
.r. 

\ 
I 

' 
. ' 

�Stanley 

10 January 1986 
File: 51-998-12-01 

Curragh Resources Corporation 
c/o Dome Petroleum Limited 
12th Floor, 630 - 3 Street S. W. 
Calgary, Alberta 
T2P 2H8 

Attention: Mr. Gary Webster 

Dear Sir: 

Stanley Associates Engineering Ltd. 
Mayfield Business Centre 

. 10512 -169 Street 
Edmonton, Alberta, Canada T5P 3X6 
Telephone (403) 483-4777 Telex 037 41 4 32 

FAX: (403) 489-8852 (G2, G1) 

007543 

Reference: Determination of Chemical Stability of Ore, Waste Rock and 
Tailings for Development of an Abandonment Plan 

Due to the magnitude of the Faro mining operation and the type of waste material 
generated, development of a final abandonment plan is essential to provide an 
economical environmentally sound means of final abandonment. A number of 
technical questions must be addressed initially to allow abandonment planning to be 
incorporated into ongoing mill site operations. Stanley Associates is pleased to 
present this proposal to conduct the above mentioned study related to materials 
chemical stability. 

In preparation of this proposal we have assembled a team of experts from Stanley 
Associates, Beak Associates, Thurber Consultants and the University of Alberta to 
address a number of specific questions. We are able to offer the service of any 
individuals from throughout the Beak organization because of our operating agreement 
with them. The study team identified in the proposal consists of geochemists, 
hydrogeologists, microbiologists, geotechnical engineers and chemists all of whom 
have the necessary qualifications to undertake a project of this magnitude and 
significance. 

The study team offers a factor which will be of interest to Curragh. Members of the 
study team are without association with this mine and are therefore free of 
incumberances defending previous work. We are free to assess the past and look to the 
future with no conflict of interest. This will ensure a quality product. 

We look forward to your approval to proceed and are available to discuss this proposal 
at your convenience. 

Yours very truly, 

STANLEY ASSOCIATES ENGINEERING L TO. 

R� 
R.P. Innes, P.Ag. 
Senior Environmental Scientist 
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AWARD OF ENVIRONMENTAL PREDICTION/FLOODED­
NONFLOOOEO TAILINGS ABA�DONMENT OPTlON 
TO STEFFEN, ROBERTSON & KIRSTEN (SKR) 

I recommend that prior to you reviewing this memo any further that you read 
the attached submission from SKR focussing on the three issues: 

l. the concept of modelling the "acid production" of the Anvil tailings 
in the nonflooded abandonment scenario; 

2. the c oncept of des igning the tailings deposi t ion to m1n1m1ze surface 
area and at the earliest possible time to complete mining from Zone 1 
pit to allow uae of the exhausted Zone 1 pit as a tailings repository 
for tails produced f�om the Vangorda Plateau; 

3. the concept of going from an "effluent parameter" based water licenced 
to the concept outlined in the SKR third �1 ternat ive to a 11receiving 
water" based licence. 

It �as my recommendation that SKR be chos en to conduct the studies as their 
proposal was the one that best addreued the issues and problems facing 
Curragh. I r�commend that you seriously con sider awarding the contract to 
SKR on the basis of Alternative 2 of doing work on Tasks 1, 2 and 3 through 
8, but cutting back on Task 21 to allow $500 to review the geochemical data 
to determine if it has potential value in the overall problem assessment. 

Before I recommend Cut"tagh go fo� the receiving wat!1!r ct"iterh (as des­
cribed in Alternative fF3) j it i.s important to assess the res ult s of the 
mode lling of nonflooded abandonment and its "worst case11 impact on Rose 
Creek and to understand ita risks as well as its positive aspects. Once 
this has been auessed internallyJ the concept: then has to be developed, 
marketed and sold to t he parties concerned. 
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3. ALTERNATIVE #1• CRC-RFP. TASK-BY-TASK PROPOSAL 

ThiS sectfon of the proposal fdentfffes the technical approach. 
work scope , manpower and. cost estfmates for the e1ght groups of 
tasks gfven in the RFP, together wfth. an addft1 onal task of data 
collection by a site visit to the mfne. Each group of tasks is 
described and casted indfv1dua11y. on a task•by-task as specified 
fn the RFP. 

Profiles of tha 1ndividuals who are proposed for these tasks are 
given collectively 1n Section 6 (manpower and management) of this 
proposal and are common to all three a1ternatfve approaches. 
Their resumes are fncluded fn Appendix 1. 

3.1 Task 1: Model Rev1ew and Suitab111ty Assessment 

ObJective 
' 

The objectives of Task 1 are: 

o to review available chemical models which predict acid 
generation from mfne waste, f ncl udfng the model o-F Hal bert 
and Scharer {1983) used in the Klahn Leonoff, 1981 study; 

o to assess the extent to which s1te monitoring data conf1rms 
existfng model predictions; 

o to comment on the suftab111ty of all currently �vai labl e , 

alternative models to predict acid generatfo"; 

o to recommend a suitable model for aefd generation 
prediction: and 

o if actd generatfon 15. pre dicted . assessment of buffering 
capacity of receiving water to combat such acidity. 

Technical Approach and Workscope 

. A review w111 be presented of currently available models and 
the1r usefulness wfth respect to accuracy for prediction of ac1d 
generation from mine wastes. This review will 1nclude relatively 
simple static models through to the more complex models based on 
kinetics, mfnera1 and solut1on phase equilibria. (A basic 
discussion of the use of such models 1s given by Ferguson. 1985). 
The 1981 Kl ohn Leonoff model will be 1ne1 uded fn this review. 
Based on this revfew, comments w111 be made on the advantages or 
otherwise of these models and their applfcab11f� to the Faro 
m1ne wastes for the predfctfan of &cid generation will be 
apprafsad. Comparison will then be made with the current, 1981 
model. From the comparison, a spec1f1c recomm@ndatfon will be 
made as to the most appropriate model for CRC to. use. ,.i · -�... f .�J... ,j-1 .. , • •.. ·• ·, . ; 
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When consideration is made of the applfcab111ty of the present 
mod•l,, its success 1n  predfct1ng acid g@neration and consequent 
water quality _  w111 be measured by comparfsan with available 
monitoring data: 1.e., pore water qua11ty data from the tailings 
mass and water quality monitoring data, u def1ned in the water 
11cence and its attached documents. 

Should 1t be shown that the presen t model or an alternativeJ 
recommended model predicts acid generation and hence traee metal 
mobi 11 za t1 on from the ta i1 f ngs, then the 111 oadi ng11 from the 
tailings wf11 be assessed in terms of the buffering eapae1ty of 
the rece1v1ng waters ( surface water and near-surface �� 
grour'ldwa

1
ter).
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. .  j' generat on an race me re ease. as t e rate eterm nes t e 
1oad1n9• Clearly, it may be possible for some ae1d gener�tion to 
occur (with its metal release) as long as the total bufferin9 
capacity of the receiving waters h sufficient to limit or \ 
nu111 fy the impact such generation has on downstream witer 
quality. The relative impact is a time dependent, mass load1ng 
problem, and, therefore. this approach will be used 1n the 
problem assessment. Changes in reee1vi ng water discharge and 
chemistry ( hence buffering capacity) with t1rne and seasoM will be 
addressed as acid generation may be acceptable during one season 
when the tota 1 buffer1 ng capac1 ty 1s high and no 1 onger 
acceptable during another time perfod. 

Ma npower 

Model review and assessment 
Geochemistry and hydrochemistry 
Impact assessment and criteria 

Cost Estimate 

,profe:ssfonal costs 
I 

Disbursements• 

Tota1 for Task 1 

$ 7500.00 
$ 2000.00 

s 9500.00 

3.2 Task 2: Revfew of Geochemical Data 

Objective 

Mr. Ab Bruynsteyn 
Or. Adrian Smith 
or. J 1m Ma 11 ck 

Rav1ew of the use of e�plorat1on geochemic51 data to predict 
cttemfeal stab111ty of the ore. 

(Note: In al 1 task cost est1mates the term ''disbursements" 
incl udes eng1neering assistance, technician, drafting and 
secretar1a1 costs. as well as direet costs.) 



Discussion and Technical Approach 

In their 1981 studY. Klohn Leonoff Ltd. considered three 
abandonment pl�ns: 

(1) unsaturated tailings; 

(11) summerged tai1fngs; and 

(1it)fn-pit disposal. 

They recomended the adoptfon of submerged tailings. largely 
because of the advantages it had w1th respect to controlling: 

(i) oxidation and acid genarat 1on in the tailfngs · . 1 
' I lj _/ /- I -;,. ·" ..j,,,( ·� I, . ..ja 

r ·-·�----... .•...il, �-·,..W•' 'j"'€./I""""'T' • ,...- J:J\.t, "'\' ...._.__.. ,-, '. 

{iO erosion of the�ilings
.
�fa:!; al ong the Rase Cr

.
eek channel 

There are ver,y signifi cant advantages. However, the scheme also 
has a number of disadvantages. These include: 

(1) questionable long term stabi1 f� of the thPOughflow 
spillway; 

(10 .hfgh hydraulic: heads , caus1ng a relatively high seepage (and 
therefore leaching) flow through the tai11ngs; 

(1 i1 ) poor f1ex1bi11ty, 1f the impoundm!nt had to be abandoned 
early; and 

(iv) hfgh costs. 

Because of these disadvantages it 1s appropriate that nonflooded 
alternat1ves be evaluated. The object of such a review is to 
fdent1fy alternative ab'andonment measures which can be 
implemented which would result fn a nonf1ooded impoundment 
sufficiently low environmental impact on Rose Creek fn the 1on� 
tenn such that it w111 be accepted by the regula tory authorftl es. 
Cruefal to this review of alternative abandonment measures is the 
establishment ,of the. cr1terh for acceptable long term 
envi ronmenta.l i'mpact of Ro"Stt Creek, Abandonment measures can 
then be designed whfch w111 achieve the necessary criteria. Many 
of the requtred actions m� ha�e large cost implications and a 
successful design depends on the identff1 catton and 
fmp1ementat1 on of that combination of abandonment measure$, which 
together achieve the criteria at the lowest cost. Some of the 
potential measures are discussed below. 

( 1) Managed Ta f 1f ngs DiScharge 

( a). Control of surface geometry 

The shape of the tailings surface determines the long term runoff 
and impoundment of wata�. The shape that extsts at the t1me when 

·I' I ' "'":,• 
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ta111nls dfscharge 1s term1nated fs dependent on where and how 

the ta lings were discharged. Reshaping by mov1ng the taflfngs 
fs ext�ly costly. The development of a suftable surface 

�rof1lt on the tail ings can be ach i eved during impouncirlent 
operatfon by using apprcpriat• dfsch�rge . locations and 
techniques. In the review. consideration will be gfven to 
alternative ta111ngs discharge arrangements to develop a surface 
profile whfch allows rapid water runoff towards a drainage system 
and on wh1cn pending can be prevented. Thfs w111 m1n1mfze the 
eost of tailings re-shaping: 

(b) Control of surface characteristics 

It is des1rable to aehfeve a tai11ngs surface w1th the following 
properties: 

low permeab111ty to l i mit 1nf11trat1on and air entry; 

good drainage to a11ow traff1eab111ty: 

gent1e un1form slopes to lfmit erosion : and 

optimize conditions for vegetation growth. .· fl-"\a.·�· !�} 
\ .. .J . '· 

The surface characteristics of the ta11fngs can be substantially 
varied by different discharge and beach management techniques. 
These include: 

us1ng d istributed dfscharges, such as numerous spfgots or 
d1str1butfon bars; 

placing thickened d1schorge: 

d1 schargf ng in rotattng panels; and 

limiting and controlling the pool location and size f I 

' The cost of these measures are small compared with the placement / 
of cover layers. �dditfonal measures can be implemented for the � 
top meter or so of tai 1 1ngs _such as: +,lis . 

..L . ;. 
.. addition of imported bentonite or loca1 clays to reduce (t�.�>·T 1 ·· • 

Parmeabi11tv•, and , "· .,_,_,, ···.•1<.o·�-r.: .• , .., ':? lr' ' .. .. 

add1tfon of excess Hme to provide 1 chemi call y active 1 ayer 
to infiltrating water or emergfng seepage. 

Al ternatfva measures will be reviewed to 1dentffy those that 
would 11mit infiltration and o�fdat1on and be most cost 
effactfve. 

(11) Control of infiltration 

L/ 
7 I i 
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Because of the h1gh permeabilitY of the foundation so11s (sandy 
gravels). the seepage from an unflooded impoundment wfll be 
determtned b1 the rate of infiltration. Control of the total 
volum• of infiltration therefore controls the volume of 
contaminated seepage. 

{a ) Control of surface drainage 

Goad surface drainage reduces both the tfme dur 1 ng which 
infiltration occurs and the hydraulic head. This 1s achieved by 
having a good slope on the tailings to defined dra1nage channels. 
Water accumulation in depressions must be avoided. Since the 
ta 1 1 1 ngs cont1nue to.settle after abandonment. depressions can 
develop with time. Th1s h prevented by anticipating the zones 
and amount of settlement and des1gnfng the abandonment surface 
profile to allow for settlement. All surfaces and drainages must 
be stable 1n the long term. Sheet, rill and surface erosion can 
disrupt the· designed drainage system. Thh fs substantially 
avoided by approprhte layouts. 
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' ,_..,.. -�-·-··-·--·· ·-(b) Control of surface permeability 

The surface permeabi11� can be controlled at the time of 
abandonment by: 

contro11fng tailings characteristics; 

using add i tfves in the last meter or so of tail ings ; and 

plac1ng a low permeability cover layer. 

Cover layers could be designed . to d1 fferent degrees of 
complexity •. i.e., fncorporatfng such fon breaker .  layers, etc. 
However� such covers are" very costly · 4nd should be avoided; ir 
possible. 

Because of the relatively low permeab1lity of the tailings they 
have eons1derab1e potential as a sealing layer themselves. One 
potential may be to dredge slimes from the pond area and 
�draulfca11y place a layer of thfs on the coarser ta11ings. 

The long term $tabi�fty of this cover fs important. Vegetati on 
and root aetfon w111 change the surface permeability. Front 
headfng and p1ngo formation may be very rapfd fn the s11t sized 
taf11ngs. These upeets have all been examfned in detail in the 
CANHET studfes and appropriate avoidance measures identified. 

(if 1)Contro1,.. of Leachate Quality 
The tota1 seepage impact on Rose Creek wi11 be determined by both 
the quantity and quality of the seepage. There are a number of 
measures which can be evaluated for the control of the qualfty of 
the seepage. 
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{a) co�trol af oxidation 

The oxt.Ut1on _of the taili ngs to produce ac1d u highest fli the l 
uosaturat1d taf11ngs above the. water tablt. Thus the amount of 
oxidation can be reduced by 11mit1ng the volume of tail i ngs 
located abov• the phreatic surface 1n the taflings impoundment. 
The location of the phreatic surface will be contro11ed by the 
level of the spillway and thl drainage channel across the 
ta11ings to the sp111way. By opt1m1z1ng the level of these 

� facilities relative to the remainder of the ta111ngs the 
�r:�'"'� (Unsaturated zone rnay be minimized. It fs possible that wfth the 

\ ....w .",· 'l' ... � good und.erdrainage !xistfng fn the valleyt the. phreatic surface 
��;�J,·�' may fall below the invert of the drainage fac111t1es and this �v�).il.-.lr · potentia 1 w111 be assessed • 

. �··'� .���t,· Oxfdatfon in the partially saturated zone is dependent on the 
� .. Y- rate at which oxygen becomes available for oxfdation. Th1s can 

be controll ed to some degree by achfeving or installing a tow 
permeabi11� cover. Ica lensing whfch may have bean, or could 
deliberately be, incorporated fnto the taf11ngs mass 1n the baaeh 
areas could potentially be a large 1nhfb1to� of oxygen entry and 

J 

oxidation. The thermal stab11ft,y of such fee lenses <Over the 1 ,,,,..,,JJ"�·· ....... J:.·:..,.a 
long term would have to be consfdered. 

(b) Control of ac1d1� 
Some measure of acid1� control can be achieved by fnsta11ing 
chemically active lay!rs. The 1ncarporat1on of lime into the 
cover layer or 1ts 1nject1on fnto the foundation gravels would 
provide some measure of pH control. The long term effects of 
sucl measures are always questionable due to continual 1eachfng 
and must be assessed. 

(1v) Control of Erosion 

Wind eros1on can be controlled by either vegetation and/or rip� 
rap or desert pavement type solutions. 

Sheet erosion 1s also soluble fn the long term by available 
techniques for which des1gn gufdelines have been proposed in tha 
CANMET study. 

Gulley eros1on on the tailings will require careful design and 
· evaluation. Slope control (by ta11fngs discharge techniques} and 

use of dura ble rock waste (read11y available) to develop 
hydraulic energy control points. 

Stream channel and spillway erosion are a major eonearn. The 
A r<; 1 development of a large (SO m wide by 10 m deep say) durable rock 
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accommodate the maximum probable floods. The two most important 
asptctl.of fts f'eas1b111� wfll depend.on: 

appropriate pre·planning 
construction feasible. 
(dredging) and water rock 
requ1red; ond · 

&nd designing to make fts 
Same under water excavati on 
placing (from a barge) may be 

� the achievement of a secure hydraulic control at the 
spillway crest. 

The sp111way crest and sp11lwey to thi$ channel wfll be the major 
engineering challenge� However, there is ample durable rock 
waste ava1lablt to build an appropriate spillway geometry. Note 
that the total spfllw«Y energy dissipation requ1tements will be 
considerably less for a nonflooded impoundment than for a flooded 
impoundment, since the spillway crest is at a lower elevati on . l ; 
We antte1pate that even with a very favourable spillway geometry, _../ 
some erosion resistance w111 have to be built fntc the spillway. 
We are of the opfnfon that th1S could probably be achieved wfth a 
1fmited depth of in�sftu cement/concrete groutfng in the cr1 tical 1 
erosfon zones. Based on our current understanding, we believe it) �· c1 
will be possible to construct a stable long tenn spillway using a (-��-L- . 
combination of spillw� geometry. durable waste and in-situ 
cement/concrete grout. � .u..l(. rJ !J i] "1' . , � ... J i-..... � .•.. ,..... '7; (.,. (, ..s.!,. '\A..,..,.., � 

Work scope 1-j CL1 l ·�· · J 
' 

The workscope for task 8 is described 1nto 3 sections. as 
detailed below: 

Task 8.1 Data Collection and Review 

Collect and review. available data on the existfng tailings 
impoundments to obtain a thorough understand1ng of the follow1ng: 

tailings propertfes.and the1r in�s1tu characteristics in the 
impounc*nent; 1 r� "·�: y�-------1 .�._\ 

.. 

... 

soil, rock and foundation condft1ons; 
.: \ ........ 

available construction materials from the mine (waste) and 
borrow sources; 

. u./ .... -.J " .. l1. t ' 11'· ,r.:..;--·· . I I. ..-I ,f> 
1 • 

..... j\ ( L,.'l.;...,.. groundwater and seepage conditfons, 1nc1ud1ng the potenti al s i ;.J �-

for geochemical retardation; 
· 

1 
\ ' . ' '.0 \.i\ 

hydrology condition and extreme events to be des1gned for; 1-u·�·'··' '"'"'' , 
) �1-. � � I 

Permafrost cond1t1ons and earthquake hazard: 1p� ' . · � .. �.�.. · · < t;'""\ ""· . � ta111ngs impoundment construction and oparat1 ng records and \\. Vv,}',' 'ii"l·� 
practices; '7 
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4. AL!ERNATIVE 12: INTEGRATED PROJECT TEAM FOR ORIGINAL CRC 
TASK PROPOSAL 

The concept of alternatfve proposal 12 fs to integrate the task­
by-tesk techn1ca1 requirements dheussed in Alternative 11, 
section 3, and provide a combined project team to perform the 
program . Therefore, the technical approach and scope are 
essentially the sam. as alternative 11: The descrfptfon of these 
1tems w111 not be repeated here. However, the combination of the 
tasks together makes for efficiency in the removal of repet1t1on 
of some aspects of ind1vidua 1 tasks. It will. therefore. be more 
efficient by requ1ring lass fnd1vidua1 project management, 
project coord1nat1on and control. and cost to CRC. 

The foll owing eff1e1enefes can ba effected both 1n terms of time 
and cost . by integrating alternative #1 into a si ngl e group of 
tasks: 

o buffering capacity of the recef�1ng waters. required fn 
tasks 1. 3 and 8 need only be assessed once, and avoids the 
potential for di fferences arising between separate groups; 

o the basic understanding of and data revfew for tasks 4 and 5 
are simi1ar and cost savings can be made by the1r 
combination; 

o the monitori ng aspects of task 3 can ba fntegrated with the 
review of monitoring in task 7; 

o groundwater f1ow and geochemistry evaluated in task 3 can be 
used directly fn task 8; 

o minor savings in the est1matfon of toxicity 1,.m1 ts because of 
i�tegrat1on of aquatic biologist fn tasks 7 and B; 

0 a singl e site visit � by one member of the project team to v:1�o 
collect all the data. 

The cost estimate for alternative 12 is given in Table 7.2 and is 
assessed to be S71 tsoo.oo. f ··'< � 
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s. ALTERNATIVE fl: SRK/NORECOL TECHNICAL 
INTEGRATED PROJECT EVALUATION 

APPROACH FOR 

S.l O�erview 

As a resul t of our review of the ex1st1ng data to us, 
part1cularly the 1981 K1ohn Leonoff report and the vari ous EPS 
documents and CRC's RFP, we believe ft fs appropriate to 11step 
back M and clarify the objecti�es of any study 1n terms of its 
real benefit to CRC. CRC1 s objeeti�e 1s, presumably, to 
formulate a tat11ngs facility abandonment scheme which w111 be 
acceptable to the regulatory authorities fn terms of 1ts fmpact 

1 

on Rose Creek but be cost effective (1.e., a lesser cost than the 
1981 * $50 mfll ion current abandonment scheme). · S��t f�.t-• 'j �.·1 
If this is the objective. we suggest that 1t may be best (,.'k'·.t·r;A.r;J. ) , 

Creek without significantly 1mpact1ng the water qualfty or the 
, 

� 

approached by understanding what discharge can be made to Rose .j<.J¥�--,:.'�('. ·
.'�
+
f� .. '(

· 

aquatic biota. Onee this 1s established, then a set of design . � 
cr1tar1a for the tailings fae111ty. on abandonment, can be 'P'"., , . .;!.:.. 
established and a1 tarnat1ve abandonment designs can be evaluated f 1 -f- .r,; against these crfteria. C1 early, the release rate of see-page and t.b' 1 0-' "' · 1 

the seepage chemistry will change with tfme, as w111 the capaei ty j _ ..,·_. < .. · v ..__; · 

of the rec:efvi ng wa tel" ( Rose Creek) to aecapt that seepage; the ., ,-'" -/r '-· 
design criteria w111. by nece.u1 ty. hava to 1ncorporate this �; • 

variability. Fundamentally, this is a mass loading problem. 
which fs tfme dependent. 

At present. CRC will ·require a modffieation of their Water 
Licence if the regulatory autnorft1es accept an a1ternative tO r� 
the current abandonment p1 an. At the same time. ft fs ourl \'' J ; / 
opin1on that CRC shou l d attempt to have receiving water standard� � 
a� their .cr1 teria for effluent seepage. particularly o� 

� 

abandonment. W1th timee it)h likely that the seepage volumes for\ .. 1 . ..  ..,,"".�· 
the tafHngs wfll decrease , but 1ts quality will deteriorate and\ .. l;Md,.,.1 r_."i 
wf 11 never meet the current effluent standards ( Part B. 2{ F) �; .. � 1 
Water L1cenee). In any case. in terms of 1mpaet at Rose Creek� 
it can be argued that receiving water standards are a better 
measure of any i mpact . 

5.2 Techn1cal Approach 

Our techni cal approach would be as follows: 

0 

0 

assess the wacceptable• mass loading to Rose Creek by tak1ng 
the range of chemical .var1at1on fn the seepage {pore water} 
composit1on and stmu1a�fng fts seepage volume variation with 
a range of d1scharge/chemical cond1t1ons of Rose Creek; 

from this analysu. develop design criteria for acc:eptab1e 
seepage/flow losses from the taflfngs mass and�acceptabfe 
chem1ca1 composition fn these dfseharges; and 

··--.i 



TO: 

FROM: 

RE: 

MEMORANDUM 

DR. ANDY ROBERTSON, SRK 

ADRIAN SMITH, ASCI 

August 1 4, 1986 

File: 60601 

CURRAGH RESOURCES CORPORATION: TAILINGS ABANDONMENT REPORT 
TASK 7: GROUNDWATER MONITORING PROGRAMME 

This memo addresses my further review of the issues related to 
groundwater quality monitoring, with respect to the above. As you know, 
I was not entirely satisfied with my previous report in terms of the 
depth of my previous review and I have reconsidered a number of the 
issues related to groundwater quality. 

In particular, I have re-examined the following: 

o 1982, 1 983, 1984, 1 985 annual reports on monitoring; 

o Environmental and Water: Tailings report file - 1 976-1 980; 

o Environmental summary sheets: 1981 -1 982; 

o 1 983 water quality sheets; 

o transmittals to the Controller of Water Rights, 1 981 -1 982; and 

o Klohn-Leonoff/Senes and Golder Associates data and reports. 

From this re-examination, I have found nothing that contradicts or 
fundamentally changes my comments and recommendations in section 7.3 -
groundwater monitoring- of our initial report. There are a couple of 
items which bear further comment and I have addressed these below. 

I would be grateful if you could inform Curragh that the extra time and 
costs associated with this re-examination are not for their account. 



Background Water Quality 

Both in sections 7.3 and in Task 1 of the report, the problem of 
background water quality was discussed. I believe that the previously 
held premises of what is background are not correct and this, perhaps, 
should have been stated a little more positively. Specifically: 

o well X-20 was considered to be background "as this well is on the 
backslope side of the diversion canal", (CAMC, 1983 water licence 
annual report). 

The chances of this actually representing background quality are 
small. It will be cyclically affected by the recharge due to 
freeze, thaw and flooding. It is not up hydraulic gradient of the 
system. In essence, it probably represents a melange of water 
qualities and is not a good well on which to base impact. 

o DH81 - K4, KS, K6 are suggested to be background because they show 
"no signs of contamination", even though they are in a position to 
be impacted by poor quality water. As the difference between, say 
0.05 and 0.005 ppm will make a substantial difference in impact 
and compliance analysis, and both might be considered by the 
casual observer to be background, how can there be any confidence 
in the supposition of a background well? 

o the interlaboratory analytical evaluation (CAMC/Chemex/Can Test) 
reported in the Klohn Leonoff, 1981 document, indicated much of 
the data collected prior to 1981 /1982 could be high by an order of 
magnitude. Conversely, improper sampling/handling of water 
samples for trace metal analysis can lead to low results by, say, 
an order of magnitude. In view of the extreme importance of 
background levels in determining impacts due to release from the 
Faro tailings, the data base is critical and is, ·in my opinion, 
questionable at best. 

The above should not be taken as outright criticism. It is difficult to 
a simple and analyse for trace metals at the low levels required for 
background monitoring. It is also difficult for any assay lab, used to 
doing ore analysis at the percent level, to do trace metal analysis in 
water. This has been proven on numerous occasions. 
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Sample Volumes 

Throughout the annual reports and the data sheets, there is mention of 
"no sample", "little" sample or "insufficient'' sample on numerous 
occasions. Yet analyses for trace metals have been made on very small, 
turbid samples containing a large proportion of suspended matter. 
Despite careful handling and filtration, these analyses most likely 
represent an estimation of the metal contents of suspended material in 
the water in the 0. 2 to 0. 45 micron range at best, and a larger size, at 
worst. 

There is, in my op1n1on, no point in analyzing such samples. The 
results are misleading to the Company and can be harmful to their case 
when presented in annual reports to the regulatory authorities. 

Monitoring Program 

The comments made on both the location of sampling wells and frequency 
(i. e. , the change from bi-monthly to quarterly) are considered valid. 
One issue on monitoring that should be addressed is what data might 
Curragh themselves need to gain an understanding of how their system is 
functioning, as opposed to the need to satisfy the regulatory 
authorities and conform to their license conditions. The following 
would be of value in this regard, in addition to the present/proposed 
monitoring system: 

o one or two uphydraulic gradient, groundwater monitoring wells; and 

0 a series (two or more) of nested or multilevel piezometers or 
lysimeters in the tailings from near-surface to depth covering the 
oxidized ozone, through the intermediate zone down into the 
reduced zone of the tailings. The object would be to evaluate the 
time dependent, geochemical evolution of the tailings. 

(It should be noted that I have problems with the normal lysimeter 
installation and operation procedures. This system would require very 
careful design and installation). 


