
GROUNDWATER SAMPLING

SURFACE COLLARED BOREHOLES:

•

•

•

PRODUCTION INFLATIONPA·G](ffd$$ (.ljtIl?s): l1~ed to isolate
o selected borehole intervqls.for sample collection;

WESTBAY MP CASING SYSTENf: wat~r samples collected
through piezometer andpumpingports;

AECL MP CASING SYSTEM$: ~qter samples colllf$tedfrom
open standpipes

BOREHOLES COLLARED UNDERGROUND:

• AECL MP CASING SYSTEMS AND CAPPED BORElIOLES:
water samples collectedfrom open standpipes or boreholes

...A... THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGY
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1.ooE+091.00E+081.00E+07

Elapsed time'· seconds
1.00E+06
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........ .. ..... ...L..........

Matching type curve
(C"."= SE3)

'- Match point:
too IE7 sec, tolCD • 1.2,

"Borehole WN9 interval 4 (S86.3 • 700 m length) open standpipe rising head

fitest (84.11.14 to 91.09.03)
Open standpipe rising head model (Ramey et ai, 1975)
k = O.S tO/CDomO,.'1 (LOgOt), whe'e m= 1.47E·3 kg/mos, r,=r•. r.

~
=1.74E-2 m, L = 113.7 m, g = ,Og, and
,Og = 1077 °9.811 kg/m's'. Thus k. (0.S01.2°1.47E·3°1.740E-2') I
(1I3.701077°9.811°1E7) m', 0' k. 2 2E.2Q mL

~Steady state model (Hubbert, 1940): K=QIdHOln(RI,.)I2IlL, •where mean Q (84.12.19 to 8S.01.04)=2.3IE9 m'/s, SH=6Q.8m

"R= I.Sm and '••11.076 m. Thus K=2.31 E·9/60.8°ln(l.SI0.076)1

(2*11 0 113.7),0' 1.S9E-13m1.•. k=KI(,g/m),

0' k=1.S9E-13/(lOn09.811/1.47E-3), 0' k· UIl:2ll m'
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Figure 13: Plot of no'malized ,ecove,y of WN9 piezometer interval 4 open standpipe wate, level versus recovery time



TABLE 6-4

GROUNDWATER SAMPLING, SAMPLE PREPARATION ANp ANALYSIS METHODS

Sample Species/Elemenl Conlainer Volume Fillered Preservative Analhlic~ Laboralory
(Preparalion) Mel ods

Anions HCOFSO~, CI, Br, Plaslic 250mL Yes Refril.erale Tilralion, IC HGC2

,N 3' I (4 C) Colorimelry

Cations Na, cas~A' K, Sr, Plastic 125 mL Yes 4 mULHCI ICPS ASB3
name AAS

Trace L~ Fe, Mn, V, Plastic 125 mL Yes 8mULHN03 ICPS ASB
clements I + olhers colorimetry

Dissolved OrganicC Glass 125 mL Yes Refrigerate Infrared P, Vilks, GRB4
organic carbon (,6;g) analyzer

Colloids Colloidal fractions Plastic SO L No N2purge Tanrilenlial P. Vilks, GRB
ow

Environmental 2H 3H 180' Plastic 125 mL Yes None MS ASB, Univ
isotopes 3H '(enrIched) Glass I L Yes None LSC ofWalerloo

Carbon iSOlopes 13C, 14C Plastic 4-100 L No None MS Univ of Waterloo
(±PC,BaC~ or LSC & Toronto

SI804, 34S04
iii NaOH) AMS

!,ulphur Plastic 1-4 L Yes None MS Univ of Waterloo
Isotopes (PC, ion exch¥lge

or BaS04)

Chlorine 36CI, Plaslic 1-4 L Yes None AMS Univ of Rochesler
isotopes (PC, AgCI)s

Strontium 87Sr/86Sr Plaslic 2S0mL Yes 8mULHN03 MS RH McNull,
isotopes McMaster Umv

Uranium and U 234W238U Plastic 1-4 L Yes 8mULHN03 AS HGC
radium isotopes ' 22 Ra '

Radon 222Rn Glass vial 8mL No None LSC HGC

Dissolved H2, He, 01; NJi Steel SOmL No None , MS ASB
gases CO2, CH4, r, 2S cylinder

Dissolved He, 3Hej4He, Cosrer IOmL No None MS WBClarke,
inert gases Ne isotopes lu e McMasler Univ

IC =Ion Chromalograf:J 2 HOC =Hydrogeochemislry Seclion, AECL Pinawa
ICPS =Induclivel~ Coup 'plasma S~eclromelry. 3 ASB ;= AnaltllCal Science Branch, AECL~nawa
AAS = Alomic A s0'EjlOn Speclrome ry. 4 ORB =Oeoc emislry Research Branch, A L, Pinawa
\:,~MS = \~cc~lera~or) ~s ~eClr9metry, 5 PC =Preconcenlration (Preparation) done al AECL

C = .,quld SetnllllallOIl ounllng, followed by method used
AS = Alpha Spectrometry



I

I

I
10 a III

1 3
1

I
1
I

II I
" I
s I I--...::l

"- 2
10 0b1'

0 IoS
.WN1-M-- 0

10 "
tD II

I~ I I"0 ~ 0
1

° : °0"'" 8 I....
0 II • IUJ·

" I
"d s

I •Q) I:>....
I
I I
I I
I

" I I
:I

I II

I

10 z 3 I
I

0 200 400 600 800 1000
IZone Depth (m)

I

I



CANDIDATE AREA CHARACTERIZATION:

• PIEZOMETER CONSTRUCTI

• BOR~HOLE SITING, DRILL ilNG

ISSANCE
'APPING

ARCHIVING

PLING• GROUNDWA

• DATA COLLE'>TION, ANALYSIS

• OPTIMIZING SITE CHARACT~l#
,'.,' .. ; :; ">" ·,;";··x"\c.

" , "

· ~~gJe ¥NSING, AIRBO~F!J

• CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

...L::i..}> __T_HAI----"WAS=T;:::..;E.=MAN=A=G=EM=EN=T=WO=RKS=HO=P=l,=HYD~RO=GE='OL_O_GY _
~ AEeL, WHiTESHELL LABORATORms, PINAWA ME CANADA



DATA COLLECTION," ANALYSIS AND ARCHIVING

DATA COLLECTION (QUALITYASSURANCE FORMAT)

• HYDRA ULIC TESTING: pressure transmitters, flow computer and
thermistors to analogldigitalboardto·mastercontol computer;
linked computerfor data analysis, printer/plotter; data loggers

o for interference test boreholes;

• PIEZOMETRIC LEVEL MONITORING: pressure transmitters to
data loggers or HDAS IUDAS.

DATA ANALYSIS:

•
o

HYDRA ULIC TESTING: steady state ltransient, constant head / flow
tests, pulse tests, slug / risingljea41tests, interference tests.

• FRESH WATER HYDRAULIC HEA.D: calculations, plots.

• HYDROSTRATIGRAPHIC UNITS: geologic logs; geophysical logs;
borehole hydraulic test data; hydraulic headplots.

DATA ARCIDVING:

• BACKUP; weekly computerjiles, reports and hardcopy (maps,jiles)
....l'l.... THAI WASTE MANAGEMENT WORKSHOP I, HYDROGEOLOGY
~ ~AEC='L,..:.:..:WIll=TES=HE=LL=LAB=O=RA=TO=R1ES=,P=INA=W=AM=BC=AN=AD;:..:..A _
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TABLEA2

SI002.019 AaacbmenlS

TEST INJECTION INFORMAnON SHEET

AECL SINGLE HOLE HYDRAULIC TESTING PROGRAM

FIELD NOTES: Teslinformation .!2AIE: Mar 25. 1992

AECL SITE: 1!RL - Booor Creek AECL HYDROGEOLOGIST:_-,R",od,:"-"B":,ma!.":"'d~,",,OO,,,I,-- _
BOREHOLE: 1!RL-I~ TESTIN1ERVAL: 26O·408m.
rcSTTYPE: Const:mIFlow DATA Fn..E NAME: U1~OO2BP

TEST INSTRUCTION FORM RE'ERENCE NO:

TEST PLAN:

I) INJECTION TEST X DRAWDOWNTEST _

m3/sec
3.0833brs

PULSE: psi m. SLUG: ---I'psi m
CONSTANT HEAD: -'psi 'm
CONSTANT FLOW: 18463 mIImin l077 E-4
TEST DURATION: __11100.sec 185 min.

2) RECOVERY DURATION

SLUG:
PULSE:
CONSTANT HEAD:
CONSTANT FLOW:

TEST NOTES

____sec
____sec
____sec

11100 sec

____miln
____mi,n
____min

185 min

_---hIS____hIS

_---:--:-:-:":"hIS
3Q833hIS

I) INJECTION TEST: X DRAWDOWNTEST:: _

MAX. FLOW C"dANGE DURING CONSTANT HEAD TEST:: -,-_'mllmin
MAX. HEAD CHANGE DURING CONSTANT FLOW TEST: 2 38 PSI .l&1l...Meters

2) EQUlPMENTOPERATION:

PACKERS: 500 psi OVER-PRESSURE
QA VALVE: OK. OPEN TO START
DOWNHOLE D.A. SYSTEM: WESTBAY TRANSDUCER #003
UPHOLE D.A. SYSTEM: COMPAO 286. ACjr AID BOARD. FLOW COMPIITER fC-8!
WATER INJECTION: FLOW TURBINE FT-IO
ZONE TEMPERATURE: START TEST:_~1.~409>!:UVL...---,I!.lIO~.5c::..·!..C~. _

END TEST: 1410V 10rC.

3) GENERAL COMMENTS:

lJRL-14 UPPER ZONE • NO RESPONSE
URL-14LQWERZONE - 37mmRESPQNSE
EQUIPMENT F1!NCDONING NORMAL
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TABLE A3

INJECTION INfORMATION SHEET

S1002.019 AnacbmenlS

AECL SINGLE HOLE HYDRAULIC TESTING PROGRAM

AELD NOTES: Testlnformatioo llAIE: May 25.1992

AECL SITE: (JRL Boooy Creek AEa... HYDROGEOLOGIST:_--::,Rod,:,:,--"B:,:road~~",oo""t,--- _
BOREHOLE: (JRL-15 TEST IN'lERVAL: 260 - -!O8 m
TEST TYPE: Const:mt Flow DATA FILE NAME: U1~OO2BP
TANK CALIBRATION: 76.92ml/mm

I) SYSTEM TEST

a) Leak Test

Pressure Tank Level (mm) Voltlllle Used Leaka2e Rate
(osil Start Finish Imml (mI) (ml/miol -
30 ._-
90
150 NoLeaka2e - .

b) Ttme vs. Rowrote & Pressure

(See Table and Graph) N/A

2) SYSTEM OPERATION

INJECTION DURATION: __.L11....1",00,,-= 185 mio 3.0833hrs
WATER QUALITY: Temp. __NC. Conductivity 120 mS/cm'
TANK LEVEL: Start mm Ficish mm Total mI!l

VOLUME INJJ;:CTED: mm x 76.92 ml/miD = ml
VOLUME CHECK: Q ml/mio x miD = ml
ROSEMOUNT D.P. TRANS: Not Used mm Volume ml
CALCULATED Q: Vol ml/ miD = mlImin

TlDle Flowmte (ml/miol System Pressure (osi)

(secl Gross Net Tank loiection
1000 18500

12100 18346

Total Volume •
3011.56 L



FIGURE 4: DATA COLLECTION SYSTEM

Transducer control

AQdrill_

PeckenI ---.

Pressure conduit

J

, RTD thermistor

1-.--111- Power board

,."
Dl!ferential

pressure
transducer

Transducer power supply
~=

constant power battery pack

Power

board



l8. DATA COLLECTION FLOW CHART

~ I
Uphole DIfferential Flow Computer RTD ThenaiatDr

P......,. P, TnA.......
TIW'ft.....T"';""" Trradt......

-

'-- I--
AnologIDIgIW Tonn!naI aa.d

Comp&ltar

DstaFll.. Prlnt8r
(Hard copy of(Floppy Disk) Data Files)

i
!

D8ta Malysia

Undergrocmd RMan:lllAhondDry

Recorda YauIt

Waste Technology Dlvislon

Records ManagementSystBrn

FIGURE A27: Row Chart Showing the Data Collection Path



Hydrogeology Data Acquisition System (HDAS)
Surface Boreholes

Transducer
Cable Reel

Transducer
Junction

Box

Ground
Signal
Cable

MagTape
Storage

I

Doric Digitrend
235 Data Logger
(100 Channels)

VAX
Computer

Ethemet ---I

Remote Multiplexing Units (20 channels each)

Plotter

Printer

Transducer Cable

Pressure Transducer
(Druck PTX 160/0
Transmitter; 0-690 kPa)

Packer

Piezometer
Pipe

Number of Channels Presently Scanned

77

Scan Rates: Normal - 1 Scan per hour

Fast - 1 Scan per minute



CANDIDATE AREA CHARACTERIZATION:

• OPTIMIZING SITE CHARACTERIZATION CO
\;.:

,''',,/0

• REMOJE SENSING,

,0,',,',.'

. BOREHOLE SITING, DRILL'

• PIEZOME1E

• GROUNDWA

• DATA COLLECTION, ANALYSIS AND ARCHIVING

• CONCEPTUAL HYDROGEOLOGIC MODEL CONSTRUCTION

THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
AECL, WHITESHELL lABORATORIES, PINAWA ME CANADA



CONCEPTWALHYDROGEOL@
;;(''0i''''

• HYJJXRQSTRATIGRAPHIC U'...,,:0:\' .."";

• HYDRAULICHEADDISTRIBUTIO

VCT/ON:

• MATHEMA OJJ./ .L:JL/ REQ

~, T_HAI_\-=.WAS=T:.:::.E.:.;.:M=ANA;::.:GE:=;;M:..:;:.E=NT;;..:;:W.:.:.;O::.:.:;RKS=HO::;:P;..:.:l,:.:..:I::::::-IYD=R::.;:O=GE.:....O_LO_G_Y _
~ AECL, WHln;SHELL LABORATORIES, PINAWA MIl CANADA



CONCEPTUAL MODEL SCALE AND BOUNDARY CONDITIONS

u~u·u~c;. Areas
400 km2);

tes (- 25 km2)

ent boundaries around
A0~

a~~ Areas;the selected C

OUj~l!;'ZCle with the boundarzes ofthe selected Candzdate Sites (to
selectedfrom the mathematical hydrogeologic model)

LOCAL: to

REGIONAL: t

LOCAL: to include the boun

CONCEPTUAL MODEL SCALE:
o

REGIONAL: to include the bound.' """"':'>.'. :,",: ',. '.'::>: ',. ,.:.:. :...:...... ::';':': ':\ ".. :\\:i:'::",:
((\~;
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HYDROSTRATIGRAPHIC UNIT CHARACTERISTICS

§.iInilar hydraulic

/.irock-mass volume

o

/JJT,figraphic units extendfor 1000s to
>11~~crqss Candidate Area);

hy>arostratigraphic units extend forI Os to
100s m (across Candidate site);

LOCAL SCALE (NEAR FIELD): hydrostratigraphic units extendfor1 to
10sm

GEOMETRY: REG!QNAL SCALE: hy
10000

o
HYDRAULIC PROPERTIES:

PERMEABILITY; m2

EFfECTIVE POROSITY: drai

COMPRESSIBILITY: 1/Pa,

·OSTRATIGRAPHIC UNITS: ULVJ'~

..LJ....;. T_HAI---,WAS=TE,-,,-MAN=A=G=E=ME=N=T=WO=R=KS=H=O;.;;.;P=1,=HYD:::.=R""OcG=E;;....O_LO_GY _
~ AECL, WHIn;SHELl, LABORATORIES, PINAWA Mil CANADA



WD3 GEOPHYSICAL AND FRAcruRE LOGS AND FRACTURED ROCK TYPE
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Figure 4: Selected Geophysical Signatures of Logged-Open Fractures and Fractured Rock Domains in Borehole WD3



WG4 GEOPHYSICAL AND FRACTURE LOGS AND FRACTURED ROCK TYPE
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Figure 5: Selected Geopbysical Signatures of Logged-Qpen Fractures and Fractured Rock Domains in Borebole WG4
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HYDRAULIC HEAD DISTRIBUTION

q#zon ofboth)

BOUNDARY: STEAD"

LAlliERAL·BOUNDARY:

LOWER NO FLOW (permeability barrier)

..A.. THAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
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MATHEMATICAL MODEL REQUIREMENTS

MODEL GEOMETRY: STEADY STATE; TRANSIENT

od,el;
tigraphic units

he rock mass;
of,>:, e zones (FZs);

ntativebffra e zone
hin FZs where required,

nt code MOTIF which simulates

rotindwater flow;
heat transport;
and solute transport

Boundaries,. (;:0

modellaye;i"
given in ciJh~ev£IA'u

the 3 - D fin
led processes

CODE:

:N1(DDEL COMPONENTS:
:';:;;6

planar ele
rod-shape
'nterseetions or

..A... TIJAI WASTE MANAGEMENT WORKSHOP 1, HYDROGEOLOGY
~' AECL, WlIlTESHELLlABORATORIES, PlNAWA ME CANADA
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GEOSPHERE MODELLING APPROACH

Computer Code

TRACK3D

Computer Code
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Notes: B1""k circles are borehole collars, and blue circles are the borehole intmections with sparsely f""'lured rock domain projected to ground swf"".

Figure 5: Structure contour map at tbe upper surface oftbe domain ofmassive sparsely fractured grey granite
rock in the Whiteshell research Area (after Figure 12 Opbori et aI, 1995)
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