GROUNDWATER SAMPLING

SURFACE COLLARED BOREHOLES:

. PRODUCTION INFLATION PACKERS (PIPs): used to isolate
© selected borehole zntervals for sample collection;

. WESTBAY MP CASING SYST EJMS’ water samples collected
through pzezometer andp pumpmg ports;

. AECL MP CASING SYST E]MS’- water samples collggted from
- open standpipes

BOREHOLES COLLARED UNDERGROUND.

. AECL MP CASING SYSTEMS AND CAPPED BOREHOLES:
water sampies collected from open standpipes or boreholes

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







Normalized head

ned 3.2y S'mr'a'rv time

1.00
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\ Malchini type curve
o (Coe™® = SE3)
Match point:
0.70 t= 1B7 sec, to/Cp = 1.2,

0.60 171Borchole WN9 interval 4 (586.3 - 700 m length) open standpipe rising head
test {(84.11.14 to 91.09.03)

- Open standpipe rising head model (Ramey et al, 1975)

0.50 1k = 0.5 ID/CD*m*t Y (L*g*t), where m = 1.47E-3 kg/m*s, 1, =r,
=1.74E-2m,L=1137m, g=r*g and

r*g= 1077 * 9.811 kg/m’s". Thus k = (0.5*1.2%1.47E-3*1.74*E-2")/
(113.7*1077*9.811*1ET) m', or k = 2,2E.20 m* '

o
=
o
1

Steady state mode] (Hubbert, 1940): K=Q/dH*In(R/r,)/2nL,
where mean Q (84.12.19 to 85.01.04)=2.31E-9 m"/s, H=60.8m
R=1.5m and r_ =0.076 m. Thus K=2.31E-9/60.8*in{1.5/0.C76)/
0.20 1 (2*x*113.7), or 1.59E-13 ms. k = Kf{rg/m),

or k=1.59E-13/(1077*9.811/1.47E-3), or k = 2.2E-20 m’

0.30 -

0.10 4

0.00
1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09

Elapsed time - seconds

Figure 13: Piot of normalized recovery of WN9 piezometer interval 4 open standpipe water level versus recovery time



TABLE 64

GROUNDWATER SAMPLING, SAMPLE PREPARATION AND ANALYSIS METHODS

Sample Species/Element Container Volume Filtered Preservative Analytic Laboratory
. (Preparation) Methods
Anions HCO,, 50,, Cl, Br, Plastic 250 mL Yes Rcfr';erate Titration, IC HGC?
¥ 'Nd,, 1 4%C) Colorimetry
Cations Na, Ca Mﬁ' K, Sr, Plastic 125 mL Yes 4 mL/L HCI ICPS Asp?
Si, flame AAS
Trace Li, Fe, Mn, V, Plastic 128 mL Yes 8 mL/L HNO, ICPS ASB
clements Al ¥ others colorimelry
Dissolved Organic C Glass 125 mL Yes Refrigerate Infrared P. Vilks, GRB*
organic carbon (Ap) analyzer
Colloids Colloidal fractions Plastic SOL No N, purge Tangential P. Vilks, GRB
ow
Environmental gH. 3, Yo, Plastic 125 mL. Yes None MS ASB, Univ
isotopes H '(enriched) Glass iL Yes None LSC of Waterloo
Carbon isotopes 3¢, M Plastic 4-100 L No None MS Univ of Waterloo
(£ PC,BaCQ, or LSC & Totonto
in NaOH) AMS
Sulphur s'®o,, 3s0, Plastic 14L Yes None MS Univ of Waterloo
isotopes (PC, ion exchg,nge
or BaS0,)
Chilorine 3¢y, Plastic 14 L Yes None AMS Univ of Rochester
isotopes (PC, AgCl)
Strontium 8751/86sr Plastic 250 mL. Yes 8 mL/L HNO, MS RH McNutt,
isotopes McMaster Univ
Uraniym and u, Jiptu, Plastic 14L Yes 8 mL/L HNO, AS HGC
radium isotopes Ra
Radon ARy Glass vial 8mL No None LSC HGC
Dissolved H,, He, 0,, N Steel 50 mL No None . MS ASB
gases CO;,, CHy, &r, ﬁls cylinder
Dissolved He, *He/*He, Copper 10 mL No None MS WB Clarke,
inert gases Ne isotopes tube McMaster Univ
IC = lon Chromatograﬁ!g 2 HGC = Hydrogeochemistry Section, AECL, Pinawa
ICPS = Inductively Coupled Plasma S?cclromc:ry. 3 ASB = Analytical Science Branch, AECL, Pinawa
AAS = Atomic A smmlon Spectrometry, 4 GRB =Geochemistry Research Branch, AECL, Pinawa
t\ MS = ‘Accg.lcral_or) ass %ucctrgmctry, 5 PC =Preconcentration (Preparation) done at AECL
C = Liguid Scintitlaiion Counting, followed by method used
AS = Alpha Spectrometry
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CANDIDATE AREA CHARACTERIZATION

N CO

CON CEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

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




DATA COLLECTION, ANALYSIS AND ARCHIVING
DATA COLLECTION (QUALITY ASSURANCE FORMAT)

« HYDRAULIC TESTING: pressure transmitters, flow computer and
thermistors to analog/digital board to master contol computer,
linked computer for data analysis 'printer/plc)tter; data loggers

© for interference test boreholes;

« PIEZOMETRIC LEVEL MONITORING pressure transmitters to
data loggers or HDAS /' UDAS |

DATA ANALYSIS: o 5

«  HYDRAULIC TESTING: steady state / transient, constant head / flow
tests, pulse tests, slug / rising head tests, interference tests.

» FRESH WATER HYDRAULIC HEAD: -calculations, plots.

*  HYDROSTRATIGRAPHIC UNITS: geologic logs, geophysical logs,
borehole hydraulic test data; hydraulic head plots.

DATA ARCHIVING:
«  BACKUP; weekly computer files, reports and hardcopy (maps, files)

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




60 S1002.019 Auachments

TABLE A2

T INJE INFORMATION SHE

AECL SINGLE HOLE HYDRAULIC TESTING PROGRAM

FIELD NQTES: Test Information DATE: May 25, 1992
AECL SITE: URL - Bogey Creek AECL HYDROGEOLOGIST:___ Rod Broadfoot

BOREHOLE: URL-15 TEST INTERVAL: 260-408m,

TEST TYPE: Consumt Flow DATA FILE NAME: U1SQ(2BP

TEST INSTRUCTION FORM REFERENCE NO: ——

TEST PLAN:

1) INJECTIONTEST__X DRAWDOWN TEST

PULSE: pst m. SLUG: pPsi m
CONSTANT HEAD: psi m

CONSTANT FLCW: 18463 ml/min 3.077E-4 __ m’fsec

TEST DURATION: _ 11100sec ___ 185 min. 3.0833hrs
2 RECOVERY DURATION

SLUG: seC min  _ hrs
PULSE: sec min hrs
CONSTANT HEAD: SeC min hrs
CONSTANT FLOW: 11100 sec 185 min 3.0833hrs
TEST NOTES

N INJECTION TEST.__ X DRAWDOWN TEST:

MAX. FLOW CHANGE DURING CONSTANT HEAD TEST: ml/min

MAX. HEAD CHANGE DURING CONSTANT FLOW TEST: 238 PSI 1673 Meters

2) EQUIPMENT OPERATION:

PACKERS: 500 psi OVER-PRESSURE
QA VALVE: OK. QPEN TO START
DOWNHOLE D.A. SYSTEM:___WESTBAY TRANSDUCER #003
UPHOLE D.A. SYSTEM: COMPAQ 286, ACir A/D BOARD, FL.OW COMPUTER FC-§1
WATER INJECTION: FLOW TURBINE FT-10
ZONE TEMPERATURE: START TEST: 1409V 10.5°C.
END TEST: 1410V 10.7° C,

k)] GENERAL COMMENTS:

URL-14 UPPER ZONE - NO RESPONSE
—— — URL-IALOWERZONE - 37 mm RESPONSE
EQUIPMENT FUNCTIONING NORMAL

ey
T

[



- 61 SI002.019 Anachmems

TABLE A3

INJECTION | RMATION ET

AECL SINGLE HOLE HYDRAULIC TESTING PROGRAM

FIELD NOTES:  Test Information DATE: May 25, 1992

AECL SITE: ____ URL__Boggy Creek AECL HYDROGEOLOGIST:____Rod Broadfoot -
BOREHOLE: URL-15 TEST INTERVAL: 260 - 408 m,
TESTTYPE:____ConstintFlow  DATA FILE NAME: U15002BP

TANK CALIBRATION: 76.92 ml/mm

1)  SYSTEM TEST

a) Leak Test
Pressure Tank Level (mm) Volume Used Leakage Rate
(psi) Starnt Finish tmm} (ml) {ml/min} —
30 -
90 . —
150 No Leakaoe —

»  Time vs. Flownate & Pressure

(See Table and Graph) N/A

2 YSTEM OPERATION

INJECTION DURATION: 11100 sec 185 min 3.0833hrs
WATER QUALITY: Temp. 10°C. Conductivity 120 mS/cm?
TANK LEVEL: Stat _ =~ mm Fipish__ mm Total mm
VOLUME INJECTED: mm x 76.92 ml/min = ml
VOLUME CHECK: Q ml/min x min = ml
ROSEMOUNT D.P. TRANS: NotUsed mm Volume mi
CALCULATED @ Vol ml/ min = mi/min

Time Flowrale (ml/min) System Pressure (psi)

(sec) Gross : Net Tank Injection

1000 18500

12100 18346

Total Volame -
3011.56 L




Data back-up system COMPAQ 286 portable comput

Printer _5 / ‘

3 1/Z° floppy disk

123 min IRRR
U EE | _
16 +-c|l+-¢l+~-cl+-¢c
- L
Flowcomputo.-gl._ 20 ey Ry

. RTD thermistor :
ine
AQ drill steel
L ]
8
o
3
c
]
(=)
2
Power
board

FIGURE 4: DATA COLLECTION SYSTEM




\8. DATA COLLECTION FLOW CHART

Downhole Uphole
Pressurs Pressure
Transducer Tranaducer

Differential Fow Computer
Transducer

RTD Thermistor

Anoclog/Digital Terminal Board

Data Files

(Floppy Disk)

Printer
(Hard copy of
Data Files)

Data analysis

Underground Research Laborstory

Waste Technology Dlvision

Records Management Systam

FIGURE A27: Flow Chart Showing the Data Collection Path




Transducer
Cable Reel

Piezometer

Pipe

(0

Hydrogeology D ata Acquisition System ( HDAS)

Surface Boreholes

Transducer Ground
Junction Signal

L . . .
Remote Multiplexing Units (20 channels each)

Box Cable
Transducer Cable
Water level

Pressure Transducer

(Druck PTX 160/D
Transmitter; 0-690 kPa)
Packer

486
Borehcle

Ethernet
Printer -
VAX
Computer
Plotter

Doric Digitrend
235 Data Loyger
(100 Channels})

Mag Tape
Storage
1

Number of Channels Presently Scanned
77
Scan Rates: Normal - 1 Scan per hour

Fast - 1 Scan per minute




CANDIDATE AREA CHARACTERIZATION

OPTIMIZING SITE CHARACTERIZATION C

DATA COLLECTION, ANALYSIS AND ARCHIVING

CONCEPT UAL HYDROGEOLOGIC MODEL CONSTRUCTION

5 THAI WASTE MANAGEMENT WORKSHOPF 1, HYDROGEOLOGY
’ AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA
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CONCEPTUAL MODEL SCALE AND BOUNDARY CONDITIONS

EPTUAL MODEL SCALE:
einge f

Lm include the bound

LOCAL: to coinc de with the boundaries of the selected Candidate Sites (to
be selected from the mathematical hydrogeologic model)

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




= T Provios } Local modal boundaries

} Loeation cf hypothetical
——— Hwnsed

Grid areas of the WRA and Winnipeg River
simplified set of fracture zones
in revised conceptual mode!




HYDROSTRATIGRAPHIC UNIT CHARACTERISTICS

OSTRATIGRAPHIC UNITS: are geo iilar hydraulic

ck-mass volume

i‘igraphic units exteridfér 1000s to
é’r_qj‘?s Candidate Area);

ydrostratigraphic units extend forlOs to
100s m (across Candidate site);

. SCALE (FAR FIE]

LOCAL SCALE (NEAR FIELD): hydrostratigraphic units extend forl to
10s m

5\ THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
‘ AECL, WHITESHELL LABORATORIES, PINAWA MB CANADA
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Figure 4: Selected Geophysical Signatures of Logged-Open Fracwres and Fracrured Rock Domains in Borehole WD3
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WG4 GEOPHYSICAL AND FRACTURE LOGS AND FRACTURED ROCK TYPE
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Figure 5° Selected Geophysical Signawres of Logged-Open Fractures and Fractured Rock Domains in Borehole WG4
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HYDRAULIC HEAD DISTRIBUTION

JPPER BOUNDARY: STEAD irichlet);

LATERAL BOUNDARY:

SPECI (Dirichlet condition);

OW (Neumann condttzon );

MIXED tion of both)

LOWER BOUNDARY: NO FLOW (permeability barrier)

AN THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
T\ ARCL, WHITESHELL LABORATORIES, PINAWA MB CANADA
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Vertical Fracturing

Fracture Zone Designation
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MATHEMATICAL MODEL REQUIREMENTS

MODEL GEOMETRY: STEADY S TATE TRANSIENT
MO)E*?#; GEOMETRY:

'entatzve of frac lire zone
ithin FZs where required.

ent code MOTIF which simulates

CODE:

led processes

groundwater flow;
" heat transport;
and solute transport

,‘I_L 5 THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
I\ ABCL, WHITESHELL LABORATORIFY, PINAWA MB CANADA
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MODELS
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FLOW AND
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GEOSPHERE
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DISPOSAL

SYSTEM
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_ Measurements
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STRUCTURE |- “OPRCKOPER“ES Tables :‘Ind Figures
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Cross-sections
Block Diagrams
Integrated Model of
Hydrogeological Units
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\ 4 Computer Code
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Mathematical Dispersion, Diffusion
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Notes: Black circles are borehole collars, and blue circles are the borehole intersections with sparsely fractured rock domain projected to ground surface

Figure 5: Structure contour map at the upper surface of the domain of massive sparsely fractured grey granite
rock in the Whiteshell research Area (after Figure 12 Ophori et al, 1995)
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REVISED WRA CONCEPTUAL MODEL FRACTURE ZONE AND
ROCK MASS POROSITY & PERMEABILITY DISTRIBUTIONS

ELEVATION

150

POROSIY PERMEABILITY - m~2
-m o505 ROCKMASS FR. ZONE FR. ZONE ROCK MASS
kV =1E-14
003 05 1£-13 kH =1E-15
FZ + kV =4,5E-17
MFR MFF\'/.—-— - kH =4.5E-16
: KV = 8E-17
kH = 6E-18
7.7E-19*

-500

-750

-1000

3119

THIN BLOCKS
CF SFR

33E20*

1E-16

FZ & MFR

NOTES: 1) k = permeability, n = porosity
* verical k of gnelsses = horzontal kx 10

REVISED WRA CONCEPTUAL MODEL FRACTURE ZONE
AND ROCK MASS SALINITY DISTRIBUTIONS

DEPTH -m SALINITY - grryl ELEVATION - m
0 FRAC ZONE ROCK MASS 250
100 MFR WITH / FRESH | WATE 10 150
BRACKISH / 051
WATER : 10
200 50
MFR WITH N
200 SALINE WATER /]_BraciasH > -50
4 WATER
00 £ 1tos -150
’l\ 100
500 250
BRACKISH TO
THIN BLOCKS OF SFR SALINE WATER
WITH BRINE 51020
750 v -500
TOP OF MASS vsﬁ”,f
GREY GRANITE E
SURFACE 20 to 60

1000

1250

-750

-1000

MFR = Moderately fractured rock
SFR = Sparsely fractured rock
FZ = Fracture Zone

-1350

-1780

2280

-3000

-3750
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HYDROGEOLOGICAL ASPECTS:

ok ST AREA SCREENING e

RESEARCH\;AND DEVELOPMENT

\ THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
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FAVOURABLE CANDIDATE SITE CHARACTERISTICS

' LARGE REGIONS OF LOW PERM

BELOW 500 M

500 M DEPTH ¢

D H-V STRESS RATIO

. [.YIELD WATER WELLS

* BELOW FRESH WATER / SALT WATER INTERFACE

A‘ THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY

AECL, WHITESHTELL LABORATORIES, PINAWA MB CANADA



HYDROGEOLOGICAL ASPECTS:

~ « HOST AREA SCREENING

RESEARCH AND DEVELOPMENT
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