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Y. BAJARD ASSOCIATES LTD 
REGIONAL PLANNING - RESOURCE DEVELOPMENT 

Our f i l e : 0042 January 23, 1981 

ANALYSIS OF INFORMATION AVAILABLE ON 
WATER RELATED ASPECTS OF MINING IN HIGHLAND VALLEY 

I. INTRODUCTION 

The object of t h i s report i s a review of information prepared by mining 
firms i n Highland V a l l e y and communicated to our firm, re the possible 
e f f e c t of contemplated and rec e n t l y i n i t i a t e d mining operations i n the 
area on the hydrology of Witches Brook and Guichon Creek Valleys and 
on water uses i n those v a l l e y s . 

This report i s produced as a r e s u l t of a verbal agreement made on 
December 11, 1980, between our firm and the Nicola V a l l e y Indian Admin
i s t r a t i o n on the one hand and the Nicola Stockbreeders' Association 
on the other. 

Our firm has been engaged during the past three and a ha l f years i n 
extensive data gathering on water resources, t h e i r governing factors 
and t h e i r u t i l i z a t i o n , and processing them towards the establishment 
of a comprehensive water management system i n the Nicola Valley, 
which includes the Watershed of Guichon Creek and Witches Brook 
in p a r t i c u l a r . We have constructed an approximate hydrologic model 
of the system which was presented in August, 1980, to the Working 
Committee set up s p e c i f i c a l l y i n 1977 for the purpose of improving 
management of water and related resources in the Nicola V a l l e y . 
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Dr. Bajard, while working for Klohn Leonoff Consultants Ltd., had 
a l s o taken a very active part in 1973-74 to the preliminary study 
of a then contemplated open p i t in Highland V a l l e y (J-A Zone) by 
Bethlehem Copper' Corporation Ltd. 

The firm has therefore considerable experience on the matter and 
knowledge of the s p e c i f i c area. 
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II. TERMS OF REFERENCE 

Terms of reference of the current assignment were: 

a) to approach the mining firms i n Highland V a l l e y and obtain from 
them as much as possible the information, reports, studies, 
monitoring records, etc. r e l a t i v e to surface and groundwater 
hydrology in the Highland V a l l e y , and i n p a r t i c u l a r the reports 
dealing with the projected e f f e c t s of contemplated or recently 
i n i t i a t e d mining operations i n Highland V a l l e y on the o v e r a l l 
hydrology of Guichon Creek and on water users i n t h i s area. 

b) to review the information provided, analyze i t and draw con
clusions on the matter. 

c) to recommend a l i n e of a c t i o n i n function of the conclusions 
drawn. 
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I I I . SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and recommendations r e s u l t i n g from our analysis can be 
summed up as follows: 

3.1 Conclusions 

a) Two large mining firms with large open p i t s , m i l l s , t a i l i n g s ponds 
waste dumps, etc. have been operating i n Highland V a l l e y for several 
years. Apparently t h e i r operation w i l l continue for several years. 
One firm i s s t a r t i n g a large open p i t at present. Another one i s 
planning to begin s h o r t l y . There are other ore bodies i n Highland 
Va l l e y , some of which have been investigated i n great d e t a i l . 
Mining of copper and associated metal can therefore be considered 
(in economic terms) as the vocation of Highland V a l l e y for at l e a s t 
the next t h i r t y years. 

i) Mining undoubtedly a.^£c&5 tho. hydAologic KQ.gimo. oh WitckQA 

BKook avid. th.dAQ.ioKQ. oh Guichon Cteefe [and oh PukaiAt Cteefc) 
in tho. following ha^hion: 

- KQ.duction oh total hlow&9 caused by cu t t i n g o f f of parts 
of the Watershed; 

- change to th.0. Aunohh IQ-gimo. AQAulting h^om: changes in 
ground cover, (open p i t s , waste dump, logging, road con
s t r u c t i o n , m i l l s , e t c . ) , higher and shorter freshet, r e l a 
t i v e l y lesser recharge to aquifers, reduction of summer 
flows because of a lesser "sponge e f f e c t " of the ground, 
draining back to the creeks;' 

- dkango.* in tho. gAOundwatOA AyAt&m because of pumping for 
water supply or for open p i t dewatering) which, although 
t h e i r d i r e c t drawdown e f f e c t on the regional system may 
be r e l a t i v e l y small, reduce surface flows because they 
induce higher recharge rates. This causes a reduction 
of streamflows at a l l times. In addit i o n , t h i s i n d i r e c t l y 
a f f e c t s summer flows (further reduction of the "sponge 
e f f e c t " , storage of Mamit Lake, and possibly the recharge 
to remote aquifers along the system (e.g., a l l u v i a l fan 
near by Shulus and Lower Nicola) 

http://th.dAQ.ioKQ
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- a l l t h i s b o i l s down to the simple but v a l i d statement 
that i t it> impoAAiblo. to take, oat h^-om a complex hydAo

logic Ayttom, in which AuAhaco, AtAoamA and aquihO-AA OAO. 

ddhinitily intQAdo.pQ.ndo.nt, a laAgo. h^^ion oh tho. up-

btAQjom Atinohh (29% of annual runoff to L i t t l e Divide 
Lake as per V a l l e y Copper estimates - and t h i s i s i n 
our opinion, a r e l a t i v e l y conservative figure) and Atill 

laAgOA amount* oh gAoundwatOA from various l e v e l s . Ac
cording to figures given i n Valley Copper report stage 
2 Volume 3, the amounts currently pumped each year 
are equivalent to 82% of average annual flow (1969-79) of 
Witches Brook at mouth and to 49% of the cumulated ave
rage flow over the same period of Witches Brook and 
Pukaist Creek Projected pumping i s 3.6 times larger 
than average annual flow at the mouth of Witches Brook 
and 2.1 times larger than the cumulated average annual 

(2) 
flows of Witches Brook and Pukaist Creek. 

b) ThoAQ. ist> howzvoA a AO.maAkably dznAQ. data baAO., on pAQAOnt and con

templated wateA uAOA, AuAhaco. hydAology and gAoundwateA,. of 
v a r i a b l e p r e c i s i o n and r e l i a b i l i t y . ThiA inhoAmation iA howo.vQA 

AcatteAQ-d between the mining firms, who apparently do not pool 
t h e i r water-related information, some government agencies (e.g., 
B.C. F i s h and W i l d l i f e , Water Management, Waste Management, 
Thompson-Nicola Regional D i s t r i c t , M u n i cipality of Logan Lake) 
and ourselves. 

Contact was established with the four mining firms and a reasonable 
goodwill for cooperation was noticed. Most cooperative was V a l l e y 
Copper, who communicated without d i f f i c u l t y the information they 
have. For circumstancial reasons no written documents were com
municated by the others but some information was given by t e l e 
phone. We have i n the past three years obtained a large f r a c t i o n 
of the information e x i s t i n g i n Government agencies (but not a l l ) 
and done our own i n v e s t i g a t i o n s i n the f i e l d over the e n t i r e 
Watershed. 

(1) Or again r e s p e c t i v e l y to 26% and 13% of the f r a c t i o n of annual p r e c i p i 
t a t i o n which i s not l o s t by evapotranspiration (according to figures given 
i n the Water Balance) 

(2) or again r e s p e c t i v e l y to 113% and 57% of the same f r a c t i o n . 

http://intQAdo.pQ.ndo.nt
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c) The problem i6 not addAe&Aed in a complete., cleaAly defined manneA 

by th.0. mining ^iAnA. Our understanding of the problem i s as f o l 
lows: 

i) are the mines under t h e i r current and future l e v e l of 
operation l i k e l y to reduce the flows or a f f e c t water qua
l i t y i n Witches Brook or the groundwater regime to an 
extent which would adversely a f f e c t other water users be
yond acceptable l i m i t s ? 

i i ) i f so, what can be done to compensate these e f f e c t s i n a 
most c o s t - e f f e c t i v e manner? 

and as a side question, addressed more s p e c i f i c a l l y to the mines? 
i i i ) are they getting t h e i r water, dewatering the p i t s , e t c. at 

l e a s t cost? 

d) We have. caAefaully analyzed the. information cuir\municate.d by Valley 

CoppQA, i . e . , Volume 3 of t h e i r Stage 2 r e p o r t ^ ^ . Our comments 
on t h i s document are the following: 

i) from the structure of t h i s report i t appears that: 
- only paAt o{ the. problem it addAeAAed: The main e f f e c t 

investigated i s remote (regional) groundwater drawdown. 
Surface hydrology comes as an afterthought i n the adden
dum. No consideration i s given to possible larger future 
water requirements of other a c t i v i t i e s than mining: the 
growth of Logan Lake, plans and p o t e n t i a l for a g r i c u l t u r a l 
and f i s h e r i e s developments are not taken i n t o account; 

- more importance i s given to the d e s c r i p t i o n of various cha
r a c t e r i s t i c s of Highland V a l l e y than to i n t e r p r e t a t i o n and 
to development of conclusions; 

- because of some confusion i n scope, the report deals at 
the same time with impact assessment and with the design 
of a p i t dewatering system and of d i v e r s i o n ditches of 
creeks. 

i i ) i n s e t t i n g the problem, Ae.lative.ly important and even criti

cal aApectA OAO. omitted, making thuA the concluAionA incom

plete.: 

(1) which i s , as indicated by V a l l e y Copper, to be kept c o n f i d e n t i a l u n t i l 
Government has made a d e c i s i o n on the subject. 

http://Ae.lative.ly
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- the e f f e c t s of the operation on freshets, the regime of 
Mamit Lake, recharge to shallow and deep aquifers and 
through the "sponge e f f e c t " , on summer flows are not 
dea l t with. 

- no r e a l a t t e n t i o n i s paid to cost-effectiveness i n steps 
proposed to dewater the pit,supply water to the mine, com
pensate e f f e c t s on downstream water users. 

i i i ) the. data base. use.d is inc.omplo.t2. and this again affects tho. 

quality of tho. conclusion*: 

- e x i s t i n g g e o l o g i c a l maps (bedrock and s u r f i c i a l geology) at 
r e l a t i v e l y large scale are not used; 

- some information from d r i l l holes i s omitted; 
- r e s u l t s of a s i m i l a r study c a r r i e d out at nearby J-A Zone 

for Bethlehem Copper (1973-74), and extending well into 
the V a l l e y Copper area have apparently not been communi
cated to t h e i r consultants; 

- data used on water licenses seems to be incomplete; 
- some important e x i s t i n g data on climate, water flows and 

water q u a l i t y have not been taken into account. 
iv) computation mo.th.ods are. {or a large, part inappropriate, and in 

{act not applicable, to provide. *u{{icie.ntZy dctailzd and ro.-

pAOSZntativZ A0.*ultS. In p a r t i c u l a r , t h i s applies to: 
- the d e f i n i t i o n of c l i m a t i c parameters (general averaging 

for the drainage a r e a ) i s not acceptable; 
- the d e f i n i t i o n of water uses (lumping into annual requirements 

for a l l the v i c i n i t y of Highland Valley) makes i t very d i f 
f i c u l t to i d e n t i f y possible e f f e c t s ; 

- the computation of water balance (and a p p l i c a t i o n of average 
annual values for the basin to a s p e c i f i c l o c a t i o n within 
the b a s i n ) i s not acceptable; 

- the hydrogeological computations (averaging of hydrogeolo-
g i c a l parameters, assuming rather than measuring those para
meters, using a formula which i s v a l i d for an homogeneous,in
f i n i t e half space (180° open)),but not i n a complex system 
as e x i s t i n g i n Highland Valley) are disputable; 

http://inc.omplo.t2
http://mo.th.ods
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The method used for surface hydrology i s adequate but the 
r e s u l t s are a f f e c t e d by disputable hydrogeological inputs, 

v) Therefore conclusion* drawn are disputable. 

- the. statement that ground and surface waters are. not related 
in Highland Valley is not substantiated and in {act contra
dicted in the. report itself. 

- there are discrepancies between our findings on a g r i c u l t u r a l 
water requirements (from Water Rights l i s t i n g s ) and those 
stated i n the report. 

- the. statement that increased pumping rates by Ze.thle.he.rn 
CoppeA have, not changed the. static level of groundtoater 
since 1967 is based on insufficient evidence and not ade
quately justified. 

- distances at which dewatering of the open pit will cease to 
affect the aquifers in the Valley is based on an incomplete 
interpretation of the gedlogical structure of the overburden, 
and the use of disputable computing methods [see above) 

(in p a r t i c u l a r the p o s s i b i l i t y that some of the aquifers 
may be "boxed i n " between transverse upthrusts of the 
bedrock and possible d i s c o n t i n u i t i e s i n the aquifers are not 
accounted f o r ) . 

- the estimates [pit dewatering discharges and subsequently 
water supply)are disputable for the same reasons; 

- the proposed layout of dewatering wells is disputable 
because i t does not take into account the very highly complex 
structure of the overburden and the p o s s i b i l i t y of ground
water inflows from the bedrock; 

- the proposal to limit the investigations to the upper 135 m 
[450 ft.) of the overburden does not take into account the 
possible dangers to the floor of the pit which hydrostatic 
pressures in the lower aquifers would cause; 

- the design of diversion ditches and protection against 
overland flow does not envisage possible large savings in 
dewatering [and water supply) which would result from a 

http://Ze.thle.he.rn
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ditch layout avid design where seepage losses [recharge.) 

are minimized within the area of influence of pumping at 

the pit. and a selective cutting off from the pit of per

vious zones of the top 10 - 15 m [30 - 50 ft.) of over

burden 

e) Vrom the information available to us, we can conclude, relatively to 
the other mining operations that the extension of the Lornex, Bethlehem 
Copper pits and the development of Highmont wilt probably affect the 
hydrology of the Guichon Creek system in a manner and to a degree com
parable with the effects of [/alley Copper. 

3.2 Recommendations 

We would recommend therefore 

a) that action be initiated towards pooling the existing water related 

information between the mining firms, government agencies at various 
l e v e l s , other water users and ourselves(on Highland V a l l e y and Gui
chon Creek). This would involve some d i r e c t negotiations between 
the main water users and the mines. 

b) on the basis of t h i s more complete information, that an overall, rea

listic assessment be done of the relative effects of all existing 
and contemplated activities [mines or others) over a thirty year 
period, [several alternatives to be taken into consideration), 

c) that the problems identified in the alternative retained, if any, 
be dealt with in a technically acceptable manner[rej water supply, 
treatment after use, and possible compensations to affected users\, 
thus leading to cost-effective solutions, such solutions would 
probably c o n s i s t of 

i) leaving Highland V a l l e y to the mines, with adequate supply 
systems and p o l l u t i o n c o n t r o l downstream, 
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i i ) j o i n t a c t i o n to compensate possible reduction of flows i n the 
system elsewhere i n the Guichon Creek Watershed, possibly 
combined with 

i i i ) developments which would increase the safety of water supply 
and reduce the r i s k of c o n f l i c t s to users i n the V a l l e y . 

This would undoubtedly benefit a l l p a r t i e s , not only i n avoiding water 
rela t e d c o n f l i c t s , but i n providing c o s t - e f f e c t i v e solutions t o water 
problems. In p a r t i c u l a r V a l l e y Copper could, through a c a r e f u l 
design, documented on a l l the information a v a i l a b l e , design a gradual 
system for p i t dewatering and water supply at l e a s t cost and minimum 
adverse downstream e f f e c t s . 
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IV. CURRENT STATE OF MINING OPERATIONS AND CONTEMPLATED DEVELOPMENTS 

4.1 Mining firms in Highland V a l l e y are: 

. Bethlehem Copper Corporation Ltd., which began operations in the 
ea r l y s i x t i e s in the h i l l s , j u s t North of the Valley, i n Witches 
Brook Watershed: open p i t s , m i l l , i n i t i a l t a i l i n g s dam on 
Witches Brook, 1 km West of Bose Lake, l a t e r abandoned when 
BCCL agreed with Lornex to share a larger t a i l i n g s d isposal 
f a c i l i t y i n the upper part of Pukaist Creek Va l l e y (flowing to
wards the Thompson R i v e r ) . The operation has resulted in large 
waste dumps on the h i l l , numerous service roads and logging o ff 
of the area. 

BCCL draw the i r water from 
a) wells in Shula f l a t s , South of the A i r s t r i p 

(9 wells d r i l l e d ) 
b) Total flow of Witches Brook under code 04A 

(Land improvement). 

. Lornex Mining Corporation Ltd., which began operations in 1971 
in the h i l l s , South of the V a l l e y i n Witches Brook (Bethsaida 
Creek) Watershed: open p i t , m i l l with large waste dump on the 
h i l l s , and t a i l i n g s d i s p o s a l i n a large area of Pukaist Creek 
Va l l e y , numerous service roads, logging, d i v e r s i o n of Beth
saida Creek, etc. 

Lornex draw th e i r water mostly from the Thompson River, na
t u r a l flow to the i r t a i l i n g s dam (recycling) and to a minor 
extent from two wells i n the Val l e y near by L i t t l e Divide Lake, 
1.5 km West of Shula F l a t s (BCCL well f i e l d s ) . 
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. Highmont Operation Corporation Ltd., which i s ju s t beginning 
operations i n the h i l l s , 4 km South of Highland Val l e y . This w i l l 
r e s u l t i n a large open p i t , m i l l , waste dumps,- service roads, 
t a i l i n g s operation which w i l l undoubtedly a f f e c t the hydrology 
of the Guichon Creek system. 

Highmont i s e n t i r e l y within the Guichon Creek Watershed. High
mont get t h e i r water from wells i n the v a l l e y of Witches Brook, 
7.5 km downstream of BCCL's well f i e l d . They a l s o cut o f f 
part of the watershed for the purpose of t a i l i n g s d i s p o s a l . 

. V a l l e y Copper Mines Ltd., i s i n the f i n a l stages of preparation 
for s t a r t i n g a large mining operation i n Highland Va l l e y i t s e l f , 
j u s t West of Quiltanton Lake. This w i l l e n t a i l a 360 m deep 
open p i t on the South West side of the Valley, for a part i n 
the bedrock and for another in the V a l l e y overburden f i l l 
(some 200 m deep). This w i l l i n p a r t i c u l a r extend over and 
d r a i n Quiltanton Lake; imply the d i v e r s i o n of several creeks 
(Trojan Creek, Bethsaida Creek and an unnamed creek to the 
West which i s to be diverted to Pukaist Creek) and c u t t i n g o f f 
overland flow. In addition to the p i t , there w i l l be a m i l l , 
service roads, etc. T a i l i n g s disposal f a c i l i t i e s of Lornex/ 
BCCL in Pukaist Creek w i l l be used. 

V a l l e y Copper plans to get their water (mill and drinking water) 
from dewatering the open p i t . 

. There are s t i l l s i g n i f i c a n t amounts of ore i n the Highland Valley area 

and mining w i l l c e r t a i n l y continue for a long time (e.g., 30 years). 

The e x i s t i n g operations have undoubtedly affected the hydrologic regime 
of the Guichon Creek system (and of Pukaist Creek a l s o ) . Their expan
sion and the development of new operations w i l l c e r t a i n l y r e s u l t 
i n l a r g e r , more important e f f e c t s on those systems. 



-13-

V. PROBLEM SETTING 

5.1 Hydrology 

In hydrological terms, the V a l l e y of Guichon Creek i s a complex net
work of surface streams and lakes of various sizes draining into the 
Nicola River at Lower Ni c o l a , combined with a no less complex ground
water system. The l a t t e r can be characterized i n a few words as a 
network of f o s s i l v a l l e y s , f i l l e d by a combination of p r e - g l a c i a l 
(Tertiary) continental, r e l a t i v e l y loose material (sand, s i l t s , clays 
with coal and l i g n i t e i n t e r c a l a t i o n s ) o v e r l a i n by a succession of 
f l u v i o - g l a c i a l m aterial. The f l u v i o - g l a c i a l part of the overburden 
r e f l e c t s the Quarternary h i s t o r y of the area, with at l e a s t four 
successive g l a c i a t i o n s . It consists of an i r r e g u l a r alternance of 
impervious g l a c i a l t i l l s and p o s t - g l a c i a l and i n t e r g l a c i a l deposits 
which combined "twined" cords of f l u v i a l and t o r r e n t i a l a l l u v i a flood 
p l a i n deposits, t a l u s , t o r r e n t i a l fans, marshes, l e n t i c u l a r lake de
posits of various sizes and permeabilities and f l u v i o - g l a c i a l forma
tions (kame terraces, eskers, etc.) l e f t by streams which ran under 
the g l a c i e r s and communicated i n various ways with surface runoff 
of the time. A l l t h i s i s further complicated by r e l a t i v e l y recent 
f a u l t i n g i n the bedrock (late t e r t i a r y i f not more recent), which i n 
some cases cut through the oldest part of the overburden and added 
to the d i s c o n t i n u i t i e s of the system. This a l s o includes ground
water c i r c u l a t i o n i n the fractures of the rock, with some indications 
of geothermal water. 

5.2 Water uses 

The mines i n the Highland V a l l e y are using large amounts of water 
for ore processing and t h e i r requirements are increasing. Other 
a c t i v i t i e s i n the Guichon Creek system a l s o require large amounts 
of water: 

a) Ag r i c u l t u r e , which consists mostly of c a t t l e ranching (by white 
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s e t t l e r s and Native Indians) uses large amounts of water i n the 
summer, mostly taken from creeks, lakes and dams,for i r r i g a t e d 
production of hay and forage. Domestic water for the ranches and 
watering requirements from the c a t t l e are le s s important i n s i z e 
and are catered for by groundwater wells and to some extent, by 
surface flows. As the climate in the Guichon Creek area can be 
described as very dry i n average, with a wide v a r i a t i o n of p r e c i 
p i t a t i o n s from year to year, water i s a c r i t i c a l l i m i t i n g factor 
to the operation of a g r i c u l t u r e and i t s development. The ranches 
i n Guichon Creek are of small to medium s i z e . P o t e n t i a l for a g r i 
c u l t u r a l development would be s i g n i f i c a n t i f water was a v a i l a b l e 
on a regular, safe basis. There i s a f a i r amount of undeveloped 
Class 2 to 4 land (B.C. Land Commission C l a s s i f i c a t i o n ) . Also the 
p o l i c i e s of the P r o v i n c i a l Government c a l l for a strong increase 
i n a g r i c u l t u r a l production. Even though very l i t t l e water i s 
drawn d i r e c t l y from Witches Brook for a g r i c u l t u r e , much i s drawn 
from Guichon Creek below Witches Brook's Junction. 

b) Communities, some of which (e.g., Logan Lake, Lac Le Jeune and 
Mamit Lake) are developing very f a s t because of the i n t e n s i f i c a t i o n 
of mining and tourism, are a l s o consuming large amounts of water. 
Most of i t comes from groundwater. E f f l u e n t s however are sent 
back to the upper layer of sub s o i l which may dr a i n i n t o the creeks. 
Demand i s s i g n i f i c a n t at a l l times of the year but again, peak de
mand i s i n summer. 

c) F i s h e r i e s , which at present are compelled to make do with what 
i s l e f t i n the streams (they are dry i n general for a large part 
of the summer) but plan to develop the system for migratory Coho 
salmon and Steelhead trout (these are known h i s t o r i c a l l y to have 
been abundant i n the system) and to increase i t s carrying capa
c i t y for Rainbow trout. A l l t h i s would imply the safe and regular 
supply of minimum flows to selected streams (to our knowledge, 
Witches Brook i s not one of them, but the main stem of Guichon Creek 
below i t s junction with Witches Brook c e r t a i n l y i s ) . Demands would 
be a minimum supply a l l year, with peaks i n summer and f a l l . Re
duction of floods i s a l s o important. 
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d) Industries, such as sand and gravel operations on Shulus Reserve 
al s o require r e l a t i v e l y large amounts of water, but th e i r t o t a l 
requirements are r e l a t i v e l y small. The p o t e n t i a l for i n d u s t r i a l 
development i n the Guichon Creek system i s not known but, apart 
from the mines, i t does not seem to be s i g n i f i c a n t . 

A l l those a c t i v i t i e s contribute s i g n i f i c a n t l y to the economy of the 
Province and cannot be ignored. 

5.3 Water a f f e c t i n g a c t i v i t i e s 

The a c t i v i t i e s mentioned above a f f e c t the water regime: i n one way 
or another they send e f f l u e n t s which are not as pure as the water they 
took or they change the runoff and seepage process by c l e a r i n g land, 
covering i t with asphalt or concrete, excavating i t , etc. Other a c t i 
v i t i e s , l e s s d i r e c t l y depending on water supply to operate are a l s o 
a f f e c t i n g the regime: logging, road construction, etc. 

5.4 Problem s e t t i n g 

In general terms the problem i s for every water user to get the amounts 
of adequate water he needs at the appropriate time at l e a s t cost. 

To that e f f e c t the others are to leave enough to him and not to pol l u t e 
the water or d i s t u r b the r i v e r s and groundwater sytem beyond c e r t a i n 
l i m i t s , more or l e s s well known. 

In the Highland V a l l e y and Witches Brook Watersheds s p e c i f i c questions 
are the following: 

a) are the mining operations, current, planned or future possible, as 
they plan to expand, l i k e l y t o reduce the flows or a f f e c t water qua
l i t y i n Witches Brook (and Pukaist Creek) and the groundwater regime 
to such an extent that the supply to other users would be affected 
beyond what can be accepted? 
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These questions are i n f a c t i n t e r r e l a t e d because the streams flowing 
into Highland V a l l e y recharge the aquifers, e s p e c i a l l y along the sides 
of the V a l l e y . Also, groundwater, seeping through one or another of 
the loose sandy layers of the s u b - s o i l may, because of l o c a l geological 
conditions, may end up near the surface and ooze out water d i f f u s e l y to 
the s o i l or to the streams, even i f there is no major springs. 

An a d d i t i o n a l question i s then: 

b) i f the mining operations are a f f e c t i n g the surface or groundwater 
regimes beyond what can be accepted, what can be done to com
pensate t h i s i n a most c o s t - e f f e c t i v e manner? 

F i n a l l y a side question which i s to be addressed i s the following: 

c) are the mining operations getting t h e i r water, dewatering th e i r 
p i t s , disposing of t h e i r used water at least cost? 
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VI. WORK CARRIED OUT 

6.1 Bethlehem Copper, Lornex, Highmont 

Contact was established by telephone with Messrs J . Walmsley of BCCL, 
Dal Scott of Lornex and H. Hallbauer of Highmont. For various reasons 
no meetings could be arranged u n t i l now. However,some information was 
provided by telephone by BCCL. Highmont was j u s t s t a r t i n g operation 
and have not much time a v a i l a b l e at present. They appeared however 
reasonably cooperative and a meeting could be scheduled in February. 

6.2 V a l l e y Copper 

A meeting took place with Messrs R. Taylor and M. McGarry of V a l l e y 
Copper on December 15, 1980. They were then informed of our mandate. 
Also, the possible scope of another meeting already scheduled for the 
next day with t h e i r consultants, Messrs W. Brown of Brown-Erdman and 
Associates and Dr. A.G. Chantler of Crippen Consultants was discussed. 

A preliminary d i s c u s s i o n took place on December 16 with these con
sul t a n t s . Subsequently, we requested communication of Volume 3* Surface 
and Groundwater Studies of the Stage 2 Report of the V a l l e y Copper Project. 

This Volume 3 was sent to us on January13,1981 by Valley Copper and care
f u l l y analyzed. 

6.3 Information already a v a i l a b l e 

We had anyway i n our o f f i c e and were f a m i l i a r with a considerable 
amount of information on the Guichon Creek Valley and Witches Brook 

- Topographic maps (1/50,000) 
- Bedrock geology maps (1/25,000)(McMillan, Crado - 1979) 
- S u r f i c i a l geology maps (1/50,000) enlargement of 1/250,000) 

Fulton, 1975 
- Canada Land Inventory Maps (1/50,000) 
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- Air photos (1/33,000) 
- Landsat imagery (1/500,000) - September 1976 
- Water r i g h t s l i s t i n g s up to date - 1980 
- Water r i g h t s maps ( 1" - 20 chains) 
- A g r i c u l t u r a l Land reserve map (1/50,000) 
- Forest cover maps (various scales) 
- Land c a p a b i l i t i e s maps (1/50,000) for A g r i c u l t u r e , 

Forest, Recreation, etc. 
and our Phase I report of the Technical Study of the Nicola V a l l e y 
Water and Related Resources Management, etc. 

We a l s o knew of the existence of several other reports, logs of d r i l l 
holes, etc. and i n p a r t i c u l a r those e x i s t i n g at BCCL on J-A Zone and 
the logs of d r i l l holes, foundation and groundwater studies done for 
Lornex and BCCL which Dr. Bajard had perused i n 1973-74, but had not 
had access to since. Also several surveys have been done by Govern
ment and t h e i r r e s u l t s not yet released (B.C. Waste Management, B.C. 
F i s h and W i l d l i f e ) . There i s a l s o a development plan for Logan Lake, 
plans for subdivision near Mamit Lake, etc. 



- 19 -

VII. ANALYSIS OF VOLUME 3 - SURFACE AND GROUNDWATER STUDIES VALLEY COPPER 
PROJECT - STAGE 2 REPORT 

The scope of Volume 3 was to assess the impact of Valley Copper open 
p i t , mine and m i l l operation on the hydrology of Highland and Guichon 
Creek V a l l e y s . 

An a n a l y t i c a l summary of Volume 3 and our d e t a i l e d , point by point, 
comments were formulated i n the course of our work. Our major 
comments are summarized i n the present section. 

7.1 Structure of Volume 3 

Volume 3 i s subdivided i n t o two major sections: 

a) the report on the Hydrogeology of Central Highland Valley, dated 
June, 1980. 

b) an Addendum to (a) dated September, 1980. 

7.1.1 Hydrogeology report 

This report comprizes: 

a) conclusions and recommendations, which present i n a summary form 
(1.5 pages) 

- current and future groundwater uses rates i n inches over 
the Highland V a l l e y drainage area 

- t o t a l groundwater recharge i n s i m i l a r terms 
- a statement that surface lakes and streams are perched 

and separate from the subsurface aquifers 
- a statement that 318 1/s (4200 Igpm) of clean dewatering 

water w i l l be discharged to the m i l l . 
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b) an introduction, which 
i) explains the mainlines of V a l l e y Copper contemplated 

operation (1 page) 
i i ) defines the mandate of Brown Erdman and Associates and 

the scope of the report (1 page) 
i i i ) defines the l o c a t i o n , physiography and drainage of the 

area (3.5 pages) 
iv) gives a b r i e f h i s t o r i c a l summary of mining i n the area 

and of groundwater development (4 pages) 
v) describes the general c l i m a t i c character of Highland 

V a l l e y and defines average values of c l i m a t i c and 
hydrologic f a c t o r s ( p r e c i p i t a t i o n s , evapotranspiration, 
runoff) (7 pages). 

c) a section on present water uses which deals with 
i) community water systems (1.5 pages) 

i i ) private water sources (2 pages) 
i i i ) i r r i g a t i o n (0.5 pages) 
iv) Fisheries (0.8 pages) 
v) e f f e c t s of mining on present water use (5 pages) 

d) a section of geology, subdivided as follows: 
i) regional (1.5 pages) 

i i ) l o c a l (0.5 pages) 
i i i ) s u r f i c i a l geology (regional and l o c a l separately) 

(13 pages) 

e) a section on hydrogeology, i n turn subdivided as follows: 
i) general statement (3 l i n e s ) 

i i ) groundwater geology, in which aquifer c o e f f i c i e n t s , 
recharge and discharge are analyzed and a basin water 
balance proposed (12 pages) 

i i i ) h i s t o r i c a l aquifers response to pumping (4 pages) 
iv) dewatering (2.5 pages) 
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f) a section on water chemistry (surface and groundwater) 
(2.5 pages) 

g) and a section on the e f f e c t s of mining (during and a f t e r mining) 
(3.5 pages) 

Corresponding maps, plans, sections are put in Appendix. 

Comments: 

F i r s t l y , t h e structure of t h i s report i s i n d i c a t i v e that most probably 
only part of the subject i s covered: nothing i s mentioned about sur
face hydrology, possible future water uses i n the v i c i n i t y of High
land V a l l e y . 

Secondly, the d i s t r i b u t i o n of pages indicates that much more impor
tance i s given to d e s c r i p t i o n of various c h a r a c t e r i s t i c s of the 
V a l l e y than to i n t e r p r e t a t i o n and conclusions. 

These concerns were confirmed i n the course of the a n a l y s i s . 

7.1.2 Addendum 

The addendum compr izes 
a) a proposal for d r i l l i n g and t e s t i n g (5 pages) 
b) a proposal for monitoring (1.5 pages) 
c) a section on the design of the dewatering system (5 pages) 
d) a section on hydrochemistry (2.5 pages) 
e) an a m p l i f i c a t i o n of the water balance (3 pages) 
f) a section on surface hydrology and drainage c o n t r o l , i t s e l f 

subdivided into sub-sections: 
- Hydrology (3 pages and 1 map) 
- Ditch Design (2 pages) 
- Contaminated water treatment (1 page) 
- Downstream hydrological regime (4.5 pages and 2 maps) 
- H i s t o r i c a l v a r i a t i o n of Witches Brook Regime (1 page) 
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g) a s e c t i o n responding to miscellaneous comments (3.5 pages) 
h) an appendix on the fundamentals of groundwater occurrence, 

movement and t e s t i n g (9 pages) 

Comments 

The structure of t h i s addendum i s i n d i c a t i v e of some confusions i n the 
scope of the report. Some sections are d i r e c t l y addressing design 
problems: dewatering system, d i v e r s i o n ditches; some a c t u a l l y pro
vide complements to the hydrogeological study towards an assessment 
of the e f f e c t of V a l l e y Copper operation on the Hydrology of Guichon 
Creek. There i s now a s e c t i o n on Hydrology, but nothing i s mentioned 
about possible future water uses i n the v i c i n i t y of Highland Valley. 
The impression that t h i s report i s somewhat incomplete and that i t 
does not address .the e n t i r e problem therefore remains. 

7.2 Problem s e t t i n g 

The problem to be solved i s set i n general terms i n the beginning of 
the hydrogeological report: to assess the impact of Valley Copper 
open p i t , mine and m i l l on the hydrology of Highland and Guichon 
Creek V a l l e y s . 

However, the report does not f u l l y s p ecify the conditions governing 
the possible impact of the operation on the hydrology of Highland V a l 
l e y and Guichon Creek: i n which way are the open p i t , the mine and 
the m i l l l i k e l y to a f f e c t the hydrologic regime of the area? on what 
c r i t e r i a can one judge whether an e f f e c t i s n e g l i g i b l e , acceptable or 
excessive? In which d i r e c t i o n should co r r e c t i v e measures be sought, 
on what c r i t e r i a should they be chosen? 

Because the systematic a n a l y s i s of the problem has not been done,a re
l a t i v e l y important number of c r i t i c a l aspects are omitted and the con
clusions, whatever t h e i r i n d i v i d u a l merits, are incomplete. 
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7.2.1 Conditions of the problem as per Volume 3 

The conditions of the problem, as implied in Volume 3 (they are 
not e x p l i c i t e l y stated) are l i m i t e d to two: 

a) i n the Hydrogeological report of June, 19 80, the only possible 
causes of an e f f e c t of the open p i t , the mine and the m i l l on 
the hydrology of the area seem to be 

i) d i r e c t remote e f f e c t on the regional groundwater system of 
the drawdown in groundwater l e v e l s to r e s u l t from p i t de-
water ing. 

i i ) the contamination of the aquifers by leachates from the 
t a i l i n g s pond. 

b) i n the addendum, another possible cause i s added for consideration 
i i i ) the possible reduction of flows in Witches Brook caused by 

c u t t i n g o f f part of i t s watershed, suppressing Quiltanton 
Lake and d i v e r t i n g several creeks (e.g., Bethsaida and 
Trojan Creeks). 

7.2.2 Samples of omissions 

This ignores several other possible e f f e c t s of the V a l l e y Copper open 
p i t , mine and the m i l l and i n p a r t i c u l a r : 

a) the f a c t that the open p i t and other i n s t a l l a t i o n s w i l l cut o f f from 
Witches Brook,(in a d d i t i o n to the overland flow to Quiltanton Lake 
the subsurface)flow i n the upper aquifer which contributes d i r e c t l y 
to the flow i n Witches Brook with a s i g n i f i c a n t delay: the t o p s o i l , 
e s p e c i a l l y in the V a l l e y f l o o r but a l s o on the h i l l s i d e s i s usually 
soaked by snowmelt, and to a lesser extent, by ra i n s . This i n t e r 
s t i t i a l water flows downstream i n the shallow ground, much more slowly 
than runoff. Some of i t i s l o s t by evaporation and used by the vege
t a t i o n . Another part i s drained during spring and summer by Witches 
Brook, therefore contributing noticeably to the low flows. The 
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possible reduction of summer flows l i k e l y to r e s u l t from such a 
reduction of the "sponge e f f e c t " of the top aquifer i s appa
r e n t l y not taken into consideration. 

b) the f a c t that dewatering the p i t w i l l have a very important (at 
l e a s t l o c a l ) drawdown e f f e c t in the v i c i n i t y of the p i t w i l l pro
bably r e s u l t i n a considerable increase of the seepage losses from 
overland flow and creeks along the sides of the V a l l e y to a s i g n i 
f i c a n t but unknown distance. In any event t h i s increased trend to 
recharge the aquifers w i l l be noticeable further East than the 
l i m i t s of the catchment of Trojan Creek and Bethsaida Creek. The 
r e s i d u a l flows downstream i n Witches Brook w i l l be reduced because 
of t h i s recharge. This w i l l most probably cut a s i g n i f i c a n t f r a c t i o n 
of the freshet, and of other possible high flows due to intense sho
wers. This reduction of the high flows i n the creek can a f f e c t the 
hydrology of Guichon Creek and therefore the supply to various users 
i n the area on several counts: 

i) reducing the high flows w i l l r e s u l t i n a lesser degree of 
soaking of the upper aquifer, and therefore a less impor
tant "sponge e f f e c t " along Witches Brook and the mainstem 
of Guichon Creek below Witches Brook's Junction, therefore 
reducing summer flows; 

i i ) reducing the high flows w i l l r e s u l t i n a lesser capabi
l i t y for Guichon Creek and Witches Brook to contribute 
to the possible recharge of deep aquifers at or nearby 
ge o l o g i c a l d i s c o n t i n u i t i e s (e.g., junction with Guichon 
Creek Valley, steepening of r i v e r bed downstream of 
Mamit Lake, a l l u v i a l fan at Shulus/Lower Nicola, etc.) 

i i i ) t h i s w i l l a l s o reduce the inflow to Mamit Lake, which 
can play an important r o l e t o regulate flows. 

Those aspects of the problem have not been taken into consideration 
by the authors of Volume 3. They may be more important than the 
possible extension of the remote e f f e c t s of drawdown caused by 
dewatering the p i t . It would be of some i n t e r e s t therefore to assess 
with s u f f i c i e n t p r e c i s i o n these possible e f f e c t s on the hydrology 
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(1 of Guichon Creek, the corresponding r i s k s of damages to water users 
in the area of influence of those hydrological changes, r e s u l t i n g 
losses, and to define the best possible ways to compensate those 
losses. Remedies, to be e f f e c t i v e , may have to be d i f f e r e n t from • 
the p rovision of a d d i t i o n a l storage in L i t t l e Divide Lake and imply, 
for example, a contribution to works outside of Witches Brook Water
shed. This might be more c o s t - e f f e c t i v e than the proposed dyking 
of L i t t l e Divide Lake. 

7.2.3 Comments 

There may be other c r i t i c a l aspects of the problem, and the above  
p o s s i b i l i t i e s are only examples of what could happen and i s not  
mentioned i n Volume 3. Defining a l l aspects of the problem was not 
part of our terms of reference. It would require a close review of 
data a v a i l a b l e and some more r e f l e x i o n . 

7.3 Data base used 

The data base used by the consultants in t h e i r analysis does not include 
s i g n i f i c a n t information, some of which i s a v a i l a b l e to the pu b l i c and 
the r e s t , although belonging to other mining firms i n Highland V a l l e y 
and therefore somewhat r e s t r i c t e d , could probably have been obtained 
because 

i) pooling data on groundwater and overburden geology would 
benefit everyone i n the area, 

i i ) some of i t held by Bethlehem Copper, which to my knowledge 
are a l s o p a r t l y owned by Cominco; 

As a support to the above statement, a l i s t of data we know exi s t s 
and could probably be obtained i s given below. (This l i s t i s not neces
s a r i l y complete.) 

7.3.1 Water uses 
* development plans of Logan Lake 
* contemplated time schedule of a l l mining operations 
* updated water rig h t s l i s t i n g s and maps ( 1" = 20 chains) 
* development plans/intents of Fisheries (B.C. Fish and W i l d l i f e ) . 

(1) present and future possible 
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* B.C. A g r i c u l t u r a l Reserve Map 
* Canada Land Inventory Land C a p a b i l i t y map (and more recent 

update)(Agriculture, Forestry, Recreation) 

* Forest cover maps 
* A i r photos and s a t e l l i t e imagery 
* data recently gathered by B.C. Fish and W i l d l i f e (1980) 

7.3.2 Climate: 
* Air temperature and p r e c i p i t a t i o n intensive measurements made 

for most of the Nicola V a l l e y (including Guichon Creek) by B.C. 
Environment in 1972-75 and eventual a n a l y s i s , preparation of 
normalized maps of seasonal p r e c i p i t a t i o n . 

* P r e c i p i t a t i o n measurements made at Logan Lake, Lac Le Jeune 
by our firm for Federal F i s h e r i e s and the Working Committee in 
M e r r i t t (1979) 

* Work on evapotranspiration made by B.C. Environment/Agriculture 
Canada at the experimental farm in Kamioops. 

7.3.3 Water flows - Hydrology: 
* Stream gauging c a r r i e d out i n the Guichon Creek Watershed by 

B.C. P o l l u t i o n Control Branch (now Waste Management) in 1978 
and 1979 and by our firm i n 1979 for the Working Committee. 

7.3.4 Water q u a l i t y : 
* Analyses made systematically in the Guichon Creek Watershed 

by B.C. P o l l u t i o n Control Branch i n 1978 and 1979. 

7.3.5 Geology - Hydrogeology: 
* Maps of bedrock geology 1/100,000 and 1/25,000 recently done by 

B.C. Mines, Energy and Petroleum Resources (Crado, MacMillan) 
* Map of s u r f i c i a l geology 1/125,000 (R.J. Fulton) (G.S.C. 1975) ( 1 ) 

* Deglaciation studies i n the Kamloops Area (R.J. Fulton)(G. s.C. 1967) 
* G l a c i a l geomorphology and Pleistocene history of Central B r i t i s h 

Columbia (H.W. Tipper) (G.S.C. 1971) 

(1) i t i s mentioned in Volume 3 but evidence that his information was used 
could not be found. 
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* Studies made i n 1973-74 for Bethlehem Copper,of dewatering of 
a then contemplated deep open p i t in J-A Zone and in p a r t i c u l a r 

. map of s u r f i c i a l geology (large scale, appr. 1/15,000) by 
J.D. Mollard for Klohn Leonoff 

. r e s i s t i v i t y soundings extending roughly between the divide 
(Big Divide Lake) and the v i c i n i t y of Highmont well f i e l d 
(Klohn Leonoff, Geoterrex) 

. Geostratigraphic cross-section using the above, the logs 
of a l l e x i s t i n g d r i l l holes through overburden and i n bed
rock (Klohn Leonoff) 

. pumping tests i n boreholes (Golder-Brawner) and other 
i n v e s t i g a t i o n d r i l l i n g for p i t s t a b i l i t y 

. a tentative estimate of pumping discharges for the dewatering 
of the J-A Zone p i t . (Klohn Leonoff) 

7.4 Computation methods 

Methods used by the authors of Volume 3 are disputable, mainly because 
they are not s u f f i c i e n t l y precise to allow s p e c i f i c conclusions on the 
magnitude of the e f f e c t s a n t i c i p a t e d . 

7.4.1 D e f i n i t i o n of Climatic parameters ( p r e c i p i t a t i o n s , evapotranspiration, 
runoff) 

a) The use, in the hydrogeological report, of annual averages of p r e c i 
p i t a t i o n and evapotranspiration i s not representative of the s i 
tuation. It would be necessary, i f s u f f i c i e n t p r e c i s i o n i s to be 
achieved, to use monthly values (as done i n the Addendum, hydro-
l o g i c a l study) and to take into account the very important possible 
v a r i a t i o n s from year to year. 

b) There are a l s o better - and easy - manners to assess the actual eva
potranspiration i n the V a l l e y , by using in p a r t i c u l a r monthly values 
of a i r temperature (measured at Bethlehem, Lornex and for which 
gradients in function of e l e v a t i o n can be defined), solar r a d i a t i o n , 
e t c . 
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c) "Average" values of p r e c i p i t a t i o n s , evapotranspiration for the 
en t i r e watershed of Highland V a l l e y cannot be accepted as repre
sentative of the s p e c i f i c s i t u a t i o n in the v i c i n i t y of Q u i l 
tanton Lake. This can be compared to using s t a t i s t i c a l data 
for a s p e c i f i c i n d i v i d u a l . 

d) It i s a l s o very d i f f i c u l t to j u s t i f y the method chosen to represent 
runoff: d i v i d i n g the mean annual flows (1969-1979) at the gauging 
s t a t i o n located at the mouth of Witches Brook by the drainage area 
of the Brook i s not representative 

i) of the flows i n Witches Brook i t s e l f , because interannual 
v a r i a b i l i t y i s not taken into account 

i i ) of what those flows might have been before mining began 
in Highland V a l l e y 

i i i ) of the flows (current, future and past) i n the area of Q u i l 
tanton Lake which, i f the same method i s applied to Bethsaida 
Creek, i s 2.46 times larger, (this relates again to the 
point that one cannot use s t a t i s t i c a l r e s u l t s to a s p e c i f i c 
individual) 

7.4.2 Water uses 

a) Agglomerating water uses i n one t o t a l for the e n t i r e v i c i n i t y of 
Highland V a l l e y (Pukaist Creek and Guichon Creek Watersheds) is 
absolutely not s i g n i f i c a n t of the water requirements which can be 
affected by mining i n Highland V a l l e y . There i s no reason why the 
upper parts of Guichon Creek and Meadow Creek would be influenced 
by Highland V a l l e y . Rather, i n the course of problem s e t t i n g one 
should concentrate on those water users which are within the area 
of influence of flows from Witches Brook and Pukaist Creek and 
groundwater from Highland V a l l e y . This requires a f a i l y good 
knowledge of the groundwater p o t e n t i a l i n the area and a s p e c i f i c 
d e f i n i t i o n and l o c a l i z a t i o n of water users ̂  . 

(1) This was done i n the preparation of the Approximate Hydrologic Model. 



- 29 -

b) also water requirements should be subdivided into monthly values. 
Comparing annual flows and requirements can be very misleading 
because maximum flows i n a year do not occur at the same time as 
maximum demand. 

c) I t i s a l s o to be noted that water requirements other than those of 
the mines are not taken i n t o account i n the regional water balance 
(whether when considering present and future uses). This, assuming 
that the water balance method i s v a l i d , i s a serious omission given 
the f a c t that current "other" water uses are a c t u a l l y larger than 
the t o t a l current and forecast requirements of the mines in the 
Guichon Creek Watershed and probably of at l e a s t the same order i n 
the lower part, influenced by Witches Brook, 

7.4.3 Water balance computation 

a) The method used for the water balance computation may be v a l i d as 
a f i r s t approximation to represent i n a symbolic fashion the 
balance of mean annual inflows to and outflows from the e n t i r e 
watershed under consideration, i n order to assess 
the downstream e f f e c t of that watershed. It cannot however be 
applied with any chance of being representative of what occurs 
at any p a r t i c u l a r point within the watershed. Again t h i s can 
be compared to applying s t a t i s t i c a l r e s u l t s to a s p e c i f i c i n d i 
v i d u a l of the population contemplated. 

b) also, e s t a b l i s h i n g t h i s balance with very uncertain f i g u r e s , in 
p a r t i c u l a r for evapotranspiration, and possibly with the omission 
of some water uses, does not increase i t s r e l i a b i l i t y . 

c) f i n a l l y doing i t for average annual values makes i t more disputable, 
because the various elements of the balance do not reach maxima or 
minima at the same time. Hydrologic variations from year to year, 
which are a c r i t i c a l aspect of the problem, are not taken into account 
e i t h e r . 
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7.4.4 Geological i n t e r p r e t a t i o n and representation methods 

No map of the s u r f i c i a l geology of the area is given and the method 
used for g e o l o g i c a l i n t e r p r e t a t i o n i s somewhat disputable. "Fence" 
diagrams l i n k i n g comparable l i t h o l o g i c a l l e v e l s of boreholes are a 
v a l i d f i r s t step i n g e o l o g i c a l or s t r a t i g r a p h i c i n t e r p r e t a t i o n . How
ever t h i s should be complemented by transverse cross-sections which 
would incorporate other informations such as ground and bedrock pro
f i l e s , s u r f i c i a l geology, land forms, bedrock geology, etc. Also l a 
t e r a l v a r i a t i o n s i n a given u n i t should be indicated i n order to qua
l i f y the i n t e r p o l a t i o n . This may seem complicated but i s , i n our o p i 
nion, indispensible; i t can be compared with any type of investigations 
where the p r i n c i p l e of a c t i o n i s : 

i) to make use of a l l the information a v a i l a b l e , 
i i ) to place i t on a common g r i d , whatever i t s o r i g i n , with 

q u a l i f i c a t i o n s as to the s p e c i f i c value of each item and, 
i i i ) at t h i s point only to t r y and see i f some sense can be 

made out of the gridded information, and i n p a r t i c u l a r , t o 
define and assess a l t e r n a t i v e i nterpretations. 

This apparently was not made i n the Hydrogeological study. 

7.4.5 Hydrogeological computations 

The method used for hydrogeological computation i s apparently the Cooper 
and Jacob formula applied to an assumedly homogeneous confined aquifer 
characterized by one value of t r a n s m i s s i v i t y and one value of storage 
c o e f f i c i e n t , assumedly located i n a 180° wide open i n f i n i t e "half-space". 
The "boundary" follows the NW - SE contact between bedrock and overburden 
across the p i t and extends to i n f i n i t y i n the contemplated open space. 
The method i s used to define a radius of influence of the drawdown and to 
assess the e f f e c t of the s a i d drawdown on an assumed regional poten-
tiometric l e v e l . 

This method i s not applicable to the s i t u a t i o n in the Highland V a l l e y 
for several reasons: 
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a) Water bearing "twined" cords and lenses of f l u v i a l , f l u v i o - g l a c i a l 
and l a c u s t r i n e a l l u v i a i n t e r c a l a t e d between impervious or semi-
pervious layers on lenses of t i l l , l a custrine s i l t s and c l a y s , etc. 
contained within a narrow bedrock trough broken by f a u l t s as encoun
tered i n Highland V a l l e y , do not lend themselves to averaging i n t o 
a semi i n f i n i t e homogeneous aquifer. 

This i s compounded by the f a c t that the bedrock boundary i s not 
v e r t i c a l , and may not be impervious. 

b) For the same reasons, which are v a l i d throughout the e n t i r e Guichon 
Creek system, one i s not j u s t i f i e d i n assuming the existence of an 
o v e r a l l even regional potentiometric l e v e l . There are in f a c t 
several d i s t i n c t groundwater units along the v a l l e y s , and in the 
h i l l s where thic k overburden f i l l s e x i s t i n buried g l a c i a l or t e c t o n i c 
depressions and a l s o a completely d i s t i n c t hydrogeologic s i t u a t i o n 
i n the bedrock. 

c) The hyrogeological parameters used in the computations are a l s o d i f 
f i c u l t to j u s t i f y . They do not correspond to any measured value 
(in p a r t i c u l a r s t o r a t i v i t y ) and could not be accepted as represen
t a t i v e of l o c a l i z e d measured values(ranging for example for trans-
m i s s i v i t y from 35% of to 12 times the average value assumed). 

d) Also, i t i s assumed that the only e f f e c t s of the V a l l e y Copper ope
r a t i o n w i l l r e s u l t from open p i t dewatering. This, as already i n d i 
cated i n Section 7.2, i s not the case. 

7.4.6 Surface Hydrology 

Generally the methods chosen are much more to the point than i n the 
hydrogeology section of Volume 3. Mean monthly values of r a i n f a l l 
and runoff are taken into consideration rather than annual values and 
some care i s taken to d i f f e r e n t i a t e runoff c o e f f i c i e n t s i n function 
of the morphology of the catchment: What happens in the V a l l e y bottom 
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and Quiltanton Lake is c l e a r l y d i f f e r e n t i a t e d from the runoff from 
the h i l l s and t h i s i s good. It can be regretted however that the 
i n t e r r e l a t i o n s between surface flows and groundwater, e s p e c i a l l y the 
changes i n seepage/recharge rates to be expected from dewatering of 
the open p i t could not be taken into account, because of the absence 
of a map of the s u r f i c i a l geology and adequate cross-sections. Also, 
minor comments can be made on the choice of the c r i t i c a l design 
flood used to dimension the ditches, in p a r t i c u l a r for the p r o b a b i l i t y 
of combined r a i n f a l l and snowmelt. 

If these aspects of the problem had been taken into account the compu
tations made would provide a far more r e l i a b l e estimate of the hydro-
l o g i c s i t u a t i o n than the hydrogeological computations. 

7.5 Conclusions and recommendations expressed 

In view of the comments made on the other aspects of Volume 3 (Structure, 
Problem s e t t i n g , Data base used, Computation methods) one should ex
pect a s i g n i f i c a n t r i s k that some of the conclusions made are dispu
table and/or i n s u f f i c i e n t l y substantiated. 

7.5.1 Water uses 

a) The statement that ground and surface waters in Highland V a l l e y 
are not r e l a t e d i s not substantiated and in fact contradicted i n 
the report i t s e l f . 

3 
b) The amount quoted as licensed for i r r i g a t i o n (5.5Mm ) or 4460 A c f t . 

in the v i c i n i t y of Highland V a l l e y are much smaller than the t o t a l 
extracted by us from water r i g h t s l i s t i n g s i n 1979 i n Guichon 
Creek (17 m i l l i o n m3) or (20960 A c f t . ) . 

c) The statements that pumping by Bethlehem Copper at Shula F l a t s 
has not affected the aquifers by more than a 6 m (20 f t . ) drawdown 
and that the system has now s t a b i l i z e d is not based on s u f f i c i e n t 
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data: three measurements of the s t a t i c l e v e l taken at various 
moments of widely separated years over a 17 year period do not 
allow any v a l i d conclusions to be drawn. Even i f the aquifer has 
s t a b i l i z e d t h i s is not due to a s i t u a t i o n of "no recharge" but 
to larger annual recharge than what is pumped out. This might 
change i f the pumping increases s i g n i f i c a n t l y . 

A lso the statement that pumping at Shula F l a t s does not a f f e c t the 
Highmont well f i e l d i s not substantiated. Even i f t h i s i s eventually 
confirmed, i t could have several reasons: distance, or d i s c o n t i n u i t y 
between the a q u i f e r s , or again s u f f i c i e n t annual recharge. 

d) The estimates of distance at which dewatering of the open p i t w i l l 
a f f e c t the groundwater regime i n the system are very disputable. It 
i s probable that t h i s distance w i l l not be very important. However, 
t h i s would not be due to the reasons invoked i n the report, but r a 
ther to d i s c o n t i n u i t i e s i n the aquifers. A c t u a l l y i t i s possible 
that part of the water bearing system to be dewatered for the opening 
of V a l l e y Copper p i t i s "boxed" in between the bedrock (sides of 
the V a l l e y and transverse upthrusts (horsts)). 

This would poss i b l y r e s u l t in lesser amounts of water to be pumped 
out and therefore a lesser cost to Valley Copper, provided that 

- the overland flow and streams are conveniently rerouted 
in ditches which would avoid the recharge area of the 
V a l l e y Copper zone or be l i n e d where the i n t e r s e c t i t 

- the s u r f i c i a l aquifer, r e l a t i v e l y shallow (10 - 15 m or 
30 - 50 f t . ) is at l e a s t p a r t l y cut o f f from the p i t , 
preventing seepage 

In such a case the e f f e c t of dewatering the p i t would be very l o c a l 
and would not reach very far i n any d i r e c t i o n towards Guichon Creek 
or Pukaist Creek. 
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e) The dewatering discharge indicated i s highly disputable as i t i s 
based on hydrogeological parameters and computation methods which 
in our opinion are not representative or v a l i d . This should be 
checked more p r e c i s e l y . I n c i d e n t a l l y , the investigations proposed 
i n the September 1980 Addendum would not be s u f f i c i e n t to define 
dewatering discharges with any safety. It i s a l s o s u r p r i s i n g that 
no a t t e n t i o n i s paid at present to dewatering of the deeper l e v e l s . 
Hydrostatic upward pressures i n the lower aquifers might exceed the 
weight of the s o i l remaining a f t e r excavation and cause serious 
problems of s t a b i l i t y of the p i t f l o o r . This, according to engineering 
pr a c t i c e s should be investigated without delay. 

f) Given the above there i s a s i g n i f i c a n t uncertainty as to the amount 
of water which could be provided to Valley Copper m i l l on a sustained 
supply basis. The investigations mentioned above and a l s o in (f) 
below would provide t h i s information. They would a l s o help defining 
a d d i t i o n a l water requirements and possible a l t e r n a t i v e or complemen
tary sources which would not a f f e c t the hydrology of the Guichon 
Creek system or would be e a s i l y compensated. 

g) The proposed layout of wells to dewater the p i t does not take into 
account the very complex nature of the overburden, and the p o s s i b i l i t y 
that s i g n i f i c a n t seepage could come through the bedrock. This should 
be c a r e f u l l y investigated before opening the p i t . Again, the d r i l l i n g 
and t e s t i n g program proposed i s i n s u f f i c i e n t to achieve t h i s . A d e t a i l e d 
i n t e r p r e t a t i o n of a l l e x i s t i n g information would be required, and 
possibly combined with l i g h t geophysics and a very l i m i t e d number 
of exploration boreholes i n the area (overburden and bedrock)(we 
presume that such boreholes w i l l be necessary anyway for p i t s t a b i 
l i t y computations). This should then be synthetized i n model form 
to obtain a r e l i a b l e assessment of the s i t u a t i o n and the design of a 
c o s t - e f f e c t i v e dewatering system. Given the information a v a i l a b l e , 
we would think that a l l t h i s could be achieved i n a few months. 
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7.5.3 Hydrology 

a) The assessment of possible e f f e c t s of the Valley Copper operation 
on the hydrology of the Guichon Creek (and Pukaist Creek) system 
i s very disputable because i t overlooks s i g n i f i c a n t aspects of 
the problem (See points 5.2 and 7.2 above). In p a r t i c u l a r the 
probable e f f e c t s of a reduction of the freshet (because of recharge 
to the deep aquifers) and of cut t i n g of part of the flows from the 
s u r f i c i a l aquifer on summer flows i n Witches Brook are not taken 
into consideration. 

b) Therefore the proposal to compensate the reduction of summer flows 
by increasing the storage in L i t t l e Divide Lake i s probably inade
quate. Other p o s s i b i l i t i e s should - and could e a s i l y - be taken 
in t o account, such as cost sharing i n the construction of low cost 
structures at Lac Le Jeune, Walloper Lake, Paska Lake, Face Lake 
and/or Mamit Lake which were i d e n t i f i e d as p r i o r i t i e s i n our 
Phase I report. 

This would i n a way fence o f f Highland Valley, leave i t to the miners 
and provide a clean, c o s t - e f f e c t i v e compensation from elsewhere in 
The Guichon Creek Watershed. 

c) The design of d i v e r s i o n ditches and th e i r layout does not take into 
account the increased seepage losses through pervious material i n 
the area of influence of the dewatering of Valley Copper p i t . This 
should be corrected. The investigations mentioned i n 7.5.2 above 
would provide the necessary data. 

7.5.4 Water q u a l i t y 

The statements made are probably correct but they are not based on suf
f i c i e n t information. 
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r 

V I I I . COMMENTS ON THE OTHER MINING OPERATIONS 

A l t h o u g h r e l e v a n t i n f o r m a t i o n and i n p a r t i c u l a r t h e v a r i o u s g r o u n d 
water s t u d i e s and m o n i t o r i n g d a t a ( d i s c h a r g e s , s t a t i c head r e a d i n g s ) 
i n t h e v a r i o u s w e l l f i e l d s o f L o r n e x , Bethlehem Copper and Highmont 
and the. h y d r o l o g i c a s s e s s m e n t o f the t a i l i n g s d i s p o s a l open p i t and 
o t h e r works a t Highmont were not communicated t o u s , we can v e n t u r e 
a few comments r e l a t i v e t o t h e e f f e c t o f t h e s e o p e r a t i o n s on t h e 
h y d r o l o g y o f G u i c h o n C r e e k , on t h e b a s i s o f p r o f e s s i o n a l e x p e r i e n c e 
i n H i g h l a n d V a l l e y and o f our a n a l y s i s o f Volume 3 of t h e V a l l e y 
Copper P r o j e c t S t a t e 2 R e p o r t . 

8.1 M i n i n g (open p i t s and waste dumps, t a i l i n g s 

The e x t e n s i o n o f the L o r n e x , Bethlehem Copper p i t s and t h e development 
of Highmont open p i t , m i l l , waste dump and t a i l i n g s d i s p o s a l a r e c e r 
t a i n l y g o i n g t o a f f e c t t h e h y d r o l o g y o f t h e Wi t c h e s Brook and G u i c h o n 
Creek s y s t e m s : t h e r u n o f f p a t t e r n w i l l be a f f e c t e d i n t h a t n a t u r a l 
water r e t e n t i o n i n t h e s o i l , v e g e t a t i v e c o v e r and a c t u a l e v a p o t r a n 
s p i r a t i o n w i l l be r e d u c e d , r u n o f f , e s p e c i a l l y a t snowmelt and d u r i n g 
i n t e n s e r a i n f a l l w i l l be i n c r e a s e d . On t h e o t h e r hand a s e c t i o n o f 
the Watershed w i l l be c u t o f f by Highmont t a i l i n g s dam. 

The b a l a n c e o f t h o s e changes and t h e i r e f f e c t s on downstream summer 
f l o w s and t h r o u g h t h e "sponge e f f e c t " i n t h e a l l u v i a o f t h e f l o o d p l a i n s , 
o f W i t c h e s Brook and l o w e r G u i c h o n Creek a r e not known but presumably 
would be s i m i l a r t o t h o s e t o be e x p e c t e d from t h e changes caused by 
V a l l e y Copper. A l s o t h e e f f e c t o f t h e changes i n t h e f r e s h e t on t h e 
regime o f Mamit Lake a r e not known. N e i t h e r i s t h e e f f e c t on the r e 
cha r g e o f t h e a q u i f e r s pumped by L o r n e x , Bethlehem Copper and Highmont. 

8.2 Groundwater e x p l o r a t i o n 

Prom t h e f i g u r e s g i v e n i n Volume 3 i t appears t h a t Bethlehem Copper, 
Highmont and L o r n e x a r e or w i l l s h o r t l y be d r a w i n g from t h e i r r e s p e c t i v e 
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w e l l f i e l d s a t o t a l amount of groundwater of the same order of magni
tude as Va l l e y Copper's estimated open p i t dewatering discharge. This, 
for the same reasons as indicated in Section VII above w i l l probably 
a f f e c t , not so much the regional groundwater s i t u a t i o n in a d i r e c t 
fashion than,because of an increase in the recharge gradients, surface 
flows, further reduction of runoff i n creeks, overland flows) from 
the h i l l s . This in turn w i l l cause corresponding reduction of the 
retardant "sponge e f f e c t " i n the lower parts of the Valley and of sum
mer flows as well as an unknown e f f e c t on the regime of Mamit Lake. 

8.3 Comments 

a) These two points would warrant some investigations and, i f studies 
on the matter have been done by or for the respective firms, their 
communication for assessment, comparison with one another, 
and d e f i n i t i o n of a s p e c i f i c l i n e of action. 

b) A su r p r i s i n g aspect of our findings to date i s that the mining 
firms apparently do not pool e f f e c t i v e l y the information they ob
ta i n from hydrologic studies they are carrying out i n the prepa
r a t i o n of their operation. This r e s u l t s most c e r t a i n l y in a con
siderable waste of e f f o r t , time and money for each of them at a 
time or another. 

We' do not see too c l e a r l y , why t h i s information, which does not 
deal in any way with ore contents or other possible information 
which those firms could wish to keep c o n f i d e n t i a l , i s not exchanged 
between them. 

c) Also, the antagonistic a t t i t u d e s , which a s i m i l a r secretive a t t i t u d e 
generates with the-other water users (who are not communicated in 
general the information on surface and groundwater obtained by the 
mining firms) are in the end very counter-effective and r e s u l t more 
often than not in delaying the mines themselves. On t h i s subject 
I would l i k e to commend the very cooperative a t t i t u d e of Valley 
Copper who communicated the most up-to-date information without 
d i f f i c u l t y . 



As, from p r o f o s s i o n a l e x p e r i o n c e , most water r e l a t e d c o n f 1 i c t s 
r e s u l t from t h i s t y p e of c o m m u n i c a t i o n gaps, we would s u g g e s t 
t h a t a c t i o n be u n d e r t a k e n w i t h t h e m i n i n g companies i n o r d e r 
t o 

i ) p o o l a l l water r e l a t e d i n f o r m a t i o n r e l a t i v e t o H i g h l a n d 
V a l l e y , and p o s s i b l y t h e r e s t o f t h e G u i c h o n Creek 
Watershed s o t h a t 

i i ) an o v e r a l l r e a l i s t i c a s s e s s m e n t of t h e r e l a t i v e e f f e c t s 
o f a l l a c t i v i t i e s upon one a n o t h e r c a n be made and 

i i i ) t h e p r o b l e m s , i f t h e r e a r e , can be d e a l t w i t h i n a 
t e c h n i c a l l y a c c e p t a b l e manner, t h u s l e a d i n g t o a c o s t -
e f f e c t i v e s o l u t i o n . 

Such a s o l u t i o n , i n t u i t i v e l y , would c o n s i s t , most p r o b a b l y o f 
i ) l e a v i n g H i g h l a n d V a l l e y t o t h e mines, w i t h adequate 

p r e c a u t i o n s t o a v o i d p o l l u t i o n t o t h e o u t s i d e , and 
i i ) a j o i n t a c t i o n t o compensate t h e r e s u l t i n g changes i n 

r u n o f f and groundwater somewhere e l s e i n t h e G u i c h o n 
Creek Watershed, i f p o s s i b l e i n c o m b i n a t i o n w i t h 

i i i ) d evelopments w h i c h would i n c r e a s e t h e s a f e t y of water 
s u p p l y t o t h e u s e r s i n t h e V a l l e y and r e d u c e t h e r i s k 
of water r e l a t e d c o n f l i c t s . 

V a ncouver, J a n u a r y 26, 1981 
Y. B a j a r d A s s o c i a t e s L t d . 
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