06, Test Intarval length: 580 to 722 m.
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where = 1.544E-3 Nesim®, Vy = 1.195 m*,

0.30 +—
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Figure t1: Plot of normalized shut-in pressure build-up versus test duration in a packer-isolated interval in the

lower part of borehole WG3.
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B\ﬂ ‘w»i e Tact TR T e

a0 Eomn)
URLI15HT-4 4

WBI1HT-34 2.26 72.5 4E-20

WGIHT-D7 0.6 74.3 3.23E-18

WB1WB-3 33.1 95.3 6.7E-18

WGIHT-FI  48.84 1226  5.76E-19

WAIHT4 2.19 124 2.7E-17

M4B-2HT 51.6 126.13 42E-18

URL1HT-3 7.1 166.6 - 1.3E-20

URL15HT-4 4 195 7.89E-20

WGIHT-F3  48.84 207.6 1.09E-19

WAIHT-8 2.19 231 3.2E-18

AC3 5.143 231 ' 1.90E-21
ACI15 4.075 231 _ 1.10E-21
OC1/0C2 35.1 234 7.40E-21
RM13 EBH 1 233 ‘ 1.40E-20
URLHG7-3 1.8 240 2E-20

URL3HT-8 7294 2532 1.4E-19

WG3SI-2 384.2 320.06 9.9E-21

WGIHT-F6  48.34 333.1 1.61E-20

WB3HT-4C  199.7 3442  437E-18

URLI3-PZP9  63.6 372 3.9E-20

WGIHT-F7 4884 374.6 4.4E-20

SMi 20.6 4i3 . 1.10E-21
WGIHT-F8  48.84 4158  2.49E-20

SM7 232 425 1.90E-21
GCl 20 426 4.70E-21
WAIHT48 1997 426 2.61E-19

WG3SI-3 142.2 4433 4.2E-21

WG30SP+4 1222 448 .64 2.7E-21

WGIHT-F9  48.84 457 2.61E-20

WB3HT-14  10.15 467.6  3.78E-21

URLIHT-5 7.1 468.3 2.5E-22

WGIHT-F10  48.84 498 2.28E-20

WB34T-5 199.73 5127  229E-20

WB3HT-8 50.38 5339  3.42E-20

WBI1HT-29 13 571.3 4.6E-20

WB3HT-9 50.38 574.6 1.6E-20

WB3HT-3 50.7 586.3 4.5E-20 ' 5.2E-20

WN9-4 1137 643.1 2.2E-20

WGIHT-FI3 4834 6207  2.88E-20

WGIHT-FI5 48.84 685.1 3.66E-21

WAILHT-47 20 687.5 4.5E-21

WIIHT-i4 20.3 567.9 7.7E-21

URL2HT-13  399.8 857.6 1.1E-21

WIIHT-06 142.3 £83.2 8.8E-21

* SPCP! = straddle packer constant pressure injection; SPP = straddle packer pulse: OSPRH = open standpipe rising head;
SPPBU = straddle packer pressure buildup; WBPBU = Westhay pressure buildup; OBHSp = open borehole secpage.

Table 1: Summary of permeability tests in sparsely fractured rock versus test interval mid-depth,
Whiteshell Research Area.
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DERIVED FROM : AuTPLO&LoG

2PPS~-WELL STORAGE-INF RES-FORMULA(OIL) { FQ2ZPPSWSIOP )
INPUT DATA : '
fATION VOLUME FACTOR 1.0000000
tIX POROSITY - -fraction , 0.20000000
JOSITY -cP 1.3460000
\L COMPRESSIBILITY -1/psi 0.53472002E-03
ZRVOIR THICKNESS -ft 1.6404001
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g MATCH _ . 18.000000
AL SYSTEM CURVE MATCH [CDE2S]F+M 2.5000000
4 K MEDIUM CURVE MATCH [CDE2S]}F 374.00000
NSITION CURVE MATCH ( LE-2S ) 0. 45000009E 01
RESULTS :
MEABILITY THICKNESS -mD. £t 291370.59
MEABILITY . -mb 177621.67
LBORE STORAGE COEFFTCIENT -bbl/psi : 3.5486567
ENSIONLESS WELLBORE STORAGE COEF. ' 146570.50
N FACTOR -5.4894857
RATIVITY RATIO - OMEGA 0.66844919E-02
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ERPOSITION SLOPE -psi/bbl/D 0.731E-03
F LENGTH OF FRACTURE -ft _ . 0.00000000E+00
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CANDIDATE AREA CHARACTERIZATION -

e OPTIMIZING SITE CHARACTE

NITORING

CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

! AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA

A‘ THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY



PIEZOMETER CONSTRUCTION AND MONITORING

PIEZOMETER CONSTRUCTION:
MULTI-PACKER (MP) CASING SYST EJMS’

. o Surface collared: Westbay MP casmg system;
AECL MP caszng system
. . Underground: AECL MP casmg system
..... Q

PIEZOMETRIC LEVEL MONIT. G .

«  WESTBAY CASING SYSTEMS: smgle probe periodic pressure

profile; single interval, continuous pressure profile (HDAS.

surface collared), multi-probe, remote transmitted, continuous
pressure profiles.

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

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




HYDRAULIC HEAD

COMPONENTS: PRESSURE HEAD (m): v= P/ p*g, where P = gauge
- pressure, and p = pore fluid density

© (Vanes W1th temperature and dissolved 1ons).

ELEVATION HEAD (m)’: z, where z= measunng pomt elevation,

f;elevatzons at the water table

ries, and above the fresh water / salt
| water interface

RANGE: between the hzghesr and |
| between the regional bos

THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY

A U
\ AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA
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152mm Diameter Borehole Packer System
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Water Table Instrument

FL 15
et Locking Metal Cap
; ls 3* 0.D.- 1.8m Length
Depth (m) Metal Pipe

Cement Seal

TIS 117V WIT

IV E JILE

Fig 10



410 -

a7o L

Waterloo Monitoring Instrument
Typical

NG

45,12
46.00

EOHJ
go0.c. 3601

skeel pree

Monitoring

Zone

-,

"w_\k-r'. U“'
"_n-o-'t‘ el

LLASNY.

T mapd Y

1 [ T
i)
e
)
%' Z-ﬂ-—Chemical
Jiif]  Packer Assembly
) «— Coupling
7
3
-+— Borehole Wall
. (76 mm - 1.D.)
i
Casing Tube
i ( . scraoeve
mub (27 mm - 0.D.) ~
50
10-mm- L.D. tube from

each entry port assembh

; Entry Port Assembly
2 Chemical
2 2; Packer Assembly
1)
1D
i [ 280mm
é a ‘ Prc Lr-.\ e
' 1 Medo
Lm]'P R



Casing
Pressure
Probe
Transducer
Location arm
Backing
Poppet Valve Shoe
MP Measurement
- Port Coupling
A) Probe Located at B) Probe Measuring
Measurement Port Fiuid Pressure
Coupling Outside Coupling i

FIGURE 2: Operation of a Westbay Electric Pressure Probe



WG2
HYDRAULIC FEAD VS TIME

276

274

ELEVATION m.am.s.l
N
|

270

—0.15

- o4

~0.05

..........

Nov-92
MONTH/YEAR

—e— PJEZO PORT 1 — - PIEZO PORT 2 —— PIEZO PORT 3 —— PRECIP(m)

PRECIP(m)



June 2, 1994 data
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Figure : Borehole WD3 lithology, fractured rock domains, and equivalent fresh water hydraulic
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July 6, 1994 data
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