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PITEAU ASSOCIATES 
GEOTECHNICAL AND 

HYDROGEOLOGICAL CONSULTANTS 

KAPILANO 100, SUITE 408 

WEST VANCOUVER, B.C. 

CANADA VTf 1A2 

TELEPHONE (604) 92&8551 

FAX 926-7286 

TELEX 04-352896 

C�rragh Resources Inc . 
P . O .  Box 1000 
Faro , Yukon 
YOB 1KO 

Our fi l e: 89-1 93 

October 3 ,  1 989 

Attenti on: Jack Bowers , Project Devel opment Engineer 

Dear Si rs: 

Re: Grum Open Pit - Devel opment of Dewatering System 

DENNIS C. MARTIN 

R. ALLAN DAl<IN 

ALAN F_ STEWART 

FREDERIC B. CLARIDGE 

TADEUSZ L. DABROWSKI 

00316«1 

In response to your i nvitati on, Pi teau Associ ates Engineeri ng Ltd . is  pl eased to 
submit the attached proposal to carry out the design, construction supervision 
and eval uation of  a dewatering system for the Grum Open P i t .  We bel i eve we have 
the experi ence and knowl edge to successfu l l y  impl ement a prati cab l e mi ne dewa- . 
teri ng system , and l ook forward to worki ng with you on this interesting project . 

��o�����t����:� ��IBen·1 w�!�e�� ��o�h�h�r���a�����$9,�-����1 �h�o�������1 on and 
testi ng programs , and the amount of  fi el d supervisi on you wish Piteau Associates 
Engi neering Ltd to provide.  We would be  happy to modi fy our proposal to refl ect 
any reductions i n  fi eld supervision that you feel are warranted , based on 
avai l abi l i ty of Curragh personnel . However , we wou ld  want to discuss the l evel 
of supervision and monitoring that i s  requi red before we wou ld  be prepared to 
reduce our time in  the fi el d by a substantial amount . 

I f  you requi re any c lari fi cation on thi s proposal , or wou l d  l ike additional 
informati on on our pro posed approach to thi s project,  pl ease contact us at your 
ear l i est conven i ence .  

ATH/rg 

Att . 

Your truly ,  

PITEAU ASSOC IATES ENGINEERING LTD. 

ttz�c4vJ 1I11*J/ 
Andrew T .  Holmes , P . Eng . 

PITEAU ASSOCIATES ENGINEERING LTD. 
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!�APILANO 100, SUITE 408 
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CANADA V7T 1A2 

TELEPHONE (604) 926-8551 

FAX 926-7286 

TELEX 04-352896 

PROPOSAL TO CURRAGH RESOURCES INC. 

TO SUPPLY ENGINEERING SERVICES FOR THE 
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1. 

I 
1. INTRODUCTION I I 

i 
Curragh Resources is currently  devel oping the Grum orebody, l ocated near �aro in 
the Yukon Territories . A sand and gravel aquifer exists at the base of t�e 
unconsolidated sediments in the pit area. At present , this aquifer is hi�hly 
confined by the overlying gl acial moraine , and is artesian at some l ocatidns . 
It  wil l be necessary to depressurize and partially dewater this aquifer bJfore 
mining in the Grum Pit area proceeds bel ow the current el evation . To avoild any 
unnecessary delays , it is essential that an initial dewatering system be o pera­
tional this fall, and that a final dewatering system be  instal l ed and ope1a-
tional by the spring of  1990. I I 
Some piezometers and a test well have been install ed in the Grum Pit area las 
part of previous  programs . This data is to be reviewed ,  and a phased plan for 
dewatering the Grum Pit is to be developed by an outside consul tant . PitJau 
Associates Engineering Ltd� ( PAEL) was invited to submit a proposal to ca�ry out 
this work, in a letter dated September 12, 1989 (Appendix A) . Our proposed 
approach to this project is described in the fol lowing . 

PITEAU ASSOCIATES ENGINEERING LTD. 



2. PROPOSED PROGRAM 

PAEL proposes to carry out this work as a number of  phases . 
discussed seperately below· . 

2.1 PHASE I - REV I EW DATA , DEVELOP STAGE I DEWATERING PLAN 

I I 
Each phase i 1 

I ! 

2. 

PAEL would review al l the hydrogeol ogical information rel evant to the pit j pl us 
any data from the devel opment dril ling program which would  assist with de�er­
mining the shape and extent o f  the bedrock channel in which the sand and Jravel 
aquifer is situated . A water bal ance approach would then be  used to esti�ate 
the quantity of water that must b e  pumped from the aquifer . The water ballance 
would  ·consider the quantity of water stored in the aquifer , potential rec�arge 
sources and rate of recharge , pit devel o pment schedu l e  and required dewatJring 
�te� I 
Based on the water bal ance and the interpreted geometry of  the aquifer , a two or 
three wel l dewatering system would  be designed (in addition to the existilg 
89-01). A simpl e anal ytical model woul d then be used to predict the probabl e 
drawdown that would  be  obtained from the Stage I dewatering system . A shdrt 
l etter report would be  prepared to summarize the 'Phase I work and to presJnt 
recommendations for the Stage I dewatering system. Pro posed wel l designs J wel l 

and preferred dril l ing methods woul d be I l ocations, pump test requirements 
incl uded in this report . 

2.2 PHASE I I  - INSTALLATION AND TESTING OF STAGE I DEWATERING SYSTEM 

Mr. Holmes would visit the mine early in the wel l dril l ing program to discuss 
the Stage I dewatering system with Curragh personnel and to reconnoitre t�e mine . I 
site. A junior  engineer would accompany Mr .  Holmes to the sit e ,  but would stay 

PITEAU ASSOCIATES ENGINEERING L TO 
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tabl e trends, it may be  necessary to carry out some deta i l ed model l i ng 
attempt to more accurate ly  def i n e  the aquifer characterist i cs·. 

2.4 PHASE IV DEVELOP STAGE I I  DEWATERING PLAN 

4. 
I I 

i n  j an 

I 
I 
! 

Once the Stage I dewateri ng system is  i n  o peration, and i n i t i al drawdown data is  
avai l abl e ,  a Stage I I  dewateri ng p lan  cou ld  be devel oped. Thi s pl an woul d 
i ncl ude i ntermedi ate or step out wel l s  on an as requi red basis .  If step dut  
wel l s  are  necessary , expl oratory dri ll i ng or the geo physi cal i nvestigatio1 
discussed above wou l d  possi b ly  be requi red. A fi nite difference or fi nite el e­
ment model woul d  be used to simul ate the vari ous wel l confi gurati ons , and to 
pred i c t  the probabl e extent of drawdown that cou ld  be  obtai ned at various t imes 
i n  the mi ne devel opment schedul e. The proposed Stage I I  dewateri ng pl an woul d  

I , 
be  presented to Curragh personnel i n  a short l etter report� I 

2.5 PHASE V - I NSTALLATION AND TESTING OF THE STAGE I I  DEWATERING SYSTEJ i 
! 

We envi sion that this Phase of the program woul d  be very simi l ar to the S�age I 
impl ementation program, and would i nvol ve a bri ef visit by Mr. Holmes ,  wi Jh 
l onger duration  supervision provided by a jun ior engi neer. I 
2.6 PHASE VI - ANALYS I S  AND FINAL REPORT 

' 

Al l data col l ected during Phase V wou l d  be  analyzed , and a bri ef model l i ng study 
wou l d  be  performed to simul ate the l ong term performance of the dewateri nJ 
system. Recommendations regard i ng monitori ng of water l evel s and criteri� for 
eval uati ng dewateri ng system performance woul d  be i ncl uded i n  a fi nal repo

1
:rt, 

along with a summary of a l l rel evant data . 

PITEAU ASSOCIATES ENGINEERING LTD 



5. 
I 

It shou ld  be noted that al though. a system o f  dewateri ng wel l s  wi l l  be abl � to 
depressuri ze and pa rti a 11y dewater the aqui fer , some groundwater infl ow f�om the 
aqui fer wi11 have to be handl ed in the pi t .  The report wi11 therefore in61ude 
recommendati ons for measures to col l ect this seepage and to prevent erosi6n and 
eventual i nstabi l ity o f  benches constructed at the bedrock/aqui fer contacL as 
wel l  as l ocati ons at whi ch sumps wil l l ikel y be requi red on the pit wal l s  

PITEAU ASSOCIATES ENGINEERING L TO 



3. COMPANY EXPERI ENCE AND PERSONNEL 

3. 1 P ITEAU ASSOC IATES ENGINEERING LTD . 

6. 

Piteau Associ ates Engi neering Ltd� is  a fi rm of consulting engineers with l exten­
sive experi ence i n  the mining fi el d ,  including the des ign of dewatering systems , 
desi gn of o pen pit  slo pes and des ign of waste dumps� Piteau Associ ates pkrson­
nel have been i nvol ved w i th the devel opment of the Faro pi t s i nce 1975, a�d are 

I 
'I 

therefore fami l i ar w ith l ocal cond i t i ons . 

In additi on to previ ous work i n  the Faro Pi t, and a bri ef hydrogeo l o i cal /1 
geotechnical revi ew of the Grum and Vangorda deposits , PAEL has undertakeb 
hydrogeo logi cal investi gati ons and devi sed dewatering strategi es for a nufber of 
base metal and coal mi nes i n  Canada and overseas , i ncl uding: Carol Lake �ine in  
Labrador, Suncor O i l  Sands , Gregg Ri ver Coal and Cardinal Ri ver Coal i n  A] berta , 
Harmer Ridge , Byron Creek Col l i eri es and Wi ngdam Placer Mine i n  Bri tish 1 . 
Col umb i a ,  the Di sputada Project i n  Chi l e ,  and the Pal abora Mine in  South tfrica.  
PAEL has al so desi gned high capaci ty wel l f i el ds for sal mon hatcheri es an� muni-
ci pal i ti es l ocated throughout British Co lumbia .  

Lists of 
i ncl uded 

prev ious projects 
in Appendi x B .  

3. 2 PERSONNEL 

rel evant to the proposed dewatering program 

1 
!I I are 

I 
l�r .  Holmes would coordi nate the dewatering system devel opment program and would  
be  responsi bl e for the design of  the dewatering system. He  woul d  be  assisted 
with data compi l ation and analysis by Messrs. Ti pl ady , Hogg and Tad . Eit�er Mr� 
Hogg or Mr .  Tad would  be the f i el d  engi neer for the project . A bri ef descri p­
tion of the senior personnel who woul d  be invol ved with thi s  project is  p11ovi ded 
bel ow . Detai l ed resumes are i ncl uded as Appendi x  C .  

I 

PITEAU ASSOCIATES ENGINEERING UO 
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I 
Mr.  Andrew Hol mes , P·.Eng . � ( Senio r  Hydrogeol o gi st ) has acqui red over 13 years ' 
experi ence in the fi el d o f  hydrogeo l o gy .  He  has been i nvol ved with many Jining 
projects , and is very aware o f  the constra ints that dewatering systems muslt be 
desi gned around in o perating mine envi ronments· . Mr.  Holmes was responsibl e for 
hydrogeol og ical i nvesti gati ons at a number o f  coal mi nes i n  Al berta and . 
southeastern British Col umbi a ,  and devised dewatering strategi es for many :of 
these mi nes. H e  is wel l versed i n  the use o f  computer model s to  eval uate wl el l 
fi eld performance ( eg� Spi us Creek Hatchery (1983), Al ouette Dam dewatering 
(1983). Mr. Holmes is al so fami l i ar w ith the Faro P i t ,  as he investi gated 
possibl e water control measures i n  1985 and 1986, when the mine was fi rst 
reo pened by Curragh Resources Inc . 

Mr· . Davi d Ti pl ady , P . Eng.  ( Intermedi ate Hydrogeol ogist) has fi ve years' 
experi ence with carryi ng out hydrogeo l o gi cal and hydrol o gy studi es in Bri tish 
Col umbia  and Al berta. These stud i es have i ncl uded s ite i nvesti gati ons for pro­
posed seepage control systems , water wel l s  and groundwater qual i ty moni torrng 
networks . He has devel o ped considerabl e expertise w ith computer a ppl i cations 
and is fami l i ar w ith a number o f  numeri cal groundwater model l i ng codes . 

PITEAU ASSOCIATES ENGINEERING L fD 



4 .  COSTS AND SCHEDULE 

4 . 1  COSTS 

Personnel wil l be charged at hourly rates 

A. T. Holmes 
D . J. Tipl ady 
J .  Tod/D .  Hogg 
Drafting 
Secretarial 

as fol l ows: 

$/Hour 
68 
50 
40 
35 
30 

Expenses wi l l  be  bil l ed at substantiated cost . 

8 .  

$/Day 
544 
400 
320 
280 
240 

Estimated costs for the pro posed dewatering sys�em devel opment program are sum­
marized in Tabl es I, I I  and I I I .  Total cost o f· the proposed program is esti- 1 

matled to be approximately $49 , 000. I t  shoul d be  noted that the contingendy 
' 

items casted on Tabl e I I I  are not incl uded in the $49,000 total cost . Also, it 
is assumed that al l dril l ing , pump testing and wel l servicing wil l be contracted 
by Curragh Resources Inc . 

PITEIIU ASSOCI/\ TES ENGINEERING L TO 



4.  2 SCHEDULE 

9 .  

The schedu l e for the dewatering system devel o pment program is  presented o n  Fi g .  
1. This schedu l e assumes there wou l d  be minimal del ays i ncurred whi l e  wa iting 
for dri l l ing or  pump testing contractors to mobi l i ze to the site. 

Respectfu l l y  submitted , 

P ITEAU ASSOCIATES ENGINEERING LTD . ' 

Andrew T .  Hol mes , P . Eng . 

PITEAU ASSOCIATES ENGINEERING LTD 
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PHASE I - STAGE I PLANNING ++-

PHASE II - STAGE I If.IPLH1ENTATION 

PHASE III - STAGE I REPORT 

PHASE IV - STAGE II PLANNING 

PHASE V - STAGE II mPLEI�ENTATION 

PROPOSED SCHEDULE 

1989 1 199o 

NOV DEC JAN FEB HAR APR MAY 

PHASE VI - STAGE II REPORT ---------------------------l-�4-�-�+4-�-�:l-+-�l-+-l-+-l--1-+4-�l-t--�-l-��4-�4-�4-����+4� 
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TABLE I 

SUMMARY OF ESTIMATED COSTS
1 

TIME (MAN DAYS) 

PHASE ITEM HOLMES TIPLAOY HOGG/TOD DRAFTING 

544/Day 400/Day 320/Day 280/0ay 

.I Develop Stage I 3 1 3 1 
Dewatering Plan 

II Stage I Dewatering 
System Installation 3 1 20 -
and Testing 

Ill Stage I Ana lysis 4 3 5 2 
and Report 

IV Develop Stage II 3 2 2 � 
Dewatering Plan 

v Stage II Dewatering 
System Installation 2 1 20 
and Testing 

Vl Stage II Analysis 3 3 5 1 
and Report 

TOTAL 18 11 55 4'2 

NOTES: 1. Day rates are based on an 8-hour day, as listed in Section 4. 

SECRETARIAL 

240/Day 

" 

1 

" 

1 

3 

2. See a breakdown of expenses and contingency items on Tables II and III. 
3. Contingency items not included in totals. 

CONTINGENCY
3 

TOTAL
3 

TOTAL 
EXPENSES

2 
PERSONNEL ITEMS COST 

3,3g2 300 - 3,692 

8,432 7,000 - 15 ,432 

5,776 400 - 6,176 

3,332 300 17,850 3,632 

7,888 7,000 - 14,888 

4,952 400 - 5,352 

33,772 15,400 49,172 



TABLE I I  

ESTIMATED EXPENSES 

PHASE I: Devel op Stage I Dewatering P lan 

Fax: tel ephone,  couri er: reproducti on , etc� 

PHASE I I: Stage I Dewatering System Instal l ation and Test ing 

Ai rfare - Whitehorse and return 
True k renta 1 
Accommodati on 
Equi pment rental ( for three weeks) 

Data l ogger - $350 
Si eves 80 
Sounder � 

Water Qual ity Anal yses 

2 @ $780/each 
20 days @ $100/day 
22 days @ $90/day 

Tel ephone,  Fax , pho:togra phy , miscel l aneous 

PHASE I I I: Stage I Anal ysis and Report 

Report reproducti on,  tel ephone , Fax , etc. 

PHASE IV: Devel op Stage I I  Dewatering Pl an 

Data l ogger rental 
Fax , tel ephone , etc . 

$1 ,560 . 00 
2 , 000.00 
1 , 980. 00 

460 . 00 
500 . 00 
500 . 00 

$ 400 . 00 
200.00 

PHASE V: Stage I I  Dewatering System Instal l ation and Testing 

Ai rfare - Whi tehorse and return 
Truck rental 
Accommodati on 
Equi pment rental ( for  three week) 

Data logger - $350 
Si eves 80 
Sounder � 

Water Qual ity Analyses 

2 @ $780/each 
20 days @ $100/day 
22 days @ $90/day 

Tel ephone , Fax , photogra phy , mi scel l aneous 

PHASE V I: Stage I I  Ana l ysis and Report 

Report reproducti on , tel ephone , Fax ,  etc . 

$1 ,560 . 00 
2 , 000 . 00 
1 ,980 . 00 

460.00 
500 . 00 
500 . 00 

$ ;300. DO 

$7 .:ooo. DO 

$ :400. DO 

$ 600 . DO 

' 

$7 ,000 . 00 

$ �00 . 00 



TABLE I I  I 

POSS IBLE CONTINGENCY ITEMS 
(Wou ld  be performed prior  to Devel oping 

Stage II Dewatering Pl an) 

Geophysi cal Survey 

Fiel d  crew (incl uding equipment 
and accommodation)  

Offi ce  analysis and report 
and Report 

Travel Costs - Ai rfare 
Truck rental 

Report reproduction , tel ephone, misc.  

Deta i l ed Computer Model l ing Study 

. A .T .  Holmes 
D . J .  Ti pl ady 
Report, tel ephone ,  FAX , mise 

5 days @ 1,650/day 

8 days @ 450/day 

2 @ 780/each 
4 days @ $100/day 

2 days @ 544/day 
6 days @ 400/day 

$8 , 250. 00 

3 , 600. 00 

1,560. 00 
400 . 00 

240 . 00 

$1,088 . 00 
2 , 400 . 00 

312 . 00 

$14,050 . 00 

$ 3 , '8oo . oo 
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ill � 
�l]JIT'ff@liD� 

�(g�@l]Jlf�(g� �!Jj]�o 

Mr. Andrew Holmes 

Piteau Associates 
Kaoilano 100, Suite 408 
West Vancouver, B.C. 
V7T 1A2 

Dear Mr. Holmes: 

September 12, 1989 

�········ ···· · · · · ·· · · ········ 

P.O. Box iooo 
Faro, Yukon 
YOBIKO 1 

Tel.: (403/ ;994-2600 

I am forwardino as discussed in our conversation of Auou�t 28. - - ' 
1989. information Curraah has collected for the development• of a 
dewatering plan for the Grum Open Pit. Cun-agh is 

.
seek;ng a 

proposal from Piteau Associates to evaluate this information and 
to develop a dewatering strategy for the Grum Open Pit. 

' 

BACf<GROUND: 

I 

Stripping began in the Stage I area of the Grum Piit in 

November . 1988. Mine advance progressed along the 1294m bench and 
intersected the southern portion of the Doal Lake bed before : mine 
activities were suspended in Mav of 1989. Mining is scheduled to 
resume in December, 1989. 

It is essential that we resolve our dewaterino reauireme�t as 

soon as oossible and that groundwater presence in the mine workings 

be minimized .. 

A pump test was conducted during Mav that intersected the : main 

aquifer and the results are included in with the information 
provided. Artesian pn=·ssur-es at thi"· tl"'it <;:\ t;; ,:an bl" cantr-all ed bv 

' . 

resuming pumping at troe test well con ce pennansnt power is 

available. This may provide temporary relief while a detailed 

dewatering scheme is being implemented. 



PRELIMINARY DEWATERING PLAN 

A conceptual dewatering plan envisaged up to 12 deep w�lls 
would be needed to intercept from the aquifer located along !the 
N.E. side of the pit. Pump size and spacing were to be determ�ned 
from the pump test. An addi tiona! site targeted for a deep well 
would be the S.E. corner, near the shop. 

SCOPE OF WORK 

Develop a comprehensive dewatering plan that will achieve ,the 
following: 

!. Dewater the immediate mine working area. 

2. Intercept the groundwater flows utilizing a perimeiter 
dewatering well network. Such a svstem must be of suffici!ent 
size to dewater the aquifer and maintain this condition duriino 

' -
the life of the mine. 

PROPOSED TIMETABLE 
' 

EVENT j Jan j F� j Mar jBP� 
' 

1. Restart test well 

2. Develop Stage I 
dewatering plan 

3. Well installations, 
well testing 

4. Stage II dewatering 
plan 

5. Electrical 

' 

I am looking forward to your proposal regarding the abo0e. 
Should you have any questions, please contact me at (403) 994-26(}0, 
eNtension 148. 

Yours truly, 
CURRAGH RESOURCES INC. 

/AD�· ... __.._, 
Jack Bowers 
Project Development Engineer 

JB/lp 



APPENDIX B 

COMPANY INFORMATION 

Project Lists 
Available Groundwater Modelling Programs 



GROUNDWATER GROUP 

The Groundwater Group has a team of highly special ized engineers and hydrogeo l o­
gists who have worked on a wide variety of projects, ranging from single wel l 
eval uations to large sca l e  regional hydrogeol ogical studies. Al l personnel are 
ful l y  conversant with fie l d  techniques and standard groundwater eval uations. 
This group has devel oped its own computer based system for data capture ahd ana-
lysis, computer graphics and mode l l ing .  ! 

I 
The fol l owing is an il l ustration of the range of typical groundwater projects I that are within the capability of the Groundwater Group .  
MAPPING AND ANALYSIS OF GROUNDWATER FLOW SYSTEMS 

I Delineation and computer model l ing of regional groundwater fl ow systems . 

Analysis of air photographs and satel lite imagery. 

Permeabil ity and pumping t ests. 

Determining safe aquifer yiel d. 

Remote automatic monitoring of piezometers and wel l s .  

SEEPAGE STUDIES 

Supervising instal l ation of standpipe and pneumatic piezometers in 
expl oration dril l hol es (maximum depth 550m ) . 

Carrying out inflated packer permeability tests either through-the-bit whil e 
dril l ing proceeds, or using a doub l e  infl atabl e  packer system for prof1 ling 
the open ho l e  after dril l ing has ceased . 

Performing transient finite el ement model l ing for both saturated and 
unsaturated groundwater f low systems. 

Carrying out special ly  designed pump tests to determine the hydraulic 
properties and anisotropic nature of fractured rock . 

Measurement of downho l e  groundwater vel ocity and temperatures. 

DEWATERING AND DEPRESSURIZATION 

Determining the avera l l  groundwater budget for mine or construction 
excavation ,  both open pit and underground. 

Predicting the rate of pore water pressure dissipation or water tab l e  
dec 1 i n e  in the wal l s  of an excavation so that stabi 1 ity can be assessed .  

I 

Design of dewatering and depressurization systems; wel l s ,  horizontal dtains 
and drainage gal l eries . 

PtTEAU ASSOCIATES ENGINEERING LTD. 



HYDROGEOCHEMISTRY 

Water sampling,  filtering fiel d testing and sampl e  preservation . 

Hydrogeochemical studies incl uding: 

1. Interpretation of inorganic chemical analyses . 

2 .  Stab l e  isotope studies applied to water and/or sol ids. 

3. Radioactive isotope analysis for dating groundwater . 

4 .  Dissolved gases in groundwater . 

Graphical presentation of geochemical data . 

Determination of geochemical stability of waters using the WATEQF comp�ter 
program. 

Determination of corrosion potential of water . I 
I 

Using data from special ized tests on rock and soil 
acid generation,  CEC, etc . ) ,  to predict changes in 

sampl es (leach tests , 
groundwater chemistry. 

Developing specialized water sampling systems. 

GROUNDWATER SUPPLY STUDIES 

Locating and mapping potential water bearing strata. 

Supervision of dril l ing,  compl etion and aquifer pump testing of water wells. I 
I 

Computer processing of both step and constant rate aquifer pump test dJta . 
This includes data processing, inter-active graphics, plotting of timeJ 
drawdown trends and calculation of aquifer properties from test data . 

Modelling of well or wel l  fie l d  hydraul ics . 

Determining safe wel l  yiel d .  

Assessing effects of water chemistry, bacteria, dissolved gases and wa er 
temperature on long term yield of a wel l .  : 
Assisting with establishment of a National Groundwater Authority and 
training of drill rig operators and hydrogeologists. 

Design of sol ar powered pumping systems for irrigation , village and 
l ivestock water supply. 

PITEAU ASSOCIATES ENGINEERING lTD 

I 
' 



GEOTHERMAL STUDIES 
I 

Piteau Associates have carried out hydrogeochemical studies at a number of 
geothermal sites in British Col umbia . These projects general ly  invol ve sampl ing 
thermal waters for evidence of the past history of the water as it passes I 
through the subsurface.  These data are used to suppl ement other studies in 
assessing the l ong  term vi abi l i ty of a geothermal source for producing el ectri-
city or providing heat to suppl ement l ocal water heating systems . I 

I I 
The possibility of using shal l ow aquifers for storage and supply  of l ow g�ade 
heat has al so been investigated. By using a two wel l system and a water-to-air 
heat pump, it is possibl e  to abstract heat from the groundwater during the 
winter time for space heating in homes and buil dings. The process is then 
reversed in the summer time by abstracti ng heat from the air using the heat 
pumps, and discharging warm water back into the ground. I n  this manner, �ir 
conditioning is provided for the house or buil ding, and heat energy is stored in 
the ground for subsequent use in the winter time. 

PITEAU ASSOCIATES ENGINEERING LTD. 
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PROJECT 
Title/Date 

ANVIL MINE 
Faro, Yukon 
1976-77 

CAROL LAKE MINE 
Labrador City, 
Newfoundland 
1980-81 

CARDINAL RIVER COAL MINE 
Luscar, Al berta 
1980-81 

LINE CREEK COAL MINE 
Sparwood, B.C.  
19B1 

HALIFAX STREET HlGHRISE 
Burnaby, B . C .  
1981 

FlNCHAA HYDROELECTRIC 
PROJECT 

Ethiopia 
1982 

ROBERTS BANK SUPERPORT 
Delta, B . c .  
1982 

BRODKSWOOO SUBDIVISION 
langley, B . C. 
19B2 

ALOUETTE OAH 
Haney, B . c .  
19B3 

HARMER RIDGE MINE 
Sparwood, B .C.  
19B3 

MILDRED LAKE AQUIFER 
OEWATER[t{G 

Fort McMurray, Alberta 
19B3 

WEST ENO MINE 
Sti bn1-te, I daho 
19B3 

CHAMBERS CREEK TUNNEL 
Pierce County, Washington 
1983 

May 19B9 

PITEAU ASSOCIATES 

CLIENT 

Cyprus Anvil Mining 
Corporation 
Vancouver, British Columb i a  

Iron Ore Company o f  Canada 
Sept-Iles, Quebec 

Cardinal River Coals Ltd. 
Hi nton, Alberta 

Crows Nest Resources Ltd. 
Cal gary, Alberta 

R.A. Spence Engineering Ltd. 
Vancouver, British Columbia 
(for Qual fcc Development 
Ltd., Vancouver, B . C. )  

Ethiopian Electric Light 
and Power Authority 
Addis Ababa, Ethiopia 
(for World Bank) 

Canadian Dewatering Ltd. 
Richmond, British Columbia 

Corporation of the TownshiP 
of Langley, British Columbia 

B .C .  Hydro and Power 
Authority 
Vancouver, British Columbia 

Westar Mining 
Sparwood, British Columbia 

Suncor Inc . ,  Oil Sands 
Division 
Ft. Md1urray, Al berta 
(Joint venture with EBA 
Engineering Consultants 
Ltd . )  

Superior Mining Company 
Stibni te, Idaho 

Jensen Drilling Ltd. 
Eugene, Oregon 

DESCRIPTION 

Designed an inclined drainhole dewatering system t
1
o 

relieve groundwater preSsure in the overburden slo'pes 
above an open pit, and estab l i shed appropriate mon��· taring 
of the system. , I Reviewed all relevant geologic and hydrogeologic data and 
made recommendations fo� further testing and desigp of an 
open pit mine dewaterin9 system. 1 

I, 
Carried out hydrogeologi 1c invest igations, piezomet�r 
instal lation, geochemicill samp l i ng, in-situ packE!r l 
testing, aquifer pump testing and finitE!-el E!mE!nt analysE!S 
for mine dE!watE!ring, pit wal l deprE!ssurization, and 
E!nvi ronmE!ntal studies. 'studiE!s i nc1uded an evaluation of 
waste dump SE!E!page and dewatE!ring of existing undE!*ground 
minE! workings and review. of dewatering of surficial 
sediments at pE!rimE!tE!r of proposed pit. I 

' I 
lnstallE!d pi E!Zometers in; dri l l holes, conductE!d falling 
head pE!rmE!abi l lty tE!sts and prepared a basE! l ine I hydrogE!ologic map of a Proposed open pit expansion 1area. 
Carried out an initial assessmE!nt of rock dE!prE!ssu�iza-
t i on and/or dE!watE!ring fpr minE! planning. .1 
DrillE!d nine test holE!s to dE!l i nE!atE! E!Xtent of permeablE! 
sands and installed piezOmeters. ConductE!d two aqu�fer 
pump tE!sts and ran computE!r simulations of dewatering, 
with and without a well  Point systE!m. DE!signed opttll mum 
dE!Watering scheme for the 100 x BSm excavation that 
pE!nE!trated 12m bE! low thE! :groundwater tablE!. 1 

I I Provided dE!sign and construction superv1s1on of a 
dewatE!ring system in residual soils. These soils 
contained swel ling clay Which was causing uplift, 
affecting a hydroelectriC penstock. I . I RevieWE!d dE!watE!ring procedurE!S empl oyE!d for excavat1on 
bE!low water table i n  pE!r�E!abl e  sands, adjacent to the 
sea. Made rE!coflll1endati on,s for improvemE!nts. : 

' I 

ResE!arched hydrogeologica·l and historical climatic data 
for a residE!ntial area, and dE!signed a dewatering sYstem 
to minimiZE! surfaCE! flood.ing of a portion of the area 
that used soaker pits to 'absorb storm runoff. I 
SupervisE!d construction ahd tE!sting of a sampl E!  1 
dE!watE!ring well and desighed a dE!watering system fo� dam 
foundation excavation into pE!rmeabl e  sand with artE!sian 
water pressurE!s. I 
InstallE!d piezometE!rs in dri l l holes and performE!d tw1o 
aqu1fer pumping tests to determine permeability and I • 
drainabi l i ty of rock arouOd an opE!n pit coal mine. I AssE!ssed mE!thods for contro l l i ng shallow groundwater flow 
i n  subgradE! and i n  wastE! rock placed nE!ar the open p1H. 
in order to minimiZE! numbE!r of wet bl astholes. 

Installed piezomE!ters and a test dewatering WE!l l in an 
a l l uvial channE!l to determine design parameters for I 
dewatering system, and to estimatE! possible seepagE! flows 
from Mil dred Lake into ultimatE! pit.  Designed dE!Watering 
system and madE! recommendations for i nsta l l ation of I 
seepagE! cutoff measures along M i l dred Lak_e Dam. , 

i 
Mapped groundwatE!r di schargE! zonE!S and instal led 1' 
pi ezometers to enable an assE!ssment of depressurizat on 
options to stab i l i ze arE!as of slope movement. Designed 
and recorranendE!d a deE!p inclined drainhole system. ! I Carried out preliminary design of we l l  dewater ing systems 
for preparation of bids to carry out an excavating j 
contract. 
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PROJECT 
T1tle/Date 

OPAL SPRINGS HYDROELECTRIC 
PROJECT 

Jefferson County, Oregon 
19B3 

HOLLY MEADOWS SUBDIVISION 
Ladner, B .c.  
1984 

WATER STORAGE IN 
PLAYING FIELDS 

Surrey, B .c.  
1985 

SHEARNESS PUMP STATION 
Finnegan, Alberta 
1985 

MOLIKPAQ WELL SYSTEM 
DESIGN 

Amau l i gak F-24 
Deve 1 op-nent 
1987 

CEDARBROOK FARM 
SUBDIVISION 

Langley, B . C .  
1986 

WINGOAM PLACER MINE 
Quesnel , B . C .  
1986 

82nd AVE. LAND 
ENHANCEMENT PROJECT 

Glen Val l ey, North 
Langley, B .C  
I987 

SUBDIVISION SEWER 
PIPE CONSTRUCTION 

Greenvil l e, B .C.  
1987 

256th STREET LAND 
ENHANCEMENT PROJECT 

Aldergrove, B.C.  
1987 

60th AVE. LAND 
ENHANCEMENT PROJECT 

North Langley, B . C .  
1987-BB 

ATLIN PLACE 
Coqu1tlam, B .C.  
19B7 

May 1989 

PITEAU ASSOCIATES I 

CLIENT 

Jensen Dri l l ing Ltd. 
Eugene, Oregon 

LandPlan Group Inc. 
Vancouver, British Columbia 

Hub Engineering Ltd. 
Surrey, British Columbia 

Mil ner & Steer, lawyers 
Calgary, Al berta 

l<omex Consultats ltd. 
Calgary, Al berta for 
for Gulf Canada Corporation 

Townsh i p  of Langley 
Langley, British Col umbia 
(In association with 

Norj ay Projects Ltd. ) 

Gold R i dge Resources Inc. 
Vancouver, British Columbi a 

Norjay Developments ltd. 
langley, British Col umbia 

Department of Indian and 
Northern Affai r s .  
Vancouver, British Columbia 

Breaks Gravel Sales ltd. 
Langley, British Columbia 

Corporation of Township of 
Langley, Langley, British 
Columbia 

Vanac Developments Corp. 
Burnaby, British Columbia 

DESCRIPTION 

Carried out 
preparation 

preliminary design of dewatering syst�ms for 
of bids to carry out an excavating contract. I 

Installed piezometers and performed an aquifer pu�ping 
test to determine design parameters for dewatering 
system. Determined optimum system to dewater an 8m deep 
excavation in permeabl e sands that was requi red fOr 
construction of a below grade storm water detentiqn pond. 
Provided estimates of steady state groundwater inftllows to 
a permanent subdrain system. 

I 
Assessed rates of drainage and infil tration of sto:rm 
water into and out of a D.5m thick l ayer of sand �111 
pl aced under a p l aying field. The office based study 
involved grain size analysis of sand and two-dimenSional 
{profi l e )  analyses of transient movement of water rn both 
saturated and unsaturated portions of sand l ayer. I 
Provided technical advice to l awyers and acted as il.n 
expert witness i n  a di spute between a consulting er' gi neer 
and contractor involved with-the project. 

Evaluated the effi ciency of a wel l system required \ for 
core dewatering of a caisson retained artificial iSl and 
i n  the Beaufort Sea. Design of each well considering 
highly corrosive saline water operation and difficult 
dr i l l ing conditions. Expected dewateri n g  requi rements i n  
order o f  0.5 m3Js. I I 
Evaluated methods for control of groundwater table I 
beneath a new subd1visfon where subsurface disposal of 
storm runoff from houses and roads was proposed. Study 
involved computer simulation of effects of a seepage cost 
of trench system. I 
Determined hydrogeological conditions at site, assJssed 
feasibi l ity of dewatering with wel ls  and dralnholes', and 
developed conceptual dewatering system designs. Pr'oject 
currently ongoing. I 

Assessment of impact that a propsed excavator 
enhancement project would have on neighbour's 
Also carried out ongoing monitoring. 

I and land 
water\ wel l s .  

I 
I 

Carried out a field program and office evaluation t� 
determine seasonal depth to water table, and feasib i l ity 
of contro l l i ng seeepage whi l e  sewer trenches were I 
constructed. 11 I 
Assessment impact that a proposed excavation and land 
enhancement project would have on neighbour's water lwel l s .  
Also carried out ongoing monitoring. , I 
Review of baseline hydrogeology reports and ava1lable 
data and preparation report on possibi l i ty that an I 
excavation had gone below the water table and affected 
neighbour's groundwater sources . I 
Review of geotechnical report, constructing wel l poi1nt 
system records, test dril l i ng and assessml:!nt of meas'ures 
to control 43 L/s artesian flow into building baseme'nt 
excavation. Design of a permanent seepage diversion\' 
system1 that has integrated into building basement 
constructi on. 

1 1 



PROJECT 
Title/Date 

GRANISLE MINE 
Granisle, B.c. 
1975-76 

PIT SLOPE MANUAL 
1975-76 

SAGE CREEK COAL MINE 
Flathead Valley, B.C. 
1975 

ANVIL MINE 
Faro Valley Dewatering 
Faro, Yukon 
1976-77 and 1986 

UNDERGROUND STORAGE 
FACILITY 

Prince Rupert, B.C. 
1977 

ISLAND COPPER MINE 
Port Hardy, B.C. 
1977-78 

SAVAGE RIVER MINE 
Tasmania, Australia 
1978 

OISPUTAOA PROJECT 
Los Bronces Mine 
Chlle 
1979-82 

PALABORA MINE 
South Africa 
1979-85 

GRIFFITH MINE 
Red Lake, Ontario 
1979-80 

June 1989 

II 
GROUNDWATER EVALUATIONS FOR MINING PROJECTS 

by 

I • Page 1 of 3 I 
I 

PITEAU ASSOCIATES I 

CLIENT 

Granby Mining Co. 
Vancouver, British Columbia 

CANMET 
Energy Mines and Resources, 
Canada 
Ottawa, Ontario 

Rio Algom Mines Ltd. 
Toronto, Ontario 

Cyprus Anvil Mining 
Corporation 
Vancouver, British Columbia 
and Curragh Resources, 
Vancouver, British Columbia 

Bri-tish Columbia 
Development Corporation 
Vancouver, British Columbia 

Utah Mines ltd. 
Vancouver, British Columbia 

Pickands Mather & Co. 
Cleveland, Ohio 

Exxon Minerals 
International Inc. 
Houston, Texas; 
Cia fHnera 
Oisputada De Los 
Condes, S.A. 
Santi ago, Chlle and 
Wright Engineers Limited 
Vancouver, British Columbia 

Palabora Mining 
Company Pty. Ltd. 
Phalaborwa, South Africa 
(RTZ Group) 

Pickands Mather & Co. 
Cleveland, Ohio 

I 
DESCRIPTION 

I Installed piezometers and carried out a preliminary 
groundwater seepage study. I 
Carried aut and coordinated a review of the slopj design 
chapters which discuss the approach and methods i'n the 
overall analysis, and the Groundwater Chapter whi1ch 
discusses aspects involving investigation, monita'ring 
and analysis of groundwater. I 
Assisted with hydrogeological aspects of geotechnKcal and 
environmental investigations for open pit slopes, mill 
sites, waste and tailings disposal sites and mine 
environmental impact assessment. 

Designed an inclined drafnhole dewatering system I 
(including appropriate system monitoring) to depressurize 
overburden slopes in Faro Valley above the pit. �ssisted 
Curragh Resources in establishing a pit water control 
strategy following reopening of the mine in early! July. 

Carried out office and field studies including grbund­
water seepage evaluation for comparative analysis ! of 
costs of underground storage versus surface storage for 
50 million bushels of grain and 76 million gallonS of 
oil. I 

I 
1. Carried out a comprehensive review of all hydrOgeo­

logical related data that -was assembled by mine 
personnel in a 320m deep operating open pit mi�e. 
Investigated possibility of depressurization or low 
permeability rock and poten.tial seepage from adjacent 
arm of the sea. I 

2. Carried out a program of drilling, sampling and pump 
testing to assess seepage quantities through a 130m 
thick section of surficial sediments separating the 
pit perimeter from the ocean. Used finite-elelllent 
computer model to simulate potential future seepage in 
order to assess possibility of piping failure. I Reviewed hydrogeological data and recommended a d�illing 

and testing program to assess feasibility of slope 
depressurization. Reviewed drainhole depressuriziltion 
scheme during installation. I 
1. Assessed regional hydrogeology along a proposed 35km 

tunnel route. Carried out a hydrogeological study 
involving in-situ packer testing of drilled ho11es to 
determine hydraulic conductivity, installed pi�zome­
ters and carried out monitoring below ground: maximum 
testing depth was SOOm. Carried out finite-ele�ent 
computer simulation of flow systems to determin1e 
potential seepage and sudden inrush flows into jthe 
tunnel. Conducted geothermal and hydrogeochemical 
studies. I 

2. Carried out an extensive hydrogeological study for a 
proposed new open pit mine. The final pit walll would 
exceed a height of 650m. Studies included in-s�tu 
packer testing in exploration drillholes, pieZOfeter 
installation, temperature profiling and finite-element 
computer modelling of transient drainage and I depressurization of pit walls. 

Carried out a detailed review of hydrogeologic dat� and 
assessed feasibility of depressurization of rock slopes 
in both the existing 250m deep pit and planned 60om deep 
open pit and in selected unstable areas of the exiSting 
pit. I Reviewed hydrogeologic data collected by mine personnel. 
Carried out in-situ packer tests to determine rock[ 
permeability, installed piezometers and carried ou 
seepage analysis to assess feasibll fty of depressut-lzing 
rock slopes to improve stability in 290m deep pit. I 

! 



PROJECT 
Title/Date 

KITSAULT PROJECT 
Alice Arm, B.C. 
1979-80 

CAROL LAKE MlNE 
Labrador City, Nfld. 
1980-81 

CARDINAL RIVER COAL MINE 
Hinton, Alberta 
1960-61 

COALSPUR PROJECT 
Robb, Alberta 
1960-61 

Y GOLD MINE 
Shandong Province, 
People1s Republic of 
China 
1980 

LODGEPOLE COAL PROPERTY 
Fernie, B.C. 
1980 

GREGG RIVER COAL MINE 
Hinton, Alberta 
1961-82 

LINE CREEK COAL EXPANSION 
Sparwood, B.C. 
1981 

QUINTETTE COAL MINE 
Tumbler Ridge, B.C. 
1982-85 

CHIMNEY ROCK COAL COMPANY 
Pagosa Springs, CO 
1982 

COLORADO COAL MINE NO. 1 
Walsenburg, CO 
1982 

REO MOUNTAIN MOLYBDENITE 
PROJECT 

Rossland, B.C. 
1962 

HARMER RIDGE MINE 
Sparwood, B.C. 
1963 

WEST END MINE 
Stibnl te, 10 
1983 

June 1989 

GROUNDWATER EVALUATIONS FOR MINING PROJECTS 
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PITEAU ASSOCIATES 

CLIENT 

Amax of Canada 
Vancouver, British Columbia 

Iron Ore Company of Canada 
Sept-Iles, Quebec 

Cardinal River Coals 
Hinton, Alberta 

Denison Mines Limited 
Vancouver, British Columbia 

China National Technical 
Import Corporation 
Peking.- People's 
Republic of China 

Crows Nest Resources limited 
Calgary, Alberta 

Gregg River Resources 
Ltd. 
Hinton, Alberta 

Crows Nest Resources limited 
Calg�ry, Alberta 

Quintette Coal limited 
Tumbler Ridge, 
British Columbia 

Perma Mining Corporation 
Colorado Springs, Colorado 

Perma Mining Corporation 
Colorado Springs, Colorado 

Internationnl Environmental 
Consultants ltd. 
Richmond, British Columbia 

Westar Mining 
Sparwood, British Columbia 

Superior Mining Company 
Stibnite, Idaho 

DESCRIPTION 

Carried out preliminary evaluation of seepage for he 
design of waste dumps and related surface drainage.! 

Reviewed relevant geologic and hydrogeologic data i� 
order to make recommendations for further testing and 
design of open pit mine dewatering systems. I 

carried out hydrogeologic investigations, piezometer! 
installation, geochemical sampling, in-situ packer 
testing, pump testing and finite-element computer 
simulation of mine dewatering and pit wall depressuriza­
tion. Assessed waste dump seepage and dewatering of 
existing underground mine workings. I 
Reviewed information on regional hydrogeology for an 
BOkm by 22km area. Installed piezometers, conducted 
aquifer pumping tests and carried out hydrogeochemital 
studies for geotechnical and environmental assessment of 
proposed 7km long open pit coal mine. Assessed feaSibi-
lity of dewatering old mine workings. I 

I 
Reviewed hydrogeological test results and conducted I 
finite-element computer simulations of seepage into I 
underground workings and from a proposed tailings pond. 
Carried out a study of geochemical data to determine the 
origin of very saline groundwater. (Project in ! 
association with Wright Engineers limited). I 
Installed standpipe piezometers in ten drillholes aS part 
of a preliminary geotechnical evaluation of slope 
stability of potential open pit slopes. 

I 
Carried out hydrogeological assessment for geotechnical 
evaluation of seven proposed open pits, including I 
piezometer i nsta 11 ati ens, f inite-el ernent seepage 1

1 analyses, assessment of seepage from diversion channels 
and slope depressurization work. I 

', 
Installed piezometers in drillholes, conducted falling 
head permeability tests and prepared a baseline hydrlo­
geologic map. Carried out initial assessment of rocik 
depressurization and/or dewatering for mine planninQ. 

Supervised installation of piezometers and trained Jine 
site personnel to install same in otlH!r test holes. I 
Evaluated groundwater influw to an upen pit and seepage 
from a proposed diversion channel. I Reviewed existing hydrogeologic data. performed two 
aquifer tests and prepared a hydrogeologic assessme�t for 
open pit mine located adjacent to an alluvial valley. . I 
Carried out a program involving test hole drilling, I piezometer installation, pump testing, groundwater 
sampling and computer modelling to prepare a baseli�e 
hydrogeological assessment of the mine site. Report 
required for mine planning and for submission to 11 regulatory agencies. I Carried out in-situ tests in boreholes using inflatable 
packers so that assessmment of quantity of groundwater 
inflows into proposed open pits and waste dumps cou11

1
.d be 

made. 

Carried out a program of piezometer and well lnstallla­
tion, aquifer pump testing and computer modelling to 
determine rock permeabil fties and groundwater flow 11 
systems. Proposed uptions for controlling shallow i 
groundwater flow (which was causing wet blastholes) \into 
the open pit mine. 

Hydrogen 1 ogi ca lly mapped discharge zones and piezom�ter 
installation to assess methods of depressurization to 
stabilize areas of slope movement. Oeslgned and ! 
reconrnended a deep inclined drainhole system. 



PROJECT 
Title/Date 

AOSTRA UNDERGROUND TEST 
FACILITY 

Fort McMurray, Alberta 
19B3 

BYRON CREEK MINE EXPANSION 
Corbin, B.C. 
19B3 

SUNCOR OIL SANDS MINE 
Fort McMurray, Alberta 
1983 

MONKMAN PROPERTY 
Tumbler Ridge, B.C. 
19B3 

OSLO, LEASE 31 
Fort McMurray, Alberta 
19B3-B4 

CASSIAR ASBESTOS MINE 
Cassiar, B.C. 
19B3-B5 

LAWYERS MINE 
Smithers, 8. C. 
1YB5 

GULF SANDALTA PROJECT 
Fort McMurray, Alberta 
19B5 

CANSTAR OIL SANDS 
Daphne Area, 
Fort McMurray, Alberta 
19B5 

OMBIL!N II COAL MINE 
Sumatra, Indonesia 
19B5-19B6 

WINGDAM PLACER MINE 
Quesnel, B.C. 
19B6 

EAGLE POINT MINE 
Collins Bay, Saskatchewan 
19B6 

SAND CONTROL IN HEAVY 
OIL WELLS 

Fort McMurray, Alberta 
19B6-19B7 

BYRON CREEK COLLIERIES LTD. 
Sparwood, B.C. 
19B9 

June 1989 
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CLIENT DESCRIPTION 

Hardy Associates (1978) Ltd. 
Calgary, Alberta 

Esse Resources Canada 
Limited - Coal Division 
Calgary, Alberta 

EBA Consultants Limited 
Edmonton, Alberta 

Petro Canada Resources 
Calgary, Alberta 

Esse Resources Canada 
limited 
Calgary, Alberta 

Brinco Mining Limited 
Vancouver, British Columbia 

Serem Inc. 
Vancouver, British Columbia 

SCA Engineers Ltd. 
Calgary, Alberta 

Canstar Oil Sands Ltd. 
Calgary, Alberta 

Norwest Resource Consultants 
Calgary, Alberta 

Gold Ridge Resources Inc. 
Vancouver, British Columbia 

Elder Mines 
Saskatoon, Saskatchewan 

Gulf Canada Corporat1 on 
Calgary, Alberta 

Esse Resources Canada ltd. 
- Coal Division 
Calgary, Alberta 

I 
Installed piezometers, carried out hydraulic cond1uctivity 
testing and geochemi cal sampling to assess presspre head 
distribution and potential groundwater quality and 
inflows to a proposed shaft and underground oil sands 
extraction facility. I 
Carried out hydrogeologic mapping, piezometer installa­
tion, packer testing an computer modelling to assess 
groundwater inflows and slope depressurization require-
ments for a proposed pit expansion. 1

1 
Carried out a program of well and piezometer inst�lla­
tion, aquifer pump testing and computer modellingl 
Designed a system for dewatering an alluvial channel 
(Mildred Lake aquifer) that passed through a propOsed 
open pit expansion area. I 
Reviewed existing hydrogeological information. oJveloped 
a finite-element model and determined probable gr�und­
water flows into different mining sequences. Evaluated 
hydrochemical and hydrothermal impacts of dischar9ing 
mine dewatering wells into receiving surface drail'age 
system. 

Assessed hydrogeological conditions in the area o� the 
proposed new oil sands development. Upgraded 20 and 30 
finite difference computer model used for deterrnin1ation 
of probable groundwater flows into the open pits. j 
Provided hydrogen 1 ogi cal input into envi ronmenta 1 ·impact 
assessment. I 

I 
Worked with mine personnel to install piezometers to 
determine local groundwater flow systems and to ashess 
necessity for methods of slope depressurization. 11 
Recommended that either subhori zonta 1 drains or radi a 1 
drains from an existing adit be installed. I I Evaluated potential for developing a groundwater supply 
for plant make up water. Recommended a number of I 
locations where wells or well fields could be deve�oped 
(Project in association with Wright Engineers Limited). 

Assessed hydrogeological and g�otechnica1 conditio�s in 
the area of the proposed new oil sands development! . ! 
Reviewed existing hydrogeological information, assJssed 
potential impact of the proposed open pit oil sand� .mine 
on groundwater conditions, and developed a short term and 
long term exploration strategy. . \ Assessed regional and local groundwater conditions lin the 
area of a proposed underground coal mine. Outlined short 
and long term hydrogeological exploration program. \ 
Determined hydrogeological conditions at site, assessed 
feasibility of dewatering with wells and drainholesi, and 
developed conceptual dewatering system designs. Project 
currently ongoing. I 
Evaluated hydrogeological aspects of underground dell elop­
ment beneath Collins Bay. Evaluation involves data 
review and finite-element modelling. Project in 
progress. . I Reviewed present methods of oil well completion compared 
with water well completion and recommended different 
design for enhanced oil recovery wells. I 
Advised mine operating personnel on strategy to conlrol �:��� i�

B
��t after the water table was encountered 1n 

I 
I. 



PROJECT 
T1tle/Date 

VILLAGE WATER SUPPLY 
Elkford, B.C.  
1979-80 

BOWRON RIVER SALMON 
HATCHERY 

Prince George, B . C .  
1979-BD 

QUESNEL RIVER SALMON 
HATCHERY 

Likely, B . C .  
1979-B4 

CHEHALIS RIVER SALMON 
HATCHERY 

Harrison M i l ls,  B . C .  
1980 

SHELL BEACH SUBDIVISION 
Ladysm1th, B.C.  
1979-80 

STUART RIVER SALMON 
HATCHERY 

Fort St.  James, B . C .  
19BD 

BLACKCDMB MOUNTAIN 
SKI FIELD 

Whistler, B .c.  
1980 

ALOUETTE RIVER SALMON 
HATCHERY 

Haney, B . C. 
19BO 

MATHERS CREEK SALMON 
HATCHERY 

Sandspi t ,  B .C .  
19BO 

ANAHIM IRRIGATION PROJECT 
Alexis Creek, B . C .  
1980 

GRAN ITE MOUNTAIN SKIFIELO 
DEVELOPMENT 

Rossland, B .C .  
19BO 

SILVERSTAR MOUNTAIN SKI 
DEVELOPMENT 

Vernon, B .C.  
19B1 

CHRISTIAN CREEK SALMON 
HATCHERY SITE 

Heffley Lake, B.C.  
l9B1 

COALSPUR PROJECT 
Robb, Alberta 
1982 

July 1989 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 

by 
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I PITEAU ASSOCIATES 

CLIENT 

M i nistry of Municipal 
Affairs 
Victoria, British Columbia 

Fisheries & Oceans Canada 
PacHic Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

A l l ison Properties Ltd. 
West Vancouver, B . C .  

Fisheries & Oceans Canada 
Pac i f i c  Region 
Vancouver, British Columbia 

Kerr Wood Leidal Associ ates 
Ltd. 
North Vancouver, 
British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Col umbi a 

Tal isman Land Resource 
Consultants Ltd. 
Vancouver, British Columbia 

Sigma Resource Consultants 
Ltd. 
Vancouver, British Columbia 

Sigma Resource Consultants 
Ltd. 
Vancouver, British Columb i a  

Fisheries & Oceans Canada 
Pacific Rt!gion 
Vancouver, British Columbia 

Wright Engineers Limited 
Vancouver, British Columbia 
(for Oentlumn Resources Ltd. 
Edmonton, A lllerta) 

DESCRIPTION 

Investigated potential groundwater resources in a l 
28km2 area, involving field survey and office eval at1on 
of topographic and geologic data, test dri l l ing and pump 
testing of three production wells with yields to 59 L/s, 
samp l i ng for water qual i ty and seepage evaluation Ior 
�stimation of l ong term groundwater potential . 

Explored, pump tested and evaluated groundwater po entfal 
for proposed hatchery site requiring a 570 L/s well f i e l d  
del i vering groundwater a t  a temperature not l ess than soc 
during wi nter months. Carried out computer model l ing of 
stream aquifer i nteraction and heat transfer rela- 1 
ti onships. ! I 
Explored, test dril l ed and evaluated aquifer potential ; 
developed two 180 L/s wel l s .  Computer simul ated hYdrau l i c  
performance of two wells and one test well over twri years 
and heat transport anal yses for ri ver-aquifer convective 
thermal regime. I This project was similar to the Bowron River Project, 
except that three 65 to183 L/s capacity production '1wells 
were installed and pump tested in addition to the origi nal 
test i n g  program. 'i Revi ewed performance of existing bedrock wells,  supervised 
dril l ing and testing of a new wel l ,  determined saf� wel l 
yields and carried out investigation of proposed on 1-site 
disposal of treated sewage effluent. I Regional hydrogeologic evaluation of aquifers. Supervised 
dri l l ing program to complete and test a well i n  an arte­
sian aquifer. Completed 150f!lll well had a shut-in h6ad of 
28m above ground and free flow of 68 L/s. Flow tested 
well and evaluated data to determine long term aquifer 
yields. 1 I 
Evaluated and designed 32, 400 L/d capacity drainfield for 
septic tank discharge into the ground. Conducted I 
geophysical investigation and supervised pump testing of 
a 0.5L/s capacity water well on a mountaintop locat1on. 

Supervised two hole test dri l l ing pro!Jram, pump tested and 
evaluated proposed 450 L/s well field.  Evaluated l Ong 
term wel l yields and predicted changes in aquifer tem-
peratures. I Supervi sed three hole testing program and evaluated long 
term yields from a confined aquifer extending under�eath 
the sea. Evaluated pump tests, analyzed tidal responses, 
computer model led 160 L/s well field and assessed I potential for salt water intrusion. I Evaluated local hydrogeology for proposed 242 L/s well 
field to supply water to an irri gation project. I 
Evaluated regional hydrogeol ogy to assess a 0.2 L/s !capa­
city well for a restaurant l ocated .near a mountaintop. 

I ! 
Evaluated regional Hydrogeo logy to assess a 3 L/s wel l 
field l ooated on the side of a steep mountai n .  II 
Conducted hydrogeo logic assessment and 
deep test ho 1 e in an artesian aquifer. 
di ameter flowing artesian wel l .  

supervised 150m 
Completed 200nm 

I 
I 

Assessed regional hydrogeo logy fur 95 L/s gruundwate� 
source for proposed mine coal processing p l ant. Conducted 
seismic refraction survey and evaluated the posslbil j ty of 
using an abandoned underground mine as a water storage 
reservo i r ,  or as a water source. I I 



PROJECT 
Title/Date 

GROUNDWATER SUPPLY 
INVESTIGATION 

Deroche, B .C .  
1g]g 

FINN CREEK SALMON 
HATCHERY 

B lue River, B .C.  
1g81 

COLDWATER RIVER VALLEY 
HATCHERY 

Merri tt,  B . c .  
1g81 

NICOLA RIVER SIDE 
CHANNEL HATCHERY PROJECT 

Lower Nicola, B .C .  
1g61 

GEOCHEMICAL INVESTIGATIONS 
OF A REGIONAL AQUIFER 

San Luis Potosi, Mexico 
1g81 

WHISTLER SKI AREA 
Whistler, B . C .  
1981 

WATER SUPPLY EVALUATION 
FOR A CONSTRUCTION CAMP 

Fort St.  John, B .C .  
1g81 

IRRIGATION WELL DESIGN 
Fraser Val l ey, B .C .  
1g81 

FRASER INDUSTRIAL PARK 
Langley, B .c.  
1g82 

NORTH THOMPSON RIVER 
VALLEY 

Thompson River, B .C .  
1g82 

CLEARWATER RIVER SALMON 
HATCHERY 

Clearwater, B .C.  
1982-Bq 

WATER SUPPLY ASSESSMENT 
LOTS 1 AND 5 

Sakinaw Lake, B .C .  
1g83 

EAGLE RIVER SALMON HATCHERY 
Taft, B . C .  
1g63 

SPIUS CREEK SALMON 
HATCHERY 

Can ford, B .C .  
1g63 

July 1989 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 

by 
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I 
PITEAU ASSOCIATES I

I 
CLIENT 

S i gma Resource Consul tants 
Ltd. 
Vancouver, British Colunbia 
{for Public Works Canada 

Vancouver, British Colunbia) 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Comision Federal 
Electricidad, 
Mexico City, f�exico 

S i �na Resource Consultants 
Ltd. 
Vancouver, British Columbia 

H .A .  Simous (International) 
ltd. 
Vancouver, British Col umb i a  
{for B . C .  Hydro and Power 
Authority, 
Vancouver, British Columbia) 

Columbia Water Wel l s  Ltd. 
Langley, British Columb i a  

Dayton and Knight Ltd. 
West Vancouver, 
British Columbia (for 
Gloucester Properties Ltd. , 
Surrey, British Columbia) 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Artan Holdings Ltd. 
Vancouver, British Columbia 

F i sheries & Oceans Canada 
Paci fic Region 
Vancouver, B r i t i sh Columbia 

Fisheries & Oceans Canada 
Pac lfi c Regi on 
Vancouver, British Columbia 

DESCRIPTION 

Surveyed i nformation on existing wel l s  i n  the area1
1 and 

made recommendations for dri l l ing and water supply I devel opment at an existing gravel pit.  

I Designed and supervised dri l l f ng and pump testing of a 250 
L/s wefT. Assessed aquifer to determine feasibi l i ty of 
developing a 45D l/s well field.  I 
Evaluated three potential hatchery sites along a 22km sec­
tion of the Coldwater River Val l ey, w i th special e�phasis 
given to probable groundwater temperatures and met�ods of 
groundwater temperature enhancement. 1 
Conducted prel iminary evaluation of groundwater suPply 
potenti al for a proposed salmon hatchery. I 
Sampled water and evaluated natural isotope conteJ and 
inorgani c groundwater qual ity to assess probable e�tent of 
recharge to a regi onal aquifer, to determine potent':ial 
aquifer yield. i. 
Assessed two potential well sites to evaluate the p6ssibi­
l ity of providing a groundwater supply to a restaurant on 
the mountain side. I I 
Carried out a field  investigation, including dri l l irg and 
pump testing of a wel l ,  to provide an assessment of 
potential water supply for a proposed llydroelectricl 
project construction camp. 

II 
Carried out a well screen design to ensure maximum Produc­
t i v i ty of an irrigation well penetrating fine graTned 
sediments. I 
Carried out a hydrogeological assessment of a propo�ed 
i ndustrial park si te to determine the probabi l ity of 
developing a 152 l/s well field. 

I Assessed groundwater supply potential at proposed hatchery 
si tes along a 90km section of the florth Thompson RiYer. 
S Ttes with high groundwater potential were i ndicated and 
recommendations were made for carryi ng out more deta i l ed 
hydrogeologic Investigations. I 
Design and supervision of dri l l ing and pump testing \ 
programs for two wel lswith a combined yield of 1D5 U/s. 
Provided an assessment of possi bil i ty of developing Ia wel l 
field with an ultimate yield of 450 L/s. Assi sted 
with dri l l i ng and testing of a third 100 L/s wel l .  

Assessed regional and local fracture patterns to ev� 1luate 
potential of groundwater supply to two subdivi sion lots. 

II 
Supervi sed construction and testing of a 30(}nm dl ameiter, 
145 L/s well  and hydrogeologic assessment of the hatchery 
site area. I 
Designed and supervised dri l l ing and pump testf ng prbgrams 
for three wel ls with a combined yield of 125 l/s whi fh 
penetrate a confined aquifer. Assessed develo(Xl'lent of a 
well field with an ul timate yield of 460 L/s. I 

I I I I 



PROJECT 
T1tle/Date 

BALFOUR SUBDIVISION 
Balfour, B .C.  
I9B3 

LINDBERGH PILOT PLANT 
Lindbergh, Alberta 
I984 

LITTLE CAMPBELL RIVER 
HATCHERY 
Langley, B . C .  
I984 

DID! AND KDRON PLACER 
PROJECTS 

Siquiri, Guinea 
I9B4-86 

GROUNDWATER EVALUATION 
AND TRAINING 

Mbabane, Swaz i l and 
19B5-91 

BRDDKSWDDD-FERNRIDGE 
WATER SUPPLY 

langleY, B .C.  
1984 

CHILLIWACK HATCHERY 
Chi l l iwack River Val l ey, 
B . C .  
1984-85 

SALMON RIVER HATCHERY 
Campbel l  River, B . C .  
1985 

TYNEHEAD HATCHERY 
Surrey, B .C.  
1985 

CUSHEON COVE HATCHERY 
Saltspring I s l and, B .C .  
19B5-B7 

ANACLA INDIAN RESERVE 
NO. 12 

Banfield,  B .C .  
19B5 

WAPITI OIL FIELD 
WATERFLOOD 

Gr�nde Pralrie, A l berta 
I9B5 

July 19B9 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 

by 
PITEAU ASSOCIATES 

CLIENT 

B . C .  Ministry of Lands 
Parks and Housi n g  
Cranbrook, B ri t i s h  Columbia 

Murphy Oil Company Ltd. 
Cal gary, Alberta 

Fi sheries and Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

Wright Engi neers Limited 
Toronto, Ontario 
(for Chevaning Mining ltd . ,  
London, England) 

Canadian International 
Oevelopnent Agency (CIOA) 
Hul l ,  Quebec 

The Corporation of the 
Township of langley 
Briti sh Columbia 

Fisheries & Oceans Canada 
Pacific Region 
Vancouver, British Columbia 

J.S. /�cM i l l an Fisheries ltd. 
Vancouver, British Colunbia 

Tynehead Zoological Society 
Surrey, British Columbia 

Hatfield Consul tants ltd. 
West V ancouver, 
British Columbia 

Chatwi n Engi neering 
Nanaimo, Bri tish Columbia 
(for Oepartmeut of Indian 
and Northern Affairs, 
Nanaimo, British Columbia) 

Petro-Canada Resources 
Cal gry, Alberta 

DESCRIPTION 

Evaluated water supply al ternati ves for a proposed ! com­
bined subdi vision and campground. Assessed potenti al for 
both groundwater supply and l ake intake systems in I con­
junction with Intermountain Engineering and Surveyi ng 
Ltd., Nelson, B . c .  I Project incl uded modification of an o i l  wel l into � water 
wel l .  Waterbearing strata was badly damaged by dri l l ing 
mud. Performed preliminary aquifer test and evaluated 
the results.  

Carried out hydrogeological assessment of an  exist ng 
artesian wel l that was passing sand through a well screen. 
Revi ewed performance data on well and aquifer and super­
vised deepening the wel l .  At completion of the operation 
well yield had been restored and del fvery was sand I free. 

Carried out hydrogeological assessment of a savannJ area 
underl ain by l aterite soil s  and schistoze bedrock. I 
Prepared an assessment report on developing well  f1elds 
capab l e  of producing 70 and 125 L/s safe yields in two 
areas. Also assessed drainab i l i ty of 12m deep excavations 
i n  l ateritic  sediments. 1

1 
Provide assi stance to the Government of Swazi l and �or 
establis llnent of a National Water Authori ty, trainf;ng of 
hydrogeologists and water well dri l l ers to carry out a 
fi ve-year groundwater evaluation program over the entire 
country. I 
Reviewed past performance of five production wel l s ,l total 
aquifer water balance and assessed potential futur� yields 
from new wel l s  in the area. Study incl uded an asses,sment 
of potential for n itrate contamination of the aquifler. 

Revi ewed previous testing i nformation and three years of 
monitoring data on two production wel l s  i n  an artes!1i an 
aquifer in a narrow val l ey. Developed a fini te-el�ent 
model to simulate the declining well field performance and 
recommended dri l l ing a new well  in a deeper portion� of the 
aquifer. Carried out a gravity survey to develop a 
prof i l e  of the bedrock surface so that the centre of the 
deepest zone coul d  be outlined. Supervised dri l l ing and 
testing of a 200m deep, 125 L/s production wel l .  R'an 
additional simulations of wel l field performance foi' 
various well abstraction rates , so that the optimum well 
field yield could be determined. 

Carried out hydrogeo 1 ogi ca 1 assessment for 200 L/s ground­
water supply to potential salmon hatchery s ites in the 
Salmon River Val ley.  Supervised dri l l ing of two teSt 
holes which both i ndicated presence of high .yield I 
aquifers. Completed one test hole as a production Wel l 
for a pi lot hatchery. I Carried out l1ydrogeological assessment for a 15 L/s 1 groundwater source for a proposed salmon hatchery i n  the 
upper reaches of the Serpentine River Val l ey. I Carried out hydrogeological asses sment for a 3 L/s ground­
water source in surficial sediments and fractured b�drock 
for a proposed salmon hatchery. Analyzed pump test qata 
and prepared an assessment report on potential for 1mpact 
on neighboring wel l s .  

Carried out an assessment o f  performance o f  existing wel ls  
f n  the area and recommended two options for locatio1' of a 
new wel l  for expansion of existing water system. II Evaluated local aquifers as potential al ternative sources 
of injection water. Supervised dri l l i ng, productiorl well 
completion and pumpi ng tests in a joi nted aquifer. 



PROJECT 
T1tle/Date 

LITTLE BOW RIVER RESERVOIR 
Alberta 
1985 

PINE COULEE RESERVOIR 
1985 

ORIFTWOOO SHOPPING CENTRE 
North Pender I s l and, B.C.  
1985 

SPRING AND ARTESIAN 
WELL SURVEY 

Huxley, Alberta 
I985 

HOLLANDALE WATER SOCIETY 
Hol l andale, Alberta 
I986 

GRANUM GROUP WATER CO-OP 
Granum, Alberta 
1986 

WATERTON COK'LEX 
Waterton, Alberta 
1986 

RED DEER LAKE SCHOOL 
Red Deer Lake, Alberta 
I986 

BADGER FLATS WATER 
WELL ASSOCIATION 

C l aresholem, Alberta 
I9B6 

MUNICIPAL WELL FJELD 
Frui tvale, B .C .  
1986 

NORTH HOWE WATER SOCIETY 
Fort Mcleod, Alberta 
1987 

WALHALLA WATERFLOOD 
PROJECT 

Grande Prairie, Alberta 
I987 

CAROLINE WELL TESTING 
Caroline, Alberta 
1987 

WAINWRIGHT WATERFLOOO 
Wainwright, Alberta 
1987 

HANGINGSTONE WATER 
SUPPLY 

Fort McMurray, Alberta 
I9B7 

July 1989 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 
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I 
PITEAU ASSOCIATES II 

CLIENT 

Alberta Envi ronment 
Edmonton, A l berta 

Alberta Envi ronment 
Edmonton, A l berta 

Holouskey, Whitfield 
Pfets & Associ ates 
Sydney, British Columbia 

Alberta Transportation 
A 1 rdri e, A 1 berta 

Alberta Envi ronment 
Edmonton, Alberta 

Alberta Envi ronment 
Edmonton, A l berta 

Shell Canada Resources 
limited 
Cal gary, Alberta 

Footh i l l s  School Division 
High River, A lberta 

Alberta Envi ronment 
Edmonton, Alb�rta 

Regional District of 
Kootenay-Boundary 
Trai l ,  British Columbia 
( i n  associ ation wlth Kerr 

Wood Leidal Associates 
North Vancouver, British 
Columb i a )  

Alberta Uti l i t i es 
Edmonton, Alberta 

Petro-Canada Inc. 
Calgary, Alberta 

Gu 1 f Canada Corporation 
Cal gary, A l berta 

Petro-Cunada Inc. 
Cal gary, A lberta 

Petro-Cunada Inc. 
Cal gary, A l berta 

I 
DESCRIPTION 

Conducted preliminary assessment of potent i al wate� losses 
from a proposed reservo i r  into the surrounding geological 
formation. l Conducted dri l l i ng and pi ezometer instal l ation prog am. 
Assessed potential water losses from a proposed res�rvoi r  
into the surrounding geological formation. Determired 
the distance at which the groundwater regime would be 
affected by reservoi r  impoundment . Del ineated areaS where 
local flooding might occur. l Conducted hydrogeologic assessment for a water well i n  
fractural sandstone rock. Evaluated short pump tes data 
of high capacity wel l in confined aquifer. I Conducted hydrogeo l ogi ca 1 survey of spri ng and wel l s  prior 
to, during and after road construction to assess potenti al 
impact of acti viti es on groundwater qual ity and yields. 

I 
Supervised dril l i ng, well instal l ation and pumping tests 
i n  an al l uvial aquifer under consideration as a groUnd­
water supply for a farming community, in connection lwTth a 
provincial drought relief scheme. 1 I Supervised dri l l ing, wel l instal l ation and pumping tests 
in an a l l uvi al aquifer under consideration as a groJndwater 
supply for a farming communi ty, in connection with a 
provincial drought relief scheme. I 
Developed and aquifer tested an emergency water supJly 
well  with a safe yield of 20 L/s, for a sour gas pldnt. I 
Evaluated local aquifers as potential sources of poJable 
water. Supervised dri l l i ng,  wel l completion and aqUifer 
testing. 11 
Supervised dri l l ing, well instal l ation and aquifer t,es ts 
in a g l aciofluvial aquifer. Wel l yield 3 L/s used to 
supply water for a farming cormnun ity. I 
Conducted hydrogeological and extens ive geophysical lur­
veys to l ocate potential waterbearing zones within I 
disconti nuous glacial sediments. Dri l l ed seven test.1 holes 
and developed three production wel l s .  Total developed 
well field capacity was 46.7 L/s. l Evaluated existing wel l impact on other groundwater sers 
i n  the area. I Evaluated performance of operat i ng supply wel t s  and pro­
posed program leading to i ncrease i n  water production. 

Conducted a hydrogeological survey of existing wel l s  and a 
spring prior to dri l l ing of a gas wel l .  

Conducted an aquifer test of a wel l BOOm deep, yield1ng 5 
L/s. Saline water to be used for waterftood. 

I Evaluated local aquifers as potenti al source of wate� 
supply for an enhanced oil  recovery project. Exploration 
dri l l ing conducted incl uded assessment of Quaternary land 
Cretaceous deposits. Supervised dri l l i ng,  wet 1 
instal l ation and aquifer testing. Wel l yield i n  the order 
of 2 L/s. 

I 
'I 



PROJECT 
Title/Date 

LONGBOTTOM WATER 
SOCIETY 

Fort Mcleod, Alberta 
19B7 

BROOKSWODD NO. 9 WELL 
Langley, B.C.  
19B7 

FRASER VALLEY HATCHERY 
PROJECT 

I9B7 

ILLICILLEWAET SPRING 
Revelstoke, B . C .  
19B7-BB 

LYTTON INDIAN BAND 
WATER SOURCES 

Lytton, B . C. 
19B7-BB 

SHIPS POINT AQUAFARH 
PROJECT 

Fanny Bay, B.C.  
1987 

CAPE MUDGE WATER SUPPLY 
Quadra I s l and, B .C.  
19B7 

GREY CREEK FISH HATCHERY 
Sechel t ,  B.c.  
1987 

MUNICIPAL WATER SUPPLY 
Queen Charlotte City, B . C .  
19B7-B9 

ZAMA LAKE PROJECT 
Zama, Alberta 
19BB 

BRODKSWOOD NO. 10 WELL 
Langley, B.C.  
I9BB 

STABRAWA SUBDIVISION 
South Langley, B . C .  
19BB 

ESLER PMK WELL 
Wi l l i ams Lake, B . C .  
I9BB 

COMMUNITY WATER SUPPLY 
Prophet River Indian 
Reserve, B .C.  
19BB 

COMMUNITY WATER SUPPLY 
lOB M 1 1 e, B . C .  
1989 

July 1989 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 

by 
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PITEAU ASSOCIATES 

CLIENT 

Alberta Util i ties 
Edmonton, Alberta 

Township of Langley 
langley, British Columb i a  

Royal Pacific Sea Farms ltd. 
Vancouver, British Columbia 

CNSW Industries Inc. 
Vancouver, British Columbia 

David Nairne & Associates 
Ltd . ,  North Vancouver, 
British Columbia 

Hatfield Consul tants Ltd. 
West V ancouver, British 
Columb i a  

Kerr Wood leidal Associates 
North Vancouver, British 
Columbia 

Aquarius Sea Farms ltd. 
Sechelt, British Columbia 

Fownes Construction 
North Vancouver, 
British Columbia 

Esse Resources Canada ltd. 
Cal gary, Alberta 

Township of langley 
langley, British Columbia 

Bell & Giuriato Surveying 
and Engineering ltd. 
langley, British Columbia 

Esler Soccer Association 
Wi l l i ams lake, 
British Columbia 

David Nairne & Associates 
ltd . ,  North Vancouver, 
British Columbia 

Cariboo Regional District 
Wi l l i ams lake, British 
Col umb i a  

DESCRIPTION 

Evaluated existing well impact on other groundwater users 
in the area. 

1 
Supervised dri l l ing of seven test holes and one 100 l/s 
test production wel l to assess hydraulics and watel­
quality in a sand and gravel aquifer with stratified zones 
of high dissolved iron and Manganese concentrationS. 
Feas i b i l i ty of developing 50 to 100 l/s wel l s  and eventual 
total well field capacity of greater than 250 l/s Was 
assessed. Impact on a nearby existing well and a sPring 
fed 1 ake was also assessed. I 
Ass�ssed feasibi l i ty of developing a 1,000 l/s caplcity 
well field in the Fraser Val l ey.  This office studY 
involved a review of a l l  high capacity wel l s  in the lower 
Fraser Valley and delineation of areas where high Yielded 
wel l s  could be developed with l i ttle impact on nei9hboring 
wells and also maintain a discharge water temperatUre i n  
excess of BO C.  I Assessment and monitoring of seasonal disscharge quan­
tities and quality of spring water, for proposed bo'ttled 
water source. i 
Suppervised dri l l ing and testing of three holes to assess 
feasibi l i ty of developing groundwater sources in 11 discontinuous aquifers in an arid area. 1 

Assessed available data, carried out test pitting ald 
geophys ical survey to assess feas i bi l i ty of develop�ng a 
150 l/s groundwater source. Also assessed possibility of 
recycl i ng waste and impacts on neighboring wel l s .  i 
Hydrogeological assessment, site selection and aqui er 
testing on a new 4 . 3  l/s wel l .  

Assessed hydraulics of exixting 95 l/s field, and 
potential for sal t water intrusion into aquifer. 

Review of reports prepared by others on well field yields 
in fractured bedrock; carried out groundwater bal an4e 
studies and assessment of actual yields and potential for 
sal t water intrusion. I Groundwater survey, dril l ing and aquifer pump testi�g of a 
12 l/s well source for water flooding of deep o i l  bearing 
formations. 

. I 
Design, dril l i n g  and aquifer pump testing of new 27 l/s 
production wel l .  Study also incl uded an assessment 'oF 
interference effects on nearby production wel l s .  \ 
Assessment of hydrogeology, grondwater supply potent� al 
and impact of septic tanks on proposed and existing �el l s .  
Supervision o f  aquifer pump testing of seven new weirs and 
preparation of a summary report. 

Supervision of aquifer pump test of a 4 . 1  l/s wel l ,  
monitori ng of neighbours' wel l s ,  water balance assessment 
and preparation of a report in impact. I Hydrogeological assessment, site selection and aquifer 
testing on a new wel l .  

Review of data on existing wel l s ,  hydrogeo logical 
assessment, geophysics studies, dri l l ing and deve\o�ent 
of a new 10 L/s water well and assessment of impact on 
existing wel l s .  



PROJECT 
T1tle/Date 

REGIONAL GROUNDWATER 
SUPPLY ASSESSMENT 

south of 
Powell River, B.C. 
1988 

MUNICIPAL WELL NO. 5 
City of Grand Forks 
1988 

HDPETDWN VILLAGE 
WATER SUPPLY 

Watson Island, B . c. 
1987-89 

GROUNDWATER SOURCES IN 
UPPER LILLODET VALLEY 

British Columbia 
1989 

FRASER VALLEY TROUT 
HATCHERY WELL 
REDEVELOPMENT 

1988-89 

July 1989 

GROUNDWATER EVALUATIONS FOR WATER SUPPLY PROJECTS 

by 

i 
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I 
PITEAU ASSOCIATES I 

CLIENT 

Kerr Wood leidal Associates 
North Vancouver, British 
Columbia 

Kerr Wood Leidal Associates 
North Vancouver, British 
Columbia 

Kerr Wood Leidal Associates 
North Vancouver, British 
Columbia and 
Indian and tlorther Affairs 
Canada 

Kerr Wood Leidal Associates 
North Vancouver, British 
Columbia 

Urban Systems ltd. 
Ri chmond, British Columbia 

DESCRIPTION 

I 
Review of aviailable data, review of performance of 
existing wel l s ,  del i neation of aquifers and assessment of 
potential for developing new groundwater sources. 

Review of data on existing wel l s ,  hydrogeological 
assessment, dri l l i ng and devel opment of a new 150 U/s 
water well and assessment of impact on existing wel'lls. 

Site assessment and evaluation of aquifer pump test of 
O.B L/s well i n  fractured bedrock. 1 
Site assessment for groundwater supply to six small Indian 
Band communities and one small v i l lage. 

Evaluation of performance of four existing productiln 
wells with yields ranging from 40 L/s to 160 L/s. I 
Superv i s i on of screen redevelopment and re-testing ?f 
wel l s. I 

I 

I 
II I 



APPLIW\TION NAME 

STEADY STAlE GEDSPG ( l ) 
SEE�AGl ANALYSII 

GEOSAT ( l ) 

TRA.'iSIEtlf SEEJlAUI:. GEUTSP ( l ) 
ANALY S I S  

liEOBAS 

MOO-FLOW 

TltANSIL/11 G!:.UAQF 
llURilOIHAt FLUW 

THAtiSIE.NT HEAT GEOCCS 
TI!ANSPDRT 
SIHULATIOH 

11/IOGHAM TYPE 

Two dimensional 
f l n ltt! tdement 
motlt:l .  

Twu dimensional 
f i n i te element 
mode l .  

Twu dimensional 
t 1 n t tEl element 
IUOdt!l 

Twu or three 
d1menstunal f i n i te 
d i fference model. 

Two or three 
dimensional finite 
difference model .  

Twu dimensional 
finite e l ement 
model . 

Twu d imensional 
finite element 
model . 

GEUURW( l ) Two dimens ional 
analytical Theis 
program. 

WELL F I ELU 
HYDRAUL !t.: JUIIJ 
flUMI' TEST 

GEOCHEMI L'f\L 
ANALYSIS 

CU/ITAMINA/11 
DlSPERS IOif 

UHOUIIUWAH.H. 
ANALYSES 

GEOPMP{ l ) User Interactive 
analytical data 
processing program. 

GEOPGR( I ) User interactive 
andlytical data 
analysis program. 

GEOCEM Analytical data 
analysts program. 

SOLOTE Two d lmens I on a 1 
t l n ite element 

SWAZDDI I ) IJorehu l t:t  data 
base management 

LIST OF HI CRO-t.:OMIIUTERS ANU SUFTWAitE 

USED BY PITEAU ASSOCIATES GROUNDWATER GI!DU!' 

DESCR IPTION OF PHOGHAMJ 

Develops a contoured graphical plan or 
section of seepage pressures and potent ial 
heads. Has tree-surface capab i l i ty for 
determination of water table position. 

Uevelops digital data of the unsaturated 
aniJ saturated flow zones tn both plan and 
section. W i l l  hand le evapotranspiration 
and both constant head and flux boundary 
conditions. 

Uevelops a contoured graph ical section of 
saturated seepage pressures and potential 
heaas at predetermlned time steps. faster 
to run than GEOSAT-2 but does not consider 
Flow In unsaturated zone. 

Computes equipotential distribution at 
successive time steps and plots results of 
sel ected time steps. 

Computes equipotent i a l  distribution at 
successive time steps and plots resul ts o f  
selected time steps. 

Develops a contoured graphical p l an of 
potential head d1str1bvut1on in an 
aquifer. Can consider constant head, 
constant and variable flux and constant 
and variable flux and part ially 
penetrating boundary conditions. 

Superimposes transient conduction of heat 
upon two-dimensional steady-state 
groundwater flow. 

Uses the Theis formula� to calcul ate well 
f i e l d  drawdowns. Wi l l  handle simple 
bounoary conditions. Contoured output of 
drawdown or water table surface. 

Accepts digitized data from the field and 
calculates drawdown and elevations of 
p i ezometric heads and the water table. 

Using formu lae or type curve methods, 
a l l ows for interactive analysis of 
aquifer parameters. 

Uetenmines ionic concentrations mineral ,  
saturation levels and plots graphical 
output of data. 

Calcul ates concentrations of specific 
Ions in a groundwater flow systems, both 
In plan and section. 

Stores information on borehole l i thology, 
construction, water chemistry, etc. Enables 
plotting and tabu lation of regional trends. 

ORIGIN 

University of WaLer\oo 
anu 

P l teau Associate� 

UNSAT -2 prugra111 Llt:ve luped 
by Shlomu NeUIIldll al 
University of Ar1zona, 
Modified by Lynx Ueosystems 

P l teau Assoctales 
and Lynx Geosyst.eu1� 

P t teau Associate� 

U . S .  Geological Survty 

Based on the AQUIFE.M-1 
program developeiJ dl 
Department of C i v i l  
Engineering, M I T  

P_lteau Associate� 

P l teau Associates 
and Lynx Geosys teu1� 

P l teau Associat�� 
and Lynx Geosyslem� 

P i teau Associates 
and Lynx Geosystems 

Piteau Associate� 
(modified from USGS 

WATEQF Program) 

International Ground­
water Mode l l ing lnstl lute 

lynx Geosyst.!!rns 
and P l teau Associate� 

CUMPUTER HARDWARE2 
USED 

HP 9B45 

HP 9845 

HP 9845 

HP 9B45 

IBM • XT/AT 

HP 9H45 

HP 9645 

HP 9U45 

HP 9�45 

HP 9B45 

HP 9B45 
(Not user friendly) 

IBM · XT/AT 

HP 300 �erie� 

NOTE::,.; l: �: :.:�·��.���i;��\:�: :'�!���:�-����.;�n�U��·����:,;'�;. IBM • PC AT and one IBM • PC XT compot lbi"· P l otting J carried out usln9 
sundar·o yrap111cs packs: Un either 11 dot. matrix printer or on an liP 7475 multi pen plotter. 

uord Pertel ct, Time Line, etc. In aUd 1 t lon to those l i sted, the group also uses a number of Uti l i ty Programs, eg. VP-P l anner/Lotus 1-2-J, ft 

I 
J,  

I 
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ANDREW T .  HOLMES, B .A . Sc . �  P . Eng. 

Sen i or Hydrogeol ogi st 

Mr. Hol mes joi ned P i teau Associ ates i n  1979 . He graduated from the Uni vels i ty 
of Briti s h  Col umbi a i n  1976 wi th a B .A . Sc .  i n  geol ogi cal engi neer i ng .  

Duri ng the past thi rteen year s ,  Mr. Holmes has been worki ng  o n  hydrogeol ogi cal 
and some geotechni cal stud i es for muni ci pal , mi n i ng and i ndustri al projectls i n  
western C anad a  and abroad . He h as acqui red practi cal and techni cal experi'•ence 
i n  geol ogy, aqu i fer anal ys i s ,  computer model l i ng and i nstrumentati on techni ques . 

I 
Duri ng the l ast ten years , he h as worked on a wi de range of hydrogeol ogi cal !stu­
di es i ncl udi ng  geol ogi cal mappi ng, p it  dewateri ng, sl ope depressurizat i on ,  
underground m i ne and tunnel seepage eval uat i on ,  pl ann i ng and supervi s i on of !test 
dri l l i ng programs , wel l hydr aul i c  and aqui fer analyses,  water l evel and qual ity 
moni tori ng and extens i ve computer model l i ng .  Most of the fi el d  programs 
i nvol ved dri l l i ng ,  i nstal l ati on o

.
f pi ezometers , f i el d  tests to determi ne soi ll or 

rock mass permeabi l i ty and hydrogeol o gi cal mappi ng. Off i ce analyses i ncl uded 
aquifer pump test analys i s  and seepage analys i s us i ng trans i ent and steady-�tate 
f i n ite-el ement computer model s for both s aturated and unsaturated porous medi a.  ' 
Mr. Hol mes has worked on many m i ne rel ated projects . He has carri ed out h)dro­
g�ol ogy prog;ams at many coal and bas� metal mi nes as part of sl ope stabi l l i ty, 
m1 ne dewaten ng and env1 ronmenta l stud1 es , and has a 1 so performed seepage anal y­
ses for underground mi nes and tunnel s i n  C an ada,  Chi na and the Andes Moun�ai ns 
i n  Chi l e .  He has recently compl eted hydrogeol ogi cal i nvesti gati ons and prejjared 
envi ronmental subm i s s i ons for a number of smal l mi nes i n  Bri t i s h  Col umbi a, 1most 
of whi ch have now been permitted and are currently operati ng. I 
Mr. Hal mes has been i nvo 1 ved wi th the des i gn of dewateri ng systems for mun i c!i pa 1 
and constructi on proj ects .  Thes'e i ncl ude the Brookswood Subdi vi s i on ,  Lang!l ey, 
Bri ti s h  Col umbi a ,  the Al ouette Dam Rehabi l itat i on Project i n  Bri ti sh  Col umbi a,  
and the Suncor I nc .  oi l sands mi ne at Fort McMurray, Al berta. More recentl�, he 
has eval uated two schemes for s ubsurface detenti on of storm water for proposed 
subd iv i s i ons .  

. I He has al so been i nvo l ved with or has carried out eval uati ons for envi ronmental 
assessments of a proposed Greater Vancouver Regi anal Di stri ct L andfi l l  i n  Del ta, 
Bri ti s h  Col umbi a and for numerous smal l l andf i l l s  around the Provi nce, I for 
dra infi el ds on proposed subd i vi si ons i n  vari ous parts of Bri ti s h  Col umbi a and 
for gas pl ants i n  Al berta. Recently, he has been i nvol ved with the hydrogep l o­
gi ca 1 aspects of cl eani ng up a chemi ca 1 spi l l  near the Fraser R i ver at F art 
Langl ey, Briti s h  Col umbi a .  . I Mr. Hal mes has performed a vari ety of hydrogeo 1 ogi ca 1 eva 1 uati ons for proposed 
wel l fi el ds at s al mon hatchery slites i nvol vi ng  supervi s i on of construct i on ! and 
testi ng of the h i gh capaci ty wel l s ,  eval uati ng  wel l f iel d yi el ds and l ong �erm 
water temperature trends .  

June 1989 
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ANDREW T. HOLMES, B .A . Sc . ,  P . Eng. 

Seni or Hydrogeol ogi st 

B . A . Sc . , Geo l ogi cal Engi neeri ng, Uni vers ity of 
Briti sh  Col umbi a,  Vancouver, B . C . , 1976 . 

Short course i n  computer model l i ng of groundwater fl ow, 
I nternati onal Groundwater Model l i ng Center, But l e� 
Univers ity, I ndi anapol i s ,  Indi ana. 

Mine dewater:ing�'stu(jt�s , tunnel i nf l ow stud i es ,  
des i gn J  cons'tl'Uct'i on' ·and testi ng  of wel l f i el ds .  

1985/Present - Associ ate and Sen i or Hydrogeol ogi st, I 
P iteau Associ ates Engi neer i ng Ltd . 1 
1979/1985 - Sen i or Hydrogeol ogi st ,  P i teau Associ ate� 
Engi neeri ng Ltd. I 

I 
Hydrogeo 1 ogi ca 1 studi es for mi ne dewateri ng and s llope 
depressurizat i on at I s l and Copper Mine ,  Cas s i ar 1 
Asbestos , Qui ntette Co a 1 ,  Westar M i n i ng and Byron !Creek 
Col l i eri es ,  Br iti s h  Col umbi a;  Los Bronces Mi ne, CHi l e ,  
Cardi nal R i ver C o  a 1 s ,  Dentherm Co a 1 spur Project a�d 
Gregg R i ver Coal , Al berta; Anvi l Mi ne, Yukon I Territori es .  

Hydrogeol ogi cal studi es for m ine permitting of No�th 
Ameri can Metal s '  Gol den Bear Property, Minnova I nc. ' s  
Samatosum Proj ect, Cheni Gol d M i nes ' Lawyer M i ne, I 
Skyl i ne Expl oration Ltd. ' s  Johnny Mountai n M i ne, and 
Candorado M i nes ' Hedl ey Tai l i ngs Proj ect . I Prel imi .nary test work for a proposed i n-situ  l e ach 
method gol d mi ne near Quesnel , B . C .  

Instal l'ati on of systems to moni tor groundwater qual i ty 
at seven gas pl ants i n  Al berta. Program i nvol ved 
i nstalli ng and moni tor i ng pi ezometers , and analyz i ng and 
reporti ng i n iti al res ul ts .  

Chemi cal spi l l  cl eanup at Fort Langl ey, B . C .  The study 
i nvol ved del i neat i ng the extent of the contaminated 
area, and then des i gni ng and impl ementi ng a recoveiry 
program to remove the ethyl ene di chl oride and caustic  
soda from the so i l  and groundwater at the s ite . 

PIT£/IU ASSOCIII rES ENUINEEAINU LTD 
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ANDREW T.  HOLMES, B . A . Sc . ,  P . Eng. 

Sen i or Hydrogeol ogist 

Model l i ng study to determine groundwater f low di recti ons 
and vel oci ti es as part of envi ronmental impact I 
assessment for proposed Greater Vancouver Regi onal 
Di str i ct Landf i l l ,  Del ta,  Briti s h  Col umbi a.  I 
Hydrogeol ogi cal eval uation to address cl osure of �ackman 
Landfi 1 1 ,  Langl ey, Br iti sh  Col umbi a.  The eval uati1 on 
i ncl uded computer model l i ng, revi ew of geochemistnly 
data, an assessment of envi ronmental impacts , and recom­
mendat i on of poss i  b 1 e remedi a 1 meas ures . Currentl,y 
mon itoni ng groundwater qual ity around the l andf i l l  on a 
regul ar bas i s .  I Hydrogeol ogi c studi es to assess seepage to underg1ound 
open i ngs : Y Gol d  M ine  Project, Chi na; Los Bronces 
Transport Tunnel , Chi l e ;  CP Rai l Rogers Pass Tunnel , 
Briti s h  Col umbi a ;  Eagl e Poi nt M i ne,  Saskatchewan. I S ite i nvesti gati ons and des i gn of dewatering  systems for 
the A l o uette D am Reh ab i l itati on Proj ect , Bri tish  I 
Col umbi a,  and for the Suncor I nc .  oi l sands mi ne, near 
Fort r�cMurray, Alberta. 

Desi gn ;of seepage i ntercept i on trench and water supply 
we 11 pumpi ng s chedul e to miti gate fl ood condi ti ons' at 
Brookswood Subdi vi s i on ,  Langl ey, Br iti sh  Col umbi a.  

Des i gn and i nsta 1 1  ati on of i ntercept i on system to 
contra l artes i an fl ow of water at Vanac Devel opment 
Corporati on ' s  Terrace Court Devel opment i n  Coqui tl am, 
B . C .  

Eval uati on 
detenti on 
B . C .  

of groundwater impact on proposed stor111 water 
pond for Hol ly Meadows Subdi v i s i on ,  Ladner , 1. 

Assessment of al l -weather pl ayi ng f i el ds proposed �or 
storm water detenti on i n  Surrey, B . C .  

Hydrogeol ogi cal studi es to l ocate and des i gn commun i ty 
drai nfi'el ds for di sposal of domesti c effl uent on I 
Sal tspr i ng I sl and,  on Quadra I s l and and i n  the i nter i or 
of Br it i s h  Col umbi a. The Saltspr i ng I s l and proj ett 
requi red a number of f ie  1 ds with a tot a 1 capaci ty :of 
640, 000 Lpd . 

PITEAU ASSOCIA IES ENll!Nf:EAING UO 
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AFFILIATIONS 

June 19B9 

Senior  Hydrogeo l o gi st 

S ite investigation to eval uate potential  for on s1te . 
disposal of  sept ic  effl uent on an i ndi vidual l ot  fuasis. 
These i nvesti gati ons have been carri ed out for a sub­
divi s i on in Langl ey , for many Indi an Reseryes in I 
northern and southwestern British Col umbia ,  and for a 
pro perty south of  Powel l R iver on whi ch a smal l a part­
ment bui l ding had previo usly been condemmed and r�moved 
due to sept ic  effl uent contaminati on.  I 
Site investi gati ons and des i gn of  wel l s  for groundwater 
suppl y incl uding Bowron River Hatchery , Chi l l iwack River 
Hatchery , Spius Creek Hatchery , Cl earwater River I . 
Hatchery, Quesnel R iver Hatchery, Mahood Ri ver Hqtchery ,  
Sal mon River Hatchery , Fruitval e Waterworks Distri ct and 
Bl ackcomb Mountain Restaurant� I Geotechnical and hydrogeol ogi cal eval uat i on of  a ryumber 
o f  Indian Reserves i n  British Col umbi a ,  to determine 
water supply  and subdi vis ion potential , general ly l per­
formed as part . of communi ty pl anning or subdivision 
desi gn studi es. 

1976/l97B - Junior  Engineer; Gol der Geotechni cal 
Consul tants Ltd . , Vancouver , Bri tish Col umbi a .  

Hydrogeo log ical  study for dewatering and sl ope 1 . 
depressuri zati on, Hat Creek Coal Project , Cache Cneek , 
British Col umbi a .  

Geotechnical and hydrogeo l o g i cal study for design o f  Key 
Lake M ine ,  Saskatchewan. 

Assoc iat ion of  Professional Engineers o f  British Col umbia. 

International Associ ation o f  Hydrogeol ogists� · I 

PITEAU ASSOCIATES ENGINEERING L TO 



DAV ID  J :  TI PLAD Y ;  s : A . s : c : ; P . Eng . 

Gtaun��[t.�•�··in9�1ili1l'er 

Mr .  Ti pl ady i s  an i n termediate groundwater engi neer with P iteau Associates . He  
ho l ds a Bachel o r  of Appl i ed Sci ence Deg ree i n  C ivi l Engi neering from the . 
Uni versity of Bri t i s h  Col umb i a ,  and i s  a reg i stered Profess ional Eng i neer I ( B . C . ) .  

Mr . Ti pl ady ' s.; exp�,r:i.ence i ncl.ude,;., fies i g n ,  construction  . and eval uation o.f wel'l 
fi el.ds . .  �nd �dewaferjng �ystems , ,hydrogeo l?gical eval u�tion  of . sites for ! .septic 
effl uent ·- dls posal , as wel l as col l ec b o n ,  synthes1s  and 1 nterpretat�on  of 
groundwater rel ated data . He is al so experi enced with management ,  analys i s  and 
presentati on of i nformation. u s i ng a vari ety of computers . I Since jo i n i ng P iteau Assoc i ates i n  Ju ly ,  1987 , Mr. Ti pl ady has been i 1vol ved 
with , or has carri ed out , hydrogeo l o g i cal  eval uations for groundwater s upply 
stud ies , dewateri ng ,  l eaki ng underground gaso l i n e  storag e tanks and grou�dwater 
qual i ty .  Thi s has i nvol ved s u perv i s ion  of expl oratory wel l dri l l i ng ,  aqui fer 
test i ng ,  i nsta l l ation of pi ezometers and water qual i ty monitor ing . 

: Prior to j o i n i ng Pi teau Associates , Mr. Ti pl ady was with Hydrogeo l og i cal 
Consul tants Ltd . i n  Edmonto n ,  Al berta . His respons i bi l i ti es incl uded 

.
s u per­

v i s ion  of test dri l l i ng and aqui fer test ing  at several l ocations in . l ud ing 
Edso n ,  Al berta . He was al so res pons ibl e for des i gn and impl ementa tion of 
various grou ndwater rel ated computer appl i cations . I I 

November,  1988 
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Hydrogeo l og i st 

B . A . Sc � ,  C i v i l Engi neeri ng , Uni vers ity of  Br iti s h  
Col umbi a ,  19B4 .  

Des i gn ,  construction  and test i ng o f  wel l fi el ds and 
dewateri ng systems , el ectronic data acqu i s it i o n ,  
proces s i ng a n d  analys i s . 

Jul y ,  19B7/Present - Hydrogeol og i st , Pi teau Associ ates 
Eng i neeri ng Ltd . · 

Hydrog eo l og i ca l  stud i es and s ite  invest i gation of  a 
grou ndwater s upply o f  u p  to 75 L/s to be  used for 
proposed l and based s a lmon farm on western Vancouyer 
Isl and .  [ Hydrogeo l og i ca l  stud i es for des i gn and construction  of  
dewateri ng systems i n  Coqui tlam,  B . C .  and  Pembertdn , 
B . C . Des i gn fi el d su perv i s i o n  and ev al uat i o n  of:  test 
pits , dewateri ng wel l s ,  wel l poi nt systems , and 
i n fi 1 tration  trenches . 

Hydrog eo l o gi ca l  i nv esti gat ions rel ated to push/pulll 
test i ng conducted at Wi ngdam, B . C . Program i ncl uded 
s u perv i s i on of  d ri l l i ng s i x  dri l l hol es i n  unconsol li dated 
sed i ments , i nsta l l ation  of pi ezometers and wel l s creens , 
and hydraul i c  test i ng of  compl etions . Fi el d prog 'am 
i ncl uded aqui fer testi ng , pump test i ng ,  water qual i ty 
monitor ing and su pervi s i o n  of  push/pu l l  test u s i ng a 
sol ubl e tracer materi al . 

Inv est i gations rel ated to l eaking underground gaso l i ne 
storage  tan ks u nder a major road i ntersection  in  
Ri chmond ,  and  V i ctori a ,  B . C .  Both prog rams i ncl uded 
i nterpretation of  exi sting i n formation  and drawi ng� for 
the a rea and del i neat ion  of poss i bl e  contami nant f� ow 
path s .  

Superv i s ion  of  groundwater expl o ration dri l l i ng programs 
near Lytton , B . C . , Prophet Ri ver , B . C .  and Zama , I 
Al berta . Col l ection and i nterpretation  o f  fi eld  data 
and preparation  of  coveri ng reports . I Superv i s ion  of  a test dri l l i ng program to investi gate 
seepage l osses from mi ne  ta i l i ngs  pond i n  northern B . C .  

Eval uation o f  surfi c i al s o i l s  for s u i tab i l i ty for 
i nground waste water di s posal at several l ocations i n  
B . C .  i nc l ud i ng Prophet R iver,  Ri ver ' s  Inl et , Tofi n0 and 
Lytton . 

PlfEAU ASSCCIArES ENGINt:EAJNt.l LTD 



PROFESS IONAL 
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PROFESSIONAL 
AFFI LIATIONS 

LANGUAGE CAPABI LITY  

C ITIZENSHIP  

November ; 1988 

Hydrog eo l o l g i st 

Establ i s hment of  el ectroni c  monitoring station  near 
Revel stoke, B . C .  to establ i s h  mi nimum grou ndwater fl ows 
from a mou nta i n  s pri ng . 

Sept ' 85/Jul y  ' 87 - Junior Eng ineer;  Hydrog eo l og ical  
Consul tants , Edmo nton ,  Al berta . 

Conducted hydrogeo l og i cal i nv esti gations rel ating to 
devel o pment of  a dd i tio nal groundwater s u ppl i es fo1 the 
Town of Edso n ,  Al berta . Coord i nation of prel i mi nary 
fi el d i nv est i gati o n ,  supervis ion of expl oratory w�ter 
wel l dri l l i ng and compl etio n .  Program i ncl uded I 
extens ive a qu i fer testi ng at rates u p  to 50 L/s , and 
automatic  mo nitoring of water l evel s  at fi ve obse�vation 
wel l s ;  p lott i ng and interpretation of data , fi nite d i f­
ference model l i ng and preparation  of project repo1t .  

Des i gned and impl emented personal computer data base to I access and process data from ov er 275 , 000 water wel l s  i n  
Al berta . Al so s u perv i sed devel opment of a col our I graphic  system to d i s p l ay data . 

. Res pons ibl e for coordination and superv i s i on  of filel d 
wor k  and preparatio n  of project reports for several 
water s u pply rel ated studies . I 

May 1984/May 1985 - Eng i n eer- i n-Tra i n i ng , Fi rst Watellrcourt 
Syst ems Ltd . ,  Vancou ver,  B . C . 

Assessed water pumping and di stri bution  system of �mal l  
vi l l ag e  and prepared techni cal  report . Insta l l ed ,and 
ca l i brated stream fl ow measuring network i n  centra� B . C . 
watershed . Dev el oped subrouti nes for water resource 
computer software package.  

Assoc iation of  Profess ional Eng i n eers of Br it ish  
Col umb i a .  

Engl i s h 

Canadian 
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Jun i or Geotechni cal Engi neer 

Mr . Hogg i s  a j un ior geotechni cal engi neer with Pi teau Associ ates . He ho 1 ds 
a B .A .Sc .  degree i n  Geo l ogi cal Engi neeri ng from the Uni versity of New Brunswi c k .  

S i nce joi n i ng  P iteau Associ ates , Mr. Hogg has been i nvol ved with numerous Jydro­
geol ogi cal i nvest i gati ons and mon itor i ng programs . These i ncl ude groundwater 
monitori ng programs around two l andfi l l  s i tes , an assessment of soi l  and g�ound­
water condit i ons for a proposed subdi vi s i on adj acent to the Fraser R i ver, qnd an 
i nventory of groundwater suppl i es near Powel l R i ver as part of a groundwater 
resource study. He has super vi sed dri 1 1  i ng for a foundat ion i nvesti gati din and 
has recently  been i nvol ved with s i te i nspecti on servi ces for construct ion of a 
tai l i ngs dam, sed imentat i on pond and rel ated works for a new mine north of 
Kaml oops , B . C .  I 

Apri l ,  1989 
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Apri 1 ,  1989 

Jun i or Geotechn i cal Engi neer 

B .A .Sc . ,  Geo l ogi cal Engi neer ing ,  Uni vers ity of New 
Brunswi ck, 1988 . 

Geotechn i cal and hydrogeol ogi cal data col l ecti on ana 
analys i s ,  s i te serv ices ,  l aboratory test ing .  

1988/Present - Jun ior  geotechni cal/hydrogeol ogi cal 
engi neer , P iteau Associ ates Engi neeri ng Ltd. 

S ite s uperv i s i on/i nspection for tai l i ngs dam, 
sedimentati on pond and rel ated works for new mine near 
Kaml oops , B . C .  
P iezometer i nstal l at i on and i ni ti al mon itoring of 
groundwater , Katzi e  I ndi an Reserve No .  I I .  
Envi ronmental impact assessment for a demol i tion 

. materi al s  l andfi l l i ng proj ect , i ncl ud i ng dri l l i ng super­

. v i s i on and ongoing  groundwater moni tori ng,  Delta. 
Ongo ing  groundwater sampl i ng and moni tor ing program for 
s an i tary l andfi l l ,  L angl ey. I 
Laboratory analys i s  and cl ass ifi cat i on of soi l sampl es 
from vari ous s i tes . · j Stabi l i ty analys i s  of open pi t wal l s  at Cass i ar M 1 ne 
from dai ly surveyed pri sm co-ordi nates , us ing  Lotus 
1-2-3 . I 1987/Summer - Brunswi ck Mine ,  Bathurst, New Brunswiak 

Des i gned cabl e bol ting  pl ans for stope back s .  
Ass i sted i n  l ocating sei smi c events usi ng a mul t i -� 
channel mi crose i smic  mon itor . 
Assi sted i n  grouted cab l e  bol t pul l tests to dete�m i ne 
strength character i st ics of di fferent grout mixtu�es . 
Mapped structures i n  recently mined underground stapes ;  
cl ass i f i ed rock strength of structures us i ng I Geomechani cs and NGI cl ass i fi cat i on systems . 
Took extensometer readi ngs i n  vari ous stapes to measure 
convergence rate. I Worked with members of Noranda Research Centre ( NRC) i n  
gatheri ng data  on the roughness and wavi ness of th1e 
j o i nt pl anes found on the sedi mentary hangi ng wal l .  

Engl i sh 
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January 1 989  

JAMES D .  TOO 

Jun ior  Geotech n i cal Engi neer 

. . . 
B . A . Sc . ,  Geol og i cal Engi neeri n g ,  Uni vers i ty of  Bri t i s h 
Col umbi a ,  1 988.  

Rock mechanics  and eng i neeri n g  geol o gy . 

1 988/Present - Jun ior  geotechni cal engineer,  Pi teau 
Associ ates Engi neeri ng  Ltd . I Geol o g i cal /geotechni cal fi el d mappi n g  for a downtown 

real ty devel o pment , Vancouver . I Laboratory ana lys i s  and cl ass i fi cati on o f  s o i l  and roc k 
sampl es from vari ous s i tes . I Laboratory durabi l i tY. testi ng  o f  proposed rockfi l l  from 
Bri nco Mi n i ng Li mited , Cass i a r ,  B . C .  I 
Prel i m i nary p i l l ar des i g n ,  eval uati on  o f  proposed 
underground mi n i ng l ayouts for Pi oneer Meta l s  Con\' p. ,  
Puffy Lake M i n e .  . 
Stabi l i ty analys i s  o f  o pen p i t  wal l s  at Cas s i ar �i n e ,  
from da i l y  s urveyed prism coord i nates u s i ng Lotus 1-2-3 . 

1 988/Summer-Fal l - H i ghwa l l  Mon itori ng  Engi neer,  T�urber 
Consul tants Ltd . ,  Ft . McMurray , Al berta . 

Supervi sed drag l i ne o perati ons . 
Moni tored sl ope i ncl i nometers and pneumat i c  pi ezo eters ; 
eval uated data with  res pect to drag l i ne stab i l i ty .  
Mon i tored and documented heave fa i l ures  o n  dragl i e 
bench . 

. I 1 987/Summer - Jun i o r  Geo l o gi st ,  Pl acer Dome I nc . ,  Laon i l  
Lake , Sas katchewa n .  I 

Local and regi onal mappi ng/pros pecti n g ,  so i l  sampl i n g ,  
channel sampl i ng ,  dra fti n g .  

Engl i s h  

Eng i n eer- i n-tra i n i n g ,  Associ ation  o f  Profess i onal 
Engi neers of Br iti s h  Col umbi a 

Canad i a n  


