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MANAGEMENT PERSPECTIVE '

Conservation of biodiversity in healthy ecosystems. Pnonty ecosystems are conserved and
restored. :

As part of the Smithville studies, Westbay borehole instrumentation was installed in 5 boreholes at
the site. John Voralek and Charlie Talbot (Technical Operations Division) were trained and
certified by Westbay Instruments to install this equipment at sxgmﬁcant savings to the program.

This report presents the details of the installed systems and summarizes the procedures used for
the installation. From these newly installed boreholes we have been monitoring hydraulic heads on
a weekly basis. These hydraulic head measurements will be used to further our understanding of
groundwater flow and contaminant transport in fractured rock systems. This is essential to
improving our ability to predict and prevent the environmental effects of toxic substances in
groundwater and help to conserve and restore priority ecosystems in the Great Lakes Basm

This report is intended for information and completeness only. The boreholes instrumented in this
study are included in an ongoing weekly momtormg program. Besides this monitoring, no further
work is planned at the present time.



SOMMAIRE A L'INTENTION DE LA DIRECTION

Conservation de la biodiversité dans les écosystémes sains. Les écosystémes prioritaires sont
conservés et remis en état.

Dans le cadre des études de Smithville, de I'appareillage de trou de sonde Westbay a été ,
installé dans 5 trous de sonde sur le site. John Voralek et Charlie Talbot (Division des
opérations techniques) ont été formés et accrédités par Westbay Instruments pour installer cet
équipement, ce qui a entrainé des économies substantielles pour le programme. Ce rapport
décrit en détail les systémes installés et résume les procédures suivies pour l'installation. A
_partir de ces trous de sonde récemment installés, nous avons surveillé les charges
hydrauliques avec une fréquence hebdomadaire. Ces mesures des charges hydrauliques
serviront & mieux comprendre I'écoulement souterrain et le transport des contaminants dans
des systémes rocheux fracturés. Elles sont essentielles pour améliorer notre capacité de
prévoir et de prévenir les incidences environnementales des substances toxiques dans les
eaux souterraines et aider a conserver et a rétablir les écosystémes prioritaires dans le bassin
.des Grands Lacs. ' ‘

Ce rapport n’est destiné qu'a foumir de l'infoﬂhatio‘n et a rendre des comptes. Les trous de
sonde ainsi instrumentés dans le cadre de cette étude sont intégres a un programme de
surveillance hebdomadaire permanent. A part cette surveillance, on ne prévoit pas d'autres

travaux a I’hetire actuelle.
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Abstract -
\ Atj integral part of the Smithville field studies has been the drilling band instrumentation

- of twenty néw boréholes Iin ahci around the site area. All of these bofeholes intersect the total
length of the Loékpbrt dolostone. To bbtain representative grdur;dwater samples at various
levels and measure vértical variatiéns in hydraulic head, i't is essential that the,boréholcs be
instrumented in such a ménnef that specific horizons are isolated. The Westbay® Syst}.m of

" borehole instrumentation is a modular design having water-filled packers connected by casing
elements and specially designed pl{Jmping and meésurémendsampliﬁg ports. The packers isolate
distinct zones in each boréhdle. - Water pressure is measured and representative groun'dw,ater
samples are obtained using a suBmersiblc probe which is lowered iﬁto the casing and connected
to an electronic data acquisition device on surface. Groundwater sa,mplesi_can be obtained ‘u,,si‘ng
the same port by opening a valve from the suﬁace unit émd allowing water to fill a sample
container attached below the probe.

In 1996 and 1997 six of these new boreholes were instrumented with Westbay multi-level

instrumentation. In 1999 an additional six lbdrehdles were completed with this type of
instrumentation. This report outlines the design of the borehole ingtmmentation and summarizes

the installation procedures.



Résumé

Le forage et l'instrumentation de vingt nouveaux trous de sonde sur le site et aux
alentours ont fait partie intégrante des études in situ de Smithville. Tous ces trous de sonde
coupent la longueur totale de la dolomie de Lockport. Pour obtenir des’ échantillons
représentatifs d’eau souterraine a divers niveaux et mesurer les variations verticales de la
charge hydraulique, il est essentiel que les trous de sonde soient instrumentés de maniére &
isoler des horizons précis. Le systéme d’appareillage WestBay® destiné aux trous de sonde
est de conception modulaire et contient des packers remplis d’eau rattachés par des éléments
de tubage, ainsi que des orifices d’échantillonnage, de mesure et de pompage spécialement .
congus a cette fin. Ces packers isolent des zones distinctes dans chaque trou de sonde. On
mesure la pression de 'eau et on obtient des échantillons représentatifs des eaux souterraines
en utilisant un capteur submersible qui est descendu dans le tubage et relié a un dispositif
électronique d’acquisition des données, situé en surface. On peut obtenir des échantillons
d'eau souterraine par le méme orifice en ouvrant une soupape & partir de l'unité de surface et
en laissant I'eau remplir un récipient attaché sous le capteur.

En 1996 et 1997, six nouveaux trous de sonde ont été équipés au moyen de
rappareillage & niveaux muitiples Westbay®. En 1999, six autres trous de sonde ont été ainsi
instrumentés. Le présent rapport décrit la conception de l'appareillage des trous de sonde et
résume les procédures d'installation.
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Introduction

This report documents the procedures used during the installation of Westbay® MP38
instrumentation in five boreholes at the CWML site in Smithville, Ontario. As part of an
ongoing site characterization project five NQ (76 mm inside dia.) boreholes were drilled, tested
hydraulically, and videotaped using a subihersible camera prior to the Westbay® installation. The
packer and port locations were chosen based on the results obtained from the hyd,r.,aul_i'c testing
and camera logs; The results of the hydraulic testing and a general deécription of Westbay®
instrumentation can be found in Novakowski et al. (1999) and Lapcevic et al.(2000).

Installation of the Westbay®'MP systém was carried out by John Voralek, and Charlie

Talbot. John Voralek is trained as a certified Westbay® MP System technician:.

Installation Procedures
The methods used to install the instrumentation are based on the previous installations of

similar instrumentation at the site (Westbay Instruments Inc., 1996 and Voralek, 1997).

Mon‘ifo’ri‘ng Well Design

Monitoring zone locations for all wells were generated on Well Designer® software
(Westbay Inc.). The MP Casiﬁg logs were used as an installation guide in the field. Field copies
of the Installation logs are included in the Appendices. Log design included an MP measurement
port coupling located in each zone at the base of each packer. This port provides the capabilities
to measurer fluid pressure and collect fluid samples in each zone. A puniping port cox;pling Was

also included in each zone to provide purging and hydraulic conductivity testing capabilities-.-



Model 0204M 15 packers were used for this project. Table 1 summarizes the boreholé

characteristics and completed monitoring zones.

Table 1. Summary of Borehole Characteristics.

Borehole  Date Elevation Trend Plunge Total Westbay Number
Drilled (masl) ©®) ©) Length Casing of Monitoring
’ of Borehole Length Zones
e _(mbgs) (mbct)
34C  18-Nov-95 19294 115 57 - 56.24 5207 8
37C 18-Nov-95 192.23 0 . 55 56.16 55.07 9
64  28-May-97 192.60 341.5 56 - 59.06 59.07 10
66 16-Nov-98 192.49 324 55 56.52 57.07 8
67 20-Nov-98 192.96 4 54.5 56.46 55.07 8

Layout of MP Casing Components
For each MP Systerﬁ installation, the MP casing components were set out at the onsite
storage area according to the sequence indicated on the MP Casing Installation log. Each casing
length was numbered, beginning with the lowermost, as an aid to conﬁﬁning the proper sequence
of components. The appropriate MP System couplings wer_e‘ attached to the casings. Magnetic
collars were attached 0.5 m below each measurement port. Each casing component was.visually
~ inspected. Serial numbers for each packer, measurement port coupling and pumping port
coupling were recorded on the MP Casing Installation Log. The well component ‘layout was
confirmed with thel log prior to the lowering the components in the borehole.
Lowering of MP Casing Components "

The MP casing components were placed in each borehole in the sequence indicated on
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the MP Casing Installatioﬁ Log. Each casing joint was tésted with a minimum internal hydraulic
pressure of 150 psi for one minute to confirm water-tightness. The record of each successful
joint test and the placement of each casing component is noted on the MP Casing Installation
Log. Geotextile filters were placed cl)ver each measurement poi't coupling after joint testing.
Water was added inside the casing to overcome buoyancy effects. MP casing was lowered into |
the borehole until the midpoint of the top coupling was level with the steel surface casing. 'fhe

MP casing string was held in this position while packer inflation- was carried out.

Inflation of MP System Packers
The packers were inflated individually with clean tap water beginning with the lowermost

packer in each well. Each packer was inflated to a target internal pressure of 190 psi above the

ambient pressure at the packer location. The volume injected into each packer was between 1.0

and 15 litres. The data for the inflation of each packer are recorded on the MP Packer Inflation

'Records included in Appendices A to E. A secondary test to ensure water tightness was carried

out by filling the inside of the casing with water to the top and observing any decline in water

level. This test method ensuréd a sound installation in all boreholes.

Surface Completion
After the packers had been inflated the tdp coupling was removed from the MP casing
and replaced with a soft walled pr"otec‘tive‘ end cap. The steel casing was cemented in and a

threaded steel well protector ensures security of the borehole.

A Summary Casing Installation Log, which shows the final as-built configuration of the




surface completion is included for each well in Appendices A to E.

Fluid Pressure Measurements

After installation and packer inflation were completed in each well, fluid pressures were
collected at each measurement port using the ‘Differential Pressure’ method. With this method,
equivalent water levels are calculated based on the difference between outside and inside fluid
pressure with respect to a measured inside casing water level. This r'néthod does not requ‘ife the
deptl; below casing top of the measureﬁlent port in the calculation of fluid pressureé. For-
simplicity, NWRI procedure is to fill the casing to the top and use this point as the inside casing
water level or reference datum. Data was obtained using the Westbay® hand-held control unit
and then processed onto a master spreadsheet. The fluid pressure data were examined for
confirmation of proper operation of the measurement ports and as a first check on the presence of
annulus seals between mdnitoring zones. Measurements of the vqnical distribution of calculated

hydraulic head for each borehole on a given day (July>.6', 1999) are included in Appendix F.
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Summary Casing Installation lLog

Well No. 34
Job No.

Client NWRI
Site Smithville
Project Description

Well Information

Reéference Datum

Elevation of Datum 0.00 m.

Position of MP Casing Top above / below Datum 0.0G m. above datum
Position of MP Casing Bottom Below Datum 52.07 m. belou datum

Well Description "
‘Other References

Log Information

Designed By _ 4/ 2 Fr Date /J,,q/\,/;,;
Approved By £t Date _ ‘7ny /77
Checked By I+« = Date /‘7.4\, /2 /75
Computer File No. 34 ’ Date Fr1 Mag 14 15: 13 31 1988

Sketch of Wellhead Completion
Tremd - 1S

i e ¢)(=1+"4M

Q.53




Well Designer Report Date: Thu May 20 09:38:24 1393 Page: 1

Job No. NWRI | Well No. 34
Scale - Geo Gec Hell MR Tested Part ‘ Serial ‘Comments
Meters 1 2 Casing Loa Ok s Test F1lt Desc. No. .

0 -- A
- 23 = MP38 CASING 3 METERS
_ cAcd
o 23 = MP38 CASING 3 METERS
- cocd
- 27 C4 MP38 CASING 3 METERS
- g .
10 -- 26 IZE, MP38 CASING 1,5 METERS
- r N L
>, C/B' b3 c PoRT " Stes
- MP38 STANDARD PACKER 16502
_ -@— A [ @ ges exmp38 MEASUREMENT PORT 124w
T 22 E-YB., MP38 CASING 1.5 METERS 307
_ ol o HB38 PREPANC 9ORiren
- 20 B/@, MP38 CASING 1 METER
- R } MP38 STANDARD PACKER 1Hso2
- \_ﬁ_ A e bex EE;E Eﬁg;ﬁgzngna PORT  1Zkiz
20 -- 71\ g: §e 7O ETEP BRbid)
- ) e MP38 STANDARD PACKER gL
: 8 pre-EiEEE
- S £ 5 pORIIES 130
- : & o MP38 STANDARD PACKER UL
- -é— ¥ Jeotex MP38 MEASUREMENT PGRT itheo
- 12 | g MP38 CASING 3 METERS
_ - cAcd MP38 PUMPING PORT 5330
30 -~ 1 cA MP38 CASING 3 METERS
~ %:B/ ‘ ’ ‘ Hse3
- MP38 STANDARD PACKER "us
TIBH) Hui B el
. S , G PoHY S
- 8 =4 MP38 CASING 3 METERS
- ‘ ng/ p3 1S Y
- MP38 STANDARD PACKER .
_ & B’E’Qe@‘tx MP38 MEASUREMENT PORT 1L 07
40 -- A, j MP38 CASING 1.5 METERS 306
— AC4 = HB38 BREPANC RORIren s
_ 4 Cd 1MP38 CASING 3 METERS
_ 4 P38 ST 1 1"wses
-— 5 MP33 STANDARD PACKER
_ -Q—% B’B’Qw‘ex MP38 MEASUREMENT PORT 12607
- z & MP38 CASING 3 METERS
— & udrd MP38 PUMPING PORT 38
50 ‘_" 1 B/ MP38 CASING 3 METERS
- gd MP38 END CAP (metric) Last ‘p,ar( 1n Well

60
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Appendix B
Installation logs for borehole 37C
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Summary Casing Installation Log

Well No. 37C
Job No.

Client NWRI
Site Smithville
Project Description

Well Information

Reference Datum
Elevation of Datum 0.00 m.
Position of MP Casing Top above / below Datum 0.00 m, above datum
Position of MP Casing Bottom Below Datum 55.07 m. belou datum
Well Description '
. Other References

Log Information

Designed By __Jv. & ¢, : Date ___ sy l,/‘?fi
Approved By _ P& : - Date . /‘7‘-/q _'L,// 29
Checked By _ TV - o Date 114, 12/ 93
Computer File No. 37 Date Fr1 May 14 16:08:04 1999

Sketch of Wellhead Completio‘n

Trénsef - 0©

C.bl




Well Designer Report

Job No.

Scale
Meters

10

40

U
(@8]

A R R R B R

NWRI

Hell
Cas1ng

Gec Geo
i 2

5 v -3
@ i L - ?_:?-5
£ 29 - 3i

3 32.5-16
B ns 35
4 - 49.56

®

@ si - 5509

Dater F+: iizy 14 1£:08:56 1999

MP Tested Part -

Locg Ok ~Tezt . Fa1lt Desc.
W

32 EA MP38 CASING 3 METERS
FE '

3 =4 ME3E CASING 3 METERS
&

30 & MP38 CASING 3 METERS

' E’ &
29 MP38 CASING 3 METERS

%‘?5”" 38 EBSAeS fofis EE

MP38 STANDARD PACKER

2o 3 Bt o o

D’ MP38 CASING 3 METERS

HP38 STANDARD PACKER

e H ST

w npas STANDARD PACKER
& [y ¢e bepr MP38 MEASUREMENT PORT
& MP38 CASING 1.5 METERS

= VB8 EWUPANS PORLrep

D?E( MP38 STANDARD PACKER
caaleds By

C MP38 CASING 3 METERS

cgud
MP38 STANDARD PACKER

oped Eaney

rg MP38 CASING 1.5 METERS
[E g
P38 STANDARD PACKE

oA
%‘é@“’“’ 3D BRSO ol

cd

ac»lcr

MP38 CASING 3 METERS

o

= MP38 CASING 3 METERS
B’IE{ esh MP38 STANDARD PACKER
HoA o TR EhSalec e e
= MP38 CASING 3 METERS
icdrad MP38 END CAP (metric)

Page:

Well No. 3—"":‘

Ser1al “lommer:t 2

Now

u.éos

i3z
wwér
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Last Part 1n kel.



Pege____of

3

& ‘?E WQSTbCI)/ MP Pocker
w T . Inflation Record
Project: — —— Job humber: -

Location: __._. Loy tby M - - !Completedby: Jv ¢ "~7-:~

‘Hole No.. Ar_3TC |  DatelInflated:___ ”;v 15/79

Packer No.: £ . Depth(m /)

Inflatlon Tool Setting (pst)___1-# F’J;ﬂ

Depth toStandingWater (m /1)
-open hole _

Volurpe Cmre's). P AU B .7 | /oy [.10 /.in

Pressure (PSI) |34,

ry” |30 370 |+ee ,Z)/
Pl‘\.‘\/ .:‘ 'F(a"\r.n W/ua-o_, - ’“-‘e |

Ann/ - P/u "'G-A/o'mufe_ k! AL
Plot of chge Pressure (PSl) vs. Volume (L)

AUV e ————— _ __

g’ - B

=

o TTET

Q. .

® PSRN

2 EEEEE :

© 1) -
% _ a
o ' 2 3 4 5 6 7

Volume, Litres

1



Pege____of

£ % WQSTbCi)/ ‘MP Packer
= Inflation Record
Project - Job number:

Location:____ L, Fhville __ Completeaty: ___ TV & T

Hole No:___ b 37(.  Date Inflated: Moy 17 /& |

PackerNo: % Depth(m /)

Inflation Tool Sefting (psl)__ 2\t 7u 7

. Depth to StandingWater(m /1)
=open hole _

Volume (Lifres)

e let|e gy Lae | e | D

Pressure (PSI) |z1: |4./

0 | e 24

7 |.~“Q‘}len \/bf-(.va - / .,v-a,e

t~ £l hon /oﬁu.[uﬂe. - 130 /’JZ'

Plot of Gauge Pressure (PSI) vs. Volume (L)

1| /

£

¥ |

Gauge Pressure, psl

P |

A~}

3w -

4 5 6 7

* Volume, Litres

R



Pege___ ot

———

* Project:

MoleNo:___ &4 37¢

Packer NO.. 7

Inflation Tool Setting Cpsl)___Z 4

Job numbern: .

Depth(m /)

MP Packer

Inflation Record

bomplefeq by:.
Date Inflated:__

J’l/c?'f—/

/”'7‘*71/ .17/79

Depth to Standing Water ( m/f)

- Opéﬂ hole

Volume (Li'fres)

0.1 | o.50 | 015

.

[0

Pressure (PS() e |

275

1% | q2o

o

'ﬂplq{"ﬂr\ -Vb["‘ave —' In’e—

“gpua:

,0"34.1\4"(.. ~ /ZO AL

" Plotof chge Pressure (PSI) wvs. Volume (L)

S

| Gauge Pressure, psl

.4

Volume, Uifres

wm o
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£ 3 Westbay -  MP Packer
@a. g

<z Inflation Record
Project: —_— Jobnumber: . - ‘
Location: __ JN-HV:/[Q _ . Completedby: __JY £ CI
HoleNo:__ B4 - 37¢C Date Inflated LTy /7/A“’

PackerNoo_. {5 . Depth(m /) _

Inflation Toc! Setting Cpsi)__ 7(‘('0

Depth toStandingWater(m /)
-open hole :

Volume (litres) Ay C se |67 | lao | 7es

Pressure (PSI) 316 |3 |zer |32¢ H/O /e/

: I;‘:(“Mn Viluwe. ~ I.D.r/e tafla frin preffanre - (80 A4
Plot of Gauge Pressure ¢PSI) vs. Volume (L)

rop |
L ,
[
i -
_ | “,
Ei- -
a 7
O ¢0o ~
o ol
2 Y |
c Y s n T8 I ‘
© T 11
i j |
- |
N ' |
Y | i _ R [l
0 1 2 3 4 5 6 7

Volume, Lifres

1R
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4 2 WQSTbG)/ MP Packer
it -~ Inflation Record
Project: . —————— Job number: _ e

Location: Jﬁ!ﬂ‘w;[/b — — bomp’tefed by: - JV €T

HoleNo: B4-37C  ootemfotec Mu 17/%9
PackerNor L% —_— Depthtm /tt) .

Inflation Tool Setiing .\)%, Lro , Depthto StandingWater (m /)

. -openhqle :

};VolAume tres) |4 5| oo fo 25 1w | bgs

Pressure (PSI) 190 | 2o 220 | 420 ?/

| C aflehon vilame - D00 £ L Flahia pryjure - 180 247

: Plot of Gauge Pressure ¢PSI) vs. Volume (L) “

z T

s et

gawo

& HENE

) A

(o)) \ 4

2

c 5
0 7 - |

N |
L
0 12 3 4 5 6 7

- Volume, Litres

1R/
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£ % Wczsqu)/ _ ~ MP Packer
Sz Inflation Record
prject. ' — Job number: |

Location: Lo ¢ ,},“_"'l/ L . Completedby: IV & o7

Hole No.:___B# - 37C

Date Inflated:— T« /Z/?f —
Packer No.: Z]

Depth(m /)

Inflation Tool Setting C psi)___= 4

DepthtoStandingWater(m /1t)
-open hole .

Volume (Litres) Coov e solezs s, | o

Pressure (PS) 12,0 | 1ic |xee |40 |- /z(

lwflaton  volume - D.90 /6 va £lg hon Areyyure — (36 Ay7
Plot of Gauge Pressure ¢(PSI) vs. Volume (L)

W

K4 -

5 -

: [ 4

Syov :

& .

QO :L\

g i |

O _ '

© P

oo 4Lt LI 111 Al
0 T 2 3 4 5 6 7

Volume, Litres
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& 3 Westbgy MPPacke:
) - - Inflation Record
Project: . —  Jobnumber -
Location: Lu tho, //e,»‘ ' _ Completed by: dJv ¢ 7
HoleNo.__ 84 376 , | —— Datenfiated:.. Hose / 5/,77 —
PackerNo.. 2 - — ___ Depth(m /ft) '
InflationTool Setting(ps)__2#C _____ DepthtoStandingWater (m /)

' =Qpenhole

Volume (Ufres) |, .- .59 | o7 2n | Lor| 1w

Pressure (PSI) 330 | 330 | 330 | w0 q‘LO /

A TR Uc(;;-e—'l.uo,e z:ﬁ(v.%",‘ P reg(ure - 180 AT
Plot of Gauge Pressure ¢(PSI) vs. Volume (L) |
Ry T - _
N
_l‘

a
é = _
= - A1
o &
Q.
) JB + _
o "
: e r—
c - -t ‘ ”
o L

AN .

Y

i

/ e

goo it TV VLTI i J
-0 1 2 3 4 5 6 7

Volume, Litres

R
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g: ;‘g Westba 1y

5

Project...

Location: ___ Lo tb v fle

Ho[e N_Q_.e. ﬂH -~ 37

PackerNo. 2L

Inflation Tool Setting (psi)__Z v A7

qu

L. | S

MP Packer
Inflation Record

= Job number:
_ Completedby: . 4Y ¢/°7'
. e 17/79
Date Inflated e 74
Depth(m /ft)
Depth toStandingWater(m /1)
-open hole

Volume (Uitres) o 2 | ovv

1. 7.)/

v | 1ego | )08

Pressure (PSD) | 23p |40

1Ze

ot

20 ¢/ '

|:\‘:(¢¢ 1"“-.-4 Jc(\-.w-t -1.0§ »e

1~ £lcten prediwre - 180 AAI

Plot of Gauge Pressure ¢PSI) vs. Volume (L)

- Gauge Prc_esssure, psl
= e

.Jw

a4 5 & 7

Volume, Litres

1

‘
i
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Appendix C
Installation Logs for Borehole 64



N b e DX A

Summary Casing Installation Log

) T

Well No. 64
Job No.

e

Client NWRI
Site Smithville
Project Description 13883

Well Information

Reference Datum

Elevation of Datum 0.00 m.

Position of MP Casing Top above / below Datum 0.00 m:. above datum
Position of MP Casing Bottom Below Datum 58.07 m. belou datum

Well Description -
Other References

e AT ko e p——etie

Log Information

Designed By IV € AL Date _ Ty (/95
Approved By __£& Date . f‘I'/ /51 :
Checked By _JI¥ . . Date 1w, /cﬁi )
Computer File No. 64 Date Fr1 Mag 14 14:57:31 1999 ;

et e e g it

Sketch of Wellhead Completion

Trewol - 3%0.0°

3 'ke /

77 | l

0. bb wn




Well Designer Report Date: Thu May 20 08:51:26 1995 Page: |
Job No. NWRI Well No. &4
Scale Geo  Geo Well MP Teéted Part Serial Lomments
Meters 1 2 Casing Log Ok /Test/F1lt Desc. No. .
0 -- g4 .
- Z 32 & MP38 CASING 3 METERS
- : recd ' '
e 31 & MP38 CASING 3 METERS
- - 'Y '
- 30 cd MP38 CASING 3 METERS
_ : E’ cd
10 —- . 29 MP38 CASING 3 METERS
_ () —~ 1Y o 1y gg’aec e x; EM T [ A
N CAL A ¢ B PRI T 11l
- _ ‘ . Pg_ DD, eobe g B38 STANDARD DACKER 11540
- : | (S XHP38 MEASUREMENT PORT 11053
-~ VI S 26 MP38 CASING 3 METERS -
- P oY
- to-ks o) gg PR3 BMFA PRFree Y203
T _ . | ¢u+ex"p38 smNuaga DHCKEQT :{.szoz
0> @ wo e B FoaetEEEMEGH UL
_ 8 STANDARD PACKER - iy o
- 8- E’E’qeohl- npas MEASUREMENT PORT tLo3y
- @ 29.6- 255 |21 rd MP38 CASING 3 METERS . '
- S B En e, FETS
i 81~ 'D/B’acc beKiip3g Frasoncnen; PoRT 1283 3
N 19 : MP38 CASING 3 METERS
30 -- SV s MB3E RHUPRNS SORLrer Lk ldd
- ¢ 7",:' =30 [ j MP38 CASING 1 METEP
- £ (ts50k
- 8- B’B’ eothSSS REASURERENT PGRT (Lbo
- 15 MP38 CASING 3 METERS
@ 33.5'35'5 o\ i ‘ G PO 5140
- ' . o HB38 BKETANC BORIvee
- 13 H MP38 CASING 1 METER
- ) 7 RO P R 1S5S0
40 -- e ) E-}’E(Ju-#exnpae REASUREHENT PORT u.uél
- 11 & MP38 CASING 3 METERS
— . & =g~ 4 /MP38 PUMPING PORT &3
_® U 4b.5 10 cd MP38 CASING 3 METERS:
- —_— S - e N 5 MP38 CASING 0.5 METERS o
e _ , —2— o g,’e’& cl’f-}'npze Eég?ﬁgggﬁ?cﬁg{&gt :‘i“l% '
50 - @43 -s.s OV B M BENS R S
- ‘ ] B’ MP38 STANDARD PACKER 1S 00
- N - -é— : & qerl'c XMP38 MEASUREMENT PORT 12639
= @S2 -s5 4 r MP38 CASING 3 METERS
—— . T cfcd npas PUMPING PORT J3
T ) _;_ (AR, S':l'JﬂNDAgR PACKER " Z.q
T oses — sy [0 EACTERIBEETEE
® -03 S rgrdl MP38 END CAP (metric) Las' Part 1n Uell

60




Pege__of__

—_— - . i

£ % WQSTbC])/ | - MP Packer
B g

f('r\ Rel - $9.v¢

-are, - |Nflation Record

.
"
!

%

. :

Project: - Job number: — v ]

Location: ___ ;{'m , l"\-u//ﬁ« bompfefed by: Ty & T {f
Packer No.: 3 , Depth(m [fr) .

Inflation Tool Setting ( psi)_Z ¥¢ Depth toStanding Water (m / ft) _ |

-open hole

Volume (fres) |c o5 o

Pressure (PSI) |5.0

rlvml c;\ c,q{\cq \/D(u-‘—t - /. (4"12 F(—- o / PN P(c. ’!6»4 ﬂ”u‘*-’t - 120 ,o\,
Plot of Gauge Pressure ¢PSI) vs. Volume (L) |

Gauge Pressure, psl
<

| "2

o 1 2 3 4 5. 6 7 o
Volume, Uires |

JUL 97 'e7 17:57 ER4984TSIS zans ‘=



-' ;: 3 Wzsfbc:y/

i

Project..

Pege___of

MP Pctéker
Inflation Record

: S Job number:
Location: _____few (e v e  Completed by: IV 4 T
Hole NQ.: : EH é% . Date]nﬂcfed- n“/‘ /7/??
: : 4
Packer No.: % —— Depth(m /) _
Inflation Tool Setﬂhg(psi) Y0 . DepthtoStandingWater (m /).
-open hole
" Vot itres) | - e
~ | Volume Qes) ¢ o foro | sy | ien | 226 1o
‘ Pressure (PSI) I247 | f6o | 370 |38C |49 /@/
f twblaten vilawe ~ |10 £ tn CFlahiin preiwre = 1885 AT

Plot of Gauge Pressure ¢PSl) vs. Volume (L)

Gauge Pressure, psi

7. N

3 i
—

Jov

oo

4

Volume, Uires

a7 1mis7

[S PP e oeets]
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Westbay

=

Project _
Location: Lo Hu ”‘.,
Hole No.: By by
PackerNo. 1L

Inflation Tool Setting (ps).___Z f

Poge__._of

—

MP Packer
Inflation Record

Job number;

Completed by: Tv & T

Date Inflatedz.c /7=« /3/?f —

/

Depth(m /)

Depth toStandingWater (m / ft) -
-open hole ‘

Volume (Uitres)

C.oy Jese | ozp | [oe [ lar | 0357 /e
Pressure (PSD) | o awi | oo |rs | 290 40 | 7

imblahon v fune - l.og £
Plot of Gauge Pressure ¢PSI) vs. Volume (L)

(- £l ".6;'«7/.&4.{&4& - tgc AL

||
] _
- T
& ev .
£ [
- QO ]
@ [
(o)
O]
f .

.2 ] 11 [ "
Jcv : IR EEEE HEEE

0 " 2 3 4 5 . 6 7

L am a7 1757

Volume, Litres

£R40843538 ComanE re



RO S anant b CUER Sl b

Poge__ot .

F = WQSTbCl)/ ~ MP Packer
| S Inflation Record

Project: _ . 7 . Job umber: - -
Location: _. i v'_;"LV_t__/[e _ Completeaby: __ IV £ o7

HoleNoa___ B -L¢ — —__ Datelnflated:— Nr.L _i/i

Packer No.: N Depth(m /ft)
Inflation Tool Setting (psi)___ L ¢

L .

Depth to StandingWater(m /) —
-openhole

Volume (_Lu“res) Gy lese |ezr |fow (1S | Ldd”

Pressure (PSI) 3o e | zze | 395 | oo 4

Ml—‘lu how  Viluwe - ). R i Plathon prejiure - (80 AT

| Plot of Gauge Pressure (PSI) vs. Volume (L)
K1/ J— s o o

%
\~2
L

i - ), W
B

‘Gauge Pressure, psl

o WK
<P

300 -

1w

e e 17197 ‘ . £049843538 . Sans s



§ _§ Westbay

T
Project: ]
Location: Sy H _‘(l“//&
HoleNo:_  BH L%
Packer No.: 20

Inflation Tool Setting € pst)___ 40

. Date Inflated:

Poge____ ot

MP Pocker

Inflation Record

Job number:

bomptefed by:

v & T

Depth(m /ft)

Depth to Standing Water (m /ft)

-open hole
Volume (itres) |0, | . cor | Lo flae | 707
Pressure (PSI) |35 |ago | e | HY | 4 4
. /
iwblahin veluwe — fug A i Bla Bicm gmtgqu~e — (70 LT

) Plot of Gauge Pressure (PSI) vs. Volume (L)

Jop ' ‘ T )

g‘ . _

g

2 :

B0 €

s

o

5 ? NS S L N e

9 A

O g-

o1 _ A
. _- I —
150 . | 11
0 1 2 3 4 5.

UL 37 87 17:57

Volume, Utres

£84SE43538

178/
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&
m
uy

e g T = vy wL -
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. & B esfbcy
a. &
- _*‘EEEEW’
Project: — _»
Location:______ S o v lle
Hole No.: L Ly
Packer No.: T

Inflatlon Toot Setting Cpst)_____Tye

Pege____ of

MP Pocker
Inflation Record

Jobnumber o

Completedby: IV & CT

Date Inflated: Pfﬁy'/ﬁ/é;f -

Depth(m /1)

Depth toStandingWater (m /ft)--

-open hole
Volume (itres) |¢ 15 feve |07 | /ip )il
Pressure (PSI) |, | %e |3 bw | &

, wblatin vilwws = (.0 g

o Blotron presgure — 120 AL

Plot Qf Gauge Pressure ¢PSl) vs. Volume (L)

M e

Gauge Pressure, psl

LD
. e

3o

a 5 6 7

Volume, Uitres

JUL 97 g7 17:S7

8849847535 SeGE. LT
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£ 3 Westba 1%

Page

—f

MP Packer

y Inflation Record
Project: — Jobnumbeft
Hole No.: 84 - é‘f‘ _ Date Inflated: "7, /747 :
- te Iny - s
Packer No.: L _ Depth(m / ft)
Inflation Tool Setting (pst)____2 v . DepfhtoS’rcndmchter(m/ﬁ)
-open hole
VO(Ume (L#l'GS) C st | AR W) l.zy | 7.}
Pressure (PS1) |37 | <0 ste | oy i | g
(‘;‘ plq ‘ﬁol\ V'olu.y.e, {.20 ~/€ ‘ [ F[c-. ‘I';'n prreywrt. = (285 AL

Plot of Gauge Pressure ¢PSI) vs. Volume (L)

|

E

Gauge Pressure, psl
S

JUL @7 'S? 17:S7

(¢
o !
~4

A ,

Volume, Utres

]

£849843538

1]
D
)
)



T WAL e e T

g ;,; Westoa )/

Project:

Poge_of___

MP Packer
Inflation Record

Location: J—F\ : 4“\ vy //C«f

Job number:

_ Completed by: Jv_& T

HoleNoa______ L4 t¢

Packer No.: 27

Date Inflated: 1 - /?/'/f;, :
DepthCm /1)

Inflation Tool Setting (psl)__ L 4o

DepthtoStandingWater (m /) ——

-open hole

Volume (litres) |, i oo | oo
. resd e 3

P

/.o Iz;- /.00 |7.60 /.J"r : |

Pressure (PS1) | 2,0 |o¢e 575 | 227 | 370 | os | o )4
Cinflatoa i lame - /rr,e Cdaflahon pressurt - (10 2iT
_ Plot of Gauge Pressure (PSI) vs. Volume (L)
T
a - T
; |
Z T :
g - —
S o9
3 + _ _
.8
T | IR
0 1 2 3 4 5. 6 7

Volume, Utres

UL a7 e 1757

68496843536 setE, i



Appendix D
Installation Logs for Borehole 66
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summary Casing Installation Leg

Well No. 66
Job No.
Client Environment Canada
Site Smithville
Project Description Regional Wells
Well Information
Reference Datum
Elevation of Datum  0.00 m.
Position of MP Casing Top above / below Datum 0.00 m. above datum

Position of MP Casing Bottom Below Datum 57.07 m. belou datum
Well Description
Other References

Log Information

Designed By __ =V d Pt _ Date __flsy l/?fr.

Approved By __f& Date Ney 2/77

Checked By v . . Date .. [Tuy /o1
Computer File No. 66 Date Fr1 May 07 16:12:05 1989

Sketch of Wellhead Completion

Trewved - E P

. 3" .:,Ir(-il-
(.“-liu:)

) _ﬂ R nf( Lwe F'\l o

Y




FOR: Environment

Westbay Instruments inc.

#115-949 W.
Phone:

OESCRIPTION:

WJELL INFORMATIGN:

DEPTH:

57.04 m.

Third Steet,North Jancouver,

(6041 984-4215 . [8001 663-8770 - Fax (6041 984-

Report ot Lell
Canada
TOP OF MP: 0.00 m. ELEUATION:

WELL USING: Nominal Lengths

DESCRIPTION

MP38
MP38
236
D38
MNP 3B
MP38

MP38
MP38
MP38

CASING 0.5 METERS
CASING 3 METERS
STANDARD PACKER
CASING | METER
CASING 1.5 METERS
END CAP (metri1c)

REGULAR COUPLING
MEASUREMENT PORT
PUMPING PORT

PART NUMBER

0225M05
0225M30
0236M15
0225M10
0225M1%
0223

T0221
0222
0224

E.l..Camaga TR

-7

-ean
538

0.00 m.

SJUANTITY

Q07
Jiz
anr

Do

am

1z
o0g
ainict



Well Designer Report

Job No.

Scale
Meters

10

20

40

50

R T T T O A O I |

R

[ T A S

Date: Thu May 20 08:26:37 19399

~ Environment Canada

Hell
Casing

Geo Geo

@ m.0o - Fo

® 405 43
@ 445 535
© 5% - 5.0
- 51 83

MP
Loqg

29

28

il

Tested
Ok /Test F1lt

FE

MP38
& P38
v
¥ MP38
cdcd
rd MP38
indrds
& MP38
-drd :
& MP38
EYFY&chexnp3e
C4 MP38
‘B’E’ np3g
Ll
5 4 MP38

& MP38
cdrd MP38
i MP38
g)?

pag

Zaen ‘-er r"lp38

AN

B 3“4\-,: E

MP38
MP38
MP38

MR38
MP38

125 kg

5{5&‘

Page:

Well No. 38

Part
Dese.

CASING 0.5 METERS

CASING 3 METERS

CASING 3 METERS

CASING 3 METERS

CASING 3 METERS
CASING 3 METERS
MEASUREMENT PORT
CASING 3 METERS

PUMPING PORT
8 STANDARD PACKER

EhARs SosTer

STANDARD PACKER

ChRHRG ot e

STANDARD PACKER
MEASUREMENT PORT

CASING 3 METERS
PUMPING PORT
CASING 3 METERS

3 STANDARD PACKER

MEASUREMENT PORT
CASING 3 METERS
PU__HDING PORT
CASING 3 METERS
1 METER
STANDARD PACKER

CASING

MEASUREMENT PORT

8 CASING 1.5 METERS
BRETAES ROREten

STANDARD PACKER
MEASUREMENT PORT

CASING 3 METERS
PUMPING PORT
CASING 3 METERS

CASING 1 METER
CASING 1.5 METERS

8 STANDARD DﬁCKEP

Lt

me'l’lC

tis 12
t1é 3¢

&y
w
[ 4]
-~y

118517
(1edi

S3IE

105t
11Lé3e

L2 14"

AL o
L %7y
tvo

Last Part in ..2l.
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B Inflation Record
Project: - Job number:
Location: __ f.f o fh w'/f/e — Completed by: iv ¢ cf
Hole No:___BH - 46 — Datelnflated: e 12/ £33
PackerNoe 3 —  Oepth(m/ft)
InflationTool Setting Cpsl)____T8¢ Depth to Standing Water (m / ft)

-open hole

Volume ittes) | s05 | oo | 025 | foe | Jo2e l36 |1/

Pressure (PSI) 340 | 270 | v

$1e g |70 /e/

Cu'wi’ ;a\e(,;lt;.g\ uplgmg_ - /.IO‘,e ":.to\.u/ (-\J L’a,”lc«\ Yol INTE L, A 190 AT
Plot of Gauge Pressure (PSl) vs. Volume (L) |

- c
g :
z 3 L
o |
5 _ u
oW {rL_-
&
o [ |
2 "
8 ] .
o 1T
I
o1 I |
3 k "a
hd
o 2 3 4 5 . 6 7

Volume, Litres
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Pege o

MP ‘Poc:‘k,,e.“r

Inflation Record
Project: : Job number:
Lo'cdfion: S, H “'“// 4 bomptefed by: _ Tv g cf”
HoleNo.:___ B# - L6 Date Inflated:____ ey "—/"9 ,
Packer No.: 8 _ Depth(m /)
Inflation Tool Setting Cpst)___IFD Depth to Standing ch‘er(m/ﬂ)
-open hole
Volume (Litres) | o Wolowe|err| 2o | pplrze | 1.7
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Summary Casing Installation Le

Client Environment Canada
Site Smithville
Project Description

Well Information
Reference Datum
Elevation of Datum 0.00 m.
Position of MP Casing Top above / below Datum
Position of MP Casing Bottom Below Datum &5.0

Well Description
Other References

Log Information

Well No. &7
Job No.

0.00 m. 3bove datum

-

; m. Delcw datum

Designed By _ IV & PL Date il ax? l’,/"'r/ 7

Approved By __APt Date _ /1. 57

Checked By IV Date - =y /t 77

Computer File No. &7 Date Tue Mzy 1: ‘=:+=:12 19388

Sketch of Wellhead Completion

1-‘“ wa( v_\qf"p\- (¥R




Westbay In_étruments Inc.

#115-949 W, Third Steet,North Uancouver, B.C.,Canads U7P-3P7
Phone: [604] 984~4215 . [800] 663-8770 . Fax [604] 984-3538

Report of Well

67

FOR: Enviromment Canada

DESCRIPTION: _ DESIGNED By: Ju
WELL INFORMATION:

DEPTH:  56.96 m. TOP OF MP: 0.00 m. ELEUATION: 0.00 m.
WELL USING: Nominal Lengths

DESCRIPTION PART NUMBER: QUANTITY
MP38 CASING 3 METERS 0225M30 ' 011
MP38 CASING 1.5 METERS < 0225M15 002
MP38 STANDARD PACKER 0236M15 . ' 007
MP38 CASING 1 METER 0225M10 o 008
MP38 CASING - 0.5 METERS " 0225M05 001
MP38 END CAP (metric) 0223 001
MP38 REGULAR COUPLING ' 0221 ' 013
MP38 MEASUREMENT PORT . 0222 008

MP38 PUMPING PORT 0224 008
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Appendix F
Hydraulic head profiles for new boreholes
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Figure F1.
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Hydraulic head distribution in borehole 37C measured on July 6,
1999.
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Figure F2.  Hydraulic head distribution in borehole 67 measured on July 6,

1999.
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Figure F3.  Hydraulic head distribution in borehole 64 measured on July 6,
1999.
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Figure F4.  Hydraulic head distribution in borehole 66 measured on July 6,
1999.
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