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Cyprus Anvil Mining Corporation 
P.O. Box 1000 
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YOB lKO 

Attention: Mr. N.G. Cornish 

Dear Sir: 

Re: 1982 Performance Monitoring of the 
Down Valley Tailings Project 

Our File No. 822-2021 
February 28, 1983 

We are pleased to provide the attached draft copy of our report on the 

performance monitoring of the Down Valley Tailings project. This report 

is being forwarded without the benefit of a review of Glen Gilchrist who 

will conduct this review this week. 

The report attempts to cover all aspects of the monitoring which was 

conducted over the past year and in which Golder Associates were 

involved in some way. The-comprehensive and cooperative nature of the 

monitoring program may have resulted in the inclusion or omission of 

which you may consider as inappropriate or appropriate for our report. 

We have not included any information regarding chemical monitoring or 

canal flows. 

We look forward to your critical review and discussion. 

Yours very truly, 
GOLDER ASSOCIAT~S ~{J 

/~~~ 
D.C. Goodall, P. Eng. 

DCG/la 
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1.0 INTRODUCTION 

The Down Valley Tailings Containment Project encompasses the expansion 

tailings containment facility which was constructed adjacent to the 

Cyprus Anvil Mining Corporation lead zinc mine near Faro, Yukon. 

In 1980-81 Cyprus Anvil undertook a major expansion of their tailings 

containment facility at their lead zinc mine near Faro, Yukon. The 

expand~d facility, which is referred to as the Down Valley Tailings 

Containment Project, is situated in the Rose Creek Valley adjacent to 

the mine and consists of a 4 km valley wall diversion of Rose Creek and 

two cross valley dams, the first serving to retain tailings (referred to 

as the Intermediate Dam) and the second to provide retention storage for 

the containment waters which decant over the Intermediate Dam (referred 

to as the Cross Valley Dam). 

The Down Valley Project elements have been extensively monitored in 

response to the need to understand the complex geology which may result 

in performance requiring remedial measures. In particular an extensive 

network of thermistors has been installed to monitor the impact of Down 

Valley project construction on the discontinuous permafrost which is 

present in the area. An extensive network of surface movement hubs, 

inclinometer casings and incremental settlement rings has also been 

installed to measure movements which may occur as a consequence of the 

permafrost presence, of permafrost degredation, of cold weather 

construction and of the general geologic setting. Pneumatic and 

standpipe piezometers have been installed to examine the behaviour of 

the groundwater regime as a result of the diversion of Rose Creek along 

the valley wall and of the impoundments in the valley bottom. 

I 
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The bulk of the instrtDDentation was installed in November, 1981 

immediately after the Down Valley construction was completed. 

Additional instrtDDentation which survived the construction activities 

has been inherited from the design and abandonment studies for the 

project. Some was also installed during construction for immediate 

monitoring purposes. All such instrumentation is documented in Golder 

Associates' February 1982 report entitled "Performance Instrumentation 

of the Cyprus Anvil Down Valley Project" and is located on Figure 1. 

The Down Valley Project instrumentation has been monitored throughout 

1982 in general accordance with the schedule which was recommended in 

the aforementioned report and with the requirements of the 24 March 1982 

Water Licence issued by the Department of Indian Affairs and Northern 

Development. Supplementary instrumentation which is also shown on 

Figure 1 has been installed and monitored in 1982 to focus on possible 

areas of concern flagged by the primary instrumentation •. V-notch weirs 

were installed in the toe drain downstream of the Cross Valley Dam to 

monitor the quantity of seepage reporting at this location and its 

variation with time. Visual inspection of performance and seepage 

occurrences were also made from time to time. 

The monitoring data has been obtained by Cyprus Anvil personnel with 

assistance and direction being provided by Golder Associates who, in 

turn were assisted by other specialist consultants previously involved 

in the project. Messrs. W.E. Hodge, H.G. Gilchrist, and D.C. Goodall of 

Golder Associates visited the site in early March, 1982 at the time of 

impoundment of the Cross Valley Dam. Mr. D. Kettle of Golder Associates 

visited the site in March and April to install supplementary instrument­

ation and to assist in the quarterly sche~uled monitoring. Mr. Kettle 

again visited the site in May to install supplementary instrumentation 

at Sta. 2+100 of the canal. Mr. Goodall inspected the site in early 

June. 
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Mr. W. M. Veldman of Hydrocon Engineering visited the site in June, 1981 

to review the hydraulic performance of the completed construction and 

initiate flow monitoring in the diverted Rose Creek. 

Underhill Engineering conducted precise movement monitoring surveys in 

April and in September, 1982 with some assistance being provided by 

Cyprus Anvil for the September fieldwork. 

This report summarizes the findings of the Down Valley Project monitor­

ing program after its first year of operation. Analyses of these 

findings and assessment of their significance to system operation are 

presented. Recommendations for future system monitoring and management 

are offered. 

1.1 Report Organization 

The report is organized in two volmnes. The first volume summarizes the 

trends and observations and provides recommendations regarding the 

monitoring program and project performance. The second volmne provides 

the factual information and calendar plots which result from data 

reduction. Procedures followed in actual observation of the instrument­

ation and reported in of Volmne II. 

Some cross referencing from Volume 1 to Volume 2 is necessary to avoid 

needless reproduction in Volume 1 of the calendar plots in Volume 2. 

For example, a reference in Volmne 1 to thermistor string CD20 - 2+000 

will require examination of the data for this installation in Volume 2. 
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2.0 OBSERVATION PROGRAM 1982 

With exception of the supplementary instrumentation which was installed 

in 1982, all instrumentation had been monitored in late 1981 as reported 

in Golder Associates' February, 1982 report entitled "Performance 

Instrumentation of the Cyprus Anvil Down Valley Project••. Observations 

from 1981 and from earlier years (for some ins~allations) constitute the 

reference base for post construction behaviour and are included in the 

data package (Voll.lllle II) for completeness. 

2.1 Monitoring Schedule 

Observations of the instrumentation were generally taken in 1982 as 

follows: 

(i) Thermistors and incremental settlement rings in March, 

May/June, August/September and November; 

(ii) Piezometers in March, May and August; 

(iii) Slope indicators and movements hubs in March and September 

In addition to these scheduled observations weekly readings of 

piezometers and thermistors were made at the Intermediate and Cross 

Valley dams during their initial impoundments from March to May, 1982. 

Sets of readings were also obtained at the Cross Valley Dam in July and 

December to better define the seasonal variation in piezometric regime 

in this area. 
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2.2.1 Supplementary Instrumentation, Canal Backslope 

Analyses of the November, 1981 and March, 1982 data indicate 

anomalously high pore pressures in the canal backslope in the 

vicinity of Sta. 2+100. A field program was therefore undertaken 

to assess the distribution of pore pressures in the canal backslope 

in this area. 

Details of the installation and monitoring of the supplementary 

piezometers and thermistors are embodied in a letter dated 27 May 

1982 which is reproduced in Appendix 1. These installations are 

now monitored on the same schedule as for the primary installa­

tions. 

2.2.2 Supplementary Instrtnnentation, Seepage Flows 

A total of 3 V-notch weirs were installed in the toe drain of the 

Cross Valley Dam in March, 1982 as the seepage flows increased in 

response to the impoundment of the dam. Weirs were installed 

in the toe drain at Sta. 0+215 and 0+380 and at the toe access road 

culvert where all of the toe drain seepage collected is relayed to 

the old drainage ditch. A weir could not be installed in the south 

abutment area because the seepage flows were low and tended to form 

ice. 

A schematic drawing of the weir devices is provided on Figure 2. 

These installations have been monitored on a weekly basis except 

for minor disruptions. In fact these flows are monitored 

simultaneous with the water sampling which Cyprus Anvil routinely 

conducts as a part of their environmental program. 
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2.2.3 Supplementary Instrumentation, Canal Flows 

Flow staff gauges were installed in June after the canal was free 

of ice at locations selected by Hydrocon Engineering during the 

site visit by Mr. W.M. Veldman. Additional flow gauges were 

subsequently installed for permanent monitoring. 

The flow gauges are situated near the inlet to the canal (diversion 

dam to Sta. 0+250) and in the vicinity of Sta. 3+600 between the 

two reaches of drop weirs. 

Initially daily reading were obtained for the flow gauges. How­

ever, significant variations were not observed and the schedule wsa 

reduced in frequency. 

2.3 Site Inspections 

Golder Associates inspected the project in the field in early March and 

June with particular reference to the impoundment of the Cross Valley 

Dam. Golder Associates were also on site for parts of March, April and 

May to supervise and install supplementary instrumentation as well as to 

assist in the monitoring. Photographic records resulting from these 

site inspections are given in Appendices II and III which respectively 

document canal icing conditions in March and dam performance at full 

impoundment in early June. 

Hydrocon Engineering visited the site in June to review the hydraulic 

performance of the project. The report generated as a consequence of 

this site visit is reproduced in Appendix IV. 

Routine inspection of the site was the responsibility of Cyprus Anvil 

personnel with Golder Associates providing comment and direction. 
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Observations of new see~age occurrences, ponding of seepage, surfaces of 

seepage, water balance, pond level fluctuation, canal icing, structural 

cracking and canal erosion are periodically made by Cyprus Anvil. 

2.4 1982 Construction and Maintenance 

Cyprus Anvil undertook the construction of theicanal overflow structure, 

the raising of the canal dyke in the vicinity of Sta. 3+500 and the 

opening of the North Valley Wall Interceptor Ditch. Maintenance meas­

ures such as the grading of the dam emergency spillways and the removal 

of ice in the canal and North Valley Wall Interceptor Ditch were also . 

conducted by Cyprus Anvil. 

2.5 Water Sampling 

Cyprus Anvil-bave undertaken piezometer and surface water sampling 

according to the requirements of the Water Licence and as deemed 

appropriate by Cyprus Anvil to evaluate groundwater and surface water 

chemistry in the mine and tailings pond vicinity. The review and 

presentation of this data is beyond the scope of this report; however, 

some falling and rising head permeability tests were conducted in the 

Cross Valley Dam foundation piezometers in association with this program 

and the results are recorded herein. 

Golder Associates 



February 1983 8 822-2021 

3.0 DATA PRESENTATION AND ANALYSIS 

3.1 Introduction 

The amount and voltnne·of detail of the monitoring data precludes its 

inclusion in the main body of this report. Instead a "data package" has 

been prepared and is assembled in a second voltnne which accompanies this 

report. This data package includes both tabulations and calendar plots 

of the data obtained to date. 

The data is organized and discussed in terms of project elements and 

sub-elements. For example the canal is subdivided into sub-elements 

referred to as the canal dyke, the canal backslope and the canal 

spoilpiles. The implication is that the thermal and piezometric regimes 

of these sub-elements will be influenced by construction history and 

relative location with respect ID-the canal hydraulic channel. 

3.2 Diversion Canal 

3.2.1 Introduction 

A typical cross-section showing the canal construction on the south 

valley wall of the Rose Creek valley is 'presented on Figure 3. 

The valley wall is generally mantled by up to about 1.2 m thickness 

of black and brown organic silts and colluvitnn, some of which is 

permanently frozen. Glacial till of variable characteristics is 

found beneath these surficial strata and varies in thickness from a 

few metres to about 15 metres. In some areas buried erosion 

surfaces as evidenced by organic and ice layers can be found at 

detph. The top of the till unit is often characterized by white 

volcanic ash and erosion or water modification. The till is 

discontinuously frozen. 
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The till is underlain by phyllite schist bedrock whose prominent 

foliation dips into the valley wall at angles ranging between 20 

and 30 degrees although local irregularities and faulting are 

observed. In some areas foliation is inconspicuous as a consequence 

of regional metamorphism. 

The distribution between frozen and unfrozen areas along the canal 

route seems to be related to natural drainage patterns as well as 

geology. In general the second half of the canal (from Sta. 1+500 

onwards) is more fine grained and has a greater incidence of 

permafrost. 

Canal construction was conducted through the winter of 1980-81 with 

diversion of Rose Creek being achieved on 11 May 1981. The canal 

dyke was completed to its design elevation by October, 1981. 

3.2.2 Canal Thermal Regime 

The present canal thermal regime is a product of the original dis­

continuous permafrost environment of the 1980-81 winter construc­

tion activity, of the impact of a changed groundwater flow regime 

resulting from Rose Creek diversion and valley bottom impoundment, 

and of the new geometrical and thermal boundary conditions result­

ing from canal construction. 

Golder Associates 
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There are a total of 17 thermistor strings along the canal dyke, 11 on 

the canal backslope and 3 installed from the top of the spoil piles. 

The thermistor strings are generally installed to depths of about 10 m 

with 10 thermistors per string spaced at 1 m intervals. The thermistor 

readings are considered to be accurate to about + 0.1°C. The temper­

ature data reported in Volume II has been contoured with respect to time 

and depth; these contours will be referred to as isotherms although 

they are not truly isotherms in strict definition. 

The thickness of the active layer of annual freeze and thaw for 1982 was 

about 4.0 and 5.0 metres for the canal dyke and spoil piles, but only 2 

to 3.5 metres for the backslope (for example CD15-1+530, SP2-1+530, and 

BS12-2+260). The near surface (approximately 0.5 m depth) ground temp­

eratures for the canal dyke and spoil pile vary approximately between 

-13°C in March to +10°C in August/September compared to a temperature 

variation of -4°C to +4°C for the backslope over the same time period. 

These reduced temperature effects along the backslope are a result of 

the relatively undisturbed 0.3 to 1.2 metre organic covering on the 

natural ground and of vegetation shading. The depth to the canal dyke 

subexcavation (which varies from 1.6 to 5.0 m) appears to have little 

effect on the depth of the active layer or the temperature distribution 

within it. 

An overall summary of the thermal regimes encountered at depth along the 

Diversion Canal is presented in Table 1. The thermal regimes at depth 

along the backslope and in the spoil piles have essentially remained 

unchanged throughout the backslope but temperatures have all remained 

relatively constant, that is,+ 0.2°C. The spoil piles are showing 

fully frozen conditions generally between -0.3 to -0.5°C. For the canal 

dyke, however, the thermal regimes at depth can be divided up into three 

types: 

Golder Associates 
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Type I - Thermal Regime Influenced by Seepage from the Canal. 

(Stations 0+400, 1+000, 2+000, 2+350 to 2+500 and 3+100) 

The temperature isotherms for this type of behaviour show a rela­

tively sudden increase in temperature from June to August and then 

a similar sudden decrease from September to November. The tempera­

tures range typically from 0.0°C to +5.0°C (for example 

CD25-2+460). This behaviour is thought ta be brought about by 

water seepage from the canal for two reasons. Firstly, there are 

relatively sudden changes in, ground temperatures corresponding to 

the summer period and secondly, the relatively high ground 

temperatures of +5°C compared to natural ground water temperatures 

of only +1°C (as seen for example in the thermistor installation 

BS4-o+710 at Goodall Creek). 

Type II - Thermal Regime Showing Progressive Thaw at Depth. 

(Stations 0+500, 1+700., ,.2+600 to 2+900) 

For this type of behaviour the temperature isotherms indicate a 

relatively gradual increase in temperature continuing from June 

through to mid-November (the latest set of readings). The 

temperatures typically increase from about 0.0°C to 0.3°C (for 

example see CD17-1+705). 

Type III - Thermal Regime Essentially Unchanged by Canal 

(Stations 1+500, 1+900, 2+100 and 3+oOO) 

For this case, the ground temperatures at depth have not shown any 

significant changes during 1982. For frozen ground this means 

seasonal temperature variations of less than 0.2°C (for example 

CD19-1+900. In thawed ground the temperatures may show a seasonal 

variation of as much as 0.8°C perhaps as a consequence of connec­

tive heat flow (for example see CD15-1+530). 

Golder Associates 
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The changes in thermal regime beneath the canal dyke which are 

documented as Type I and Type II behaviour in Table 1 are believed to be 

a consequence of canal construction. The effects of such changes on 

valley wall slope stability are difficult to evaluate and are best 

defined by continued monitoring of the project. Most of the effects of 

Type I behaviour have been felt by now. How~ver, the progressive nature 

of Type II behaviour could lead to slight incr~ases in seepage losses 

and the emergence of new seepage springs downslope of the canal. 

3.2.3 Canal Settlements and Movements 

3.2.3.1 Introduction 

The settlements and movements of the canal have been monitored using the 

movement hubs, incremental· settlement rings and inclinometer casings 

which were installed in November 1981. Details of these installations 

are provided in Golder Associates' February, 1982 report entitled 

"Performance Instrumentation of the Cyprus Anvil Down Valley Project". 

The movement monitoring grid along the canal is comprehensive. Vertical 

movement hubs are spaced at about 100 to 200 m intervals along the canal 

dyke and the canal backslope as shown on Figure 1. Five vertical 

movement hubs have also been established on the canal excavation 

spoilpiles. Horizontal movements along the canal are monitored by 12 

hubs on the dyke, 10 on the backslope and 5 on the spoilpiles, all of 

which are located at selected locations and are shown on Figure 1. 

Observation of the hub movements has been made by Underhill Engineering 

in April and September using state of the art survey techniques and 

equipment. The resulting redundant data is also treated statistically 

to yield most probable locations and confidence limits. These proce­

dures and techniques are described in detail in the 1982 Underhill 
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Engineering report which is reproduced in Appendix V. Experience has 

indicated that vertical movements of less than 5 mm can be reliably 

detected. Horizontal movements of about 10 mm are also considered to be 

detectable. 

In addition to the surface movement monitoring network, slope indicator 

casings and incremental settlement rings have ~een installed in bore­

holes to measure respectively horizontal and vertical movement distri­

bution with depth. These installations were monitored by Cyprus Anvil 

as a part of the overall instrumentation monitoring program. 

Inclinometer casings have been installed at 8 locations on the 

backslope, 6 on the canal dyke and 3 on the excavation spoilpiles, all 

of which are shown on Figure 1. The indicator casings are installed 

generally to a depth of 10 m and are observed incrementally and 0.5m 

depth intervals. Horizontal movements of about 5 mm are considered to 

be detectable using this technique. 

As shown on Figure I settlement ring installations are present at 8 

locations on the canal dyke, 7 locations on the backslope and 3 

locations on the spoilpiles. On the canal dyke the rings are spaced at 

about 1 m intervals to a depth of about 10 m. On the backslope the 

rings are installed at depths of 2 and 5 m with an additional 2 rings 

being provided at depth for the installation at Sta 3+000. The 

spoilpile installations have rings spaced at I to 2 m to a depth of 

about 10 m. These installations can be monitored to a precision of 

about 10 mm although some detected movements may be a consequence of 

borehole backfill readjustments. 

The sign convention which has been adopted in reporting movements is as 

follows: 

Golder Associates 
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+ sign indicates increase in elevation or horizontal movements 

towards the valley wall or in the upstream direction with respect 

to the canal flow 

- sign indicates decrease in elevation or horizontal movements away 

from the valley wall or in the downstream direction with respect 

- to the canal flow. 

3.2.3.2 Vertical Surface Movements 

A Slllllmary of the vertical surface movements is provided on Table 2. A 

detailed examination of the movements follows. 

(i) Backslope 

December to April 
Mostly small settlements have occurred. These settlements are 
probably a consequence of both the construction of the canal and 
the initial "'seating" of the installations. 

Two points in particular show heave downstream of Sta. 1+700 -
2+100 heave + 44 mm 

- 2+760 heave + 11 mm 

In view of the frozen conditions from December to April one could 
only expect frost heave to account for these two observations. 

April to September 
The data indicates that some points have continued to settle 
between April and September but that several points have heaved. 
Again, heave is expected to be related to frost action on the hub 
installations. Heave was particularly noticeable at Stations 
0+990, 1+300, 2+500 1+500. Settlement was particularly noticeable 
at Stations 0+600, 2+900 and 3+oOO. 

Overall 
Some settlement of the hubs occurred after installation. Following 
this heave developed over the winter and spring seasons. The heave 
is usually less than 20 mm and possibly results from jacking of 
the monitor hubs by freeze thaw action. The most significant 
settlements occurred at Stations o+600 (17 mm), 2+900 (11 mm) and 
3+000 (29 mm); these settlements may underestimate the true 
settlements due to jacking of the hub installations. 
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(ii) Canal Dyke 

December to April 
Mostly small settlements occurred probably as a result of small 
real settlement and of stabilization of the hub installations. 
Frost action also accounted for some heaving of less than 10 mm. 

Notable settlements occurred at chainages 1+800, 2+200, 2+300, 
2+400, and 3+100 but generally did not exceed 20 mm. 

April to September 
As for the backslope the data clearly identifies some points which 
have continued to settle a significant amount in spite of the 
heaving of several other points. Heaves ranged as high as 21 mm. 
Points which show notable net settlement are as follows: 

Overall 

2+400 (81 mm) 
2+200 (62 mm) 
3+000 (37 mm)~ 
3+100 (25 mm) 
2+250 (16 mm) 
2+900 (12 mm) 

Several points have undergone heave of at least 20 mm. 
Superimposed on this heave action is the settlement which is 
observed particularly downstream of Station 1+750. Significant 
overall settlements have been observed at the following points: 

2+350 (96 mm) 
2+200 (78 mm) 
3+100 (35 mm) 
3+000 (32 mm) 
2+250 ( 30 mm) 
1 +800 (16 mm) 
2+000 (10 mm) 
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(iii) Spoil Piles 

(iv) 

December to April 
All installations indicate settlements ranging from 23 to 50 mm. 

April to September 
With exception of Sta. o+990 which heaved 7 mm, all points 
continued to settle by 11 to 110 mm. 

Overall j 

All points have settled by amounts ranging from 18 to 133 mm. 
This must be considered as net settlement as it is expected that 
the installations suffered some permanent heave as a consequence 
of freeze/thaw action. 

Vertical Surf ace Movement Summary and Analysis 

Many monitor points have experienced lieave of the order of 20 mm as a 

consequence of freeze thaw action. This phenomenon is not of particular 

concern except possibly in the--iepli.eation which it has to the hydraulic 

integrity of the seepage control liner elements. The design of the 

canal dyke is such that the seepage control liner will remain intact in 

spite of ice lensing although increased seepage flows could be 

anticipated. Another implication which the frost action phenomenon has 

is that settlements are generally underestimated by the amount of 

permanent heave. 

Of more concern are the significant settlements which have occurred in 

the canal backslope and dyke since they tend to indicate mass movement 

in response to gravity. The relatively large settlements of the 

spoilpiles need not be a concern because they do not constitute an 

integral part of the canal system. 

For the most part the points which have experienced significant 

settlement occur downstream of Sta. 1+750 which corresponds to the 

beginning of pravalent permafrost. The areas of significant 

settlement from the above analysis are summarized as follows: 
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Station 

0+600 

1+800 

2+000 

2+200 

2+250 

2+350 

2+900 

3+o00 

3+100 

Backslope 

17 mm 

insignificant 

insignificant 

insignificant 

insignificant 

insignificant 

11 mm 

29 mm 

6 mm 

17 822-2021 

Dyke 

insignificant 

16 mm 

10 mm 

78 mm 

30 mm 

96 mm 

11 mm 

32 mm 

35 mm 

The above summary tabulation indicates that significant settlements are 

local to the dyke or the backslope except in the vicinity of Sta. 3+oOO. 

It is suggested that the local problems may reflect occurrences of 

permafros~ or some construction deficiency resulting from winter 

construction. Such possibilities have previously been identified as 

causes for cracking of the dyke. However, the general settlement in the 

dyke and in the backslope in the vicinity of Sta 3+o00 may reflect the 

occurrence of an ice rich organic layer at depth which has been 

previousiy_documented. Indeed the area in the vicinity of Sta 3+000 is 

one of the most intensely instrl.Dllented. 

3.2.3.3 Horizontal Movements 

Although not as precise as vertical movement methods, horizontal 

movements can reveal additional information with respect to mass 

movement. Horizontal movements have generally been resolved into 

components perpendicular and parallel to the canal centreline with the 

expectation that the canal sideslopes will move towards the canal 

centreline or generally downslope perpendicular to the valley wall 

contour which the canal centreline follows approximately. 
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A smnmary of the resolved horizontal movements for the canal is provided 

on Table 3. The horizontal data has been reviewed using histogram 

techniques. 

(i) Backslope 

December to April 
All monitor points indicate movement towards the canal centreline 
with some consistent movements in the downstream direction from 
Sta. 2+900 onwards. Of particular note are the following 
movements. 

Sta. 
2+100 
2+900 
2+950 
3+000 
3+250 
3+500 

* (-)ve sign 
valley) or 

Perpendicular* 
-18 mm 
-26 mm 
-13 mm 
-25 mm 
-9 mm 

-11 mm 

Parallel* 
0 mm 

-9 mm 
-7 mm 
-4 mm 

-11 mm 
-6 mm 

indicates movement in downslope (towards the centre of 
downstream directions. 

April to September 
The observations are much less consistent than for April possibly 
as a consequence of thawing. Some upslope movements are observed 
but downslope movements prevail particularly at Sta 3+o00 (-14 mm) 
and at 3+500 (-10 mm). The movements parallel to the centreline 
also tend to be in the downstream direction with the largest 
movement being observed at Sta 2+100 (-19 mm). 

Overall 
With exception of one statiun (1+900) all points have moved 
downslope towards the canal centreline. Further, with exception of 
station (0+400) all points have moved in the downstream direction. 
Of particular note are the following: 

Sta. Perpendicular* Parallel* 
2+100 -12 mm -19 mm 
2+900 -26 mm -13 mm 
2+950 -13 mm -1 mm 
3+000 -39 mm -4 mm 
3+200 -8 mm -18 mm 
3+500 -21 mm -6 mm 

* (-)ve sign indicates movement in downslope (towards the centre of 
the valley) or downstream directions. 
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These movements are consistent with the observed settlements 
reported above (except 2+100 which has heaved significantly). The 
movements parallel to the canal centreline in the downstream 
direction particularly in the vicinity of Sta. 3+000 are an 
indication of the influence of overall slope topography in addition 
to canal cut orientation and they are suggestive of overall slope 
movement rather than canal bank instability. These conclusions are 
completely consistent with those resulting from analysis of the 
vertical movements and with prior knowledge of the geology • 

(ii) Canal Dyke 

December to April 
The movements are generally small and in the downslope or 
downstream directions. The most significant horizontal movements 
were observed at Sta 2+900, 3+000 and 3+130 where the movements 
were as follows: 

Sta. 
2+900 
3+000 
3+130 

Perpendicular* 
-15 mm 
-15 mm 
-12 mm 

Parallel* 
+4 mm 

0 
-9 mm 

* (-)ve sign indicates movement in downslope (towards the centre of 
the valley) or downstream directions. 

April to September 
In contrast to the April trends, the data indicates that the canal 
dyke monitor points, which are generally located near the inside 
crest of the dyke, moved towards the canal centreline at many 
locations. This means that the inside crest of the canal dyke is 
moving in the upslope direction with respect to the overall slope 
albeit downslope with respect to the canal bank. It should be 
anticipated that the observed data represents the net effect of two 
movements in opposite directions, one being the overall slope 
movement in the downslope direction and the other being the canal 
bank slope movement. Therefore the observed movements may 
underestimate the actual local relative movements. 
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Some of the more significant movements' are as follows: 

Sta. Perpendicular* Parallel* 
0+400 +16 mm -6 mm 
1+530 +10 mm -2 mm 
2+200 +63 mm 0 
2+360 / +17 mm +21 mm 
3+000 +52 +18 mm 
3+550 +10 +3 mm 

* (-)ve sign indicates movement in downslope (towards the centre of 
the valley) or downstream directions. 

These observations are consistent with the dyke cracking patterns 
which were observed in August 1981 and documented in a letter which 
is reproduced in Appendix VI. In fact the areas which are showing 
significant movement are precisely the ones where cracking was 
observed in August 1981. 

Overall 
The overall movements reflect the summation of movements from April 
and September which tend to be in opposite directions due to 
differing fundamental mechanisms. Whereas it is clear that some 
general downslope movement (in terms of the valley wall) is 
occurring and is dominant during the winter months, it is also 
clear that a movement of the inside dyke crest towards the canal 
centreline during the summer dominated the overall movements of 
most of the monitor points over the past monitoring season. 

(iii) Spoil Piles 

No clear trends are evident in the horizontal movements of the 
spoil piles. The movements are generally less than 20 mm and it 
appears-that overall downslope (in terms of the valley wall) 
movement occurred up to April and then that some upslope movement 
occurred perhaps in a fashion similar to that which was observed 
for the canal dyke i.e. spreading of the piles. 
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(iv) Horizontal Movement Summary and Anaylsis 

The canal backslope is tending to move horizontally inthe direction 
of the valley wall gradient or in the direction of the canal cut 
slope gradient. '!he canal dyke exhibits a mixed behaviour with 
movement in the downslope direction (in terms of the valley wall) 
being observed up to April and movements of the inside dyke crest 
towards the canal centreline being observed from April to 
September. '!he latter movements tend to dominate overall behaviour 
at some locations. 

The largest movements were observed downstream of Sta. 1+750 
(corresponding to the beginning of prevalent permafrost) and are 
summarized as follows: 

Backslope 
Sta. 
0+400 
1+530 
2+100 
2+200 
2+360 
2+900 
2+950 
3+000 
3+550 

Perpendicular* Parallel* 
Dyke 

Perpendicula~ 
+13 mm 

Parallel* 
-5 mm 

* (-)ve sign 
the valley 

-7 mm +2 mm 
-9 mm -6 mm 

-12 mm -19 mm 

-26 mm -13 mm 
-13 mm -1 mm 

+10 mm 
-9 mm 

+63 mm 
+14 mm 
-15 mm 

0 
+l mm 
+5 mm 

+25 mm 
0 

-39 mm -4 mm +37 mm +18 mm 
-21 mm -6 mm +5 mm -5 mm 

indicates movement in downslope (towards the centre of 
or downstream directions. 

Comparis.on_ of this tabulation with that made for significant 
overall vertical movements confirms a correlation of areas of 
significant horizontal and vertical movement although the 
correlation is less marked where movements are small. 

Horizontal movement of the spoilpiles is surprisingly small and is 
not of concern. 
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3.2.3.4 Horizontal Movement Monitoring at Depth 

Inclinometer casings which had been installed in November 1981 and 

initially monitored in Dec. 1981 were monitored in March and September 

1982 which correspond closely to the times of surface monitoring. 

Inclinometer casings show the distribution of horizontal movements at 

depth which contribute to the observed surface;horizontal movement 

provided that all such movements are within the depth of investigation 

of the slope indicator (10 m). 

Plots of the observed inclinometer casing behaviour are provided in 

Volume 2. The more significant observations are summarized as follows: 

(note these conclusions assume that the bottom of the borehole does not 

move): 
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Location Backslope Dyke Spoil piles 

r-- 0+400 movement in top metre 
indicating 14 mm 
movement upslope 
March to September 

,__ 1+530 Downslope movement 
in spoilpile 
materials of about 
10 mm by September 

1+900 Slight movements Downslope movements 
downslope in Mar. up to 30 mm and 
and then upslope upstream by 12 mm 

-- to September (within top 2 m) 
(within upper 3m) 

2+100 Downslope movement by 
,.._ 12 mm within the top 

2 m. 

2+900 {Lower) 
Slight movement down- Downslope move- Downslope movement 
slope to March then ment March and in foundation of 
17 mm upslope move- September. (6 mm) spoilpile. Down-
ment to September; 13 (within upper 3m) stream movement in 
mm downstream move- top 2 m March to 
ment March to Sept. September. 

,..._ (within upper 2 m) 
,__ (Upper) 

6 mm upslope and 14 
mm downstream Mar. 
to September within 
upper 2 m. 

3+000 Slight movements Upslope movement 
- downslope and up- 25 mm towards 

stream within the canal March to 
upper 5 m. September. 

,_ 
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The observations indicate that there have been no large movements. In 

the backslope there appears to have been slight downslope movements from 

December 1981 to March 1982 with subsequent upslope movements from March 

to September. These upslope movements are surprising but usually arise 

in the upper few metres and are believed to be related to thawing during 

the summer months. At Sta. 2+100 downslope movement of the backslope is 

indicated consistent with observed surface movements. 
f 

Movements of the canal dyke are generally small: at Sta. 1+900 and 

3+000 movement of the dyke crest towards the canal centreline is 

indicated during the summer months; at Sta 2+900 a general albeit 

slight downslope movement is indicated consistent with surface 

monitoring at this location. In spite of these small movements, 

however, the slope indicator casing at Sta. 3+000 on the canal dyke 

required some special attention. The December set of readings (for 

incremental settlements) indicated that installation CD 29-3+000 was 

frozen below a depth of about 7 m. While this may indeed be the case an 

alternative explanation could be that the inclinometer casing has 

sheared at this depth. Melting of the ice in the casing using 

antifreeze or equivalent should be attempted to ensure that the casing 

remains intact and that the casing has not been sheared. 

Horizontal movements at depth in the spoil piles are surprisingly small 

except near surface where freeze-thaw is active. 

3.2.3.5 Vertical Movements at Depth 

The incremental settlement data is presented in Volume 2 and summarized 

on Table 4. Interpretation of some of the data has been necessary to 

eliminate imperfect instrumentation errors and obvious observation 

errors which are prone to occur. Some of the data cannot be explained 

and it is surmised that such data defines the accuracy of the method. 
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For example heaves of about 10 mm have been noted at depth at Stations 

0+400 and 0+990 of the canal dyke and at Sta. 1+530 of the backslope 

in spite of continuous thaw throughout 1982. Nevertheless, it is 

possible to note some trends in the data particularly where movements 

are relatively large. 

As shown on Table 4 the annual total average s~ttlement within the upper 

2 m of the backslope is about 35 mm with most of this settlement 

occurring between June and September. This movement is much greater 

than that for a similar depth interval observed at the canal dyke (2 mm) 

and somewhat greater than that at the spoil'piles (23 mm). Furthermore, 

it is much greater than the surface movements observed for the hub 

installations (average 3 mm,heave). Observations within the upper 2 m 

reflect relative movements of a surf ace casing and the first settlement 

ring implanted at about a 2 m depth. Therefore movements of the surface 

casing which may be a consequence of active layer freeze/thaw, of 

borehole backfill settlement or of permafrost thaw around the casing 

will be included in the incremental movements observed for the upper 

depth interval (this extraneous effect could be eliminated by surveying 

the casings). Such movements appear to be responsible for the large 

movements recorded for the upper depth increment particularly where the 

surficial soils are ice rich or loose as is the case in the backslope 

and in the spoil piles respectively. Observations for the canal dyke do 

not indicate large settlement within the upper 2 m because the reference 

casings are well anchored in engineered fill. 

Examination of Table 4 also incidates that the incremental settlements 

at depth observed for the spoil piles are relatively large. The average 

settlement from depth 5 to 10 m for the three spoilpile locations is 

indicated to be 124 mm for the I year (approx.) monitoring period. The 

5 to 10 m depth interval tends to include the base of the spoil pile and 

its upper foundation strata which remained frozen at about -0.4°C 
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throughout 1982. The data therefore infers that the observed 

settlements result from compression of frozen materials near the base of 

the spoil pile and within the upper few metres of the unstripped natural 

ground. These indications are quite credible in view of the tendency 

for snow and debris to have been buried at the base of the spoilpile and 

in view of the ice rich materials which tend to occur within the upper 

two metres of the natural soil profile. 

Average vertical movements at depth indicated for the backslope and for 

the canal dyke are small although over the one year monitor period all 

movements are settlements. For the backslope a compression of 4 mm is 

indicated from depth 2 to 5 m (see Table 4). For the canal dyke a 

compression of 7 mm is indicated from depth 3 to 10 m. 

Attempts to explain local short term incremental movements on the basis 

of thermal changes and freeze/thaw have been unsuccessful and the 

changes between the observation months may be more observation error 

than real. However, as mentioned previously it should be expected that 

any individual observation may be in error by as much as 10 mm. When 

such observations are averaged, however the errors are reduced in 

inverse proportion to the square root of the number of observations. 

The number of observations used to generate the average annual totals on 

Table 4 is 7 for the backslope, 8 for the canal dyke and 3 for the 

spoil piles. Hence, if the expected error for any given ob$ervation is 

about 10 mm the expected error for the average annual totals would be 

about 4 mm for the backslope and canal dyke and 6 mm for the spoil 

piles. 

Direct comparison of the incremental settlement ring observations with 

the surface movement hubs must be done with caution since the rings have 

been monitored for nearly a full year and the hubs for only 8 months. 

The hubs are believed to be subject to frost heave and the reference 
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casings for the rings have been shown above to be moving. Finally 

movements at great depth are not reflected by the ring installations 

whereas the surface monitoring reflects total movement. 

With respect to general trends the settlement rings confirm the trends 

flagged by the surface hubs. In general, the spoil piles have typically 

settled about 100 mm; the canal dyke and the Qackslope have settled on 

average less than 10 mm. The significant movements at Sta. 3+000 are 

confirmed by each method. However, there are a few differences 

primarily for the reasons cited above. 
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3.2.4 Canal Piezometric Regime 

The canal piezometric regime is monitored by 9 piezometers in the 

backslope and 21 in the canal dyke. In addition 9 supplementary 

piezometers were installed in the backslope in the vicinity of Sta 2+100 

in May 1982. Most of the piezometers are pneumatic. All locations are 

shown on Figure 1. 

The piezometer observations for the canal are summarized in Volume 2. 

In general, the pore pressures are low and indicate good underdrainage 

of the backslope and the canal dyke. Seasonal peaks are often seen in 

May for the shallow piezometers situated at an elevation approximating 

that of the canal bed. Of particular note is piezometer #358 at 

Sta. 0+710. Some cyclic seasonal behaviour is also seen at depth. 

Some piezometers are indicating anomalously high pore pressures. As 

mentioned previously pneumatic piezometer #347 in the canal backslope in 

the vicinity of Sta. 2+100 indicated excessively high pore pressures 

beginning in March 1982 and concern about these high pore pressures lead 

to the examination of the area in detail in May 1982. Some of the 

pneumatic piezometers installed in the latter program have responded 

similar to #347 (viz. #058, #067) but other piezometers installed in 

the same program exhibit more reasonable behaviour [e.g. #065 (Sta 

2+070), 0055 (Sta 2+100), #057 (Sta 2+130)]. A standpipe piezometer 

which was installed within about 1.5 m of #347 has remained dry at all 

monitorings since installation. These facts have lead to the hypothesis 

that the high pneumatic pore pressures indicated in the backslope in the 

vicinity of Sta. 2+100 are fictitious probably as a consequence of the 

discontinuously frozen environment in which they are installed. Studies 

of the behaviour of a freezing pneumatic piezometer under conditions of 

constant hydraulic head and controlled temperature have been conducted 
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in Golder Associates' l~boratory and tend to confirm this hypothesis 

(see Appendix VII). The same testing has also indicated that the 

freezing of a dry piezometer leads to essentially zero pore pressures 

which may be the reason that several piezometers downstream of Sta 1+700 

give essentially zero readings. 

The high seasonal pore pressures however which;are indicated in the 

backslope at Sta o+710 and to a lesser extent at Sta o+960, are consid­

ered to be real because the piezometer tip environment in each case is 

unfrozen. The higher pore pressures are probably a response to surf ace 

runoff at these locations and indicate a potential for gullying and 

erosion over the long term. 

3.3 DAMS 

3.3.1 Introduction 

The Intermediate and Cross Valley Dams were constructed during the 

summer of 1981. Zoned earthfills were constructed at each location with 

a central till core being used as the principal water barrier. This 

core extended downwards beneath the general foundation subexcavation 

grade by a few metres. At the Cross Valley Dam an upstream blanket was 

constructed which extended approximately 90 m upstream of the dam 

centreline. 

The dams traverse the Rose Creek Valley which has been infilled with up 

to about 60 m of variable sand and gravel alluvium although the 

stratigraphy also includes till and silt strata. The south abutments of 

both dams appear to have a till/colluvial origin with shallow bedrock 

occurring at the Intermediate Dam south abutment. The north abutments 

tend to have a glacio-fluvial origin. 
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Occurrences of permafrost have been noted in the south abutment of the 

Intermediate Dam, in both abutments of the Cross Valley Dam, and in the 

upstream blanket foundation area upstream of the toe of the dam • 

3.3.2 Pond Impoundment Records 

Detailed records of the pond filling rates and;the computed impoundment 

storage are presented on Figure 4 for both the Cross Valley and 

Intermediate Dams. The computed storage rates are based on post 

construction valley sectioning at about 60 m intervals and they do not 

include any allowance for saturation of the geologic materials in the 

valley walls or in the dams. 

The computed storage rates re~lect inflow to the system from natural 

groundwaters, from surface runoff and from the tailings discharge line. 

Further, as pond elevations rise it is clear that the pond storage rates 

decrease as a consequence of increased seepage. (In the final stages of 

filling of the Intermediate Dam the storage increases as a result of the 

rising Cross Valley Dam pond and the consequent decrease in seepage due 

to decreased head difference across the Intermediate Dam). 

3.3.3 Cross Valley Dam 

3.3.3.1 Introduction 

The Cross Valley Dam began to impound water in October, 1981 as a 

consequence of natural groundwater seepage and subsequently of seepage 

resulting from the impoundment of the Intermediate Dam. The reservoir 

level rose steadily until about mid-March when the Intermediate Dam 

surface decant started to flow. Subsequently, the reservoir rose at the 

relatively rapid rate of about 3.5 m in 25 days. Throughout the balance 

of 1982 the reservoir was maintained full at about El.1063.2 except for 
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small changes of about 0.15 m occasioned for groundwater chemistry 

control measures in late November and December (see Appendix VIII). 

During March, April and May the piezometers, thermistors and pond levels 

were measured on approximately a weekly schedule to ensure that consis­

tent behaviour of the system was occuring. A set of V-notch weirs were 

also established at the downstream toe of the qam and have been 

monitored on a routine basis since March. 

Scheduled observations were also taken in late May and late August. 

Additional supplementary readings were obtained in July and December at 

the request of Golder Associates. 

Movement monitoring was conducted by Underhill Engineering Ltd. in April 

and September. 

3.3.3.2 Movements 

A stunmary of the horizontal and vertical movements observed at the Cross 

Valley.Dam are reported on Table 5. 

In general, horizontal movements have been within the 95 percent error 

ellipses (see Volume 2) and as such are insignificant. There appears to 

be some consistent indications, however, of movement in a northward 

direction parallel to the axis of the dam. This trend is also observed 

to a lesser extent at the Intermediate Dam suggesting that it is a 

regional movement of the valley walls or a consistent survey error. 

Vertical movements of the Cross Valley Dam have been monitored using 

reinforcing bars implanted at surface, movement monitoring hubs similar 

to those which were used on the canal, and settlement plates which were 

placed at the base of the fill during construction. Monitoring of these 
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installations can therefore give an indication of the degree of compres­

sion of the embankment fills as a result of impoundment. 

Examination of the settlement plate data in Table 5 indicates that on 

average the dam foundation settled by about 14 mm from December to April 

and by about 6 mm from April to September. A decreasing rate of founda­

tion settlement is to be expected and the results are very consistent 

with previous settlement observations as shown 1on Figure 5. In general 

areas of greatest current foundation settlement coincide with the areas 

of greatest previous settlement. 

The surface settlement of the dam which includes both foundation and 

fill compression is indicated by the reinforcing bars and the movement 

hubs as shown on Table 5. These types of installations are both subject 

to frost heave effects although the movement hubs are designed to 

eliminate such effects within the upper 1.2 m. Therefore the actual 

amount of settlement couLLl>e slightly greater than that indicated. 

Interestingly there is not a significant difference in results from the 

two types of installations. The surface settlement from December to 

April averaged about 11 mm and from April to September about 22 mm. 

Comparison of the average surface and foundation settlements indicates 

that: 

(i) From December to April the surface and foundation settlements 

were about equal although the surface settlement at Sta.0+570 

is anomalously and substantially less than the foundation 

settlement perhaps as a consequence of frost heave. 

(ii) From April to December, when the major' impoundment of the dam 

was occurring the surface settlement exceeded the foundation 

settlement by about 19 mm indicating that a fill compression 

of at least this amount occurred due to inundation. 
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3.3.3.3 Thermal Regime 

The thermal regime is monitored by thermistor strings in the north and 

south abutments and in the foundation of the dam. Unfortunately, a 

thermistor string which was installed in the upstream blanket foundation 

was lost when the reservoir was filled (the lead was heaved upwards by 

the rising ice cover). 

The chronological isotherm plots are presented in Volume II. 

At the north abutment permafrost has been observed between El.1055 and 

El.1075 (or the base of the active layer whichever is lower). Impound­

ment of the Cross Valley Dam to an elevation of a about 1063.5 therefore 

may affect the lower boundary of the permafrost layer. Indeed this 

would appear to be the case as indicated by the thermistor strings 79-20 

and CVDCl - 0 + 050. At each of these installations a marked rise of 

the 0°C chronological isotherm is noted in early June corresponding to 

the delayed effect of reservoir impoundment. As of December 1982 the 

base of the permafrost appears to have risen to an elevaton of 1058.5 at 

location 79-20 and to about 1061 at location CVDC1-o+50. The piezo­

metric elevations at these locations are about 1052.8 and 1055.5 

respectively. 

The thermistor string installation in the foundation of the dam at Sta. 

0+350 shows a general warming trend probably as a consequence of seepage 

flow beneath the dam. Tracing of seepage flow paths by interpretation 

of the thermal distribution does not appear possible as yet due to tran­

sient response to the initial temperature distribution. Clearly there 

is no permafrost in the foundation in this area although the foundation 

of the upstream blanket is expected to be undergoing appreciable thaw. 

Indeed it is unfortunate that the thermistor string in the upstream 
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blanket area at this location was unavoidably destroyed (see discussion 

on blanket foundation thawing in Piezometric Regime below). 

There is little if any evidence of thawing of the permafrost at the 

south abutment of the dam ~n spite of permafrost presence ranging from 

El.1045 and El.1061 (elevations vary depending on ground surface 

elevations). (See chronological isotherms CVDC11-o+645, CVDT4-o+630, in 

Volume II). However, the installation at the ~oe of the dam is showing 

thaw in its bottom thermistor (El.1044) as of mid-May, 1982. 

3.3.3.4 Seepage Flow Observations 

The flows measured by the three V-notch weirs installed in March are 

summarized in Volume 2. These weirs are located in the toe drain at the 

downstream toe of the Cross Valley Dam see Figure 1 and 2 and collect 

seepage as follows: 

Weir #1 - measures seepage from north abutment up to about Sta.o+215 

Weir #2 - measures flow from Weir #1 plus seepage from Sta.0+215 to 0+380 

Weir #3 - measures all seepage reporting at the toe of the dam and 

flowing downstream into the drainage ditch. 

The flow measurements clearly indicate a strong seasonal behaviour part­

i cula~ly with respect to the flow observations at the north abutment. 

The peak total sum.mer seepage in July ws about 3300 i.g.p.m., almost 

1000 i.g.p.m. more than the November 1982 flows. It is noted that the 

seepage flows in December may be artificially low due to the closure of 

the Cross Valley Dam decant in late November. Indeed the seepage flow 

chemistry (which is outside the terms of reference of this report) would 

appear to confirm the contention that a significant amount of seepage at 

the north abutment originates from the decant over the dam. 
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Examination of the seepage flow increments (i.e. weir #1, weir #2 - weir 

#1, weir #1 - weir #2 as shown in Volume 2) suggests that a signifi­

cantly greater amount of water is being collected between weir #2 and 

weir #3 probably as a consequence of more permeable foundation materials 

in this area. The variations in the incremental flows are probably due 

to measurement difficulties. In particular the incremental seepage flow 

between weir #2 and weir #3 is computed as theidifference between two 

large numbers which are imprecise in themselves. 

The seepage flows collected and reporting at the weirs are believed to 

represent a major proportion of the seepage by the Cross Valley Dam. A 

few boils may be observed in the abandoned Rose Creek channel and 

adjacent to the toe drain but the actual flows are not in significant 

quantity.· 

3.3.3.5 Piezometric Regime 

Piezometric cross-sections have been established at each of the north 

and south abutments and approximately at Sta. 0+210, 0+360 (partial), 

0+450 and o+570 (see Figure 2). In addition to scheduled monitoring the 

piezometers have been extensively monitored during filling and on a few 

other occasions when additional data was deemed necessary. The 

piezometer observations are reported in Volume II. 

During impoundment the piezometers increased regularly and in approxi­

mate proportion to the reservoir head. When impoundment was complete, 

however, the piezometers continued to rise slightly until they peaked in 

about July and decreased slightly thereafter. The piezometer peaking in 

July corresponds well to the peaking of the measured seepage flows at 

the toe of the dam suggesting that the piezometer peaking is related to 

seasonal groundwater regime variations. Nevertheless it must be 
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realized that the set of piezometric observations taken in July were 

recorded by different personnel than for other monitorings. 

Analysis of the piezometric regime at full impoundment has been made 

previously. Memoranda pertinent to this subject are reproduced in 

Appendix IX. These memoranda were written prior to the most current 

observations in December. The consistent decrease in piezometer levels 

and flows in December further alleviate the co~cerns raised in these 

memoranda. 

The reported freezing of the pneumatic piezometers at location 81-126 is 

surprising in view of the tendency for thawing of the base of the 

permafrost upon impoundment and in consideration of the more than year 

long record of obervations without freezing. 

The loss of the leads to the two piezometers in the upstream blanket 

area in the vicini_ty .of _Sta. 0+360 was unfortunate because these would 

have been useful in the observation of the performance of the secondary 

blanket upon thaw of its foundation. The maximum recorded thickness of 

permafrost in this area was about 10 m. Computations of thaw thickness­

es by heat conduction from pond water at temperatures of about 4°C 

indicate that about 1.5 m of permafrost will thaw in the first year 

adjacent to such heat sources. For complete conductive thaw of the 

permafrost a 50 year time period is estimated. However, it is conceiv­

able that much more rapid thaw will occur due to convective heat trans­

port by seepage into the blanket foundation and that thaw of the blanket 

foundation permafrost could be complete within 10 years. The impact of 

thus thaw on the piezometric regime and seepage cannot be reliably 

predicted but the fact that such thaw will continue to occur over the 

next several years is sufficient basis for continued careful monitoring 

of the dam. 
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3.3.4 Intermediate Dam 

3.3.4.1 Introduction 

Impoundment of the Intermediate Dam began in December, 1981 when the 

dewatering pumps upstream of the dam were shut off. Thereafter, the 

reservoir rose at a regular rate in response to the tailings line 

discharge and the influx of groundwater to the tailings pond. In March 

tailings deposition was initiated in the reservoir by decanting slime 

thickened flow from the previously existing tailings dam. The 

deposition of the tailings was controlled in the sense that a small dyke 

(approx. 4m high) was constructed across the abandoned Rose Creek 

channel (opposite Sta 1+200 of the diversion canal) to trap the slimes 

which decanted from the filtration/sedimentation pond system downstream 

of the existing pond decant (see Figure 1). Deposition of tailings 

ceased on about 4 June, 1982--when the milling operation was shut down 

indefinitely. However, the reservoir was subsequently maintained at 

full elevation (1066.5) throughout the balance of 1982 by nominal mill 

discharge of clean water, and by runoff and groundwater from the valley 

walls. 

The decant of the Intermediate Dam was closed in late November thereby 

raising the pond elevation by about 0.3 m (see Appendix VIII). 

Aside from the detailed monitoring of the dam during impoundment the 

instrumentation was monitored on the schedule required by the water 

license. This dam was monitored less frequently and has less 

instrumentation than the Cross Valley Dam because it was designed to 

function as a tailings dam with tailings on its upstream side shortly 

after initial impoundment. 
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3.3.4.2 Movement Monitoring 

A tabulation of incremental movements observed for the 3 movement hubs 

and single rebar installation is provided on Table 6. These results are 

computed from data obtained by Underhill Engineering in April and 

September in comparison with original December 1981 data. 

j 

The horizontal movements generally have a strong component parallel to 

the dam centreline and towards the north valley wall. This trend, 

although more subdued here, was also noted for the Cross Valley Dam and 

may be the consequence of regional movement or survey error. Movements 

perpendicular to the centreline are essentially nil which is not 

surprising in view of the location of the hubs at the downstream toe of 

a relatively low embankment (about 5m high). (The rebar at Sta. 0+350 

is installed on the dam crest.) 

Vertical movement monitoring shows a definite trend for heave from 

December to April and a minor amount of subsequent settlement to 

September. The installations on the terrace (Sta 0+100 to o+450 

approx.) tend to indicate small net heaves overall perhaps as a 

consequence of jacking of the installations by frost heave. The hub 

installations appear to be as prone to this phenomenon as, the standard 

rebar station. In the high fill area (Sta o+630) settlements are more 

noticeable although subdued in comparison with those at the Cross Valley 

Dam. Evaluation of the fill compression is not possible because the 

settlement plates were not observed in 1982. 

Although not specifically monitored or instrumented, a minor amount of 

cracking of the dam fill was noted locally at the west side of the south 

abutment (south of the decant). This cracking appeared to be due to 

subsidence of the fill at the abutment. This may be caused by thaw of 

permafrost or by local piping of the fill by springs. It is not 
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considered to be of immediate concern but demands careful examination 

periodically to ensure that progressive degradation is not occurring. 

3.3.4.3 Seepage Flow Monitoring 

Because the downstream toe of the Intermediate Dam is inundated to an 

elevation of about 1064 and the valley bottom }ies at an elevation of 

about 1052, it is impossible to assess the seepage reporting at the 

downstream toe of the dam. 

3.3.4.4 Thermal Regime 

The thermal regime is monitored by a single thermistor string at the 

south abutment where permafrost was believed to exist at the time of 

construction. Chronological isotherms for this installation (ID7-0+740) 

are presented Volume II. 

Inspection of the data clearly indicates a complete degradation of all 

permafrost by late August. Further the temperatures are such as to 

indicate a strong influence of seepage from the pond on the thermal 

regime of the south abutment. Temperatures of about 4 to 5°C at an 

elevation of about 1064 must reflect seepage water temperatures which in 

turn reflect reservoir temperatures. 

3.3.4.5 Piezometric Regime 

The piezometric regime at the Intermediate Dam is monitored by dual 

standpipe piezometers at the toe of the low embankment (5m high) which 

were installed at 5 principal locations along the dam. In addition 

three pneumatic piezometers which were installed during construction 

monitor the pore pressures in the high fill zone in the vicinity of the 

abandoned Rose Creek channel. Data for all installations is provided in 

Volume II. 
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The artesian conditions which are observed at Sta o+240 are surprising 

in view of the substantial seepage cutoff which has been installed on 

the upstream face of the dam to considerable depth. This artesian 

condition however, is prevalent over much of the area downstream of the 

main embanlanent (from about Sta. 0+215 to about Sta 0+300, see 

Figure III-5, Appendix III) and appears to originate from deep permeable 

layers rather than from seepage through the da~ proper. No significant 

development of a surface of seepage on the downstream face of the 

embanlanent has been noted. 

Similar conditions to those at Sta o+240 are observed at Sta o+450 where 

the pressures are not adequate to be observed at surface due to a higher 

downstream berm elevation. 

At Sta o+630 many of the piezometers are grouped at about the same 

elevation in spite of differing locations with respect to the core. It 

is noted that piezometer Pl is situated within the silt foundation of 

the dam. The sizeable difference in head between Pl and the pond may be 

a consequence of the use of till fill for the upstream zone of dam at 

this location. The same cannot be said for the installation ·at Sta 

0+690 where the upstream zone was less consistent till and the silt 

foundation of the dam was less prevalent. Consequently, P4 indicates a 

piezometric head much closer to the reservoir elevation. At both 0+630 

and o+690 the piezometers downstream of the core closely approximate the 

tailwater elevation although the most recent observation of P4 at Sta 

0+690 shows an increasing trend which should be checked. 

The piezometric regime at the south abutment requires some attention as 

both bedrock and permafrost were exposed in this area during 

construction. As shown in Volume II the piezometric readings had not 

reached an equilibrium as of the most current readings in late August. 

Further, piezometer IDS which is located between ID7 and ID9 indicates a 
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piezometric elevation o~ 1065.5 which is higher than that at ID7 (1065) 

despite being downstream of ID7 and downstream of the central core. 

This condition could be artificial and tentative due to the lack of 

equilibrium measurements but it could also be the result of seepage 

through highly permeable bedrock. If the latter prognosis is correct 

some potential for south valley wall instability exists downstream of 

the dam where seepage exits. 

The increasing piezometric conditions at the south abutment are also 

worthy of note. Although the majority of piezometers on this dam 

indicate subdued if any peak shortly after full impoundment the south 

abutment piezometers continue to increase to August. The lack of peak 

may be a consequence of a lack of data from late May to August in that 

these observation events may have straddled a peaking seasonal influence 

in July similar to that postulated at the Cross Valley Dam. However, 

the increasing piezometric levels may also reflect the thawing of 

permafrost which thermistor string ID7 indicates was complete by July. 
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4.0 SUMMARY 

4.1 Diversion Canal 

The various components of the canal appear to be behaving satisfactori-

Some gullying in the canal backslope has been observed and remedial 

J
' ly. 

armouring of such gullies is recommendedA 

I 

Canal construction does not appear to have prec:Iyitated significant 

permafrost degradation in the canal backslope./ Annual freeze-thaw 

depths vary from 1 to 2 m and the temperatures at depth agree closely 

with preconstruction data. The permafrost beneath the canal dyke 

however, appears to have been noticeably degrade~ at sev~aJ locations 

grobably as a conseguence of s~epa~~ ftOJU the canal and the stripping of 

the natural ground beneath the dyke. Seasonal freeze-thaw depths at the 

canal dyke and also in the excavation spoil piles are typically about 4 

to 5 m. 

/ 
Movements of the canal components are generally small. The largest 

surface displacements were observed on the canal dyke in the vicinity of 

Stations 2+300 and 3+000 and appear to occur during summer thaw. At 

Station 2+200 the crest of the dyke is indicated to have moved as much 

as 63 mm towards the canal centreline with an accompanying vertical 

settlement of as much as 96 mm. At Station 3+o00 the crest of the dyke 

is indicated to have moved about 52 mm towards the canal centreline with 

an accompanying vertical settlement of about 35 mm. Although the Sta. 

2+200 area is not monitored by slope indicators and incremental 

settlement instrumentation, such installations in the vicinity of Sta 

3+o00 indicate that the movements are relatively deep seated but within 

the upper 4 m. If these observations are correct, surface cracking or 

other evidence of deformation should have been visible during the summer 

of 1982 just as it was in 1981. Such cracking was not noted by Cyprus· 
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7 
Anvil personnel. 

Significant movements, although somewhat less than those for the canal 

dyke, were also observed in the backslope and in the spoil piles. The 

largest movement in the backslope was noted at Sta 3+000 where a 

horizontal downslope movement of about 39 mm was measured with a 

vertical settlement of 29 mm. The depth monit9ring instrumentation 

again indicates that these movements are generated within the upper 5 m. 

Lesser movements in the backslope were also observed at Sta 2+900 and at 

Sta 2+100. 

The spoil pile instrumentation has generally shown sizeable settlement 

which results from compression of frozen spoil and of the spoil pile 

foundation as well as from the thaw of originally near surface 

materials. These settlements (up to 133 mm) do not appear to be 

accompanied by large horizontal movements although many of the latter 

are significant. 

Piezometric observations along the canal route generally support the 

hypothesis that the canal is underdrained. Piezometers in the backslope 

in the vicinity of Sta o+710 and Sta 0+990 show a marked response to 

spring runoff and therefore these areas should be expected to form gul­

lies ~n the long term. High pore pressures indicated in the backslope 

in the vicinity of Sta 2+100 appear to result from the freezing of 

pneumatic piezometer tips in the presence of water. On the other hand, 

pneumatic piezometers which have never been wetted and have been 

installed in permafrost exhibit an essentially null pressure condition./ 

4.2 Cross Valley Dam 

Settlement and movement of the Cross Valley Dam has been slight since 

the completion of constructi°:j' About 16 mm of settlement is attributed 
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to compression of the e~bankment fill upon reservoir impoundment. 

Insignificant horizontal movements tend to be in the northerly direction 

parallel to the dam. 

Degradation of 

A minor amount 

µid €(~/ r,.rJf ft.s /.kv-f/? 
permafrost at depth is occurring at the notth abutment. ~ 

of degradation has been observed at the south abutment. ~ 

\ 
The volume of seepage collected by the toe drain and piezometric levels 

appear to have peaked in about July as a consequence of seasonal 

\ 

\ 
I 

groundwater discharge. The observed July total seepage flow was 3300 

i.g.p.m.; currently 2200 i.g.p.m. is being observed. Seepage from the 

decant is also believed to contribute to the north abutment seepage 

flow. The piezometers in the vicinity of Sta o+570 indicate a regime 

different from that observed north of that location. Degradation of J 

permafrost beneath the upstream blanket in the vicinity of Sta Ot-360 is J 
expected to continue for several years and this may impact both observed/ 

flows and piezometric conditions in the long term. 
-fl /_ ,.,J 

/ .. ""' u le) (,.YI '"' ~ r.,..· 
4.3 Intermediate Dam UJ { ,~ll"'° 

Settlement and movement of the Intermediate Dam followed the same trends 

as discussed for the Cross Valley Dam except that lesser magnitudes of 

movement were observed. The largest surface settlement of the 

Intermediate dam was about 16 mm with a negligible amount of horizontal 

movement occurring albeit in a direction consistent with those observed 

at the Cross Valley Dam. 

Some degradation of permafrost occurred at the~s~o~u~t~h::.::..-~.;;....;..;.;.;;...;.,.--... 

as a consequence of seepage. The piezometers in the south abutment did 

not appear to have peaked as of the most recent observations in August 

and there is a need to define the current piezometric regime in view of 

the permafrost degradation. Further, at the south abutment, the 
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piezometer downstream o~ the core shows a higher elevation then the one 

upstream of the core suggesting that there are local hydraulic 

connections in the bedrock. 

Slight artesian pressures have developed in the vicinity of Sta 0+300. 

These pressures have probably resulted from permeable layers beneath the 

depth of upstream core cutoff and are a consequence of the high 

tailwater imposed by the Cross Valley Dam reservoir. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Remedial Works and Inspection Program 

5.1.1 Canal 

822-2021 

Erosion and gullying in the canal backslope should be prevented as soon 

as possible by armouring to preclude loss of c9ntrol of permafrost 

degradation and to preclude meandering of the canal as a consequence of 

sediment deposition in the adjacent canal. If such action is not 

undertaken soon, access along the backslope will become extremely 

difficult and costly. It is recommended that broadly graded class IV 

type armouring (D50 = 200 mm) or equivalent cobbly gravel be used as 

armouring materials. 

Maintenance of the weir structures and armouring of the hydraulic cross 

sections should be undertaken on the basis of careful visual inspections 

which define areas of active erosion and areas where the riprap is being 

undermined. It is noted that Hydrocon Engineering indicated in their 

report (see Appendix IV) that the last 5 weirs require minor modifica­

tion. Hydrocon also identified other areas which require attention • .___... 

5.1.2 Dams 

Current closing of the Intermediate Dam decant has resulted in flow over 

the emergency spillway. The emergency spillwaysiire not designed for 

such operation and the performance must therefore be regularly and 

carefully monitored. All temporary installations which may be 

undertaken to control reservoir levels should be monitored carefully. 

Breach of such installations may result in accelerated erosion and 

precipitate a need for maintenance. The spillway structures are 

designed for short term emergency flows only and such flows may result 

in a need for maintenance depending upon the magnitude and nature of the 
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flow. Further, rapid changes in pond levels are not desirable from 

point of view of general slope stability. 

Erosion of materials at seepage emergence points does not appear to be a 

problem. The boils and springs which have been noticed downstream of 

the Cross Valley Dam appear to be a consequence of local silt beds and 

progressive deterioration has not been observed. However, should such 

deterioration be noted a clean sand and gravel 1berm may be required to 

filter these seepage discharges. The occurrence of new springs or boils 

should be reported immediately to Ggld~r • .A§~~a.t..e.s.... 

The surface of seepage which has developed in the vicinity of Sta o+300 

of the Intermediate Dam should be monitored closely for any indication 

of deterioration. If seepage increases and erosion occurs additional 

clean sand and gravel fill should be placed on the downstream berm area 

(up to about 2000 m3). 

At the southwest corner of the Intermediate Dam south abutment, a -transverse tension crack has developed in the decant berm/thermaf.~~~~ 

This phenomenon may be the consequence of local piping of thawed 

permafrost and therefore demands careful inspection. Continued slumping 

in this area may dictate a need for a downstream blanketing of the 

;natural slope with clean sand and gravel particularly if the 
1 I 

Intermediate Dam reservoir is raised without the benefit of tailings in 

the reservoir. The situation could also worsen as a consequence of 

south valley wall thaw. 

5.2 1983 Instrumentation Monitoring Schedule 

The 1982 monitoring schedule followed that which was proposed by Golder 

Associates in 1981 when the monitoring program was initially conceived. 

Additional supplementary observations have also been taken as requested 

by Golder Associates. 
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The initial monitoring schedule was conceived on the basis that the Down 

Valley system would respond to seasonal variations and that it was 

necessary to define such seasonal response to understand the behaviour 

of the various structures. It was therefore considered necessary to 

examine the thermal and piezometric regimes at times of extreme seasonal 

frost penetration, at times of extreme thaw, and at times of extreme 

runoff and groundwater flux. The movements of ithe structures in 

response to such changes were also of interest with respect to the 

interpretation and prediction of long term movements due to construction 

in a discontinuous permafrost area. 

After a year of comprehensive monitoring, the practical value and detail 

of continued monitoring must be examined. Seasonal trends have been 

established. Many areas have been identified as being inactive over the 

past year and it would not appear to be fruitful to monitor such areas 

on a more frequent time basis than yearly. Further, certain types of 

instrumentation have been found to be diagnostic in terms of performance 

evaluation. Hence it would appear to be possible to reduce both the 

frequency and the scope of the monitoring without sacrifice of 

performance detail. 

It is recommended that all instrl.llllentation including the surf ace hubs 

which require precise survey be observed in September 1983 and 

tentatively in Septembers of ensuing years. Additional observations are 

also recommended in accordance with the following tabulation: 

(i) Canal Backs! ope Observation Month(s) Instrumentation 

BS2-o+400 March SI,PP 

BS5-o+960 March pp 

BS9-1+530 March SI,PP,T 

BSl0-1+900 March SI,T 
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BSll-2+100 March SI,T,S,PP 

82-1, 82-8 2+130 March PP,PP 

82-9 March HP 

Canal Backslope Observation Month(s) Instrumentation 

BS16-2+900 March, June SI,T 

BS17-2+900 March, June SI,T 
._ BS18-3+000 March, June SI,T,S 

(ii) Canal Dyke Observation Month(s) Instrumentation 

CD4-o+400 March T 

CD5-o+510 March T 

CD9-o+960 March pp 

CD10-o+990 March T,PP 

CD13-1+350 March pp 

CD15-1+530 March T,PP 

CD17-1+705 March T 

- CD19-1+900 March SI,T 

CD20-2+000 March T 

CD21-2+100 March, June SI,S,T 

CD24-2+365 March T 

CD25-2+460 March T .__ 
CD26-2+600 March T 

CD27-2+765 March T 

CD28-2+900 March, June SI,S,T 

CD29-3+000 March, June SI,S,T 

CD30-3+130 March T 

(iii) Canal Spoilpiles - annual readings only (September) 
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(iv) Dams 

All piezometers and thermistors should be observed on a quarterly basis 

in March, June, September and December. Seepage flow measurements 

should be observed at least monthly. The settlement plates at both dams 

should also be monitored as a part of the annual September precise 

survey. 

The schedule given above attempts to give emphasis to areas where 

changes are to be expected and where changes have occurred. The thermal 

regime beneath the canal dyke appears to be changing and hence all 
---------------·------------··---·-----~----,-
thermistors located there should be observed more frequently. 

Similarly, movements appear to be progessive in the vicinity of Sta 

2+200 and Sta 3+o00 of the canal and monitoring of such movements and 

other instrumentation is recommended in more detail. Finally the dams 

should be monitored regularly due to the possible impacts of permafrost 

degradation and to the need to monitor progressive internal erosion. 

5.3 Annual Inspection 

It is recommended that an annual inspection be made by a Golder 

Associates' project engineer who is aware of the geotechnical environ­

ment and performance concerns. This inspection should be made in July 

or August and instrumentation of particular concern should be monitored 

at this time as a check for equipment operation and observation 

techniques. / 

A report and photographic record of this site visit should be prepared 

immediately after the visit./ 

5.4 Performance 

The performance of the Down Valley structures is of relevance to both 

the short term and the long term (abandonment) success of project. 

Performance should therefore be evaluated in terms of a 20 year 

operatonal life and abandonment. ~ 
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Although the thermal regime is still reacting to the construction of the 

canal on the valley wall particularly beneath the canal dyke it would 

appear that the canal has been successfully integrated into the 

discontinuous permafrost regime/ Some maintenance with respect to 

gullying of the backslope is necessary in the near future to ensure this 

successful integration.~ 

The movements of canal elements which have been observed in the vicinity 

of Sta 2+200 and 3+000 are of some concern and deserve continued careful 

observation. These movements appear to be slow creeping movements and 

as such will accumulate with time. 

The canal dyke movements in the vicinity of Sta 2+200 appear to be in 

response to local ice rich permafrost in the foundation of the canal 

dyke; the movements are credible in view of our knowledge of the area 

but the lack of observation of cracking in the area is inconsistent with 

\the measured lateral movements of the order of 50 mm. This inconsisten­

cy requires checking due to the possibility that snow clearing equipment 

has disturbed or deflected the installations. The movements in the 

backslope at this location also demand attention although present in­

dications are that they are of lesser magnitude (10 mm). 

Progressive thaw may well be occurring in the vicinity of Sta 2+200 and 

if this is the case the movements would be expected to decrease with 

time. Further instrumentation (slope indicators) at this location 
""' 

should be CQDSidered to detepnjne more precisely the mechanism._Q_f 

movement. ----------
In the vicinity of Sta 3+o00 of the canal there are indications of 

movements in both the canal backslope and in the canal dyke. Surface 

movements indicate that over the year a downslope movement of about 40 
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mm has occurred in the ~ackslope and that a movement of the canal dyke 

crest towards the canal centreline of up to 50 mm has occurred. These 

movements appear to have developed within the upper 5 m and appear to 

occur as a steady creep irrespective of frozen or thawed condition. 

These movements therefore can be expected to continue and monitoring of 

the rate of movement over several years is recommended to define the 

scope of this problem with respect to abandonm~nt. The area should be 

monitored carefully in general for the de~).o~~n.t ... PLt-~rnaj.QL~~I1l-.£~S_:l.n_ 

~~
both the backslope and the dyke. Such cracks may lead to active 

permafrost degradation which would also lead to increased movement 

rates. 

The observed movements in the vicinity of Sta 3+opo do not preclude the 

use of a diversion canal scheme in abandonment./'However to develop a 

practical scheme the movements may need to be stopped by remedial works 

or by flattening of slopes. Further it would not seem inappropriate to 

consider a short section of tunnel if the surface problems prove to be 
-""? 

unmanageable. . t? ------ ~~"-.. - -~-~=-,=:_:_:~~~::::.-. '"·-~-
js ~~ w/it-f 15 Jw.,t~Y\./ . ~ ~=-=-=-~---~~--~~/ 

The performance of the dams appears to be satisfactory in terms of 

seepage quantity and water pressures. The behaviour of the Intermediate 

Dam south abutment demands attention with respect to piping as a 

consequence of permafrost thaw and high seepage pressures which may 

result also from the lack of tailings in the upstream reservoir. At the 

Cross Valley Dam changing piezometric conditions should be expected in 

response to permafrost degradation in the abutments and in the upstream 

blanket foundation area. These changing conditions should be monitored 

closely because increases of water pressures above the present levels 

would precipitate a need, particularly at the south abutment in the 

vicinity of Sta o+570, for remedial measures such as a drainage blanket 

or relief wells. Additional monitoring capacity could also be required 

to evaluate the scope of any problems which may develop. 
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The operation of the tailings system in the absence of tailings 

deposition results in long term conditions which were not anticipated in 

design. Experience has shown that seepage rates generally reduce as a 

consequence of direct tailings deposition against the upstream face of 

the dam or as a consequence of precipitation or sedimentation in a 

stilling pond. In essence these conditions have not existed in the new 

containment ponds and therefore it may be surm}sed that the structures 

are presently being exposed to rather severe conditions. Further the 

absence of buttressing of the south valley wall by tailings means that 

this slope has a lower factor of safety than if there were tailings but-

\ 

tressing. Consideration of all of these factors defines a need for 

I careful monitoring of the Down Valley Project in spite of mill shut-

' ..__down. 
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Backslope Canal Dyke Spoil Pile 
Station Original Status Change Status Change (Type) Status Change Definitions 

0+400 discont. DO change thawed Canal See page( 1) - - Original: Thermistors 
frozen installed during 1979 and 

0+500 - - discont. Progressive - - 1980 drilJ,ing investiga-
frozen Thaw (II) ti on programs and have 

0+710 thawed no change - - - - been subsequently 
(Goodall t destroyed. 
Creek) 

1+000 discont. discont. no change thawed Canal Seepage( I) - - Status: Ground condi-
frozen frozen (seasonal) tions at depth (5 to lOm) 

1+500 (1+320) thawed no change thawed no change (Ill) frozen no change as of November 1982. 
thawed (seasonal) - thawed temperatures 

1+700 - - dis cont. Progressive - - greater than o.o•c 
frozen Thaw (II) - discontinuously frozen• 

1+900 discont. frozen no change frozen no change '\III) frozen no change temperatures generally 
frozen between +0.5°C to 

2+000 - - discont. Canal Seepage( I) - - 0.3°C. 
frozen - frozen, temperatures 

2+100 discont. frozen no change frozen DO change (III) - - le.~s than o.o•c. 
frozen 

2+250 discont. no change - - - - Change: Change in therm-
frozen (seasonal) al conditions observed at 

2+350 - - discont. Canal Seepage( I) - - depth from November 1981 
' frozen to November 1982. 

2+500 - - thawed Canal Seepage (I) -; - - Type I, change 
(seasonal) influenced by seepage 

2+600 - - dis cont. Progressive - - from the canal 
frozen Thaw (II) - Type II, change showing 

2+750 discont. no change discont. Progressive - - progressive thaw at 
frozen (seasonal) frozen Thaw (II) depth 

2+900 discont. frozen no change dis cont. Progressive frozen no change - Type III, essentially 
frozen frozen Thaw (II) unchanged <.:to.2°c) by 

3+000 frozen no change frozen no change ( 111) - - the canal• may show a 
small seasonal 

l+luu - - thawed Canal Seepage( I) variation. 

TABLE 1 - DIVERSION CANAL THERMAL REGIME 



STATION 

0+100 
0+200 
0+300 
0+400 
0+500 
0+600 
0+700 
0+800 
0+900 
1+000 
1+100 
1+200 
1+300 
1+400 
1+500 
1+600 
1+700 
1+800 
1+900 
2+000 
2+100 
2+200 
2+300 
2+400 
2+500' 
2+600 <' 

2+700 
2+800 
2+900 
3+o00 
3+100 
3+200 
3+300 
3+400 
3+500 

Table: 2 

CANAL VERTICAL SURFACE MOVEMENT MONITORING (mm) 

BACKS LOPE DYKE 

Dec 
to 

Apr 

-2 

-3 

-7 

-5 

+2 
-9 
-6 

-3 

-7 ---

+44 

-1 

-9 
, -1 

~ +11 
' 

+7 
+1 

-3 

+1 

-9 

-4 

Apr 
to 

Sept 

+2 

+9 

-10 v 

+13 V' 

+9 

+12 V' 

+2 

+3 

+9 

... 13v 

+8 

- -2' 

-_18 I 

-265> 
-7 

""5 

-3 

TOTAL 

0 

+6 

-17 ./ 

+11 

+6 

+10 

-s 

+47 

+B 

+4 
+7 

+9 . 

-11 
+1 

-29 

-6-

-4 

< - 7 .l 

Dec 
to 

Apr 

-1 

-1 

-2 
+2 

-4 
-4 
+1 

-3 
-3 
+3 
-1 
+3 

0 

+4 

0 
-2 
-11 

0 
-: 3 
:..5 
-16 
-14 
-15 
-4' 

-~-:4-- ~ 

+2 

+7 

Apr 
to 

Sept 

-3 

+7 
''+ 1 

+12 

'+17 
---+ 6 --

+ 9 

+21 
+17 

+3 
+1 
+8 
+12 

TOTAL 

- 4 

+ 6 

- 1 .:_ = 

. + 14 .. _ 

+13 
-·+ 2 ·--

+10 

- +18-
+14 

+6 

0 
+11 
+ 12 -

+S - +9 

+6 +6 
+6 +4 -s -16 
-6 - -6---
-7 .. -: 10 

+1 - 4 
-62 -__ :-78 
-16 .-30 
-81 -~ - -96 

. _. + 1 ·-'- -- ' - 3 
,. 

~ :·;,_,,..;,._ _..:. - ,. ... 

-12 . - -s»-
+S - - ~ -37 , _ ~ -32 

-10 -25 · ~Js "'. -· 
, .. 

-9 +5 

indicates movement downwards 
"-~--

+ indicates 1nov~e~t upwards-. . 

... ~ ,. 
. : ·, -

' ;, .. 

SPOIL PILES' 

Dec 
to 

Aor 

-25 

-44 

-23 

-so 

.. ,' ..... _. 

·~-5 , 

Apr 
to 

~PD'f-

+7 

TOTAL 

-18 

-11 -SS 

-110 -133 

-44 -94 .-

,. 
,,; ,_, ~ :~ -... ~ 

. ~ 

• t 

-27 -32: ·-

.. ..,.J­

~ ~ .,,.,, ,A;"~ -.. 
-~-- -;'\.,.:.~~ .,: ',. 

~,... ,. :~.:-'f~ 

-:>:::::H:~~ 
~ ~P~ ~~:~/,Y~ ~ ~ ~- ~ 
• ~~): ~S4 :::; 

;'" --. 

- ~ .:~ 

- - ..._,, -~ 
,.. ..,.-.,. r 



. '• 

STATION 

0+100 
0+200 
0+300 
0+400 
0+500 
0+600 
0+700 
0+800 
0+900 
1+000 
1+100 
1+200 
1+300 
1+400 
1+500 
1+600 
1+700 
1+800 -
1+900 
2+000 
2+100 
2+200 
2+300 
2+400 
2+500 
2+600 

,, 2+700 
2+800 
2+900 
3+oOO 
3+100 
3+200 
3+300 
3+400 
3+500 

- 1 

Table: 3 

CANAL HORIZONTAL SURFACE MOVEMENT MONITORING (mm) 

BACKS LOPE 

Dec 
to 

Apr 

-12/0 

-2 /-1 

-13/0 

-2/+2 

-18/0 

-26/-9 
-13/-7 
-25/-4 

-9/-11 

--11/-6 

Apr 
to 

Sept 

+5/+2 

-3/-7 

+4/-6 

+8/-3 

+6/-19 

0/-4 
0/+6 
-14/0 

+1/-7 

-10/0 

TOTAL 

-7/+2 

-5/-8 

-9/-6 

+6 /-1 
. 

.: 

-12 /-19 

-26/-13 
-13/-1 
-39/-4 

-8/-18 

-21/-6 

Dec 
to 

Apr 

DYKE 

Apr 
to 

Sept 
TOTAL 

-3/+1 +16/-6' +13/-S 

+2 /+1 0}-6 

+1/0 +2/-2 

0/+2 +10/-2 

-1/+1 +S/-6 

-6/+1 -3/0 
-0 /+S +63/0 

- - 3/+4 +17/+21 

- ' . .,,. 

-15/+4 0/-4 

-15/ 0 +52/+18 

-:-12/-9 

-26/+19 

-5/-8 +10/+3 

+2/-5 

+3/-2 

+10/0 

+3/-S 

-9/+1 
+63/+5 

+14/+25 

-15/0 _;-

+37/+18 

0'+s1-s 
- ·~ ~ ,_r· -· 

.~ ..,.. ~· .. ., 

SPOIL PILES 

Dec Apr 
to to 

Aor ~eot 

+4/0 

-7/+4 

-4/0 

-5/+3 

-11/+2 

-8/+1 

+4/-8 

0/+12 

+17/+4 

0/-9 

TOTAL 

~,· -4/+1 

-3/-4 

-4/+12 

+12/+7 

' .r .. \, ~~ 
_. !'< ... -

.. ~.,. , - : 

-11/-7 

5>' 

- : ~ :.'":,. ~· ~ i' 

·---

-· --...-..;' ... ' -
~'- ... ~r 

-r'v ~ ~ 
--

I . 
+4/-3 . ~ ... ___ _ 

. J_ 

I/ 

- I}.·• _.-. 

to _cana} ~e_ntre_ l~':= ~~_;:_-:- .: .-:c::;_:d};~;~~~~::c;_: -
,: ....... -

+ 

to canal centre line. 

indicates doWnstream- or. downslope.·-.· .· ::. -~-< · ._ .. --
}.. ,. ,. - ,~,_. .. , ,,I "' 

- ~- -,--.. - ~ 

indicates upstream or upslope •. · -, _ 

< ,-. 

~ -.,._I 
, ,... - 1 

... \ y.. .. 



I 
I -- 1 . f - l 

BACKS LOPE 
Depth 

(m) Dec 
to 

Mar 

' 

- • 1 ;- +15 

Mar 
to 

Jun 

-1 

- l 

(Average of 7 loc'ns) 

Jun Sept Annual Dec Mar 
to to Sum to to 

Sept Dec Mar J'un 
I jl 

·49 +2 .. 35 

-:2 -- -- - - -- -
. ! . +4 -6 

-i-J-~ ,,. 
, (., 

- 3''-

-6 +2 +3 ·2 -4 -4,-J 
f ' 

~.,5'.- _...._ - - --- - _l_ +1 

~.!6--

i-.··7 -
I 

, '· 

Information reported is 
the average of all.readings 
taken for the time·'" intervals 
and depths· shown. 

+ indicates haave or expansion 

- indicates settlement or:. 
compression 

'j 

i-- s·-,,. All quantities reported ·are in mm. 

l ( 

', 
'I '~ 

-- '10 -

-1 

. l r~-- I 

DYKE SPOIL PILES 

Jun·. Sept Annual Dec Mar Jun Sept Annual 
to to Sum to to to to Sum . 

Sept Dec Mar Jun Sept Dec 

41 ' 
. 

-1 +l ·2 ·2 -34 .. 37 +50 -23 

__ ,__ _J_j 
---- -i--

_I_ 
1 t 
-1 + 1 -1 -5 -16 

-6 +1 -6 J --- _i_ 

-74 -8 -1 ( -42 -124 

~--~-]~ ----- -- -- --- --
,,f J ~\ ' Jw , .' I ,... 

" ':1' .. " ~ I v 

1 ' ' "f '>1 'i-

r r .I;. 
, I,. .. JABJ,El_ 4_11.YJ>Rl).GE CANAL_INCRENE?lTAL_ SETTLEMENT _OBSERVATIONS ':'.-.1982..J .. 

I, 
I l 



Station 

0 + 100 

0 + 200 

0 + 300 

0 + 400 

0 + 500 

0 + 600 

0 + 700 

Average 

Table: 5 

CROSS VALLEY DAM MOVEMENTS (mm) 

Reinforcing Bar Movement Hub settlement Plate 

Dec Apr Dec Apr Dec Apr 
to to Total to to Total to to Total 
Apr Sept Aor Seot Aor Sent 

-3 -14 - 17 
-8 -17 - 25 -8 -2 - 10 

-8 -17 - 25 - ~ ... - ---

-9 ; 
-6 -18 - 24 
-9 -17 - 26-
-15 -17 - 32 -20 -22 42 -20 -10 - 30 --22 -16 - 38 

-36 - 36 -
-7 -31 - 38 -12 -32 44 -11 0 11 - --10 -20 - 30 -
-10 -24 - 34 
-14 -30 - 44 -4 -29 - 33 -18 -11 - 29 
-15 -35 - so .-

> -' 

~ 

-11 -22 - 33 -11 -25 - 36 -14 -6 - - 20 

(a) Vertical Movements 

. ' 

+ indicates upward movement 

indicates downward movement 

~ 

station Apr Sept Total 
. -

,. 

0 + 205- -- -2 /+10 +9 / +-'1- +7 / +12 

0 + 338 o I +8 +3/-5 +3 / +3 

0 + 460 -5 / +15 +4 /+1 -1 I +16 
~ 

,/ 

0 + 568 -3 /+12 +7/-+ +4 I +11 _~-

Average -2 / +11 +6 / -1 < +3 / +10·5 -

(b) Horizontal Hovements (Movement Hub Onlyl . 
indicates movement downstream, or· towards:­
south valley wall. 

...?--.. 4. 

+ indicates movement upstream, or towards - ,. - , .. __ 
th 11 11 ,. " . --- ," , " nor va ey wa • _ _ ,. --~ __ ; ~ _ . . : __ , _" ~ >:. -, __ -< 

indic~t~~,- ~movement ·a~~stream -a~d ' _.<_~ '. -. . ~->~1 ~ y~ : 

lOmm -movemen~ ·towa_rds. north _yalley -wall~- . ,.. ~-~ "~,- r~ ~:- " -_ :E. ' 
~-------,._~~~-~;.""1-~~ - .,_ .}-_"'~ - :::0 ..,, ~ r~- • ~ ~"' • 

< - , 

-2/+10 



Station 

' 
0 + 100 

0 + 200 

0 + 300 
·• 

0 + 400 

0 + 500 

0 + 600 
.. 

0 + 700 

Average 

Table: 6 

INTERMEDIATE DAM MOVEMENTS (mm) 

-
Reinforcing Bar Movement Hub 

Dec Apr Dec Apr 
to to Total to to Total 
Apr Sept Apr Sept 

-

+7 +1 
} 

+ 8 

' 

+10 -11 - -1 

/"'\_ +11 0 + 11 
--·--., .. 
-~ 

.,/ 

- -+4 -16 - 12 . . 
: 

' 

+10 -11 -1 . +7 -s + 2 

(a) Vertical Movements · 

+ indicates upward movement 

indicates downward movement 

Station Apr Sept.· Total 

0 + 250 -4/+9 -4/-10 -8 / -1 

0 + 350 +SI +13. +3/-7 +8f+6 

0 + 450 -2/ +12 +2/-3 

. 0 + 627 -1/+2 -1 / +3 _, -2/ +5 ~ 

- . 
Average 0/+9 0/ -~' .. -..· ~'-~ +S ~ '. 

" -
Settlement 

Dec Apr 
to to 
Aor ~PPt 

-

' -

- '• 
; 

---
NOT. 

OBSERVE[ 
" 

' 

- . 

- -

-.. 

- _, 

(b) Horizontal Movements (Movement Hub. Only) _:~ -·; "~~~~"'_: 
., :::~~ .. .: ....... ~ ~ - ,~ -,.....: ... "';} 

Plate 

Total 

~ 

" 

-

indicates movement downstream,· o~ ·..:.;;~ards · · .. · ".-: 
~ -=· ,- " . ~.... _,. ... o? ~ 

,, 

' 

-

~outh valley wall. -·.-7"" ~-.• ·_,.~, •• -: 

+ indicates movement up~tream, o~' =t~~~as·~ :;· . ~~-- ~ =·- ·_'::>._ ··- ·-
north ya~ley 'wall. ·- ~. . .·' - . . _: .: -~ ·-· •' ·.. ...... . .. , .. . _ _,_,,_. 

-. -.,...l ., ·~ ~ >' ....... ~ " ... , - _,, ... "':.. """ .. ,.,.... ... • .... ~ _ ... ri·: , '.7 .. ;_- _,_ ... t ,..'I. 

-2/+10 indicates 2mm moveme~t down~t;e~·"-~~nd ~ ~, - '. ..... ;, ~ ." ; ·- ~:: '-<·~~ - " -~ -..-

10mm mov~ent to~~~ds"'.north ~a1ie"y- wall.;~:~~:,~¥--:;. -~-~< .,..- ·~ .. < 
(' ,.'·--·-·.--·:A<_;·~- "..;~--:.,~:.-' • :.-<:; "-• 
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1055 
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VOLUME IN 
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I ><106 m3 J 
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1 ·49 
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0·82 0·16 

0·65 0·07 
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(>< 106 m3 I 

INITIAL POND IMFOUNDMENT RECOJCDS 
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SUPPLEMENTARY INSTRUMENTATION - CANAL BACKSLOPE 
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Golder Associates 
CONSULTING GEOTECHNICAL AND MINING ENGINEERS 

May 27, 1982 

Cyprus Anvil Mining Corporation 
P.O. Box 1000 
Faro, Yukon 
YOB 1KO 

ATTENTION: Mr. N.G. Cornish 

Dear Sir: 

Re: F.a.rly May 1982 canal Backslope Stability 
Investigation Sta. 2+100 Vicinity 

Ref. No. 822-2034 

I 

A detailed field and office examination of the piezometric conditions in 

the canal backslope in the vicinity of Sta. 2+100 has been completed. 

The need for this work resulted from the relatively high observed pore 

pressures which have been indicated by the backslope piezometer 

BS11-2+100 which was intalled in November, 1981 as a part of the Down 

Valley Project Instrumentation. Its location is shown on Figure 1 

attached. 

The field investigation generally followed the program which was proposed 

by a telex to yo~ dated April 29, 1982 (a copy of which is attached), 

although some modifications were made when it became apparent that the 

high pore pressures indicated by piezometer BS11-2+100 are suprisingly 

local. 

A total of 9 boreholes were advanced over the period between May 3 and 

May 7 under the supervision of Golder Associates field engineer 

Mr. D. Kettle using the track carrier mounted air percussion drill owned 

and operated by Cyprus Anvil. Single installations were made in each of 

the 57 mm diameter boreholes. Installation consisted of 7 pneumatic 

i 1- GOLDER ASSOCIATES (WESTERN CANADA) LTD.• 7017 FARRELL ROADS E, CALGARY, ALBERTA, CANADA T2H OT3 •TELEPHONE (403) 259-3413 •TELEX 03-822539 

OFFICES IN CANADA• UNITED STATES• UNITED KINGDOM• AUSTRALIA 
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May 27, 1982 2 822-2034 

piezometers, 1 standpipe (hydraulic) piezometer and 1 thermistor string 

and these were installed as follows (numbered in chronological order of 

drilling): 

Borehole No. Depth(m) Installation Location/Remarks 

82-1 7.3 pneu. piez. ice bench-slope toe, Sta.2+130 
82-2 s.0 pneu. piez. ice bench-slope toe, Sta.2+100 
82-3 7.3 pneu. piez. ice bencl>;-slope toe, sta.2+010 
82-4 10.1 pneu. piez. ice bench-slope toe, Sta.2+100 
82-5 7.7 pneu. piez. ice bench-slope toe, sta.2+160 
82-6 11.0 thermistors ice bench-slope tope, sta.2+100 
82-7 10.a pneu. piez. top edge of backslope cut, 

Sta. 2+100 
82-8 10.1 pneu. piez. top edge of backslope cut, 

Sta. 2+130 
82-9 10.4 _pneu...-pi~. top edge of backs lope cut, 

~v-o(f;'F- Sta. 2+115 

The approximate locations of the boreholes are plotted on Figure 1 • All 

locations and elevations (shown on the borehole logs) must be considered 

as approximate since the boreholes were not surveyed. Details of the 

stratigraphy observed during drilling and the installation details are 

presented on the attached Record of lbrehole sheets. 

Observations of the instrumentation installed during this program and of 

the previously installed BS11-2+100 piezometer are provided on the 

attached working copies of the data sheet records and summary calendar 

plots. 'Ibis data was obtained by our field engineer while on site and 

subsequently by Cyprus Anvil personnel. The installations should be 

observed in future on the same schedule as the other Down valley Project 

instrumentation. 

Golder Associates 
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May 27, 1982 3 822-2034 

Examination of the data clearly indicates that there is no immediate 

slope stability concern on a large scale. The piezometric conditions 

observed in the critical area at the toe of the slope are generally 

comparable to those observed beneath the canal dyke at Sta. 2+100, that 

is the pore pressures are generally less than the equivalent of 1 m of 

water pressure. An exception is observed at Sta. 2+130 (BH 82-1) where a 

pore pressure head of about 5 m was observed1 this is not a concern 

however because this piezometric head corresponds to the invert elevation 
I 

of the canal. We consider that the piezometer at Sta. 2+160 (BH 82-5) is 

reg~stering a high pressure due to freeze up of the piezometer. 

Piezometer levels for the newly installed piezometers in the backslope 

are also low particularly in comparison with the original piezometer 

BS-11-2+100. '!he pore pressure heads observed in the backslope are as 

follows: 

Installation 
82-7 
82-8 
82-9 

* BS-11-2+100 

Pore Pressure Head (m) 
<1 m 

2 m 
0 
6.3 m 

* actually located at Sta. 2+115. 

Remarks 
Sta. 2+100 
Sta. 2+130 
dry standpipe 
previous installation 

The above results indicate that the high pore pressure observed at 

BS-11-2+100 are anomalous and are not generally pertinent to overall 

slope stability. We note that the standpipe installed in Borehole No. 

82-9 was installed only 1.2 m in plan distance away from the piezometer 

BS-11-2+100. 

There are several possible reasons for the anomalously high pore pressure 

reading at BS-11-2+100. '!he bedrock and consequently the stratigraphy is 

very irregular in this area. Boreholes drilled 15 m on each side of 

Golder Associates 
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May 27, 1982 4 822-2034 

BS-11 encountered bedrock at 7.6 m (BH 82-7) and 5.2 m (BH 82-8) depths 

whereas no bedrock was observed at BH 82-9 or at BS-11 within the depths 

of investigation (10.4 and 11.6 m respectively). Groundwater flow would 

therefore be expected to be irregular. Another possiblity is that the 

piezometer in BS-11 is not functioning properly, although we do not 

believe this to be the case since the record of observations appears to 

fluctuate in a consistent fashion. Finally, pore pressures in marginally 

frozen ground may reflect rather unique conditions resulting from 

discontinuously frozen soil or from advancing or 1retreating frost fronts. 

The thermistor string installed in Borehole No. 82-6 indicates discon­

tinuously frozen ground below a depth of about 8 m, consistent with other 

thermal information in this area. 

Continued observation of the instruments installed in this program will 

be useful in understanding the origin and nature of the pore pressures in 

this specific area of the canal where one of the highest backslope cuts 

occurs in a complex discontinuous permafrost setting.' 

Yours very truly, 

GOLDER ASSOCIATES 

o.c. Goodall, p. Eng. 

DCG:HGG:cr 

Golder Associates 
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BOREHOLE LOCATION Pl.AN 

I 

82-9 BZ-B 

I 
•' 
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Golder Associates 

Figure I 
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RECORD OF BOREHOLE 82-1 

LOCATION (SH Figure •• ) Sta.2+130 (through rio rao on BORING O"ATE May 3, 1982 
backslope) 

BOREHOLE TYPE Tank !~ounted Air Drill BOREHOLE DIAMETER 57 mm 

SOIL PROFILE 

~ 

ELEV. ~ 
DESCRIPTION l: Depth .... 

m. Q. 
~ 
Q 

11 f')R.1 i; I G.raund Surl'ace m 
0.0 Grey Schist Rock 

1083.6 l·O 
0.9 - -Brown Sand and Gravel 

,__ - - - - - - - - - .2·0 
1082 . l Boulder ~ 

~ 2- 4 _-Grey brown San~ &~r:el-~ 
Till 

-
1079.5 S·O 

5.0 

__ Grey Schist Bedrock 6·0 -
7-Q - -1077. 2 

7.3 End fo Borehole 

- Borehole dry after B·O ·--
drilling 

- 9·0 -
- 10·0 -

IJ·O - ,._ 

- 12·0 -
J.3·0 - ~ 

-
JS-o - -
16-0 - -

- -

DATUM Prcy~d 

INSTALLATION 

' I 

·.-..~~~~and Backfill 

. - . . 

-.. 
Bentonite Seal 

I ·,.1 ,/ 

l'\'"·---.4/"· 
Sancpack~~~...u-:·1·~:: Pneumatic Piezorneter 

':.~hifs1@ 7.0rn 
.•: -. !• 

NOTE: Borehole location and elevation 
not surveyed 

VERTICAL SCALE J.·100 Golder Associates 82-1 
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RECORD OF BOREHOLE 82-2, P2-4, 82-6 

LOCATION (Su Figure •• )Sta. 2+100(through rip rap on BORING DATE May 3,4, 1982 

BOREHOLE TYPE Tank Mounted Air Drill backslope) BOREHOLE DIAMETER 57 nun 

ELEV. 

Depth 
m . 

11084.5 

SOIL PROFILE 

DESCRIPTION 

GrDunc/ S.ur/ace 

DATUM Pro_;~d 

INSTALLATIONS 

82-2 82-6 82-4 

m 
... 0.0 

1083.5 
Grey Schist Rock 

l·O 
Sa d Backfill ' ~ • · · §an~ackf ill· ·..:...-- _, 

1.0 

-
ll081. 5 

3.0 

Brown Sand & Gravel 
(blowing up as powder) 

3·D 
\ 

I..... \ 

' 

_, 

_, . 
I • 

Tip#l II ... 

Brown Sand & Gravel Till, Bentonite Seal · · -
. wet, turning to Grey bro·wn•-4·0 "'- .. , ' 

- (rowing up as balls and - Sandpack. "'- .,, , 

powder) 5 ~ ,'"'. '· 
- Boulders @ 3. 7 - 3.8 rn ~ ~neum~tic 'Pie~r "'"''..;J 

#2 u , - -
, 

and 4.6 - 4.9 m. - ,056 " 5.8 m -~, • ' I 

tl078.7 
C"c.J ... 
i.--5.8 - (End of Borehole} 

(Borehole dry after drill.~ Sand Backfill~~~~:--
#4 . 11 , 

n 077 c:; 

7.0 
Grey Schist Bedrock - Thermistor Strina . . 
End of Borehole, dry after 

9 -- drilling Backfilled to ......:f?. 
8. 0 m, let stand for 3 hrs 

#B ~.II 
~ 

#6 -·,~--
•1073. 8 

1 n '7 

11.0 

-

and water level at 5. 35 m /O·O 

11·0 

End of Borehole 
Nater level @ 7 .. 2 m deptr,12.0 
after borehole left open 
for 1 hour. 

. . ~ 

- . . - I 
I " 

,, 
/. -
, ., 

•' -, . 
; . -
~--=;::')~ J3entonite 

' 
Seal 

-.. -.·. 
I 

:- -.. 
I 

, -.. -. , 
I -. . - . 

E·.·': ,;>,..,, ]?entQ_nite -
... Seal 

'• ! I -.'·:t~ Sa.n_dpack 

Pne~atic Piezometer 
#051@ 10.2m -

I 

1.3·0 - --- NOTE: Borehole location and elevation 
not surveyed -

J - t 

' IS·O - - -
-- -

-
- -

VERTICAL SCALE 1~100 Golder Associates a2-2, s2-4, 82-6 
.. 
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RECORD OF BOREHOLE 82-3 

LOCATION (Su Figure •• ) Sta. 2+070 (through rip rap 
on backslope) 

BOREHOLE TYPE Tank Mounted Air Drill 

ELEV. 

Depth 

m. 

1084. 61 
0.0 

1Hrn1 F. 

1.0 

-
-
-
-

1078. BC 
5.8 -

SOIL PROFILE 

DESCRIPTION 

6'raund Sur/ace m 
Grey Schist Rock 

J·O 

.2·0 
Brown Sand & Gravel Till 

~ 

(blowing up in balls 
3·D & powder) -
4·Q -
S·O -
6·0 

Grey Brown Sand & Gravel -

BORING DATE May 3, 1982 

BOREHOLE DIAMETER 57 nun 

DATUM Pro_;~d 

INSTALLATION 

-\ -~._..:.· . ..__s_a_n_d Backfill 
- ' ,,, . 
. . 

~ 
l 
t 

--' 

- ~ _i, 
r~c~~ Bentonite Seal ~ 

- • "l 
' .. " . . . ,1 

tl.077. 6 
Till 

7-Q 
Sandpack--+ .......... .L 1 P~umatic Piezometer 1

1 

•• 1 ~...-1°065 @ 7.0 m -~ 7 0 Grev Schist Rn,-.lr 

7.3 End of Borehole 
8·0 - Borehole dry after i-

drilling NOTE: 
9·0 - -

Borehole location and elevation 
not surveyed 

10·0 - -
11·0 - - - ! 

! 

- 12·0 -
13·0 - io-

14.0 -1 - i--

IS"·O - -
- 16-0 

ii---

. 
17-o - -

VERTICAL SCALE /: /OO Golder Associates 82-3 
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RECORD OF BOREHOLE 82-5 

LOCATION (s .. Figure. • ) Sta. 2+160 (t'hrouc:-h rio ran 
on backs lope) -

BOREHOLE TYPE Tank !1ounted .n.ir Drill 

ELEV. 

Depth 

m. 

1084.31 
0.0 

1083.3 
1.0 

-
-

1080.3 
4.0 

-
107a .2.. 
6.1 

-

SOIL PROFILE 

DESCRIPTION 

&aund Su/'/ace 

Grey Schist Rock 

Brown Sand and Gravel 
(boulner ~ 2.4 rn) 

Brown, very schisty 
(blowinq up as dry 
powde::-) 

Grey Schist Bedrock 

~ 
~ 
l: 
""' Q. 
\IJ 
Q 

' m 

l·O , 

.2·D -
3·D -
4·0 

S·CJ -
6·0 -
7.Q -

BORING DATE May 4, 1982 

BOREHOLE DIAMETER 57 nun 

DATUM Prcy~d 

INSTALLATION 

Sand !iackf ill 
-- --

• I 

•.· 

Bentonite Seal 

_: 
1. 

I 

I 
l 

l 

- 1076.6 
Sandpack Pneumatic Piezorneter #067 -­

@ 7.4 m i 
I 

~ 
• ! 

J 

7.7 -
-
-
-
-
-
-
-
-
-

End of Borehole 
Borer.ole dry after 
drilling 

VERTICAL SCALE / •• /OO 

B·O 
i-

13·0 -
14.0 -
IS'·O -

NOTE: Borehole location and elevation 
not surveyed 

Golder Associates 02-s 
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RECORD OF BOREHOLE 82-7 

LOCATION (Sn Figure •• ) Sta. 2+100 {top of backslope) BORING DATE May 5, 1982 

BOREHOLE TYPE Tank Mounted Air Drill BOREHOLE DIAMETER 57 nun 

_ DATUM Prcy~d 

SOIL PROFILE 

ELEV. 
DESCRIPTION 

Depth 

m. 

in95. 5 I m 
0.0 

Brown Sand & Gravel Till 
- witP boulders. (blowing 

up as powder) 

l·O -
.2·0 - -
3·0 ---- - - - - - --
4·0 - -

(blowing up as balls and 
powder) S·O - ~ 

6·0 - -
7-0 -- - - - - --

1088.0 numerous boulders ? rock 

7.6 B·O - -
Grey Schist Bedrock 

Il'~STALLATION 

. ' 

' . 
~ 

,.. J 

, . 
~ 

Sann BacJ.\::ill 

_ Bcntoni te Seal 

/ 

! 

_j 
I 
I 

-
-
-
-
-
-
-

~ - 9·o - -i-

' 

J 

I 

I 
! 

J 

'· 
.' ~~ 

1 
~umatic Piezomete!?­- turning to light 9rey 

1084.8 -~1~~~t]55 ~ 10.6 m 
a-------+----------------------------u~.o-+-------------------------_;_;__._ ______________________ ~ 
io.a- End of Borehole 

Borehole dry after 

- drilling 

-
-
-
-
- . 

VERTICAL SCALE /.·Joo 

-

13·0 -
14.o -
IS·O -
/6<J -

!-!OTE: Borehole location and elevation 
not surveyed 

Golder Associates a2-1 
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RECORD OF BOREHOLE 82-8 

LOCATION (SH Figure •• ) Sta. 2+130 (top of backslope) BORING DATE May 5, 1982 

BOREHOLE TYPE Tank Mounted Air !>rill BOREHOLE DIAMETER 57nun 

DATUM Pro_;~d 

ELEV. 

c Depth 

m. 

10flf. ~ I 

0.0 

1089. 

5.2 

083.5 

SOIL PROFILE 

DESCRIPTION 

Ground Sur/ace 

Brown Sand and <";ravel 
Till, with boulders. 
(blowing up as balls 
and powder) 

Grey Schist Bedrock 
(some quartz) 

INSTALLATION 

m 
... 
. . / 

-· ! • ,, . . 
.2·0 

. ' Sand Back::ill 

4·0 

S·O 

6·0 

7.a 

B·C> 

9·0 

10-0 

] 10.7 End of Borehole 
Borehole dry after drillin 

VERTICAL SCALE I: loo 

12·0 

13·0 

14.0 

IS·O 

16-o 

n-o 

NOTE: Borehole location and elevation 
not surveyed 

Golder Associates s2-s 
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RECORD OF BOREHOLE 82-9 . 

LOCATION (SH Figure •• ) Sta. 2+115 (top of backslope) BORING DATE May 5, 1982 

BOREHOLE TYPE Tan!: !-!ounted '4ir Drill 

ELEV. 

Depth 

m. 

11094. 6 I 

:o .. :o 

SOIL PROFILE 

DESCRIPTION 

Ground -Sur/ace. 
Brown Sand and Gravel 
Till with boulders. Wet 
(blowing up in balls and 
wet spray) 

Very Wet 

Boulder 

Very Wet 

m 

l·O 

2·0 

3·o 

S·CJ 

6·0 

B·O 

' 

BOREHOLE DIAMETER 57 nun 

DATUM Prcy~d · 

I~STALLATION 

0.8 m Stickup 

•, 

Sand :Sackf ill 

25mm ~ PVC tubing 

Questionable sand 
backfill because of 

rehole dia. 

_j 
I 

- Not as wet {blowing up in 
balls. anu -powue-r) 

9·o Slotted P.V.C., 1.5 m 
long from 8.4 9.9 m 

10.4 

Boulder 

End of Borehole due to 
plugged bit. 
Borehole dry after drillin 

10·0 

l~·O 

14.0 

IS·O 

17-o 

NOTE: Borehole location and elevation not 
surveyed 

VERTICAL SCALE I: loo Golder Associates 82-9 
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DATE 

3~~?. 
h ~'82 
' ,; ,.... 

5r<\ni.1 
() 

b Mt,_, I 
a 

7 ff\,..uJ 
Io f(\n iul 

II 17hJ~ 
/ 

CYPRUS ANVIL DO'NN VALLEY PROJECT 

Pneumatic Piezometer· Data Sheet 

/17s7'C1lled '74m ice ;,., canal C/urln._y 3 - 'T /Jby 1982, 
Location : s+a 2+ t3o r('\ gz- I 5-ti; 2+ 160 n'\. CZ? 2. - 5 
Tip Number: 05?­

Tip Depth a ?-· 0 m 

Tip Number: 06 '-r 

Tip Depth : 7· 4-m 
Ground Elev: ~ 1081;-· 5m Ground Elev: ~ 1084.· 3m 

Tip Elev. : &::11077'· 5 IYI 1i p Elev. : ~ /0~6 · 9 h'1 

N.13.: Ice ;,,, Can~! a,.Rf'/Z)X ~ 5 l"r1 Mio"'-' ,{,I' ofJ conal 4k 
PIEZOMETRIC PIEZOMETRIC -

Rcfg. 
REMARKS 

Rcfg. 
REMARKS 

P.S.I. ELEV. DEPTH P.S.I. ELEV. DEPTH 

( ""' (-.) ( -.) (•.) 

- indnlloJ. l(·~""':Pl< 
IJ__.9 108'·9~ 3·59 9·d0~ -"3> ~ 
'Ar9 8'93 3·57 to·~ 0-W\ r ~erk 1) K - LAs~llPd .2·~"Dk 
5·'35 A/·25 3·2,( 5·?oo""" "DK. lZ·o5 1078-3/i 57'7r 5· '3o "~ :Dl< 

'J·~ :.,_.NY\ -:DK. ~·9 5·li.l 
l 

5-15 81·'37. 9· /t:j 78·86 9·00 OHt" 'DI<. 
76 8/·M. 3·08 3·3 

I 

h 1 ~0 P°"" J)l<,. 79·21 5-0~ 

S-5 R/·:3:'[ ?>·15 t8·6 9"·06' -5-?-A l"·oa~ -:DK 
S•Z 81·/LL .3·.3~ l?!.·k j3·'78 -96'8 3 'CODY- J) \('. 

5,1.i_/ Bl·iR> 3·.22 ::>~ r-P;;; _,_~ N'\) 8·3o...u- "DK 
t·i 2·38 >3o 

v 

9·00 ~ l<.M. 82·12 ., 
(·8 8:1·,2.k, ;l·:U ~Y> I\ Kffl 

" 

. 
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DATE 

3 ft1a.oB2 
It rfln~1 
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5r<\M 
0 

6 r<\ruJ 
(} 

7/~J. 

10~'-' 
II !Yla~ 
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CYPRUS ANVIL 00\VN VALLEY PROJECT 

Pneumatic Piezometer· Data Sheet 

~sfalled' 74'0m ice -,n ca11~/ dun/1.7 :3- 7-/i/a:t /982 
location : 5~ :Z+/00 cg 2.- z. 
Tip Number: 056 Tip Number: 05/ iz..-L} 
Tip Depth : S, 8m Tip Depth : /0·2 m 

' 
Ground Elev: ~ 108 ./t..· S-,,,, Ground Elev: ~/OB-9--·5 m 

lip Elev. 1 c:tt/0778· °71'n'1 lip Elev: a ~ /011J-·3m 
I 

NZ Ice /H Co/Id t:l/l''°)( /.5.,,,., '7elo~ ~ <Jf) c(yke 

PIEZOMETRIC PIEZOMETRIC -
Rclg. Rclg. " 

REMARKS REMARKS 

P.S.I. ELEV. DEPTH P.S.I. ELEV. DEPTH , ... , (•.) , ... , , .. , 
- ~--talkJ 3·o:J""' 1)\( 

0·~ \019·CJ~ 5' t..5' 9·00~ "'])~ 
O·S -Y?os ~,45 IO·Ooo-- J.~ "Dl<' - \y..,_s-+~l U·o~°"""' :Dk' 
\· 2~ 79·S4. ~·9~ I· Li /fft.S:/A :;. 2'/ 5·'to()y.,-... "Dl< 

l·o 79·~1 "-·89 l· 6 75'..&__7. 9·oA ' 9·tXJf"iNv... '1>\(. 

l·o 79·4..0 5·10 I· 1... 7~28 9·22 L:_ "30 ~ ':Dk' 
I· '2, 79·5.IL 4.:9~ I· 5" 9·/S-

I 

7536 \O· «:>o..--. "'DK 
O·~ 79·/2 5=38 l·o 7S·oo 9-50 '3•00nM. "'b.\~. 

1·2 79·.s& ~·9~ 1·35 7~?~ 9-2~ 8·~,,,,_ \)l<, 

o· 71- 79./e; 5·'31 0·6 7k86 9· 61'.. '7·co °""" KM. 
0·6 ::/9·12 ~38 - 0·8 748< 9·/k /qr} 

I 

. 
-

-
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DATE 

3mau'8~ 
l..&!ll~ 

ti· 

5/fl~ 
r 

6 /fJIU..J 
.r/ 

7/Jla.u 
/() /ll& 
II /l!tfu 

/ 

CYPRUS ANVIL DOWN VALLEY PROJECT 

Pneumatic Piezometer Data Sheet 

~slolled ;¢;,,., Jee /n Ca/Jal c/, .. ,_,-/"J' 3- ~ /7Ja:t/9B.Z 
Locotion :5i2-10-:;tO 8 2- ~ 
Tip Number: 06:5 

Tip Depth : '71·0rn 

Ground Elev: /089-·6 ,,;n 

lip Elev. : /071'?·6/71 
N..13.. /ce i,, CP,,a/ o~,P/Dx /-5.rn_ l>elo~ -*t=' al 4Jie. 

PIEZOMETRIC PIEZOMETRIC 
Rcfg. 

REMARKS :t:>ATS 
Rdg. 

REMARKS 

P.S.I. ELEV. DEPTH P.S.l. ELEV. DEPTH 
( m.) (•.) ( m.) ( .... ) 

- 1m sh l/eol 3·2tJ~"'"'J k. 
0·8 V079/(, 6·44_ 9 dt) (;Uy\ . '£)/(I 

. 

0·9 ?B-2~ 6·3i- /()·OO /1,....r.J,eJ 1JA" 
/·3 1'8·S/ 6-0CJ 5'30..on-\ ~K 
/·k.. =J8·S8 {·a2 9·t:JO~ ~K 
/•2 -re·44 6·/6 A_. 30 .dW\ 1i( 

I·/ 78·'$~ 0-23 /tJ·dOa,,,.,... ~K 
0·6 '18·/6 6·44 3·00~ 2>1< 
135 78·SS b-06 9·'30~ PK 
0·8 ~·/6 6·J4 '7100 an- K/YJ 
0·0 78·/~ 6·A.IJ. ~ 

I 
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TIP No. 

DEPTH (m) 

Calibration at 

0-C Ice 8oth(.i) 

DATE 
KOHMS 

•ltmp."C 

J;.~2 
i11si In 

5"9·~ 
~--~ 
~30,r;;,.._ 

63·~ 
-;z~ 
~:?o~ 
/0~ 
9·t7r:J~ 

II~ 

CYPRUS ANVIL DOWN VALLEY, PROJECT 

Thermistor (T) Data Sheet 

LOCATION a 2-1/d'O ~,Ice)~~ ~ e!,,2.5~ ~ 
~~~_,,/ ' i2-" 

THERMISTOR STRING No. #:$ 

1 2 -3 ' 5 6 7 I 9 10 

2·~ ~o 5.5 72.o 8·~ /0"0 

~----* ~,k.i 2k -----,·--------------
u~"" - /h, ~ o•c. 

- - -------------------------
/6·~ _/6·42_ ~ef:.#t-- /t'iS!> /6•S'7 /6·50 --~~ ---------------- ---
O·O -0·2 -0·2 .. -o·3 -0·'3 -o·.2 

!Z-.£S_ /6·68 ..!~ /t·S~ /Srtb /6·:'.X:>· 2)/( --·------ --- --------------
-/·~ -0·4. -0·2 -0 1 3 +o.a. -o·Z 
1~92 .(.7·01._ /U'f_ /(•.% /S'(/ _(t·s--£ 2J1< ~- ------- -~------- --- ---
-/·6. -0·9 -o·.z. -0·'3 r0•'7 -o·3. 
.LB·/~ .!~f. /6·53 /6·4±. /6·36 ~:.4:.~ _ _1)~ ' --- --- ---------
-,2· I -/·3 -0 1 3 -o· 2~. -0~1 -0·2 -· 
[LG'·/~ LC.~L /6'7:2_ ./6·5$- /6•22_ L6:1:-'Z ~K --------i----

-.2.· I -/·4 -0·6 -0·3 0"0 -o·z. 
VB·o7 L-Y·.?a. ..t_6·9:3._ l!P~- L_s-_::J& /6•5& #~~ "!6.~ ~.ho ~---- .... --

-~ -2 11 0 -/._£; -o·~ -0·5 ~o·5 -o·3 ~. ' ~ ..:...!..."' ·,, .-; 

0·8.2:_ .!'l§9 /b$_ _d:_E_ §2_8_ /6·S/ -Hs-/~ ~ /~ ?7~----------
-/· '7 -/ •. J;' -o· ';t -o·S r-o. r -0·2 

------ -------------..---------·----

---------------.....---------------

--------------- -------------- ---

- --------------------------

----------------· ----------- -

------------------------------
;~ ( 1.) Readings in KOHMS. (Two sets of calibration readings were taken) 
'• 

r 

l::;;---

fr--

b-

- . . 
• Temperature calculated usinq a mean value of 16.20~.'2 ~or 0 C, calculated 

using the o•c ice bath calibration sheets supplied by "Cantech Controls Ltd.r. 
for each thermistor strin9. 

. 
** :ndicates thermistor for which the ice bath calibration differ~ ~ore than 

o.2A'.n from the mean of 16.201'.n 
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CYPRUS ANVIL DONN VALLEY PROJECT 

Pneumatic Piezometer Data Sheet 

//? s fa I/eel ;?;).,,,, 
location : 5/a 2+100 

'6? ol !Aeondlner ~>-. /;lacleslo~ 3- 77 ~ 82 
y, z- 7- 2+(80 i2- ~ 

Tip Number: 055 

Tip Depth a /O·Bm 

Ground Elev: /095·6 n> 

Tip Elev. s /084'-· 8 m 

P1£ZOMETRIC 
u,. 

REMARKS 

P.S.I. ELEV. DEPTH 
( .. , (-.) 

- iYJsfa/let:f /O'/~>'>" 7Jk' 
0·6 11~s2.1. /c?·.38 .i.·3?~)V\ ~ 

O·-=/ 85:29 /tJ ·'3 / 10·~ '])/( 

0·'3 85-o/ /0·59 :s , O'O ,dr- 71<. 
0•8 8~·26' IO·ZiL 8·'30~ ~IC::. 
0·3 8>-o/ 10·$"9 9·tTO~l~n1 

0·3 8501 Vl'· $"'7 

. 

Tip Number: 0 56 

Tip Depth : /0·3n"\ 

Ground Elev: /09/L.·2,,., 

lip Elev. s /083· '7 rY'1 

P1£ZOMETRIC 
Rcig. 

REMARKS 

P.S.I. ELEV. DEPTH , .. , , ... , 
- 1i?sfaikf Q!~K 

/·O VOBklc 960 
2·6 85·7:1 S·~ 
2·1L 85:59 8·62 
2·8 8~86 8·34._ 
2•k 8S·S6 8·62. 
?_·t 8~58 8·6:2 /.</YI 
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CYPRUS ANVIL DOWN VALLEY PROJECT 

Hydraulic Piezometer Data Sheet 

Location : 5/o 2+1/5 fnsfa/lec/ ~rn Jo/'_ o/ l/,e,rma/ hi?er 
on bacJslo~ 6- 7Z /7lo_y "82 

Tip Depth 8·4 - '.7·9 rn ~Z-<j 

Ground Elev: /091'-· b n? 

Tip Elev. : /086·.2 - /OBJ-· ~rn 

Top of tube above ground: 0· 8 m 

W.L. WATER LEVEL W.L~ WATER LEVEL 
frofft from 
top REMARKS OATE top REMARKS 

of ELEV. DEPTH of ELEV. O~PTH 

(~~· ( "') ( "') (~~· ( "') ( "') 

- ir s{ '1 ff~ S • IS"J>V't'\ 1). k'. 
JN k.?o/JYV' 

I 

J>t~ 

JrS 
. 

l 0 •ar=J ON'n.. 'Dk' 
J;f 3. 00 °"""'" -1)~ 
lcM 8·So·~ "'l>l<. 
'd~ 1•oo ~ 1).\(. 

d~ /~ 

~ --~ 

" 

-· 

. 
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CYPRUS ANVIL DOWN VALLEY PROJECT 
. 

Pneumatic Piezometer (PP) Data Sheet 

Location: 23Sll- 2..,.100 

Tip Number: #34.7 

Tip Depth : 11- 0 m 

Ground Elev: /0~5· O rn 

lip Elev. i 1084-·0 m 

PIEZOMETRIC . 
Rd1-

REMARKS 

P.S.I. ELEV. DEPTH , ... , (-.) 

3·!+ /0&·38 0·62. ':D .\l. i B. P. 
€·6 87-~2 7-08 7Jl~/ J< l'YI 
8·25 8'7·76 5·23 'bl~/l<rVI 
g.10 90·0! 4·9/ Km 

8·55 89·99 5·()2 1JK -

9·2, 9o·M L·5~ ~)( 

9·2, 9~·M ~·~6 ~ 

8'·8 9()·/6 4·81J Kl'YJ 

9·o ?tJ·.30 J.:to KM . 
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GOLDER.SAND Cert 
APRIL 29# l98a 
MSG NO Cl23 . 

' ,. 
'I J • 

. 't' . . ! ' ,. l' ,: • • 

, .. :_ \ ... ' - .. "' -,.. .. ·. 

. 
• • ;4 • 

- ,. 
. . , . . 

. . ·, .. ~ :< :> ' . -~;- . -~· ~. ·: · -_-, . : . ~ 
• \. - • .. • • ... .. • > 

.---. ,,,. 
ATTN• N G com.us~ ~ .. : -: .. -- .. : .. 
.. . ~_ ... :·, : .. : . ' .... ~~.:--.. - '" .... 

· REI CANAi. BACKSLOPE STABU.iTY S-TA 1+100 ~. -. 
.. .. 't ~ ,. • r • -" " • .. ~ : : • .. • • • 

• • • _ .... ; j - • • j • .. 

. l ' 

THE STABlLlTY or THE CANAL ·BACKSLOPE or STA a+lOO IS COMPUTED 

. i . 

TO BE HAR~INAL AS J>1SCUSSED PREVIOUSLY•. -THE PORE PRESSURE lNDl• 
CATED BY PlE%0METER 8Sil~2+100 HAS.BEEN INCREASING AT A FAIRLY . 
-STEADY' RAtE SINCE INSTALLATION lN NOVEMBER ,198-1 AND THE PRESENT 

. HIGH PORE PRESSURE MAY BE REDUCING STABILITY TO THE POINT THAT . 
FAILURE. CAN OCCUR• VE THEREFORE RECOMMEND THAT SUPPLEMENTARY 

· P1£%0METERS SE INSTALLED TO CONFIRM OUR CONCERNS AND TO ASSIST - . 
lN THE DESIGN OF MlTlGATl-VE MEASURES lF NECESSARY• THIS WORK 
SHOULD BE UNDERTAKEN AS $00N AS POSSlBLEt . _ 

• 
VE BELlEVE THAT THE TYPE OF PROBLEM VlUCH VE ARE SEEING AT 
STA 2+100.COULD BE TYP1CAL OF THE AREA BETWEEN STA 1+950 AND . 
STA 2+130• VE THERF.TORE RECOMMEND THAT PNEUMATIC PlEtOMETERS 
BE INSTALLED lN V£RTlCAL HOLES FROM TKE !CE.BENCH AT THE CANAL 

'.BACKS LOPE•. THE HOLES WOULD BE SPACED AT 30 M INTERVALS AND WOULD 
-.·BE ABOUT 6•5_M DEEP (BELOW FROST>• TWO DEEPER PlEZOMETERS ClO M) 

VOUl.D ALSO BE INSTALLED FROM THE lCE BENCH tO ASSE.SS PORE PRESSU.RE 
BEflAVlOUR VlTH DEPTH IF CONSIDERED NECESSARY• - . 

VE ALSO.RECOMMEND THAT AT:l.E.AST 1'WO BOREHOLES SE DRILLED TO A 
DEPTH. OF 10 M FROM THE TOP OF THE BACKSLOPE FOR PIEtOMETER lNSTALU\•. 
TlONS• THE PRECISE LOCATiON OF THESE WOULD BE DETERMINED 81 THE .. 
~~LTS OT TH~ ~R~V~O~SL! D~SC~SSED .IN~TALLATl~NS• 

I · ntE. ABOVE voruc Saoui.o BE, CLO~EI.Y SUPERV1SED AND OBSERVED B'f AN · · · 

I-- EXPERIENCED GEOTEClUUCAL ENGINEER TO OBTAIN MAXIMUM INFORMATION. . 
REGAADlNCI OCCURRENCE OF FROZEN GROUND,. FREE WATER AND STRATIGRAPHY~ 

~- nilS lNDlVIDUAL COULD Al.SO lNlTlATE.REMEDIAL WORK IF THE RESULTS OF 
~--: . THE ABOVE VORK CONFIRM OUR CONCERNS• RELIEF OF PORE PRESSURES . 

!I · VILL PROBABLY BE THE KEY -OBJECTIVE OF ANY 'REM£DlAL WORK• ONE · 
~~- POSSIBILITY INVOLVES THE USE OF H0Rl%0NTAL DRAINS WHICH WOULD BE 
?i~.. DRILLED HORIZONTALLY FROM.THE .ICE BENCH lN THE CANALt MAJOR DlFFl• . 
i CULTlE.S VITH·THlS METHOD PERTAIN' TO THE FREEZEUP OF THE DRAIN' -

!
~-- ANOTHER POSSlBlLITY-(VHlCH VE HAVE NOT.DISCUSSED WITH YOU> IS BASED 
· ~ THE POSTUJ.ATEJ) UNDERDRAlNAGE OF THE AREAi RELIEF 01'"-HlGH PORE 
~.- PRESSURES lff THI: UPPER HORIZONS 15 ACHIEVED m'- DRILLING VERTICAL 

t JIOLES- lNTO THE DEU>~ FORMATIONS TO ALLOW MORE EFFECTIVE UNDER• .. 
_..- DRAINAGE TO OCCUR•~~THIS.METHOD APP£ARS TO HAVE PROMISE SINCE r 

---- ntEEtlNG WOULD aot BE A PROBLEM BUT, J:)CTREHE CARE MUST SE IXERCISED . 
::f , 'TO ENSUJ\£ THAT OVERALL DEEP SEAT&D STABILITY' IS. NOT AGGRAVATED BY 
i-- INCREASING PORE PJtESSJJRES AT.DEPTH AND THAT.THE DEEP STRATUM HAS ,'j • 

: :~-- ADEQUATE PERMEABILITY•: . :: ~-:: · -< -. :~· · . -· · . · -·_ • . . . 

U-- . m · ~sUM..;~oN TnT "~u~ i~~ ~o~~ui ~R1-~ ~~ BE uno. TO DRlt.i. 
:::. • THE 3 1N"l>IA HOLES vs·UTIMATE_T}JS COST OP: THE ABOVE PROGRAM-AS 
tr:--:-- ~ FO~OVSI ,, - _ -:- - - · - -- :~ : ,.'::- :--:_;· -:- } ~ - ... ¥..C ~,_.::::~: : '-~· < _ < _ .. ,, 
~r--. . · -. .. >. :!~, · ~iu. T1Ms ... ; Z--~t; ~o~~' s·Ay: -~ HRs ·. - · · · · · 
:_~- · : ': :·· ·. - .--.. ~ · -~ _· - ... A •.tOM HOLES SAY 8 HRS .. - -- - . . .. 
~-t··' . . _H,-----~·- -~· ·~---=:~_;4::;_;~·.·-~=~:~::::~-~1~~_!)~ :n1•~--• ~ _11RS:.,_:~-r:_; _:._~:..,.._:_~~---· . ._ ___ :,;: ---



·' 

.. 
· SS 

_____ ........._. --- .._ ... _. ...... __... __ .. 

REMEDJAL .\'ORK UNKNOWN·~ A LARGER DRILL MAY 'BE . 
- !~-.- ' - . · ·" . . . . . l\EQUlRED POSSIBLY 5~6HR 

·· . . .. . . . .. . . . .· DAYS 

<2) SUPERVISIO~ AND lNSP.ECTlON COOLDER ASSOCIATES). , 
. . .. . . .,:INVESTJGATlON ~.JUNIOR ENG 20 HRS 

. 
(3) 

. · 

-
·. (4) 

• . ' - , - · ·. . -. : .. SEN l OR ENO 5 HRS 
·~~RFl'iEDlAL WORK~ JUNIOR ENG . 60 HRS 

• - :· ,.·: .. - : : -~ SENIOR ENG 15 HRS 
·~.HONlTORJNO ~.JUNIOR ENG 10 HRS 
.f.SOME\'MONIT01UNG BY CYPRUS ANVIL . . 
• MAY BE RtcOMMENDED SAY 10 HRS 
-.. . MOB/ DEMOB JUN tOR ENG -20 HRS 
~-AIRFARE · 650 DOLLARS. 
-~ACCOMMODATION 11.AT 80 880 •• 
!. OTHER IXPENSE.S · " . 100 • f 

Fl?'·. _ .. _ • •· 

TOTALSC SENIOR ENG 20 HRS AT 68 • 1360 DOLLARS 
? ~ ··. JUNIOR ENG 110 HRS AT 49 • 5390 DOLLARS 

· i:XPENSES · ., • 1630 DOLLARS 
TOTAL (GOLDER). . . . ,. __ _ 

_ ,: ·~.. .·' , ~ ~ ~8380 DOLLARS 

_ ~:~- _- ~----- -~L~S CAMC HONlTOR~NG SA~ 10 HRS 

SPECIAL REPORTING (GOLDER ASSOCIATES> .. '·· 
•~TYPING .. ·. - .. 200 DOLLARS 

·400 ' • 
1360 ..... 

.:..DRAFTING 

.;. SENIOR ENG 20 HRS AT 68 
~- REVlEW BY PRINCIPAL. . soo·'•• 
•.JUNJOR ENG 20 HRS AT 4f 980 _., 

....... ,. ·----- "' - <t ..... .TOTAL 3340. • t ' 

MATERIALS .. 
•.P1£ZOMETERS 14 .AT 161 2254 •• 
•. PELTONlTE ~ · 6 AT 40 - . 

... 
240 f. 

.•. DRAINS ·.A (UNKNOWN) 500 •• 
· ~ ~ -TRANS~ORTATJON . 500 •• 

-~ - . - ---·- . ~ . . 
TOTAL .. · - 3493: •• .. ------. . . ·- ~ ·,. ~ . · TOTAL OF ALL J TEMS .... : •. 

- r '~- -.. ~IXCLUDlNG CAMC INVOLVEMENT ·_, as. 310 DO& 

;.-.-: 
~:- . ~~ : - - ~ 

VE BELIEVE THAT IT JS NECESSARY TO.PROCEED VlTH THIS PROGRAM TO 
IMPROVE Tit£ PlUOMETRlC COVERAGE OF. THE AREA. AND SO TO ASSESS THE 
VALIDITY' or OUR CURRENT CONCERN FOR STABILITY lN THE 180 M REACH 
OF BACKSLOPE•r VHlLE-HORl~ONTAL DRAINS MAY NOT.BE THE LONG 

-'TERM ANSWER-THEV DO-OFFER SOME POTENTIAL FOR IMM&DIATE RELIEF OF 
• PRESSURES IN THE TOE AREA SHOULD SUCH EKlST•. ·oN- THE BASIS THAT THE 

tANK DRll.l. SHOULD B£ ABt.£ TO JlANDLS BOTH -THE PIBZOHETERS AND THE _ · · . 
DRAINS QUICKLY.AND &CONOMlCALL.Y VE-BELIEVE THE PROGRAM SHOULD .. 
PROCllD 1MMED1ATEl.Y VKlLE-THE ICE CAN BE US&D AS A VORKING - . -

~ PLATFORM.. ANALSlS or DATA MAY DICTATE USE OF MORE SOPHlSTtCATED. - -
DRILLING EQUIPMENT I.ATER•- NOV IT IS IMPORTANT.TO ENHANCE OUR UNDER• 
·sTAND~NG or·~i~tOHETRlC CONDITIONS IN THE AREAt . 

:::~,~~-,sT _ : ·. ::.-tW.~\;~~:;_-~--:~·;i.~~-:-->f _ · · --:· --· -
CORRECTIONS ·r&RST VORD ·1" ~ARAG!iAPH BEFORE COST £STIMATE •.UNDER 
LAST P.AR.ACIRAPlt- THID Lil,_. LtNE SECOND VORD --- ANAl.YAl.I - • ·1-
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APPENDIX II 

CANAL ICING CONDITIONS, MARCH 1982 

Icing of the canal occurred during the winter of early 1982 because of 

inconsistent mill consumption of water released from the water 

impoundment dam. In March, the canal had generally filled up to within 

1.3 to 1.6 m of freeboard. The icing was especially bad between 3+420 

and 3+480 at the start of the canal outfall 0.19% grade section where 
,J 

there was only 0.5 m of freeboard in March. To prevent overflowing of 

the dyke structure by the spring freshet a channel was ripped in the ice 

in the canal by Cyprus Anvil equipment and personnel in mid-April. 

Golder Associates 
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View looking S.E. at 1975 diversion near 
pumphouse. 

View looking west showing old tailings 
dyke and new diversion dam headpond. 
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CANAL ICING MARCH 1982 Figure 2 

View looking west 
from about Sta 
0 + 400. 

View looking west 
from about Sta 
1 + 100. 

.__ ______________ Golder Associates ------------------' 
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CANAL ICING MARCH 1982 

Golder Associates 

Figure 3 

View S.E. from 
about Sta 3 + 200 • 

View S From 
about Sta 3 + 400 
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CANAL ICING MARCH 1982 Figure 

' 
Icing accumulation from about Sta 3 + 500 to Sta 3 + 600. 
View looking N.W • 

Golder Associates 



APPENDIX III 

DAM PERFORMANCE PHOTOGRAPHS, JUNE 1982 

Golder Associates 
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decant 
spillway 

weir No. 3 
(approx. 
3000 i.g.p.m., 
subsequently 
decreased) 

Sta 0+570 

south abutment 

CROSS VALLEY DAM 1982 Figure 

View looking NNE along CVD crest c. 1 June at full impoundment . Note 
installations at crest and at toe at Sta 0+570 in foreground (as flagged 
by red casing). Note seepage collection at dam toe . 

decant/ 
spillway 

Weir No. 2 
Sta 0+380 
(approx. 1900 
i.g.p.m. ) 

View NNE showing toe drain CVD (c. 1 June) 
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decant/ 
spillway 

weir No. 1 
Sta 0+210 
(approx. 
1000 i.g.p.m.) 

toe drain 

CROSS VALLEY DAM 1982 
Figure 

View north showing north abutment area where seepage emerges at downstream 
toe. Weir No. 1 (Sta 0+215) is near beginning of seepage. (c. 1 June 1982) 

Closeup view of weir No. 1 (1000 i . g.p.m. approx.) showing also 
observation point for pneumatic piezometers at Sta 0+210 • 

....__ ______________ Golder Associates -----------------
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CROSS VALLEY DAM 1982 Figure 

south 
abutment 

Sta 0+570 
pneumatic 
piezometer 
observation 
point 

View south from approx. Sta 0+500 (c. 1 June 1982) showing toe drain. 

Closeup of above photo showing south abutment area. 

south 
abutment 

Sta. 0+570 

toe drain 

'---------------- Golder Associates ----------------' 
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CROSS VALLEY DAM 1982 Figure 

View east from end of decant/spillway (c. 1 June 1982). Note that decant 
flow over natural materials is not resulting in unacceptable erosion. 

Seepage boils in abandoned meander of Rose Creek. Note active sand boil and 
craters from previous activity. Such boils are not a present concern. 



z 
~ 
c 
c 
a 

INTERMEDIATE DAM 1982 
Figure 

Diversion 
Canal 

Spillway/ 
decant 

CVD reservoir 

embanJanent 
base 

View SSW of Intermediate Dam at full impoundment. Note surface of seepage 
at downstr e am toe of embankment from approx. Sta 0+220 to Sta 0+350 
(c. 1 June 1982) 

View NE from south abutment Int. Dam showing I.D. reservoir at full 
impoundment. Note that construction stakes in left foreground and trees 
have been jacked from the valley bottom by the reservoir ice surface due 
to winter impoundment. 
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INTERMEDIATE DAM 1982 Figure 

View NW showing Intermediate Dam decant/spillway function at full 
impoundment. CVD reservoir in the background (c. 1 June 1982) 

View SE of Intermediate Dam decant functioning at full impoundment. 
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PROJECT HYDRAULIC PERFORMANCE AND RECOMMENDATIONS, 

HYDROCON ENGINEERING 

Golder Associates 
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HYDRO CON ENGINEERING (ConUnental) LTD. 
ENGINEERING CONSULTANTS IN WATER RESOURCES 

August 18, 1982 

Mr. Glen Gilchrist, P.Eng. 
Golder Associates 
7017 Farrell Road S.E. 
Calgary Alberta 
T2H OT3 

Fi I e : · 4 7 - 7 • 3 

SUBJECT: Rose Down Valley Tailings Disposal rroject 
Review of As-Built Conditions and ticense Requirements 

Dear Mr. Gilchrist: 

We are pleased to herein submit our review of the 1982 as-built conditions 

of the Rose Creek Diversion and the emergency spillways for the Intermediate 

and Cross Valley Dams. Licensing requirements as pe_r the Yukon Water Board 

and particularly the design of the proposed emergency overflow for the 

Diversion are discussed and addressed. The North Valley Interceptor Ditch 

was not reviewed since it is not yet operational. 

We trust this meets with your requirements at this time. When some of the 

recommendations given herein are agreed to in principle, such as the 

discharge monitoring, we can provide additional details as necessary. 

Please call if you have any questions or comments. 

Yours truly, 

HYDROCON ENGi NEERING (Continental) LTD. 

J. W.M. Veldman, P. Eng. 

WMV/po 

ASSOCIATION OF 
PROFESSIONAL ENGINEERS 

OF ALBERTA -

PERMIT NUMBER 
p 2785 

HYDROCON ENGINEERING 
(CONTlNENTAU LTD. 

220 - 4014 - Macleod Tr. S.E., Calgary, Alberta, Canada, T2G 2R7 (403) 243-8073 
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INTRODUCTION 

BACKGROUND 

The Rose Creek Diversion Channel around the Down Valley Tailings Disposal 

Dams became operational in May 1981 and was fully completed later in the 

same year. The hydraulic capacity of the channel and its as-bu ii t 

conditions as of July 1981 were reviewed by Hydrocon 1. Recommendations 

were made to ensure the channel met the initial hydrologic and hydraulic 

design objectives2. I 

Golder Associates, general consultants to Cyprus Anvil Mjning Corporation 

for the tailings facilities, prepared a comprehensive as-built report in 

February 19823. ~ Hydrocon, based on Golder's report, concluded that the 

deficiencies noted in the August 21, 1981 report were rectified except for 
I 

the provision of an overflow section near the upstream end of the 

channe14 • Implementation of a hydrologic monitoring program was also 

recommended. 

_ In March 1982, the Yukon Territory Water Board issued a water license to 

Cyprus Anvil Mining Corpor~tion (No. Y2L3-2226) pursuant to regulations of 

the Department of Indian and Northern Affairs. The license requires among 

other things; that the licensee "· •• shall ensure that the diversion canal 

has the hydraulic capacity to carry a 1 :500 year flood flow" and 'that a 

flood contingency overflow structure be constructed to channel flows in 

excess of the 1: 500 year return flood out of the diversion. 

A further hydrologic requirement is that two streamflow measurement sites, 

1 

2 

3 

"Hydraulic Review of As-Built Conditions, Rose Creek Diversion, 
Down Valley Tailings Disposal Project, Cyprus Anvil Mining Corporation, 
Faro, Y. T • 11 Hydrocon Engineering (Continental) Ltd. August 21, 1981. 

"Hydrologic and Hydraulic Design of Down Valley Tailings Disposal 
Project, Cyprus Anvil Mining Corporation, Faro,. Y. T." Hydrocon 
Engineering (Continental) Ltd. May 8, 1980. 

"Down Valley Tailings Containment Project, 1980-1981 Construction."' 
Golder Associates. February 1982. 

4 Letter dated February 26, 1982 from W.M. Veldman, P.Eng. of Hydrocon 
to Mr. Glen Gilchrist, P.Eng. of Golder Associates. 
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one of them to be a continuous recording station, be established on the 

diversion. Furthermore, the license requires that the emergency_ spil I ways 

for the Intermediate and Cross Valley Dams have a capacity to carry to 

1 : 500 year Rose Creek flood flow. 

PURPOSE OF THIS REPORT 

Golder Associates (meeting with D. Goodall, P.Eng., June 7, 1982) 

requested Hydrocon to: 

• prepare the hydraulic design of the contingency overflow from the 
diversion channel into the tailings dams. / 

re-assess the roughness of the channel to provide design input for 
the overflow. 

review the need to raise a low dyke area near the downstream end 
of the upper reach of drop structures. (Station 3+350+) • 

• review of the as-built conditions of the emergency spillways at 
the Intermediate and Cross Valley Dams (these had not been completed 
at the time of Hydrocon's August 21, 1981 as-bu ii t review). 

• comment on the hydrologic and hydraulic requirements of the water 
license. 

Wim M. Veldman, P.Eng. of Hydrocon visited the site on June 15-16, 1982. 

He was assisted in discharge measurements and surveys by Mr. Ian Booth, 

of Cyprus Anvil. Through discussions with Mr. Peter Taggart, P.Eng., of 

Cyprus Anvil, it was decided to prepare a single hydraulic - hydrologic 

report addresssing the above scope of work. 

The North Valley Interceptor Ditch is at this time not operational and It 

was not reviewed except the dow.nstream section approaching the decant 

channel of the Cross Valley Dam was assessed. 

CONTENTS 

-The order of the report essentially follows the purposes outlined above. 

Some additional comments on the general as-built conditions of the 

diversion channel are also provided. Drawings and photos are included in 

Appendices. 

- 2 - m--
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ROSE CREEK DIVERSION CHANNEL 

EMERGENCY OVERFLOW 

Purposes - Rose Creek flows could exceed the capacity of diversion channel 

in the event of: 

flows greater than the contingency flood of 1 :500 years, 

a slope failure which reduces the capacity of the diversion,' 

• severe icings combined with high breakup flows. 
I 

Location - The emergency overflow would control, during· a flood greater 

than the contingency flood, the location an_d magnitude of overflow into 

the tailings pond. In the case of slope failures and severe icings which 

could occur at various locations along the channel, a single emergency 

overflow could not provide a controlled release into the tailings pond. 

This is due to the gradient of the channel. For example in the case of 

partial blockage of the channel due to a slope failure near the beginning 

of the drop weirs (station 2+820), the result would probably be, if it 

occurs-during a high flow period, overtopping of the dyke near the same 

location rather than at the designed upstream site which is at a much 

higher elevation. 

To act as an emergency "safety valve" for the diversion channel for higher 

than contingency flows, the overflow must therefore be located at the 

upstream end of the diversion channel. 

Photos 1 and 2 of Appendix A illustrate panoramic views of the upstream 

and downstream faces of the diversion dam respectively. This structure, 

located at the upstream end of the channel, is recommended to serve as the 

emergency overflow. Overflow would discharge into the bypass channel (see 

left of Photo 2) and thence be conveyed into the reservoir of the 

Intermediate Dam. 

Design Criteria - Clause B-3(e) of the Water License (see Appendix B) 

states that "· •• the licensee shall ••• construct a flood contingency 

- 3 - ---iI=Ei---
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overflow structure to channel flows in excess of 1: 500 year flood out of 

the diversion". 

To fully limit flows to the 1: 500 year flood would require either a fixed 

crest overflow at an elevation less than the 1: 500 year flood elevation or 

a gated control facility that could pass any and all flows In excess of 

~he 1: 500 year magnitude. The former approach is recommended as it 

requires no operation during the critical flood period. 

i 
The recommended design criteria are thus: 

set the emergency overflow weir elevation 0. 5 metre below the 1 : 500 
year flood stage in the channel. This results in commencement of 
spillage at approximately the 1: 160 year flood. 

provide the maximum possible length of overflow weir to reduce stage 
increases with increasing flow depths. 

Capacity Check - The 1981 design report 1 assumed a Man~ing's roughness 

of 0.030. Based on a discharge metering of 6.37 m3/sec. by Hydrocon on 

June 15, 1982, the comp.uted roughness values are 0.022 and 0.032 for the 

locally surveyed and average water level design slopes respectively. 

Since the actual slope is . relatively variable due to variations in the 

as-built cross sections of the channel, the lower value may not be 

representative. Since roughness is inversely proportional to depth, a 

design value of 0.030 at- the contingency flow depth remains realistic in 

view of the computed value of 0.032 for a much lower flow. 

_Due mainly to extensive ice buildup in the channel'·during the 1981-1982 

winter, it became necessary to remove ice from the channel in the Station 

3+350 area to prevent overtopping. Raising of this area as deemed 

necessary by Cyprus Anvil personnel is recommended. 

Design - A rock overflow is recommended as shown in Drawing 3 of Appendix 

B. In lieu of placing Class IV and V armouring and riprap respectively 

down the full length of the overflow Into the bypass channel, the largest 

locally available material should be placed below the designed crest 

- 4 - -m-
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section. In the event of overflow, some erosion of this lower segment can 

b~_ expected. This erosion, if repaired in a timely fashion, will not 

affect the integrity of the crest of the overflow. Maintenance' of it on 

an as-needed basis (very infrequently) will be more cost effective than 

fully riprapping the entire structure at this time. 

FLOW MONITORING 

\ 

Purposes - From Cyprus Anvil's viewpoint, the purposes of flow monitoring 
' are: 

to provide hydrologic data to assess the performance and capacity of 
the channel. This will be particularly useful during extreme 
events. 

• to provide hydrologic data which combined with precipitation data, 
can be used to verify or modify present hydrologic design values for 
the abandonment program. Maximum probably flood values computed for 
the abandonment plan have been judged by some reviewers as 
excessively high. A hydrologic monitoring program will, - particularly 
if major floods occur during the life of the mine, provide some much 
needed _input data for the hydrologic computer model. 

The hydrologic requirements of the water license issued by the Yukon 

Board are: 

a water balance for the tailings facility - and diversion canal 
(A9bii) 

• ensuring that the diversion canal has the capacity to_ convey the 
1:500 year flood flow (83d) 

• streamflow measurements to be taken downstream_ of the water supply 
pumphouse and in the flat slope section between the drop weir 
reaches. One of the stations shall be established as a continuous 
recording streamflow station. (Schedule Cle) 

_Other hydrologic license requirements, not specifically involving flow 

monitoring, pertain to glaciation (Schedule Clf), erosion (Schedule C1g) 

and sedimentation (Schedule C1h). 

Methods - To provide a continuous streamflow record, as required by the 

license, necessitates a continuous water level recorder supplemented with 

sufficient discharge measurements at varying stages to establish a 

- 5 - -[EE] 
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relationship between water elevation and discharge. A manual staff gauge, 

if read daily, could supply adequate information except during short 

duration intensive rainfall events, which as noted before, could provide 

valuable design information for the abandonment program. Discharge 

metering at moderate to high flows will require a pedestrian bridge across 

the diversion canal. The flow becomes too deep and fast to meter by 

wading. The bridge can be "home-made" out of sufficiently long logs or 

can be manufactured out of various other materials. Another option is to 

construct A-frames on both banks of the channel to support a cablecar from 
I 

which the measurements can be made. A third option may be to meter from a 

boat in the wider and slower section of the canal between the two drop 

weir sections. Due to the tributary inflow into the canal and possible 

short-term sedimentation in this reach (due to washout of "fish gravel" 

and tributaries transporting thermal liner material), this downstream 

section is less preferred and is not recommended as the site for the 

continuous recording station. 

DROP WEIRS 

The 1ower five drops (see -Photos 3 and 4) are less than optimum from a 

hydraulic viewpoint. It is understood that some relocation of the rocks 

may have been undertaken here to facilitate fish passage. Rather than 

being a series of distinct drops, the flow is a concentrated high velocity 

jet=--in --several lccations.--· -The dr-0ps ·:should be reconstructed. 

OUTLET INTO ROSE CREEK 

The outlet is as shown on Photo 4. It appears there was overtopping of 

the low area on the right bank between the spoil and dykes downstream and 

along the channel respectively. This could lead to eddy formations and 

erosion downstream of the riprapped section and can be prevented by 

filling in the low area using material from the spoil dyke downstream. 

TRIBUTARY INFLOW 

The major tributaries, Goodall and Cornish Creek, appear to be performing 

reasonably well. At Goodall Creek the majority of the flow is entering 

the channel next to the blasted rock section· although this is posing no 

- 6 - ---'I=E!---~ 
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particular problems (Photo 5). There was Ii ttle inflow from Cornish Creek 

at the time of the field trip (Photo 6). It appeared that some flow had 

been conveyed along the top of the diversion channel dyke in a downstream 

direction. Fill across the dyke right-of-way where Cornish Creek enters 

could ensure that all the flow is directed straight into the diversion 

channel. 

Since the as-built review in July 1981, additional erosion of the thermal 

liner has occurred at numerous locations due to minor local inflow. I . 
Although posing no hydraulic problems at the present, some of the rills 

could cause, if allowed to develop unchecked, in eventual erosion of the 

granular material underlying the channel armouring and riprap. This could 

result in loss of this armouring or riprap. Some of the more major 

rilling is illustrated in Photos 7 and 8 and their locations and severity 

rating as of June 15, 1982 are as listed below. 

Station (Number) Degree of Rilling and Erosion 

0+165 Major 

0+397 Minor 

0+420 (2) Minor 

1+960 (5) Major to Minor 

2+130 Intermediate 

2+200 Major 

2+258 Intermediate 

2+300 (3) Intermediate- - Major 

2+350 Minor 

2+777 Minor 

2+800 (3) Intermediate 

2+835 Minor 

2+870 (4) Intermediate 

3+090 Intermediate 

3+120 Intermediate 

3+135 Intermediate 

- 7 - -m-
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EMERGENCY SPILLWAYS 

INTERMEDIATE DAM 

The emergency spillway and decant channel are as shown in Photo 9. Photos 

10 and 11 illustrate close-ups of the two outflow channels. Rock sizes in 

the decant channel meet design requirements. The horizontal dimensions of 

the emergency spillway (width and lengths of rip rapped sections) meet 

design requirements. As-built rock sizes are more difficult to review due 

to levelling and finer material placed over ,the rock however it is 
I 

believed that the rock crest will fully meet the design intent. 

The emergency spillway channel downstream of the riprapped crest has the 

central part sllghtly higher than that adjacent to the two non-riprapped 

dykes. To- prevent erosion of these dykes during low to moderate, spill­

ages, - a maintenance rather than an integrity concern - regrading of the 

outflow channel to depress the center area is recommended. A "funnel­

shaped" grading plan (looking downstream) would collect the overflow from 

the weir and channelize it down the center away from the unprotected 

dykes. It should be expected however - as in the original design approach 

- that erosion of the dykes will occur during major overflows. 

CROSS VALLEY DAM 

The decant channel and emergency overflow for the Cross Valley Dam are 

shown in Photo 12. The North Valley Interceptor Ditch which joins the 

decant channel at the dam is also shown. Photo 13 is another view across 

the Dam while Photos 14 and 15 are close-ups of the- decant channel and 

emergency spillway respectively. The decant channel is totally adequate. 

The riprap in the emergency spillway meets design requirements. As in the 

case of the intermediate dam, "funnel shaped" grading of the non-riprapped 

spillway outlet channel is recommended to reduce the frequency of erosive 

attack on the left dyke (looking downstream) and possible undermining of 

the decant channel riprap. The latter is a particular concern since the 

alignment of the decant results in a reduced width of the emergency 

spillway downstream of the crest (see Photo 12). 

- 8 - --m--
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Although the North Valley Interceptor Ditch was not yet operational at the 

time of the visit and thus was not assessed, it is recommended that the 

roadway adjacent to the ditch where it commences its route parallel to the 

reservoir, be raised. The curvature of the channel in this location 

combined with icings (see Photo 16) could result in overflow into the 

reservoir of the Cross Valley Dam when the ditch becomes operational • 

i 
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6. 
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8. 

CONCLUSIONS AND RECOMMENDATIONS 

The emergency overflow for the Rose~ Creek Diversion should be 

constructed as a r'ock-armoured weir in the diversion dam at the 

upstream end of the diversion as shown on Drawing No. 3, Appendix C. 

The capacity of the diversion channel, based on discharge measurements 

and capacity checks to date, is adequate to convey the 1: 500 year 

flood. 
I 

The emergency overflow spillway will commence operation at approx­

imately the 1: 160 year flood. 

The dykes in the area near the downstream end of the upper reach of 

drop structures should be raised to prevent overtopping during icing 

conditions. 

A continuous water level recorder combined with discharge meterings at 

stage intervals of O. 5 metres from a pedestrian bridge is the optimum 

method to meet the license requirements, assess the performance of the 

diversion and to aid in verifying abandonment flood design values. 

Manual staff gauges supplemented by discharge meterings by wading 

and/or from a boat could perhaps initially satisfy the licensing 

requirements provided the staff gauges are read daily during normal 

flow conditions and more frequently during breakup and major flood 

events when water level changes are rapid. 

The optimum location of a continuous recording station is near the 

upstream end at Station 0+160 approximately. 

The lower five drop weirs will require some modifications to perform 

adequately from a hydraulic viewpoint. 

The right bank height at the downstream of the diversion channel should 

be raised to prevent spillage and subsequent erosion at the right 

riprapped bank. 

- 10 - ---11:Ei---



' i 
' l 
I, I 

'"-

;------- ... 
i' 

: l I 

i ' -..., 
I 

I 
! '...-_ 

i ; 

:L:._ 

f --. 
l i 

L~-~ 

[ 

r_''--

c 
c 

r-- -

0-
,......_~ 

[}__ 
,.,....._ 

D--
t· · . . ,__ 
L_ 

9. The major tributaries, Goodall and Cornish Creek are performing well. 

A small dyke should be constructed for the latter to ensure all its 

flow is directly into the diversion channel. 

10. The minor tributaries are resulting in increased rilling compared to 

1981. If left unchecked, some undermining of channel armouring and 

riprap may occur at some locations. 

recommended. Possible solutions 

half-round culverts. 

Continued monitoring of this is 

are armouring of the rills or 

I 

11. The emergency spillway and decant channel at the Intermediate Dam meet 

the design intent. Some grading of the non-armoured section downstream 

of the riprapped crest is recommended to reduce the potential for 

erosion of the downstream non-armoured guide dykes. 

12. The emergency spillway and decant channel at th_e Cross Valley Dam meet 

the design intent. As in the case of the Intermediate Dam, minor 

grading is recommended. 

13. The dyke along the North Valley Interceptor Ditch where it begins to 

flow parallel to the Cross Valley Dam reservoir should be raised to 

prevent its overtopping. 

- 11 - --IJ:EI--
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PHOTOGRAPHS 

--11£1--



r,,·-- ... y - " 
I I 

r,-- l 
~ - -. 
I l 

p 
' I 

~l 
I I 

PHOTO 1 
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Looking downstream at channel inlet and diversion dam. 
July 17 I 1981. (47-3-1,2] e 
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PHOTO 2 Looking upstream at diversion dam. Temporary diversion channel in lower 
foreground would convey flow into Intermediate Dam reservoir. June 15, 1982. 
[ 47-5-3 lA, 32A, 33A]. 

\ I 



i -

' -
fr 
I 

I I 

l ..__ 

r-
1 ", 
L :__ 

1:--

l L 

[[ 

: C
-

r -. 
' I 

, i 

L-

PHOTO 3 
47-6-18 .. June 15, 1982 
Looking upstream at drop weirs at downstream end of 
channel. Some chute flow rather than drops in 'this 
area. 

PHOTO 4 
47-6-17 June 15, 1982 
Looking downstream at outlet. Overtopping of right bank 
fill has occurred near survey stake. Note chute flow at 
downstream end of channel. 
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PHOTO 5 
47-6-5 
Goodall Creek• 

PHOTO 6 
47-6-15 
Looking across to Cornish C reek. 

June 15, 1982 

June 15, 1982 
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PHOTO 7 
47-6-3 
Local inflow at Station O+ 165. 

PHOTO 8 
47-6-6 
Local inflow at Station 1 +960. 
over the riprap. 

June 15, 1982 

June 15, 1982 
Some granular deposition 
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PHOTO 9 
47-6-8 June 15, 1982 
Overall view of intermediate dam with decant channel in 
foreground and emergency overflow in center. 

PHOTO 11 
47-6-10 June 15, 1982 
Dowmstream at decant channel of intermediate dam. 
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PHOTO 10 Looking downstream at emergency overflow, intermediate dam. 
July 15, 1982. [47-6-12, 13]. 
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PHOTO 12 
47-6-20 June 15, 1982 
Overall view of outlet facilities for the Cross Valley 
Dam. North Valley Interceptor Ditch in foreground, then 
decant channel and then emergency overflow spillway. 

PHOTO 13 
47-6-21 
Looking across the Cross Valley Dam. 

June 15, 1982 
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PHOTO 14 
47-6-22 June 15, 1982 
Looking downstream at decant channel, Cross Valley Dam. 

PHOTO 15 
47-7-6 
Close-up looking upstream of crest 
spillway, Cross Valley Dam. 

June 15, 1982 
of emergency 
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PHOTO 16 
47-6-19 
Looking downstream at point where 
ceptor Ditch flows parallel to the 
Road. 

June 15, 1982 
North Valley Inter­
Cross Valley Dam 

__ !l.!.C'i __ 

lECJ 

--
I 



'-. 
' 

,._ 

f . .._ 

r;. ~,. 

I 
l' 

l:._ 

I· 
l""'--

[ 

l~-

r 
I 
l--

f 
I 

t--

I 

APPENDIX B 

WATER LICENSE 
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lndan and Northern Affairs 

WATER LICENCE ) 

issued pursuant to 
Northern Inland Waters Act and Regulations 

. -cYP-RUS liNvIL MINING CORPORATION LTD. ------ ·----

Y2L3-2226 . · March 24 , 82 
___1ssued on------------------------ 19 __ --------~~~~~ 

:.c~3tion __ .: ___ _ Rose Creek, Yukon Territory 
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Pursuant to ttt. Northern lnland,Watars Act and Regulatlona the Yukon Tenitay Water Board, here­
inafter ref ln"9d to as the- Board, hereby grants to 

CYPROS ANVIL MINING CORPORATION LTD. 

-----------------------------------------------------------·-------(Uanaeet 

P: O~ Sox 1000, !'aro,Yukon Territory ol ---------- _..._._,_....._.._........._...__._....._..,_,_..._.__..._.. __ _ 
paillng lddr9al 

hcteinaft• called th9 Ucen1M, the right to alter. diva't or otherwise use water subject to the 
restrict IMS aftd conditions conta lned HI th• Northern In land Waters Act aod Paeguf ations made 
thereundw and ~ject to and in ccordance with the ccnditions specified in this lk:encr. · 

Ucence Numb• 

Water Management Area 02-Yukon 
~ ' 

Location-=-~-!!-~!~ tribu~f tbe _~ly_Ri~~~!_~:__ __ _ 

Pt.po.. . To obtain, store and return a now of water. 

Description ~r~~· j~-~t-~~~al-~!,_.,!:l~!!_in1_ p~ocess and a_ 
'C.&.J.linqs un~t-. 6 3 . - 9 . - . . - -· 

·- -auaotity « ~- Not io bi ExcMded __!:.~-~C!_!._fil ·__i~!._!_!>_ ~~~.!tallons per yr -
. . . 4 3 - 6 

Rate d Use d Water Not to be Exceeded ·..!:~~..!.~ m /day_ (7. 21 x 10 -~ia.!_.5l_allons per da~ . 

Effectiw Date of Ucence ---~~~4.!2_~~-_.:._ ____________ _ 

Expiry Date of Ucence -----~~.E..!..l.91!.L_ _____ ~---

Thia Licence iuued and r:eccnled at Whitehorse includes and is subject ~theannexedconditi0ns. 

DM'EI> this 17 day o~ 

~.~22~· 
Wltnea 

DATED thla :J. lf: {;t; day ot 

'1n omcL • A. D. 1982 

; 

Yukon Territory Water Board 

O\ainnen • I 



- ... -

. 1. De!initior:us 

a) '"Act• 9e&n9 llortharn Inland W&ters Act, a.s.c. 1.969 (tirat auppl-.nt) 
Cl.apter 2.8 and anr ·--00-nta thereto. 

c> ~· ~ the TUkca Turitorr W&ter Board. 

4) -coca~· ...ns the O:mtrollu of Ma.tar Jtiqhts for the Yukon Turitory. 

•> All ~ in thia llceac:., unlua otherviM expready atat.9d, aball be 
~inied iA the ..... aanner u iA the Act and bgul.&tions theretmd•~ 

2.. !!!!. 
'!'be t.ice12 ... ahal1 p&J' the v.tar UM ! ... pruc:ribed in the Aqa.1.&tion., 
&mN&lly iA advance oia the lat cS&r ot January in each and every ye&r of the 
t:ara. 

3. Seeurit:y 

'!'be Li.eenaee ahall, vi thin sixty (60) days of raceipt of this licence, .. 
d.poait vi.th th• Board, in acc:o~c:e vith the Jte<Julationa, S~on 13 (2) 
security in the uount of fi'N hundr-4 ~ ($500,~.00) dollars. 

4 • lloD-=<XAllfli&n.ee _ 

ID the ...at the t.iceDHe fail.a to ccmply with any pro-rUion or coadition 
of thi• licence the Ao&r4 .. y, subject to the Act, =nca1 the licence and 
without liaiting- its ri¢u to caacallation of the 11.cenca, if the Lican.ne 
bu failed to perter. the worka u specified in the licence. or has performed 
wcrka ccatrary to the llce:oce, the Board u.y apply to the Court.a for a 
-.M&tory J.njunetioa compelllnq the t.ican.aH to perter. the vorlt8,or for 
u injunction to rutra.i.D the IJ.cen... from perfoz:Jdnq the vodcJl,aa the C&H 

..,. be. 

5. 1farta Discharg! 
0 

StAnd.uda 

~ lJ.cenca ia ialfU9C! to the IJ.ceaaee aubj9Ct to the condition.a contained 
herein vith ~ to dapod.t.i.nq or puw.ittin9 the deposit of wast• of aziy 
type in any w.tars or in any puc:. und.e.r any conditiOns where such v.ate, 
or aar other V&sta that resa.1.ta frca the depoait of such waate,may enter 
azrr waters. lloweftr, it ia &180 a c:cadition of the qrantinq of thi• 
llcanc:e to the Ucenaee that, vbaneVU' future requl.at:iona an made by the 
~ in C'ou:>cU Qndu the Jlc)tben Inland Waters Act,or any other 
atatute ~ ·ccnditiOA&. relating to the quantity and types of waste 
that -r be ., c!epod.ted,that are mer. •triDIJent tbaD any canclltiona 
hic:luded in this licence. that th1a licence shall a c!Mmed, upon pruc:rl.p­
Uoa of such regul&tioa.a, to a autcmatical.ly _...,,ed to c:cnfoJ:a within auch 
nc;W.Ationa.• 

'· Ccmpen!ation 
'1'he Llcaone aha.11 provi4e appropriate ~tica to any pe.r80ft vhoM 
ri.qhta are adftraely affec:t94 u a ruult of the c;rant.ing of this water use 
l.J.cence. 

1. ecrr .. ponc!eftc:e 

1lherti uir cllrection, notice or order under this 1icenca ia required to b!I 
in writing. it shall be giftlll . 
a) to the Llcena... if left at or ll&ile4 by rt19istared ...U to the follovin9 

addr9u1 

cyprus Anvil Jlinin9 Corporatign Lt(!.! 
•• o. Box 1000, 
FAR:>' Yukon '1'arri tory 
nm lm 
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a.nd sh.&.ll be d .. U*i to have been c;i\"9.11 ~:> t.'1.e Lican•H on t!le d&y it 
v... left or Hven (7) days a!~ar the d.ay 1 !. vu ma.iJ ed u th• e&•• 

• may be. 

bJ to the Board, it left &t or Hnt by reqbtered ::ail to the !ollov4-n11 

addr•••• 
Yukon Territory Water iso..rcs, 
200 R&nqe Road, 
Whitahorte, Yukon Territory. 
YU 3Vl. 

and shall be de-emed to have l::Hn ,.tven to the Board on tba d&y it 
vu le!t or Mven (7) c!Aya attar t.he d.&y it vu m.a.iled •• ~ a.a• 
.. y be. 

a. Aprul• 

An appu.l may be filed vi th tM Bo&rd vi thin tan (10) d&ys ot any action Uken 
by the Controller under the provision.a o! this licence. 

9. Annual Reports 

(&) Pursuant to Seei:ion 15 of the P.equlation.a the LicenH• shall submit 
to the Boarc!, on or before 01 K&rch of the year next tollowinq th• year 
nported,an annual report which ah&ll det&.il all water qu.antitlH uaed 
durinq th• ~ vith a suzamary and &n intupreution of any treM. or 
•arati.::>n.a in t.he·d.&ta. 

(b) In addition to the in.!ol:1Mtit:'ft re!arnd to under Part A, Section 9 Ca> 
of this Uc:an.c:e tha &n;lual report shall cont&izu 

-
Ii) both tabular &nd c;raphic:a.l su:suriH o! all d&ta 

q-enerated unda= Schedulu A, B, C and vhen appropriate D, 
of this licence, ineludinq an analysis and intarpret&tion 
by & qualified individual. or firm and a diacuaaion of 
any YUiancu from b&.9-9 U,:,e condition.a or ~rem previO\d 
years. 

(ii) A watar balan-:e for the ta.ilinq• facility ~ the diversion 
canal. 

Cili> a deUiled ~rd of any aajor r.&intan.Anee work cartled out 
on the t:aJ.l.in(J• facility, diversion cha.Mela, vaur a\!;>ply 
reservoir or any otbu aspect of works on the property vhic:h 
aay have an illp&c:t oa vatu. 

CiY) any other detail.a on water use or vute disposal requested 
by the Board. 

10. Deposit ct & 1fas1"• 

Th• LicensH ah"ll .-c!vi.se by telex (036-8-342.l_or telephon• (668-5151, 
local 115 or 667-7244 ~ 24 hour/day spill nport number) the Controller 
immediately sbould a deposit ot a vut• in exc:eaa ot lican'=•-lfmits 
occur or see: likely to occur. A det&il.ed written report on any such 
event includi.Aq but not limited to d.&tes, quantities, parameters, causes 
And other relevant c!at&ils &nd explanations, aha.11 be ~ttfld to 
the Controller not l.&ter than fifteen (15) d.&ys a!ter its occ:urrence. 

11..~ 

'1'h9 tum ot this licence shall be tor a period ot Hven (7) yeus ~ro: the 
•t~ecti.ve d&te ot this licence. 
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PART B - CONDr:"IONS AI'PLYIW.. ':'O :;)P?:AATION 

1. Water Suppl%, 

(a) 'The lic:en.8 .. ah•U vithdrav vat.er from 'Ro•• Creek down•trHM of the 
fr?Shvater r•••rvoir in a qu..ntity ~t to a.-<ceed 9.0868 x 106 a per 
ye.ar and &t a rate not to ex..-4 3.27 x io4 ml per d4y. 

(b) '1'he licen. .. ah&ll impound the flow of the liqht Fork of lt>H Creek 
in a m&nneT: that ansur.. Part B Sect.Jon 4 b fulfilled -.nd in a zc.&nn•r 
a&tiataetory to die Controller. 

2. Wute Diach&rq• 

(&) Without reatrict!nq the 9anara.llty f)f the definition of •vute• in 
the .L..""t, "vane d.iacharqe• in this UC9nce includaa the tailin<IS pond 
affinent, t.ailinc;a pone! H•p&qa, tail.inqs pond qroundwatar ... !'499 
and cont&lai.n&ted surface drain.aqe prior to antarinq the receivinq 
tMters, and incl~q the !'a.ro Creek diversion va~ers. 

' (b) !lo Vll•t• d.i•c:harv• •hall exhibit conati~.Jenta or charac:tariatlc:s exceed-
ing the foll..oving 11.aitaa 

Suspended Solida 
pll 
Colour 
Turbidity 

- not gru.tar th&n 15 mq/l 
- not leaa th&n 6 • .5 pa units 
- not ']re&tar th&n 20 Pt-CO units 
- not qru.tar than 15 Jacka.on 

'1'urb1'!1 ty uni tll 

Cd) Jfo vi.aible or float.in; oil• or qre&.aea shall be present in any vut;e 
d.iacha.rqe. 

(e) Jlo tM.ate discharge ab..U M toxic to fish. 

(f) '1'ba concentrations of ttubata.ncea vh.ich shall not be exceeded in &r1y waste 
d.ischarqe are listed below: 

~ (as RJ 
Antaony ($!)) 
Anenic (As) 
Barium (Ba) 
Cadmium (C4J 
Copper (01) 
Cyanide (u CRJ 
I.Md (P!») 
Mercury (B9J 
Molybdemm (Mo) 
Iii ck al (Hi) 
Selenium (Se) 
Silver (Aq) 
tine: (Zll) 

Concentration 
for a111; qr~b s&mple 

1D9/l 

trSt&l 1.00 
extrac:t&bl• 0.10 
diuolved 0.05 
extractable 1.00 
extract.lllble o.o~ 

extact&bl• 0.20 
total 0.05 
extractable 0.20 
tct&l 0.005 
axtrac:t&ble Q.50 
axtract&bl• t>.50 
axtrac:t&bla o.os 
extrac:b.bl• 0.10 
mrt.rac:ta.bl.e 0.50 

«1> ~ effluent standard• listed in Part a. s~ 2 Cb), Cc->, Cd),<•>. 
and (fJ of thi• licence ah.all be -t at all points of entry to recd.T­
in'l vaten-includ.1.ng but not limited to 2BC-XS, 2BC-Xll. 2BC-n2, 
2BC-X13 or at any other a&mpl• st&tiona specified by tl\e Controller. 

3. 'J'ailinq• Disposal Sy•teM 

(&) From the •~!active date of thi• lic:cice and for a period to be deter­
lli.ned by the Cont.roller, the llcen. .. •h&l.l place en17 !if•• from tho 
llill t&ilinCJ• in the tailln;s pond behind ~· !.ntermedi&te dam and 
shall distribute ~•• fines u evenly u practicable over the floor 
of th4 pond to the a&ti.sfac:tiotl of th• Controller. 



(b) t>uri:u/ the p.riod referred to in Part a, S.-etion l Ca) of this licence, 
eo&rM t.a.ilin9• shall be deposited in th• tailln11s pond in UM frior 
'CO the effective d&t• of thi• licence. 

(c) Cc:-encinq at • date to be detarlllined by the Controller, the UcenMe 
ah&.11 pl.ace all aill tailinc;• !.D an uncla.Hi!iad distribution in the 
tailinqs pond behind the Intaniiediate d&Ja in the valley of RoM Creek.: 

(d) The licensee ahall channel the vatar• of JloH Creek around the ta.ilinqa 
facility and shall ensure that the diversion canal ~ the hydraulic 
e&pa.c:ity to carry a 11500 y..-.r flood !lov. 

(•) Within one (1) year of the effective date of thU licence, the lieen ... 
ahall, on the baU. of d.&t& collected under Schedule C of thi• Uc.nee, 
cccstruct a flood continqtnc:y overflow structure to channel fl.ova in 
exc .. • of 11500 year nturn f1oocl oat of the 4iveraion. 

(f) ~ 1.iC9DMe ahall. ensure that the apillvaya on the tntermedllt• c!Ul and 
the Croaa Valley ~ have the hydraulic capacity to ~ 1:500 year 
flood now of JoM Creek. 

) 
(q) '1'be licena .. aball, within thr .. (3) years of any temporary c:aaaation 

of t&il.inqa d.bc:harge, cap and or flood the surf&c:a of th• t&ilinc;• to 
the a&tistactica of the Controller. 

Ch) l'lov Wir• shall be c~ at the dee&nt •t.:uc:tun• on the 
Intaraed.iata and Cron V&llrf 4-a. 

4. North Fork of Ron Creek 

When the North Fork of Rosa Creek is beinq diverted into the pumpi.nq .z:eservoir _ 
- an overtlov -ct one thoua&nd -n-; 000) 9&11ona -per- minute shall be maintained over 
the pwapinq reservoir spillway. In order to permit the puu.qe of fish to the 
Horth Fork of Roa Creek, this diversion shall be operated trom 01 November 
to 30 April only. 

5. Modi!'ication and Constniction 

(a) '?be lic:an ... sha11 file vith the Board the final desiqn and construction 
plans &.nd specificationa for any modifications to the existing water 
supply and .. soc:iated fac:illti••• the tailinqs dykes and related structures, 
and other vast• tre&t:mant or handllncJ facilltiH prior to the proposed 
start of &ny ccnstrw:tion or work and receive a letter of approval frcaa _ 
the Board, prior to tho at.art of any con.truc:tion. 

Cb) '1'he licen ... shall file vith the Controller at le&st ten (10) day• prior 
to ~c:inq any construction work referred to in Part B, Section 5 (a), 
• detailed construc:tiaa ecbedule. 

(c) '1'be llc:en... shall ccn9truct each atructun and carry out work in accordance 
with the plans &DC! specification. &a approved by the Board.. 

(d) All design alterations from thoH approved·by the Board. shall be subd.tted 
to the Controller. and the licena .. shall receive approval froa the 
Controller prior to any altaration• be.i.nq made. • 

(•) 'l'b• llcan... shall provide &a-constructed pl.&na and drawing• of th• works 
referred to in Part B, Section 5 (&) within sixty (60) days after completion 
of COMtruction. ThaH shall be subaitted on tr~encie• reproducible 
~vtth the uu of a standard printer. 

6. Maintenance 

Durin9 the term of thb licence, includincz any period of temporary cHsation 
of tailings di8Cb&rge,· the licen• .. shall maintain all works on the property# 
and. in particular, the tailing• dispoa&l fac:illti••· diversion canal•. 
freshwater supply reservoir, v .. ta rock dump• and all associ&ted works to 
the ntiafac:tion of the Controller. 
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7. ~SU P.ock 

(a) Within tvo (2) year• ot the etfect.i"V'9 date ot thia :ie•n~e, th• lfc•n••• 
&hall •u.bmit U) the Board a plan and implaiMnb.tion schedule !or th• 
physical and c:hudcal at&bil.i%ation of all wute rock dumps. Such a plan . 
~1 ensure that the ultimate limit ot va•t• rock ~1cnpa does not prevant 
abandonment u described in Sc..'ledule •E•, Section 3 (9) and (h) • 

(b) t7pon receipt frc:. th• Board of vrittan approval of the plan referred to 
in Part a, S.Ction 7 (&),the lieana .. shall implement the plan accord.incJ 
to the schedule contained therein to the aatial&ction of the Controller. 

(cJ If, in the opinion of the controller, leac:hin9 of oxidized vute pil•• is 
oc:c:urrincJ, the ucen ... ah&ll cap the hi9h sulphide va•t• roc:lt &.re&• vith 
iaperlM&bla ::i.atariala. 

(d) llini..n9 and ~ c!lmp operations ah&U be carried out in a manner which 
.uarea that durable c:&lc-ailicate qnei•• vute rock aatedal is available 
for the Sc:be9e 2 rocltfill flow through clam referred to in Schedule -z•, 
Sec:t.ica 2 of thi• licence. 

) 
(•) Te•tinCJ of the dur&hility of the ca.le-silicate CJneiH rock shall be under• 

taken to establish its suit.ability for use in the &bandonment dua stl:Uc:ture 
to the aatiafacticn ct the Controller. 

(f) A proqr.. to verify the avail.a.bill ty of auitably durable rock for the con­
atructica ct the ahandooment d.Ul shall be undert&ken &nd reported to the 
Mtiafaction of the Ccfttrollar. 

f I. Groundwater Contingency Plan• 

--'------------<-at- Within tiYe (5) years of the affective date of this licence, the licanaH 
· ah&U aubait to the Soard a continqancy pl.&n or pana tor b&ndlinq any 

~tar dovnstre&a of the Crosa Valley d.a which contain• concentrations 
of aubat.ane.s in exc: .. a of licane. llaita aa Ht forth in Part JS, Section 
2 (f) of this licence. The objectift of S\:&Ch a plan ah&ll be to ensure 
"that licene. st&nda.rda are maintained in qroundwater. 

(b) SboW.d it be determined by the licena .. or by the Controller that qround• 
water downstream of the Cro•• V&lley dua contains austained concentrations 
of aubat.&nces in axe:••• of licence limit. u set forth in Part B, Section 
2 (!) of this licence, the Board may require that the licen••• implement 
one or other of the c:ontinqancy pl&ns referred to in Part B, Section 8 (a) 
of this licence. 
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1. CaJ ':?l• lic•n-• aha.11 ~t to the Controlbr aonthly reports based on th• 
previo\1.9 mo:ith'• Surveilla.ru:e Network prec;r .. d&ta and ah.all include th• 
data and tU. each sample va.a taken &lid analyzed. 

(b) The lic:anH• ah.all collect and conduct four (4) bioauays each yur from 
paplinq point. 2BC-:XS, and 2BC-Xl3 on d&taa approved by the Controller. 

(c) Procedure• for the bioaHaya ab&ll be obtained from the Environmental 
Protec:tion Suvic• and approved by the Controller. 

2. Ca) The Licen ... ah&ll :ocply vith the Sw:veill.&nee Net1i1ark Program attached 
u Schedule •A• hereto and vidl any vari&tiona tharact ll&de by the Controller 
and ah&l1 ccaply vi.th all proviaiona for sampling', sample preservation, 
reportinq &nd. analysis specified by the Controller. 

(b) 0n1 ... othe.rviH specified or approved by the Controller, all &n&l.ys•• 
ahal1 be conducted in accoi:d.ance vith the current edition of •st&ndud 
Methods for the Ex.udnation of Water and Waste Water•, prepared and 
pablllhed jointly by the J.muican Water Works AHociation and the Water 
Pollution Control Federation. I 

(c) All analyses ahall be ~oz:med in a laboratory ~proved by the Controller. 

(d) '1"be lieen ... ah.all perfo:cm the analysis !or cyanide in accord&nc• vith • 
.. thc:d to be specified by the Controller. 

l. ~ licensee sh&l1 cc:mply vi.th the prc>qr&lll of bi.oloqie&l. monitoring atu..ehed 
a.a Sc:bedul• -a• hereto and with any variations thereof m.ade by the Controller 
and aha.11 cc::mply vi.th all provisiona tor umplinq preHrvation, reportinq and 
&c&lysia apecifi~ b_r _ ~-C_<:>~~ller. _ _ ___ __ _ __ __. . _ 

4. '1'he lic:en9ff shall carry out tha phyaic:al monitorinq pr~ attached u 
a.a Sc:hedul• •c• berate and vi.th any variation• thereof prescribed by the 
Controller. 

PART D - REHABll.ITATION AND ABANOONM£N'1' 

l. 1'be lic:anaff shall notify the Board o! its intention to permanently cease 
ope.rat.ions on the property, not leH than five (5) 19U'• before such 
cuaation ot operation.a. 

2. Opon permanent c:euation of operations on the peoperty, the lic:en•ff ah&ll 
car:y «it the proqrma of abandonment-related activities Ht out u Scheme 2 -
in the report entit.led -raro Kine 'l'ai.linqs Abandonment Plan•, prepared by 
Elohn Leoaoff. Cozisul.ti.DtJ ~. Sept-.ber 1981, and ~ized in Schedule 
-z· to thi• licenca. 

l. '1'be licensee shall carry oat th8 proqrua of &b&ndonment-related investic;ations 
Ht forth in Schedule -n• to this licence or JDOditicationa thereof u directed 
by the Controller and shall suba.it to the controller. at intervals approved 
by the Controller, all relevant data, toqethu--vith an interpreu.tion of that 
data in relation to the proqram of ab&ndozment-ral&ted ac:tiviti•• Ht forth 
ill Sc:bedul.• -z• to this licence. • 

4. Prior to the expiry of this llcanca, tha lleenaff sha.U sul:ait to the Board. 
fin&nci&l proposals with reqard to the eventual J.mplemenU.tion of the proqram 
of &b&ndor.-at-rel&ted act1viti•• Mt forth in Schac!ule -z• to this licence. 

5. %n adciltioa to the provisions Of Part 8, Section 6 of this licence the 
licensee shall aainu.in all works on the property. and in ~cul&r, the 
tailinc;• disposal facilities, divenion channels, and vute rock dumps, to the 
satiafac:ticn of the Cont.roller, during the period after permanent c•Hat:ion 
of operations on the property, but prior to the receipt of a written au.tement 
traa the Boazd to the ef !ect that all provision. of this llcanc:e have been 
impl-..nted in a iu.nner satisfactory to the Board. 
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SCH!DULE A 
SORV!;II.I.AtlC% Nrl'WO~ p~ 

FOR 
CYPROS ANVIL KINIOO CORPORATION LTD. 

1982 

SAKPLIOO POINTS FOR THIS PROGRAHz 

Yukon Territory Water Board 
Identiticati~n No. Samolinq Station 

2BC-Xl 

2BC-X2 

2Bc-Xl 

:isc-x4 

2BC-XS 

2Bc-X6 

2BC-X7 

·2sc-xs 

2BC-X9 

.2Bc-Xl0 

2BC-Xll 

2BC-Xl2 

2BC-Xll 

2BC-Xl4 

--~ 2BC-ns 
2BC-X16a 

2BC-Xl6b 

2BC·X17a 

2BC-X17]) 

2SC-Xl8a 

2SC-Xl8b 

2Bc-X19a 

2BC-X19b 

2BC-X20 

2BC-X2la 

2BC-X2lb 

lBC-X2lc 

• 2BC-X22 

2BC-X23 

2BC-X24 

2BC-X2S 

Old t&ilinqa pond dec311t (equivalen~ to Sl 
in 1980 licence) 

llOrth Fork o: ~.. Creek at road bridq• 
(former 52) 

ao .. Creek freshwater at Pumphou.• (former 53) 
) 

Inta.rmediate dam •decant 

Croa• Valley dam daea.nt 

Seep&qe from old t&ilin9s pond (fo%DIC!r S6) 

Mine water at road croasinq 

At ~version of Faro Creek 

'l'ailinc;s line t:> t.ailinqs pond 

ao .. Creek diversion ca.n&l. kelov wi•r• 

SHpaqe from north toe of the CroH Valley dam 

SHpaqe from south toe of the Cross Valley daz:i 

Combined seepa7e flows downstream from the 
c:ulvert and upstream of the decant conflue~ce 

ao.. Creek after mixinq downstream of t;he 
diversion canal ccnfluence 

Jb:e Creek at mouth 

Groundwater m:mitor vell-ll at de~th of S m 

~ter monitor vell-JCl at depth of 30 m 

Groundwater monitor 1Hll-k2 at depth of 5 m 

Groundwater monitor well-JC2 at depth of 20 m 

Grcundvater monitor veU-IC.3 at depth of 10 m 

Groundvater mcnitor vell-JC3 at depth of 20 m 

Groundwater monitor well-IC' at depth o: 12 m 

Groundwater monito:- vell-JC4 at depth of 27 m 

Groundwater m::nitor well-JCS 

Groundwater monit.or vell-JC6 at c!epth of 10 m 

Groundvat•r monitor well-JC8 at depth of 27 m 

Groundwater monitor well-K6 at depth of 40 m 

Diac:h&rq• from Fa.ro 11 Pit pumps (Fll) 

Pit d.rainaqe at tc:-e of waste dump• (Fl2) 

· Groundvat•r monitor well I.D • .2 

Groundwater monitor well I.D. 6 

.. ~- • :i --~ • ............... .._ ________ _....+~::J,.,.-......._ ____ ~~~· ... --------~··· :;,11 .... 
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SCllEDULB A CONTINUED • • • 

pff 
Te•p •c 
Su1pended 10Ud1 •9/l 

Flow •l HC 

All1M>nia a9/l 

Copper IMJ/1 (extrac­
table) 

Lead ag/l (extrac• 
table) 

Zinc · '-9/Uextrac­
table) 

l. 

Xl 12 

" " 
" 
v 

v 

v 

v 

" 

• • 
• 
• 
• 
• 

• 

• 

Xl 14 XS 

• • 
• 
• 
• 
• 

• 

• 

" " 
" 

" " 
" 

" . v 

" " 
v v 

v v 

" " 
Cyanide •g/1 (total) v • •• " v 

Manganese • 9 /1 
(extractable) 

Sodium ag/1 

". 
v 

NOTla v - weekly 1a.pling 

• - IM>nthly 1aapling 

• 

• 

2• - aa.pling every 2 110nth1 

• v v 

• " v 

X6 X7 

• • 
• 
• 
• 
• 

• 

• 

• 
• 

• 

• • 
• 
• 
• 
• 

• 

• 

• 
• 

•.... , "' .... ._ .. , ........ ~.----­
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SURVBILl.ANCB HBTWORK PROGRAM 

X9 

" " 
" 
" 
" 
v 

" 

" 
v 

" 

XlO Xll 

• • 
• 
• 
• 
• 

• 

• 

• 
• 

• 

" " 
v 

v 

" 
I 
,v 

" 

" 
v 

" 
v 

XU 

v 

" 
" 
" 
" 
" 

" 

" 

" 
v 

" 

f 

XU 

" " 
" 
v 

" 

v 

" 

I " 
v 

v 

XU 

• • 
• 
• 
• 
• 

• 

• 

• 
• 

• 

• 

116 

2• 

2. 

xn 

2a 
2a 

2• 

2• 

2• 

2• 

.... --.---

.•. 

i!15¥p 

Xl8 Xl9 X20 121 X22 X2l X24 X7S 

2a 
2• 

2• 

2• 

2• 

2• 

2• 
2a 

2• 

2• 

2• 

2• 

2• 

2. 2a " v 
2-. 2a 

2a 2a v " 

2a 2• " v 2• 2a 

2• " v 

2a ·"· 
v 2• 

2a v v 2• 

2a 2• v v 2. 211 

2• 2• 2• 2-
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"' CY Pa us ANVIL Ml NING CORPORAT~ON LTD 

~\ SAMPLING POINT LOCATIONS 

l' I -- t"""'1-·-1~r-- -( .. r 
. . .. . '• . ; ). ... '·1 "~\.:~ r.: ;;,.;,;if: .. ,. .. ,, .,,.. ' •... .... •·'~ r : • 

'f"t' • .. ·~~ ..... .:. ..... ,. ~ •• ~ .. ~-~·°'.,.+'~'~·"· 

" 

0X22 

Waat• Rock 

Dump 

. -

O aurfqce water ata t ion 

e ground water 1 tat ion 

i \ 

I ·r - -, 
I 

......... 

,. 
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!IOLOGICAL l«)NITORING PROGRAM 

FOil 

CYPRUS ANVII. MINING CORPORATION LTD. 

1. Samplinq Pointaa 

(a) JU1 abaft the c:ontlue.nce ot the North Fork and South Fork 
of kH CreU (EPS sample station 1) 

(b) Jl21 in the llixin9' zone downatrum ot the intersection of the 
Jloae Creek diveraion c:&n&l. 

Cc) R31 RoH Creek about one-h&lt vay to Anvil CrHk. 
(E.P.s. a&mpl• •t&tion 5) I 

(d) Jl4s ., •• Creek ju.st above Anvil Creek. 
(E.P.S. a&m:ple station 6) 

(•) R.51 Anvil Creek ju.st belov the confluence of Rose er.ek. 

2. '1'he Company ah&l.1 collect thrH replicate samples annually from each 
station u.ain9 &n artitici&l substrate umpler tor approximately 
ti,,. ""1ts. 

l._1be Comp.l.iiy_sh&ll on each visit perform tHts for pH. -c:cnduc:tivity, 
temperature. and diaaolv.d oxygen. Water N.mplea shdl be collected 
and a.n&.lyzed for cyanide, copper, lead, zinc, 111.&nqan•••· iron, 
c&l.ciua &nd 90dium. 

4. S&mples sh&ll be collected by &n independent con.ult&nt. 

5. Suipl• identification &nd enumeration sh&ll be done by an independent 
con.ul~t. · 
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~ C - PW.SICAL MCrrrTORING P!"Xit;.M 

1. &) The RoH Creek diversien cazul •hall be .,nitored through the instru­
llllllnt&tion installed &.9 per th• Gold.er Asaociat•• Pertorm&nce Instru:r.entation 
Report dated February 1982 (812-2041). ~thared dat& shall be analyzed tO 
ahova 

(1) Mjwrtment in thermal reqime &nd i=ltinq of the permatro•t, 

(ii) Potential downslope creep of the exc&vated CAr.al wall, 

(iii) S.ttlement of th• dyke and di::tributlon of Httla::ant within 
the dyke f:nmd&tion due to permafrost th.av. 

(iY) Areas and rates of •eep&qe !re. the diversion canal. 

(v) Performance of the waste pilH adjacent to the canal vi.th 
respect to ~&n&l •b.bility. 

(vi) ~r are&a of concern. j 

b) If the analyH• re!e:red to in Schedule c, Section 1 (a) show dHiqn ~ 
objective• for CJfltOtec:h.nica.l pei:fQrmanee and project aa.!ety have not been ~ti 

1 

.. t, the lleen.H ah.all idantit;,• re::ied.ial. m.aaurH to th• Controller and t 

hipltiDer.t them apon receipt of the Controller'• approval. ~ ) 

c) The network of monitorlnq instrumentation u detailed in Pi~~. ~ 
Golc!e.r Asaoc:iatH Performanee Inatrument&tion R.-port (812-2041) shall 
be .:mitered &ecordinq to the followinq schedules· 

Vertical 
Settlement 

·Bubs 

Sorlzontal 
Settlement 
Buba 

Pneumatic 
Piucmeters 

Hydraulic 
Piec:zmetus 

x 

x 

x 

z 

~-· 

Apr.-May 

x 

x 

x 

t 
Wt.. ~ 

,~-wL 
u 

Sept-oet. 

x 

x 

x 

x x 

x x 

x x 

z x 

~. +o ~ 
~\h4 ' V'-

.. 
x 

z 

~ 
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dJ Honito.rin<J of v.rtia.l &nd horizont&l. lllOV'mNnt hub• shall be 
perlonaed by qualified surveyora. 

i) Str.am !lov .. anaurement ah.all be taken at twO ••c:+-lor_. in the 
canal. a one ju•t dovnatrSAm ot the water supply pumph-:-u.se and t.'l• 
other on th• c;eetly alopin«J .. ction, m.ic!.,,..ay a.lon9 the out!all reach 
of th9 c:Wl. °'1• of theH sections al-.&11 be established u a 
continuous ncordinq •tn&m!lov station. 

f) Clac:iation within diversion e&nal &ball be monitored undar the tollov­
in9 proqraa1 

(1) veekly in.9pe<:tioN1 of ice build-up on th• south 
w.11, and bottota of the canal ah&l.l be made. 

tll) '1'ba licansee ah.all prepare a surveyed croH aection 
of any siqnficant'.ic:e ba.ild up at said loc&tlens. 

(iii) In9pecti.on obaarvaticna a'1d related weather conditions 
ahall. be documented. 

j 
(iv) All cornctiw or preventative action ah&ll be docu­

mented. 

(v) A photoqraphic record ab.all be taken of &ny ql&ciaticn. 

9) Aey erosion &c:tivity vithi:i the d.i:nrsion can.al shall be studied and 
docu::mited and preventative JllUSUrU taken to ~t&l:illze the activity. 

Ji) Several Hlec:ted c:roH Hct.iona and profiles shall be surveyed and rou-
tinely re-survey.<! to .... sure the ••en.mt of ·~~t~~ baj.ld_~up- __ _ 
within the d.ivarsion C&n&l. '1'be !ollovinq points ah&ll J:>ti Ht&blished 
u control HCtion.sa the upst..-a&Jll end of the pond to::.ed in the old 
canal by the diversion d.ami and just dovnstru.Ja of Goodall Creek. 

1J D&t.& ahftll be collected to a.id in the design of an overflow atruc:1:ur• 
to pua flows in exceH of the c:an.al'• c:a;:aclty into the down valley 
taili:qs ;:end aru u prescribed in Pa.rt B, Section 3 !e). 

2. The Intermediate and Cross Valley d.a.ala shall be monitored throuqh t.'le 
instrumentation installed u per Golder AssocutH Performance Instrumentation 
Report d&tad February 1982 (812-2041) • Moni torin9 sh&ll eoime.nce prJ or to 
re.aervoir fillin9 and a mcnitorin9 schedule shall be ~ollowed u laid out ir 
Section 1 (C) of Schedule •c• to thia llc9n•e • 

• 
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SCHE~lE: D - i'~RAK OF INVESTICi\T!ON~ 
P~":'I?I:: TO ABANOONMENT 

1. (a) '!'ailin9s test ponds shall be eonsa-uc:ted and monitored to the 
tc~ extents 

i) The area of the-bottom of the tHt pit shall 
be a ain1.mum of i0m2. 

il) The pit valh shall be of low permeability • 

ill) ~ tut pond ah.all be plaCl"d in a location such 
t:!:.&t FOnd elevation ia significantly above g'r.)und­
tM.ter elevation. 

iv) W..ter used in the pond.a Mal.l be natural aur!ac:e 
water and t&illnq• shill !::>e vuhed before pla~ment 
in pond•. 

v) A minim= of 1 four pit tHt3 aha.11 be conducted vi.th 
2 pits tilled with low permeability ta.ilinq• and 2 pits 
filled with t.&ilinqs u.ndts. E&c:h <;rain size shdl 
have one pit with water depth of 211 and one other 
with water depth of Sea. ' 

vi) Tail.inc;• ahall be placed in the pits to • minimum 
depth of 0.5 •· 

rii) Tailings solids ah&ll be analyzed at th• time they 
are ~laced in the pit and once every five yea.rs tor 
the follovin9 constituents, sulphide sulpur, lead, 

- --- --- - - - - -· -- · --- - zinc.- iron ar.4 Cepp.r. --- - - · · -- -

viii) A ai.nimum of four water umpl••- ah£11 be taken troa 
each pit 4t th• follovin9 points, surface vater in 
pit, pore water O.l.m belov tailinqa surface, pore 
vata.r O.l.m &bove th• bu• of. th.a t&.!.linqs and 
pore water from below th• ta.illnc;s. 

ix) A minumum of eiqht sample times •h&ll be a.t&.bllshed 
durinq the year vith &n&lysH for th• !ollovin9 
constit'!!ents, lead, zinc, !ron, silver, copper, 
&lkal.inity, hudneH and sulph&te. 

x) A dissolved oxyqe.n profile shall be prepared of the 
surface water column and, for th• pore water. 
rie.ld pB and tem;'U'&ture sh.all be taken along with 
eACh water S&JaPl•. 

2. (a) A trial mba.aJcment dadc;n to simulate the flow throU!ih zone of the 
abandoz:ment d&a ~c:ribed in Schedule E to this licence shall be 
constructed in &n area ot continuous winter now below the 
pruent Down Valley dam but &bov• the =zifi.uence of the diversion 
ditch and l'o.. Creek. 

(b) '1'ha tut secti:)n •hall be constructed to the satisfaction of the 
Controller. 

Cc) 'l'h• test Hc:tion ah&ll be monitored durin9 the year vit?l spec:i&l. 
attention pd4 ta winter operation. Instrumentation shall ~ 
inatalled to adequately define conditions within test .. c:tion 
darinq operation to the satis!&Ction of the Controller. 

(4) Any c:hanqu to dHiqn during test period and all manitorin-; data 
shall be doc::ume.nted in detail esch year. 
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SCHLDO"'J: E - !U~ OF ABANDONM!:Nl'- FL:>. Tr!: ACTIVITIES 

1. Cer.ersl 

a) The Ucen... shall abandon the property in au.ch a way as to ensure, vi thout . 
, any aainte.na.nce whatsoever. the lonq term physical atability of all water 

courMa a.nd.t&illnc;• depodta. 

b) The Ucena .. ah.all abandon the operation in such a manner that the long term 
vat.er quality of Ro•• C.:eek downstream of the ui.U.nc;• facility ia equal 
to or better than that during ope.ra~ion. 

2. Abandonment of Tdlinq• Facility 

a) An abandonment ~ and reservoir aball be conatl:Uc:ted a.a shown in Appendix I 
and II, and in accordance with the apec:iticationa and rec:ommend&tiona o! 
the llohn teooo!f Report entitled, 'Taro Hine 'l'ailinqa Abandonment Pl.an•, 
dated September 1981, and the aaaoc:iated nohn teonof! addendum dated. 
October 20, 1981, and incorporatinq desiqn revisions based on the information 
gained fraa the prograa of abandonment-related inveatiqationa carried out 
pursuant to Part I>, Section 3 and P~ a, Section 7 (e) and (f) of this 
l.icenc:e, or !rca any other investigations undert&ken by the licans ... 

b) The liean... shall ensure that a.11 tailinqs an flooded to an avera9e depth 
of five (5) .. t.era and th&t no t&illnqs.a:re flooded to a depth of lH• than 
four (4) .. tera. 

c) '1'ba Ucan... aha.11 construct a pervioua rock ber. at the extreme upper end 
ot the t&ilinc;a nMrvoir to control tha influx of debris to the abandonment 
.reservoir. 

d) The ab&ndonmant &m aha.11 aatisty·t.he:"followinq criteri.&1 - - - -- - - - --· 

i) pasaaqe of the pouible aaxim• flood without dul.aqe to the struc:ture, 

ii) aainten&nce of structural ata..billty under 10&ds of maximum credible 
·ea.rthqu&ke, 

iii) work• constructed shall be maintenance-free. 

3. ~nment ot Other Facilities 

a) The Uc:ansee shall abandon other facilities at lust in accordance with the 
•pec:ificationa and recam:ne.nd&tions detailed in the nohn Leonoff report 
entitled, "!'a.ro Mina 'l'&ilinqs Abandonment Plan•, dated September 1981. 

b) '1'be llc:ensee shall restore the bed Of Rose CHeJt in tha area Of the f rHh­
W& ter reaervoir to a st.&bl• condition and shall ensure th.at the ch&nnel is 
suitable for fish puaa.qe. 

c) '1'be Ucena.. shall remove the pumpbouae and COV'e.r its foundation. 

•) The Uc:enMe shall restore Horth Fork of Rose Creek to pre-mine condition. 

f) '1'be Ucen... shall remov9 the Faro Creek diversion structure and route 
Paro Creek into open pit Ro. 1. 

9) The llcens.. ahal1 en9Ur• that vast• rock dumps constructed of durable rock 
have slope c::reats with a Mt back distance equivalent to a slope of two 
horizontal to one vertical. 

hJ The Ucen... shall ensure that vast.a rock dumps constructed of weak or 
friable rock and overburden have al.ope crests with a Ht b&cJc distance 
equivalent to three horizont&l to one vertical. 

1) The licen... shall abandon sulphide-rich vast• rock in a manner such th.at 
oxidation and l•a.c:h.in9 are unlikely to occur. 
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j) Tte Uce.n.ee shall Hbbliah the outflow tr011 open pit 1'o. 1 such that 
•xpo•ur• of lllineral.i.zed roclc in the pit u ainimized t:> the aatistaction 
of the Controller. 

/ 
4. Seepage Control 

Should it be dete....~ upon peou.nant cHsation of operations by the 
Controller or by the lic:tn9H that any high Mepage zones exist i."\ the tailings 
reservoir, the Uc:anaee shall c::ap such zonea to the nti•fac:tion of the 
Controller 
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APPENDIX V 

DEFORMATION MONITORING STUDY, UNDERHILL ENGINEERING 

Golder Associates 
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ABSTRACT 

The deformation of the structures compri s1 ng the Down-Valley Ta i1 i ngs 
Containment project at Faro must be considered to determine whether the 
constructed works behave according to expectation. 

The use of sophisticated surveying techniques to determine the position 
of the structures at various epochs of time wi 11 provide information 
relative to their deformation. Wh

1

il e a detected movement of one 
centimetre might not be significant when one is considering the safety 
of a structure, steps should nevertheless be taken to insure that the 
accuracy of the displacement vector is one centimetre, or as close to 
that figure as may reasonably be achieved. Thus the engineer will have 
meaningful data available when he is determining the long term 
deformation of the constructed works. 

This report examines the survey network established and the procedures 
followed on the project to date. Optimum network design parameters and 
meth~ds for deformation studies in general are discussed and where and 
why some of these were deviated from will be explained. The general 
theory of Least Squares Adjustment is outlined as are certain 
statistical analysis techniques. 

The results of the measurement of the network to date are critically 
examined in order to show that the network and methods are capable of 
accuracies of the order of one centimetre. 

ii 

UNDE~HILL & UNDERHILL 
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HISTORY 

The site was visited on September 6th, 1981 to determine the scope of 
the survey. Cognizance was taken at that time of the order of 
magnitude of the distances involved and that problems could be expected 
in establishing permanent reference monuments due in part to the 
presence of permafrost along the north facing slopes. The occurrence 
of bedrock was al so noted and all such occurrences were determined 
prior to the first snowfall. 

Initial investigations into the availability and accuracies of the 
special equipment required were commenced and a preliminary methodology 
was postulated • 

The site was re-visited on November 10th, 1981 at which time Golder 
Associates were just completing the installation of the monuments in 
the various structures that required monitoring. The geodetic control 
network was finalized and installation of the permanent reference 
monuments followed. Certain lines between monuments were cleared of 
trees to allow intervisibility. 

Baselines for the testing of Electronic Distance Measuring equipment 
(EDM) were established in Whitehorse and two types- of EDM were tested 
on them. One proved not to be performing within specifications so the 
other was chosen. 

A mathematical pre-analysis of the weakest figure in the network was 
performed which 1 ed to the finalization of the observation procedure. 
All other equipment ancillary to the observations was tested, adjusted, 
calibrated or standardized as required. 

The survey network has been measured three times to date with 
observation dates as follows: 

EPOCH A December 1981 
EPOCH B - April 1982 
EPOCH C September 1982 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTD. 

UNDERHILL SURVEYS & MAPPING LTO. 
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. GENERAL CONSIDERATIONS 

If any deformation study is to provide meaningful data, the observed 
(or computed) displacement vectors must be referred to some frame of 
reference or datum. The most convenient, both for ease of computation 
and clarity in the presentation of results, is a three dimensional 
system defined by three mutually orthogonal axes. Three coordinates 
therefore serve to explicitly define any point within such a space and 
any observed variances of these coordinates are evidence of the' 
magnitude and direction of the displacement vector. For such a scheme 

I 

to consistently provide accurate results, the stability of the 
monuments pl aced to reference the coordinate system must be proven. 
This can only be accomplished by repeated measurement of the network at 
subsequent epochs and showing that the fixpoints have no or only 
neglectable displacements. There must be at least four such fixpoints 
as it is possible (al though highly unlikely) that three points may 
retain their positional orientation to one another but suffer some 
rotation with respect to the spa ti al coordinate system. It is al so 
desirable that there be some distant fixpoint that serves as a 
directional reference only. . 

Within the network under consideration, there are five candidates for 
fixpoints, all of which are monuments placed in consolidated bedrock. 
They are stations 282, 284, 288, 289 and 292. The one possible 
location for a distant fixpoint was rejected due to its altitude. This 
high elevation meant access to the point would be by helicopter only 
and that the probability of it being obscured by cloud was high. 

UNDERHILL & UNDERHILL 
U~DERHILL ENGINEERING LTD. 

UNDEHH~LL SUi=iVEYS & MAPPING LTO. 
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GENERAL CONSIDERATIONS continued 

All surveying observations or measurements are subject to two main 
types of errors which are classed as either random or systematic • 
Random errors are accidental errors and they tend to have a normal 
distribution. Therefore they have a standard deviation a priori 
which is either known from experience or is obtained by c~lculation 

from the physical makeup of the device or 1 instrument used for the 
observation. Alternatively, the value may be provided by the 
manufacturer. Systematic errors, on the other hand, are constant 
errors which introduce a bias into all observations and while 
observational methods and techniques have been developed to minimize 
their effect, they cannot be totally eliminated. 

There is a _school o_f - thought, therefore, which says that since 
deformation surveys are concerned with movement of points and not their 
absolute positions, then systematic errors are best dealt with by 
keeping them the same when _possible and thereby eliminating their 
effect. To this end it ·is suggested that one .should use the same 
instruments, equipment, observers, ·etc. for each element of the network 
and make the observations· under the same conditions at each epoch. 

This point was carefully considered before the methodo 1 ogy for the 
survey was decided upon. -~o__commitment could be made to dedicate any 
equipment or personnel to a project likely to span decad~s. Who cannot 

. say that new and better methods and equipment will be available in 
years to come? The observational environment can contribute 
substantially to systematic errors. The present plan for epochal 
scheduling virtually guarantees s~vere differences of weather 
patterns. For these reasons it was decided to attempt to reduce 
systematic errors to a minimum by employing all the best known survey 
techniques developed for the purpose. 

UNDERHILL & UNDERHILL 
UNDERHILL ENG:NEERING LTD. 

UNDE~HILL SURVEYS & MAPPING LTO. 
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MONUMENTS 

All of the monuments placed on the pertinent structures were designed 
and installed by Golder Associates. They comprise a 5 foot long 3/4 
inch rod with footplate and are protected from frost action by a 
neoprene sleeve and from surface disturbance by a 6 inch steel collar. 

The five monuments 1 ocated on bedrock were p~ aced by dril 1 i ng an 18 
inch deep hole in the rock and inserting a 5/8 inch rod secured with 
non-shrinking grout. Where the surface rock was weathered to the 
extent that it was impossible to drill a hole, the unconsolidated 
material was chipped with a breaking hammer and an excavation made by 
hand to solid rock. A 1 onger rod was then dri 11 ed into the rock and 
the hole backfilled with concrete to original- ground level. All 
monuments placed, including those placed by Golder Associates, were 
either centre-punched or enscri,bed with a cross to facilitate 
centering. 

Two monuments of the Golder design were placed at stations 290 and 291 
(not on bedrock) to strengthen the design network. Additionally, an 
iron bar at station 814 which was placed in the Intermediate Dam during 
construction was occupied and used in the network. This monument was 
not of the Golder design and as such is not protected from frost 
action. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTO. 

UNDERHILL SURVEYS & MAPPING LTO. 
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CHOICE OF EDM 

Two instruments were considered for the measurement of the distances in 
the network. 

The first EDM considered was the Tellurometer model MA 100, an infrared 
device with resolution to 0.1 mm and a stated range of about 2 km. The 
manufacturer's claimed accuracy is .:!:. 1.5 

1

mm .:!:. 2 ppm making it 
theoretically possible to measure the 1 ongest di stance in th~ network 
with a root mean square error of less than 5 mm. 

The other EDM considered was the Geodimeter model 120, also an infrared 
device but with only 1 mm resolution. The Geodimeter offered better 
range, faster measuring time, and was considerably easier to transport 
and operate. The accuracy claimed was.:!:_ 5.mm + 3 ppm leading to a 
maximum root mean square error of less than 8 mm. 

Both instruments were subjected to complete error analysis tests 
in Whitehorse before the choice of EDM was made. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERiNG LTO. 

UNDERHILL SURVEYS & MAPPING LTO. 
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EDM ERRORS 

EDM errors fall into three cl asses: cyclic error, constant error and 
proportional error. 

Cyclic error is caused by electr)cal and optical "crosstalk" between 
components within the instrument, leading to contamination of the 
detected phase shift. Since all electro-optical EDM equipment resolve 
the distance in terms of phase shift, each EDM will exhibit a cyclic 
error which is directly related to the modulation frequency imposed on 
the carrier wave. Most manufacturers cl aim that cyclic error is 
practically non-existent in their products and for ~he most part this 
is true; however aging of components can 1 ead to this error and 
periodic checks on a suitable baseline should be carried out. 

A precise baseline of 10 metres was established at Whitehorse 
comprising 10 bays of exactly one metre each. The stations were lead 
plugs in a concrete fl oar_,, and were centered with copper tacks. This 
baseline is suitable for those instruments which have a characteristic 
wavelength of 10 metres (the usual case). The procedure is simply to 
set up the EDM off one end of the baseline and measure to each station 
in succession. The absolute distances obtained are not important but 
the differences between each measurement should be one metre exactly, 
otherwise cyclic error is present. 

The data obtained from the Geodimeter 120 test for cyclic error was so 
consistent that no plot resembling a typical cyclic error curve could 
be constructed. The only conclusion that could be inferred therefore 
was that if cyclic error was present it most certainly had an amplitude 
of less that one millimetre and could be considered to be zero. 

To test the Tell urometer MA 100 the test base had to be modified 
somewhat as the expected wavelength of the error cycle was 2 metres due 
to a different modulation frequency. A fully graduated steel bar was 
laid between the points in the test base and measurements were taken at 
intervals of 20 cm. A plot of the results revealed a classic sine wave 
cyclic error curve of 2 metre wavelength that had an amplitude of 7 mm. 
This was almost 5 times the manufacturer's specifications and was 
int~rpreted as an indication of a serious problem within the 
instrument. 

' 
UNDERHILL & UNDERHILL 

UNDERHILL ENGINEERING LTC. 
UNDE;::::tHILL SU~VEVS & MAPPING LTC. 
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EDM ERRORS continued 

No further tests were preformed on the MA 100 and the choice of EDM 
fell to the Geodimeter providing it passed further tests. 

Constant error is that property exhibited by an EDM whereby each result 
differs from the true value by an amount which does not vary in 
magnitude or in algebraic sign. / 

EDMs can self test themselves for this error on a suitable baseline. A 
baseline of 210 metres was laid down consisting of three bays of 70 
metres each. These bays were not required to be exact di stances but 
were kept within a few centimetres of being equal lengths so that any 
cyclic error would not contaminate the constant error test. 

The ·principle of the test is simply that if the EDM measures each bay 
and then measures the total length, the sum of the first three results 
should equal the total, otherwise constant error is present. With 
three bays there are 5 combinations of distances which will give five 
values of the error. 

The results of this test for the Geodimeter 120 were a constant error 
of -0.0015 mm. This constant was applied to all measured distances. 

' 

Proportional error in EDM equipment is that error due to an incorrect 
modulation frequency which affects directly the nominal wavelength. 
The result is that greater errors will be exhibited on greater 
distances and vice versa. 

The only way to check for this error is to have a precisely known 
baseline against which to compare the results. Such a baseline.exists 
in Whitehorse and a comparison of the Geodimeter 120 result with the 
known distance revealed that the instrument was performing within 
speci fi cations. 

The fi na 1 test having been passed the decision was made to use the 
Geodimeter 120 for the defonnation study. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING l:rD. 
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TEST OF ANCILLARY EQUIPMENT 

were compared against the station pressure at the 
Whitehorse weather office. As a result, corrections were 
applied to all readings taken in the field. 

Thermometers: were al so compared against those on the screen of the 
Whitehorse weather station. Appropriate corrections 
were applied to all temperature readings. 

Tribrachs 
& Targets: all were tested and adjusted prior to their use in the 

field to insure accuracy of their optical plummets. -

) 

UNCERHILL & UNCERHILL l E~ I,,,, 
UNDERHILL ENGINEERING LTO. ,:-7.,;;-.J 
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VERTICAL CONTROL 

The vertical datum chosen was that used in the construction of the 
project, i.e. the Cyprus Anvil Mine datum. All elevations are referred 
to the bench mark at the mine pumphouse. 

A Zeiss Ni007 first order Geodetic level and invar levelling rods were 
I 

used to run differential levels from the pumphouse t<? all stations in 
the network and al so to several other monuments which are to be 
monitored in the vertical direction only. Levels were also run to two 
bench marks placed on either side of the valle~ near stations 282 and 
292. 

A rigorous 1 east squares adjustment was performed on the vertical 
network giving us elevations of the monitoring stations with a standard 
deviation of 3 mm. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTO. 

UNDE~HILL SURVEYS & MAPPING LTD. 
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HORIZONTAL CONTROL 

The horizontal datum chosen was al so the Cyprus Anvil Mine datum. 
Horizontal ties were made to 3 existing mine grid control points, 
(78-17, 78-18 and 78-19) to establish coordinates, in the. local 
coordinate plane, for bedrock station 284. Station 284 was coordinated 
for use as the fixed station of the control network in the subsequent 
adjustment. ) 

Control points were chosen on either side of the valley to give the -
most favourable geometric configuration possible and~ at the same time, 
utilize all av ail ab 1 e rock outcropping to ensure stability of the 
network. 

The base figure in the control network is a fully observed braced 
quadrilateral, 3 vertices of which are bedrock stations. Geometrically, 
this figure is very strong. This braced quadrilateral is centrally 
1 ocated with respect to the Go 1 der monuments, giving a very strong 
basis for the subsequent coordination. 

The 4 other major control stations were located with geometric 
considerations within the topographical 1 imitations to all ow as many 
redundant observations as possible •. 

Station 290 and station 291 are not bedrock stations (and therefore are 
not likely candidates for "fixed points") but are used to strengthen 
the network and thus the accuracy of the major control. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTO. 
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HORIZONTAL CONTROL continued 

Distance and direction observation procedures were carefully designed 
so as to reduce systematic errors and improve the accuracy of the 
results as much as practically possible. 

'-

Height differences rather than observed zenith angles were used in 
reducing slope di stances to the horizontal. This method necessitates 
the measuring of the height of the reflector ~nd the EDM above their 
respective stations, the elevations of which were determined by spirit 
levels. As a check against errors in these measurements, heights were 
also measured to the head of the tripod. A quick subtraction would 
verify the constant relationship between the height of the tripod and 
the reflector. A simple but effective check against human error. 

All prisms used were of identical design and were mounted in the 
previously tested tribrachs. 

Temperature and barometric pressure were measured at both ends of the 
line for each measurement. The mean of the measurements was used to 
give an average refractive index along the line of sight. The 
meteorological correction was calculated using a rigo~ous mathematical 
fonnul a rather than relying upon the built-in computer in_ the EDM. 

The measurements were observed in a mode known as 11 0 Stroke". In this 
mode the instrument automatically repeats its measurement while the 
built-in calculator integrates the measurements and displays the 
continuous arithmatic mean. 

Distances were initially reduced to Mean Sea Level and then factored to 
a common plane at 1080 ~ a.s.1. (the average elevation of the job site) • 

A Kern DKM-3 was used to observe the directions. This is a first order 
theodolite, reading direct to 0.5 seconds. Rather than an optical 
plummet this instrument has a plumbing rod. Three sets of directions 
were measured i.e. there were 6 paintings on each target, 3 on each 
face. The standard deviation of the mean of the observations at each set 
up was checked before moving to the next point. 

The sighted signals were opaque, tribrach mounted, plate targets which 
have a white geometrically symetric configuration on a bl~ck background. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTD. 
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LEAST-SQUARES ADJUSTMENT 

To calculate the coordinates of new points (unknowns) the number of 
observations must be a least equal to that of the unknowns. Geodetic 
networks typically contain observations far greater than the number of 
unknowns. An adjustment of the observations, ~hich is necessary before 
any definitive coordinate values can be computed, should be performed 
by a rigorous method such as the parametric least-squares method, which 
allows for a full statistical analysis of the accuracy of the network. 

This is only possible on large scale computers. The adjustment of this. 
network was performed at the University of New Brunswick on their IBM -
computer using the program GEOPAN (Geodetic Plane Adjustment and 
Analysis). 

The basic criterion of the least-squares adjustment is that the sum of 
the squares of the residuals of the observations is a minimum. This 
1 eads to a unique and the· most probable solution to the network that 
contains more observations than unknowns. Additionally, we have the 
ability to weight the observations in proportion to the inverses of 
their a prior standard deviations. 

The direct product of the adjustment.-is the residuals of the 
observations.1 This 1 eads to the corrected observations from which the 
final adjusted coordinates may be. computed. A by-product of the 
adjustment is the covariance matrix from which we can determine many. 
statistical quantities. 

UNDERHILL & UNDERHILL 
UNDERHILL ENGINEERING LTC. 
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ACCURACY ANALYSIS 

The accuracy of a surveying network is fully defined if errors of 
relative positions between any two points in the network are known 
at a certain confidence level (probability level). Usually a 95% 
probability that the error of the relative position does not exceed 
the given value is accepted as the confidente level. The rel.ative 
position of one point with respect to another point is ~he difference 
in the adjusted positions of the two points as defined by_,, the 
differences of the correspondingly adjusted coordinate values. -
If the positional accuracy of a point is r~l ated to the reference 
points that are treated as fixed ( errorl ess} in the process of the 
network adjustment, the term absolute positional accuracy is applied.-

. ' 

Variances and covariances of coordinates of the analyzed network are a 
basis for calculations of the absolute and_relative positional errors. 
They allow the calculation of the following quantities that are 
frequently used in describing the positional accuracies: 

, Standard deviations of- coordinates or differences in coordinates. 
Semimaj or and semi mi nor axes of standard-error ellipses (absolute · 
or relative} 

The most general description of the positional accuracy of a point is 
given in a graphical form by an error curve •. Brief definitions of the 
above terms and quantities are given below. 

The variance of a coordinate value or of an observation is a 
statistical measure of reliability of the value. It is also ·called 
mean square error. 

The covariance of a pair __ of coordinate values belonging to one or 
two points_ is a measure of statistical _dependence of the two 
values. The same applies to the covariance of two observations. 
If two coordinates or two observation values are uncorrelated 
their covariance equals zer~. In most cases, coordi~ates of points 

- that are calculated using the same set of observations are highly 
Corre 1 a ted. . UNOEs:tHILL & UNDERHILL 

UNDERHILL ENGINEERING LTO. 
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ACCURACY ANALYSIS continued 

The standard deviation of a coordinate value, a difference in 
coordinates, or an observation is the positive square root of the 
corresponding variance. It is also called standard error or root 
mean square error. Standard deviation represents a probability 
{confidence level) of 68% th~t the differehce between the g~ven 
{calculated) coordinate'and its true value is not more than the 
standard deviation.· To increase the confidence level to 95%, ·the -

- ,.. ,,., ~ 

standard deviation must b~ multiplied by.1.96. 

The standard-error ellipse.of a calculated absolute position 
is an ellipse describe~ by the semimajor and the semiminor 
axes. If drawn around a point,, it is usually interpreted as . . 

depicting the region in which we have 39% confidence that it 
contains the position of the·c~rre~ponding point determined from 

_ errorl ess observations. To increase the confidence to 95% ,· the 
semiaxes of the error ellipse must be multiplied by 2.45. ·If an,-. 
error ellipse is calculated on the basis of variances and 
covariances of differences of ·coordinates of two points, it_ is 
called a re,.ative standa~d...:error ellipse, ~hi ch describe5- the_ -- » ~_- -

relative J>Osi tional acc~racy between th_e points.· 
. ' 

rhe error curve~ al so call e~_-pedal curv~~ ~if dr~wn around a, point 
describes positional standard dev_iations i_~ any desired direc~ion 

· at an angle measured clockwise from the semimaj or axi ~ of the 
error ellipse. -Error·curves are only very slightly larger tha·n 
error ellipses and the more ~ircular th~ ellipse, the closer it 
approximates the error curve. 

UNDERHILL & UNOERHILL 
UNOERHILL ENGINEERING LTO. 

UNOERHILL SURVEYS & MAPPING LTO. ~-!l\'SIEI~ 
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NETWORK ADJUSTMENT 

Input into the GEOPAN program were the approximate coordinates of the 
stations, the reduced 'observations, and the a priori estimates of the 

run 

) 

Included in the _output, of interest to us, was the follo~ing: '_ 

the final adjusted coordiriates of the stations.· 
' , -

- a summary of reduced observations, residuals and adjusted .. >. 0 
! " • ~ 

observations. 
' 1,,,_" 

the .i:-esul ts of various statistical tests. ·· · _ 

' . 
the station confidence ellipses. 

- the covariance matrix of .the parameters. 

',. .. ' ·' 
~ > •' -,! ... ....,. 

,.._~ .. ~t ~ - ¥<- ' 

>, L .,. , "\ • 

_- ! 

' c ... - ~ -.,, 
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CONCLUSIONS 

The conceptual design of the survey network and the subsequent 
observations satisfied ,the initia~ ·requirements. ,, This is concluded 
from both the standard. deviations of the coordinates and the average · 
dimensions of the relative error ell iRses. The , average standard 
deviation of the coordinates was 3.5 mill·i~et~e,s leading to an average 
semi-major axis· of the relative error ,ellipse of 13 mm·· at-- the 95% 
confidence level: 

, ' < 

One may conclude therefore,. that· the. design and observation of :the ' .. 
network is suitable for the detection of defonnations, with an order.of,. 
accuracy of about. one centimetre." 

,, ' . ' 

, ... ·_ 

~ '- - , .... ~ . -
~-... ,. 

" ~ ~ 

/,_ ' 

~ - - .. 
' :. ", : - ,; -.,. ~ 

' \ 

' ' 
,. ' 

- ! ,. { • -'.- .. .i< ,_ ... ~ 
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Golder Associates 
CONSULTING GEOTECHNICAL AND MINING ENGINEERS 

January 29, 1982 

Cyprus Anvil Mining Corporation 
P.O. Box 1 000 
Faro, Yukon 
YOB 1KO 

ATTENTION: Mr. N.G. Co~nish 

Dear Sirs: 

Re: Inspection - Canal Dyke at Cyprus Anvil Mine 

Ref. No. 802-2041 

This letter discusses the results of our inspection of the canal dyke at 

the Cyprus Anvil Down Valley tailings site, which was carried out on 

August 25 and 26, 1981. The purpose of the inspection was to assess the 

performance of the dyke with particular reference to some cracking that 

has occurred along the canal side. 'the inspection was carried out by 

Dr. J.I. Clark, P. Eng. Mr. Glen Gilchrist, P. Eng., and Mr. Dave 

Goodall, P. Eng. 

The dyke is in remarkably good condition. The cracking that has occurred 

appears to be related to thawing of the subgrade which ~s producing some 

minor differential settlement. This is schematically illustrated on 

Figure 1. Mr. Goodall has an excellent record of the soil profile for 

the entire length and confirmed that, where cracks appeared, they 

coincided with silty material which contained minor ice lenses. 

A number of monitoring points were set up to measure the opening of the 

cracks. The photographs of Figure 2 record a typical example consisting 

GOLDER ASSOCIATES (WESTERN CANADA) LTD.• 7017 FARRELL ROADS E, CALGARY, ALBERTA, CANADA T2H OT3 •TELEPHONE (403) 259-3413 •TELEX 03-822539 

OFFICES IN CANADA • UNITED ST ATES • UNITED KINGDOM • AUSTRALIA 
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January 28, 1982 2 802-2041 

of the cracking at location 6 at about station 1+850 (see Figure 1). 

Figures 3 - 17 show the results of crack monitoring along the canal dyke 

to the end of August. Figures 18 - 20 show the results of thermistor 

readings at two locations along the dyke. The total movement is minor 

and is of no concern relative to stability. 

Figure 21 illustrates, at one location, the condition along part of the 

top of the thermal liner fill. Its condition i/s considered to be the 

consequence of lack of compaction and melting of shallow,ice and snow 

along the top face of the cut which received the gravel fill during the 

previous winter. Figure 22 illustrates the wasted excavation material 

condition at one location along the north-valley wall interceptor 

ditch. Typically, this waste material was uncompacted, and was placed 

on unstripped ground. The condition of these areas may be compared with 

the relatively smaller cracks which occur in the engineered dyke shown 

in Figure 2, the material of which has been compacted and placed.on 

stripped ground. 

Even though some small cracks are observed, there is no indication of 

instability along the canal side of the dyke; therefore a-recommendation 

was made that no action be taken. Most of these cracks were obliterated 

by the final raising of the dyke during September and October 1981. 

Cracking will continue and eventually you may wish to undertake cosmetic 

treatment, but we would expect that it will be at least two or three 

years before such effort is warranted. This would consist of dressing 

up the top of the dyke to restore any settlement that occurs. The crack 

monitoring that continued until late August should be initiated again 

next May, using the same simple system of driven spikes and a 

carpenter's level. 

Golder Associates 
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January 28, 1982 3 802-2041 

As the subgrade -thaws as a result of the thermal exposure provided by 

the embankment, some differential settlement and associated cracking 

should be expected. As the thaw front proceeds under the embankment, we 

would expect that initial cracks would tend to close, and that some new 

cracks would open behind them. Indeed, the monitoring that has taken 

place to this point has indicated that this is happening in some areas. 

We also observed cracks which had apparently been open and are now 

virtually closed with a small amount of surfac~ over-thrusting _due to 

the fact that some of the surface material entered the crack before it 

started to close again. This process will continue until the system is 

in thermal equilibrium. Not very much action would be expected between 

the inspection date and spring 1982 because the freeze-back had already 

started at the time of inspection as indicat~d by the ground 

temperatures recorded by the thermistor installations during' the period 

early August to early December, 1981. 

While the now completed extensive instrumentation of the canal is more 

directed toward assessing long-term performance, it will also provide 

valuable ground temperature and movement data and will assist in 

establishing when the system comes into thermal equilibrium. 

To summarize, the cracking of the dyke is normal and to be expected. The 

dyke is performing remarkably well and, except for some minor sloughing 

of the uncompacted gravel skin in localized areas on the downslope side, 

-there is no sign of instability. The cracks have developed as a result 

of thawing of the subgrade. As the thaw front develops, the existing 

cracks will tend to close, but new cracks will open further into the 

dyke. The now completed instrumentation of the canal will provide the 

necessary data base to assess when the system in in thermal equilibrium 

and to predict long-term performance and maintenance requirements. At 

Golder Associates 
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January 28, 1982 4 802-2041 

this time we do not recommend that any cosmetic -treatment be carried out 

until the monitoring indicates that the system is at or near equili­

brium. 

The attachments to this letter provide the results of the crack related 

monitoring completed during August, prior to some dyke raising, and 

observations of thermistors at Station 2+900 on the inside face of the 

dyke and at Station 2+100 on the outside face) of the dyke, and photo 

documentation. 

Yours very truly, 

GOLDER ASSOCIATES 

J.I. Clark, P. Eng. 

Eng. 

JIC:HGG:cr 

Golder Associates 
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CRACKING IN THE REGION OF STATION 1+850 
ALONG THE CANAL DYKE CREST 

Station 1+838 to 1+885 viewed downstream * 

Station 1+838 to 1+885 viewed upstream * 

* See location 6, Figure 1 for further details 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK 

AT LOCATION O +444 ALONG CANAL DYKE CREST 
Figure 3 
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For location see Figure 1 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 4 

AT LOCATION 0+444 ALONG CANAL DYKE CREST 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure s 
AT LOCATION 1 +32.4 ALONG CANAL DYKE CREST 
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LOCATION 3 

I 

i -I 

• 

1 0' on this groph hos two indeterminate 

volues, os follows: 

1. Width of crack ot start of inv•stigation 

2. Elevation of measuring pin on the 

c.onol side of the crack 

For location see Figure 1 
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l+200 1+300 

CHAINAGE ALONG 

(CANAL SIDE) 

LEGEND 

1+400 

CREST 

- Crocked os at 06August1981 

1+500 

Horizontal movement. ( + = wider: - =narrower) 

---- Vertical movement ( + = up: - = down) 

~---------------- t:nltiilr .6 ccnd;1h~~ 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 6 

AT LOCATION 1+562 ALONG CANAL DYKE CREST 
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'O' on rt.is gropt. has two indeterminate 

values, as follows: 

1. Width of craclt at start of investigation 

2. Elevation of measuring pin on the 

canal side of the crock 

For location see Figure·1 

LOCATION 4 

9, -I • 1+600 1+7CX> 1+800 
CHAINAGE ALONG CREST 

(CANAL SIDE) 

LEGEND 

- Crocked as at 06August1981 

Horazontol movement. ( + = wider: - =narrower) 

---· Vertical movement ( + = up : - = down ) 

------------- Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 7 

AT LOCATION 1 +620 ALONG CANAL DYKE CREST 
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'O' on this graph hos two indeterminate 

vofues, os foflows: 

1. Width of crod at start of inv•stigotion 

2. El•vation of measuring pin on the 

canal side of the croclr. 

For location see Figure 1 

LOCATION 5 

-• I 
I I I • 1+600 1+700 

CHAINAGE ALONG CREST 

( CANAL SIDE) 

LEGEND 

- Cracked as at 06August1981 

I 
1+800 

-- Horizontal movement. ( + = wider: - =narrower) 

---· Vertical movement ( + = up : - = down ) 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure a 
AT LOCATION 1+814 ALONG CANAL DYKE CREST 
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LOCATION 6 

F§''4§f M Mi 5· -1+800 1+900 

CHAINAGE ALONG CREST 

( CANAL SIDE). 

LEGEND 

) 

1 0' on this graph has two indeterminate 

values, as follows i 

1. Width of crock at start of investigation 

2. Elevation of measuring pin on the 

canal side of the crock 

For location see Figure 1 

2+000 

- Cracked as at 06August1981 _ 

Horizontal movement. ( + = wider: - =narrower) 

---- Vertical movement ( + = up : - = down ) 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 9 

AT LOCATION 
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'O' on this graph hos two indeterminate 

values, os follows z 

1. Width of crock at start of inv•stigation 

2. Elevation of ineosuring pin on the 

canal side of the crack 

For location see Figure 1 

LOCATION 7 

mllll591'1*1 ...... , .... 
I 

1+800 1+900 

CHAINAGE ALONG CREST 

( CANAL SIDE ) 

LEGEND 

- Crocked as at 06August1981 

M 

2+000 

Horizontal movement. (+=wider: - =narrower) 

---- Vertical movement ( + = up : - = down ) 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure io 

AT LOCATION 1 +910 ALONG CANAL DYKE CREST 
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'O' on this graph hos two indeterminate 

values, os follows: 

1. Width of crack at start of investigation 

2. Elevation of measuring pin on the 

canal side of the crock 

For location see Figure 1 

LOCATION 8 

, 9 i#**. •ww• 
1+800 1+900 2+000 

CHAINAGE ALONG CREST 

( CANAL SIDE ) 

LEGEND 

- Cracked as at 06 August 1981 

Horizontal movement. (+=wider: - =narrower) 

---- Vertical movement ( + = up : - = down ) 

------------- Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 11 

-' 
-' 

AT LOCATION 1 +983 ALONG CANAL DYKE CREST 
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LOCATION 9 

•;m s+a -
1+800 1+900 

CHAINAGE ALONG CREST 

(CANAL SIDE) 

LEGEND 

/ 

- Cracked as at 06August1981 

'0' on this 9roph l\as two indeterminate 

values, as follows: 

1. Width of crack at start of investigation 

2. Elevation of measuring pin on the 

canal side of the crack 

For location see Figure 1 

2+000 

-- Horizontal movement. (+=wider: - =narrower) 

---· Vertical movement ( + = up : - = down ) 

'-------------- Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO· CRACK 

AT LOCATION 2 + 143 ALONG CANAL DYKE CREST 
Figure 12 
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NOTES 

'O' on this graph hos two indeterminate 

values, as follows: 

1. Width of crock at start of investigation 

2. Elevation of measuring pin on the 

canal side of the crock 

The different symbols for the offsets at 

2m13m and 4m, ore shown below. 

The 3m & 4m off sets were reinstolfed Aug 18. 

For location see Figure 1 

LOCATION 10 

.... - --2+100 2+200 2+300 2+.(00 

CHAINAGE ALONG CREST 

(CANAL SIDE ) 

LEGEND 

- Crocked as at 06 August 1981 

Am 
Vertical movement 

Horizontal movement. (+=wider: - =narrower) 

( + = up : - = down ) 
3m 2m 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK 

AT LOCATION 2 + 183 ALONG CANAL DYKE CREST 
Figure 13 
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LOCATION 11 

} 

'O' on this graph has two indeterminate 

values, as follows : 

1. Width of crack at start of investigation 

2. Elevation of measuring pin on ttte 

canal side of the crock 

The different symbols for the offsets ot 

1 m & 3m 1 ore shown below 

For location see Figure 1 

..... HM* 

2+100 

3m 

2+200 ....-2+300 

CHAINAGE ALONG CREST 

( CANAL SIDE J 

LEGEND 

- Cracked as at 06 August 1981 

2+400 

Horizontal movement. ( + = wider: - =narrower) 
lm 

---- Vertical movement (+=up~ -=down) 

------------- Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK 

AT LOCATION 2 + 220 ALONG CANAL DYKE CREST 
Figure 14 
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'O' Oft t"is grop" hos two indeterminate 

values, os follows: 

1. Width of crack at start of inv..stigotion 

2. Elevation of measuring pin on the 

canal side of the crock 

For location see Figure l 

LOCATION 12 

• .. a:. 
2+100 -2+200 2+300 

CHAINAGE ALONG CREST 

( CANAL SIDE ) 

LEGEND 

- Craclt•d as at 06August1981 

2+AOO 

-- Horizontal movement. (+=wider: -=narrower) 

Vertical movement ( + = up : - = down ) · 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 1s 
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AT LOCATION 2+365 ALONG CANAL DYKE CREST 
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LOCATION 13 

. -
2+300 2+400 

CHAINAGE ALONG CREST 

( CANAL SIDE ) 

LEGEND 

- Crocked as at 06August1981 

E=31 Small discontinuous crocks. 

'0' on this gro ph has two indeterminate 

values, as follows: 

1. Width of crack ot start of investigation 

2. Elevation of measuring pin on the 

conol side of the crock 

For location see Figure 1 

-- Horizontal movement. (+=wider: - =narrower) 

---- Vertical movement ( + = up : - = down ) 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 16 

AT LOCATION 2+400 ALONG CANAL DYKE CREST 
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LOCATION 14 

- -
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2+300 2••00 
CH41NAGE ALONG CREST 

( CANAL SIDE ) 

LEGEND 

- Crocked 01 at 06 August 1981 

~I Small discontinuous cracks . 

) 

'O' Oft thi• 9roph t-os two indeterminate 

values, as follows: 

1. Width of crock ot 1tort of inv.stigotion 

2. Elevation of PMOsuring pin on the 

conol 1ide of the crock 

For location see Figure 1 

-- Horizontal movement. (+=wider: - =narrower) 

---- Vertical movement ( + = up : - = down ) 

Golder Associates 
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GRAPH SHOWING INFORMATION RELATIVE TO CRACK Figure 17 
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AT LOCATION 2+460 ALONG CANAL DYKE CREST 
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'O • on this groph hos two indeterm1note 

volues, os follows: , 

1. Width of crock ot stort of invntigotion 

2. Elevation of ~osurin9 pin on the 

canal side of the crock 

For location see Figure 1 

LOCATION 15 

- -I I 
2+300 2+•00 E==lE==:~22JJ. soo 

CH41NAGE ALONG CREST 

(VALLEY SIDE) 

LEGEND 

- Crocked a1 at 06 August 1981 

I I Small discontinuous crocks. 
- Horizontal movement. ( + = wider: - =narrower) 

---· Vertical fftOvement ( + = up: -= down) 

------------- Golder Associates 
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THERMISTOR DATA : STATION 2+100 (VALLEY SIDE) 

THERMISTOR STRING N0.2 (LOCATION T-1, FIGURE l) 

TIP No. 1 2 3 4 s 6 

DEPTH (m) 0.0 1.0 2.0 3.0 4.0 5.0 
Calibration at no i.cE bath c aJ.i.brat: ions av 3.l.J.abJ.e therer< 

C°C Ice Both ----- ------------ _ _L_ 
value of 16.: 2A.n.. fo r tempe ~atures 

KOHMS -• ltmp.°C: - -------'-------
DATE 

------------------
-

14 Aug '81 
8.99 9.74 11.35 13.42 15.76 16.45 ------- +7.2 -+3.g- +0.7- --0.2 -+12.1 +10.5 

22 Aug '81 9.29 10.21 11.41 13.33 15.39 16.46 -------------------+11.4 +9.5 +7.1 +4.0 +1.1 -0.2 

16 Sept'81 Jh6£ _l~Q__ _ 12.~ _13.2~ .J.4.67_ ~.05_ 
+5.1 +6.2 +5.8 +4.1 +2.1 •0.3 

24 Sept'81 13. 71 12.61 12.69 13.45 14.65 15.91 
----- ,___ - ---------- ._ __ 

+3.4 +5.1 +5.0 +3.8 +2.1 +0.5 

30 Sept'81 15.87 13.57 13.14 13.67 14.65 15.83 
---------------'- --
+0.5 +3.6 +4.3 +3.5 +2.1 +0.6 

16 Oct '81 15.73 15.13 14.55 14.41 14.86 15.86 ------------i------
+0.7 +1.5 +2.2 +2.5 +1.8 +0.6 

26 Oct '81 17.58 15.36 14.87 14.30 14.00 14.66 ------ ---------------1.5 +1.2 +1.8 +2.6 +3.0 +2.1 

28 Oct '81 17.76 15.53 15.02 _M.92_ 15.26 15.83 ------ ,___. -- ------
-1. 7 +1.0 +1.6 +1.8 +1.3 +0.6 

15 Nov '81 - 16.52 16.05 15.89 15.98 16.26 --------------- ---
-0.3 +0.3 +0.5 +0.4 +0.1 

9 Dec '81 35.7 19.85 16.47 16.35 16.33 16.41 
--·----------------
-14.6 -3.8 -0.2 0.0 0.0 -0.1 

'------------ - - --

---------------------

------------- Golder Associates 

Figure 18 

7 8 9 10 

6.0 6.9 7.8 8.8 
re use tneoret 1.Ca.L Uw -------------

------------

------------
16.45 16.45 16.39 16.52 

-:..o. 2 - -=0.2 - -=o-:r- -=-oI-
16.46 16.96 17.09 17.23 -------------
-0.2 -0.7 -0.9 -1.1 

JLll_ _!6~~ J7...:.9L _!.7~1§_ 
-0.4 -0.7 -0.8 -1.0 
16.51 16.80 16.82 16.85 - --f--- - -

,__ __ 
,___ -

-0.2 -0.6 -0.6 -0.6 
16.60 16.84 16.88 16.94 - - -

___ ,_ --1----

-0.4 -0.6 -0.7 -0.7 
16.53 16.79 16.88 17.01 --------- --
-0.3 -0.6 -0.7 -0.8 
16.35 16.47 16.36 16.51 -----------------0.0 -0.2 -0.1 -0.2 

_!.6.d._5_ _!.6.69_ ...!_6.63 _ _!_6.50 _ 
-0.2 -0.5 -0.4 -0.2 
16.62 16.82 16.88 17.02 

---------- ---
-0.4 -0.6 -0.7 -0.8 
16.58 16.78 16.84 16.96 --------- --- - -
-0.3 -0.5 -0.6 -0.7 

---- ---------- -

--------------
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THERMISTOR DATA : STATION 2+900 (CANAL SIDE) 
THERMISTOR STRING NO.l (LOCATION T-2, FIGURE 1) 

TIP No. 1 2 3 4 s 6 7 

DEPTH (m) 1.0 2.0 3.0 3.5 3 .. 9 4.5 4.9 

Calibration at no ice Nth cc: librati ~s av~ Liable herefOJ e use t 
C>°C Ice Bath 

,__ __ .._ __ 
---------

value c f 16.32 .Jt.n. for tempera ::.ures 

DATE KOHMS ' • ltmp.°C - - ----------------

5 Aug '81· 11. 76 15.78 16.41 16.55 16.41 16.11 16.10 -- .._ __ 
i----1---

,_ __ ----f----

+6.5 +0.7 -0.1 -0.3 -0.l +0.3 +0.3 

6 Aug '81 11.88 15.83 16.42 16.56 16.53 16.41 16.39 
f--------i--- - --- ------- f--- --

+6.3 +0.6 -0_1 -0-~ -0.3 -0.1 -0.l 
7 Aug '81 11.94 15.84 16.42 16 .. 55 16.54 16.47 16.49 ------1--------::o-:-3----- -0.2-+6.2 +0.6 -0.l -0.3 -0.2 

14 Aug '81 _l!.:_9.!_ _12..:_61_ i--16. 4L _16.5JL _J.6. 59_ -1Ll7.. 16.62 ---
+6.2 +0.9 -0.2 -0.3 -0.3 -0.3 -0.4 

22 Aug '81 12.29 _32.~ 16.46 .. 16.~ _16.5~ ..._16.5_]_ _16.64_ ----- ._ __ 
+5.6 +1.1 -0.2 -0.3 -0.3 -0.3 -0.4 

16 Sept'81 13.64 15.18 16.45 16.60 16.61 16.59 16.65 
---,__ __ 

>----------------
+3.5 1.4 -0.2 -0.4 -0.4 -0.3 -0.4 

24 Sept'81 13.94 8.22 16.24 16.52 16.59 16.52 16.42 ----- - '+14.0* +~1- r-.=o:-3"" - -=n:-r - -=cr:-3 - -=o:r-+3.1 

30 Sept'81 15.01 15.67 16.44 16.59 16.59 16.58 16.65 ------ -----------------
+1.2 +0.8 -0.2 -0.3 -n < _() "'.:\ n .1. 

15 Oct '81 _Jh_l..!.. ,__ 8 .1!_ 16.34 _M).:..£1._ 16.42 16.47 _!6~1-
'-- -- ------

+14.3 +14.3* 0.0 -0.1 -0.l -0.2 -0.2 

26 Oct '81 16 .. 19 16.10 __!6.35_ _16.4Q_ _16.3J_ __!_6.40 _ _ 16.4~ ---i---

+0.2 +0.3 0.0 -.0.1 o.o -0.1 -0.2 

28 Oct '81 16.44 16.36 16.40 16.55 16.48 16 .. 45 16.59 
---·- ....._ __ ------------....._ __ 

-0.2 -0.1 -0.1 -0.3 -0.2 -0.2 -0.3 

15 Nov '81 8 .. 28 8.28 16.44 16 .. 61 16.63 16.61 16.65 ------------- ---------
+13.9* +13. 9* -0.2 -0.4 -o.4· -0.4 -0.4 

9 nee '81 8.54 8.54 16.46 16.60 16.64 16.61 16 .. 67 ------------i--- -

...._ __ ---
+13.2* +13.2* -0.2 -.0.4 -0.4 -0.4 -0.4 

* Questionable Data 

'-------------- Golder Associates 

Figure 19 

8 9 10 

5.6 6 .. 5 9.5 

heoretj cal 0°C --- ,_ __ ---

---------
16.09 lb.13 lb.:.l9 ..__ __ ---------
+0.3 +0.2 0.0 
16.31 16.25 16.33 
--------·-

0.0 +0.1 0.0 
16.37 16.30 16.34 

--0.1- - 0.0- --- o:-o-

16.50 16.41 16 .. 37 ----------- --0.2 -0.1 -0.1 

~~:L .....1.6_d_L 16.ll_ 
-0.3 -0.l -0.l 
16. 71 16.45 16.-41 
---------

-0.5 -0.2 -0.l 
16.27 16.21 16.12 

+cr.J.-+cr.r- +o:Z-

16.55 16.44 16.38 -----------
-n "'.:\ -0_2 -0_ 1 

_!6.45_ 16.33 16.29 ,___ - - ,__ --
-0.2 o.o 0.0 

_16.46 16.29 16.32 .._. __ ---
-0.2 0.0 0.0 
16.47 16.32 16.35 ------ ....._ --
-0.2 0.0 0.0 
16 .. 56 16.46 16.42 ---------
-0.3 -0.2 -0.l 
16.56 16.46 16.43 --- ...._ --~--
-0.3 -0.2 -0.1 
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GRAPH SHO\VING VARIATION OF TEMPERATURE WITH TIME AT 
STATIONS 2+100 AND 2+900 ALONG THE CANAL DYKE CREST 
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* Readings at 1.0 m depth 

For specific location of this intrumentation see Figure 1 

'-------------- Golder Associates 

Figure 20 
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BACKSLOPE THERMAL LINER CONDITION 
IN THE REGION OF STATION 2+900 Figure 21 

Thermal liner fill at station 2+900 (approx.) viewed 
upstream (notebook size 8~" x 11") 

Golder Associates 
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WASTE PILE CONDITION 
NORTH VALLEY WALL INTERCEPTOR DITCH Figure 22 

North valley wall 
interceptor ditch 
viewed upstream 

An example of fill response to foundation settlement (taken at about station 0+400 
looking downstream which is beyond the reach of the ditch shown in the above photo). 
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APPENDIX VII 

BEHAVIOUR OF PNEUMATIC PIEZOMETERS DURING 

AND AFTER FREEZE/THAW 

Golder Associates 
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APPENDIX VII Behaviour of Pneumatic Piezometers During and After 

Freeze/Thaw 

This report presents the results of five freeze and thaw cycles con­

ducted on a Petur pneumatic piezometer tip, model Pl03, supplied by 

Petur Instruments Ltd., carried out in Golder Associates, Calgary freeze 

room during January/February, 1982. 

The purpose of the tests was to examine the piezometer response during 

freezing and thawing and its behaviour after several freeze and thaw 

cycles. 

The overall test set up is shown on Figure I with a more detailed sketch 

of the piezometer and thermistor tip on Figure 2. 

It must be noted that, as shown on Figure 2, the thermistor tip was 

taped to the outside of the pneumatic piezometer tip and thus may not 

reflect precisely the true temperature within the piezometer tip 

itself. 

For three of the freeze and thaw cycles the piezometer tip was frozen at 

a freeze room temperature of -15°C while for the other two tests the 

freeze room was held between 0 and -4°C. All tests were thawed at room 

temperatures of about +20°C. 

The pressure and temperature readings with time are presented in Table 1 

and the results are plotted in graphical form on Figures 3, 4 and 5. 

Four of the freeze/thaw cycles were conducted with the piezometer tip 

submerged in top water at approximately 20 kPa of pressure (1.9 m of 

head). These tests showed that at temperatures around the freezing 

point (for the tap water used this appeared to be approximately -0.2°C) 

Golder Associates 
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the pneumatic piezomete~ indicated measurable pressures greater than 20 

kPa (the hydrostatic pressure) before complete freeze of the tip 

occurred (considered to be when the measured pressures were greater than 

100 kPa). These high measurable pressures between 20 and 100 kPa 

occurred during both freezing and thawing of the piezometer tip. This 

observed behaviour indicates that pressures measured with the tip at 

about freezing temperature may not represent the true piezometeric 

regime within the soil. 

The fifth test was conducted on the dry pneumatic piezometer tip 

subjected to no water pressure. The tip was frozen at -3°C and 

continued to give a reading of 2.0 to 2.2 kPa throughout the entire 

freeze/thaw cycle. This essentially zero pressure of 2kPa is thought to 

reflect imprecise calibration of the test setup. 

The piezometer tip continued--to function properly after several 

freeze/thaw cycles. 

Golder Associates 
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Date 
1983 

Cycle 1 
Jan. 12 

Jan. 13 

Jan. 14 

Cycle 2 

Jan. 14 

TABLE 1 
PNEUMATIC PIEZOMETER FREEZE/THAW TEST DATA 

Time Temperature Pressure 
Real Net Kohms oc kPa Comments 

09:25 6.01 +20.8 20.5 
13:00 0 5.92 +21.2 19.8 Freezing started 
13:40 40m 8.31 +13.8 19.7 
13:56 56m 10.74 +8.4 19.7 
14:31 lh3lm 15.64 +0.8 19.5 
15:04 2h04m 16.48 -0.2 19.6 

All above readings were continuous re~dings, ie. air 
continuously going through piezometer. For all 
subsequent readings the air was turned off and 
reduced to zero between readings. 

15:47 2h47m 16.52 -0.2 19.6 
16:02 3h02m 16.47 -0.2 19.6 
16:49 3h49m 16.50 -0.2 19.6 
17 :30 4h30m 16.65 -0.4 19.8 
08:30 19h30m 30.2 -11.6 )200 Thawing started 
09:30 lhOOm 19.87 -3.8 )200 
10:00 lh30m 16.60 -0.3 )200 
10:30 2h00m 16.54 -0.3 26.0 
11:10 2h40m 16.51 -0.2 26.4 
11 :30 3h00m 16.50 -0.2 20.8 
12:00 3h30m 16.49 -0.2 20.8 
13:05 4h35m 16.10 +0.3 18.8 
13:40 5hl0m 15.27 +1.3 17 .9 Water low in 
14:20 5h50m 15.36 +1.2 20.0 tube, filled tube 
15:05 6h35m 14.45 +2.4 20.1 back up to 20 kPa 
15!35 7h05m 11.74 +6.5 20.1 
17:30 9h00m 7.00 +17.5 21.2 
10:37 6.02 +20.7 20.8 

11:28 0 6.08 +21.4 20.6 Freezing started 
11 :58 30m 8.30 +13.8 20.3 
13:00 lh32m 16.64 -0.4 19.9 
14:10 2h42m 16.46 -0.2 20.0 
15:00 3h32m 16.48 -0.2 19.9 
15:30 4h02m 16.51 -0.2 19.9 
15:56 4h28m 16.62 -0.4 19.9 
16:14 4h46m 16.73 -0.5 20.2 
16:28 5h00m 17.05 -0.9 118.5 
16:50 5h22m 18.31 -2.2 )200 
17:15 5h47m 19.44 -3.4 )200 
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Date 
1983 

Jan. 17 

Cycle 3 
Jan. 18 

Jan. 19 

Jan. 19 

Jan. 20 

Time 
Real Net 

08:20 0 
09:23 lh03m 
10:30 2hl0m 
11 :20 3h 
11 :50 3h30m 
13:05 4h45m 
13:10 4h55m 
16:23 8h03m 

10:30 0 
11:00 30m 
11 :30 lhOOm 
12:00 lh30m 
13:00 2h30m 
13:30 3h00m 
14:00 3h30m 
14:30 4h00m 
15:00 4h30m 
15:15 4h45m 
15:21 4h5lm 
15:26 4h56m 
15 :31 5h0lm 
15:40 5h10m 
16:22 5h52m 
18:00 7h30m 

09:00 0 
09:40 40m 
10:15 lhl5m 
10:50 lh50m 
11:30 2h30m 
11:55 2h55m 
12:10 3hl0m 
12:20 3h20m 
12:25 3h25m 
12:31 3h3lm 
12:42 3h42m 
12:56 3h56m 
13:10 4hl0m 
13:30 4h30m 
14:50 5h50m 
17:00 8h00m 
8:30 23h30m 

Temperature Pressure 
Kohms oc kPa Comments 

30.2 -11.6 )200 Thawing started 
16.61 -0.3 )200 
16.50 -0.2 )200 
16.45 -0.2 )200 
16.24 +0.1 )200 
15.79 +0.6 18.0 Low on water, 
15.52 +1.0 20.0 filled tube back 
11:34 +7.2 19.6 up to 20 kPa 

l 

5.94 +21.0 20.7 Freezing started 
7.54 +16.8 20.4 

11.82 +6.2 20.2 
15.47 +1.0 20.1 
16.46 -0.2 20.1 
16.46 -0.2 20.l 
16.48 -0.2 20.3 
16.48 -0.2 20.2 
16.62 -0.4 20.2 
16.71 -0.5 24.3 
16.80 -0.6 35.2 
16.89 -0.7 98.7 
17 .03 -0.8 )200 
17 .39 -1.2 )200 
19.72 -3.7 )200 
24.9 -8.1 )200 

30.3 -11.6 )200 Thawing started 
16.72 -0.5 )200 
16.54 -0.3 )200 
16.50 -0.2 )200 
16.48 -0.2 )200 
16.44 -0.2 )200 
16.37 -0.1 )200 
16.28 o.o )200 
16.22 +o.l )200 
16.18 +o.2 )200 
16.13 +o.2 55 return bubbles 
15.99 +o.4 40 started at 205 kPa 
16.00 +o.4 19.6 and took 5 mins to 
15.94 +0.5 18.1 reduce to approx. 
15.02 +1.7 17.9 1 bubble/sec. 
14.33 +2.6 17 .9 water level 0.2m 
5.92 +21.2 18.0 low 
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Date 
1983 

Cycle 4 
Jan. 27 

Jan. 27 

Jan. 28 

Jan. 29 
Jan. 31 
Feb. 1 

Feb. 7 

Time 
Real Net 

freezing 

9:50 0 
9:35 45m 

10:00 lhlOm 
10:30 lh40m 
11 :00 2hl0m 
11:15 2h25m 
11:45 2h55m 
12:00 3hl0m 
12:25 3h35m 
12:30 3h40m 
12:45 3h55m 
13:00 4hl0m 
13:15 4h25m 
13:30 4h40m 
13:45 4h55m 
14:00 5hl0m 
14:15 5h25m 
14:30 5h40m 
14:45 5h55m 
15:00 6hl0m 
15:25 6h35m 
15:45 6h55m 
16:10 7h20m 
16:55 8h05m 
17:55 9h05m 
19:25 10h35m 
20:40 llh50m 
21:00 12hl0m 

21:45 12h55m 
22:15 13h25m 
22:55 14h05m 
23:25 14h35m 
24:00 15h10m 
34.10 25h20m 
37.30 28h20m 
57:30 48h40m 
76:00 67hl0m 
95:30 86h40m 

10:15 0 
10:30 15m 
11:00 45m 
11:30 lhl5m 
12:00 lh45m 
12:30 2hl5m 

Temperature Pressure 
Kohms oc kPa Comments 
at 0 to -4gC 

12.17 +5.9 23.3 Freezing started 
14.53 +2.3 22.3 
15.15 +1.5 22.2 Freezer tempera-
15.88 +o.5 22.0 ture varies 
16.47 -0.2 22.0 between 0 to -4°C 
16.72 -0.5 22.0 
16.59 -0.3 21.8 
16.51 -0.3 21.7 
16.51 -0.3 21.6 
16.50 -0.2 21.9 
16.55 -0.3 21.9 
16.48 -0.2 21.9 
16.49 -0.2 21.6 
16.49 -0.2 21.5 
16.48 -0.2 21.4 
16.48 -0.2 20.9 
16.48 -0.2 21.0 
16.49 -0.2 21.0 
16.52 -0.3 21.3 
16.49 -0.2 20.8 
16.49 -0.2 21.3 
16.49 -0.2 21.3 
16.48 -0.2 21.1 
16.50 -0.2 21.1 
16.52 -0.3 21.1 

.16.52 -0.3 21.9 
16.54 -0.3 22.8 
16.54 -0.3 23.1 

16.55 -0.3 36.4 
52.1 

16.49 -0.2 80.5 
16.49 -0.2 109.5 
16.49 -0.2 180 
16.82 -0.6 )671 
17.05 -0.9 
17.97 -1.9 --
18.30 -2.3 
18.08 -2.1 

18.08 -2.1 )100 Started thawing 
16.86 -0.7 )100 at +17 to +19°C 
16.55 -0.3 )100 
16.52 -0.3 )100 
16.51 -0.3 )100 
16.49 -0.2 48.3 



Date Time Temperature Pressure 
1983 Real Net Kohms -oc kPa Comments 

13:00 2h45m 16.24 +0.05 42 .o- -
13:30 3hl5m 15.57 +o.9 21.4 
14:15 4h00m 15.52 +1.0 21.1 
14:30 4hl5m 15.51 +1.0 21.0 
15:00 4h45m 15.17 +1.4 20.8 - 15:30 5hl5m 15.26 +1.3 20.6 
16:12 5h57m 14.88 +1.8 20.3 
17:20 57h05m 11.00 +7.9 20.4 

Feb. 8 8:30 22hl5m 5.45 +23.0 20.3 Temp. reached 
24°C in room 

J over night 
Cycle 5 Freezini at -3°C 
Feb. 16 09.37 0 6.62 +18.7 2.1 Dry piezometer 

10:11 34m 16.91 -0.7 2.0 tip no water 
10:51 lhl4m 18.99 -2.9 2.1 pressure 
11:55 2hl8m 19.40 -3.4 2.0 
14:34 4h57m 18.83 -2.8 2.1 

Feb. 17 08:23 22h46m 19.20 -3.2 2.1 Started thawing 
Feb. 21 09:30 6.76 +18.2 2.2 

-

* Calibration of the thermistor tip in an ice bath (assumed to be at 
0.0°C) gave a reading of l~.34 k , therefore the theoretical 0.0°C 
value of 16.32 k was used for temperature calculations. 

-

·-
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SUMMARY REPORT OF ACTIVITIES 

PERTAIN ING TO 

CYPRUS ANVIL TAILING POND 

FROM NOVEMBER 19, 1982 TO DECEMBER 13, 1982 

WITH A PROJECTION OF PROPOSED ACTIVITIES 

IN THE NEAR FUTURE 

December 16, 1982 
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During the period November 20 to present, the following tailings pond 
activities have taken place, see page 6. 

I. To Reduce Zinc Level in XS Decant 

On November 20, 21 and 22, 1982, as a short term emergency measure, bagged 
lime was added to the XS decant to increase the pH and lower the dissolved 
zinc. 

II. To Eliminate XS Decant 

On November 22 "the :xs decant was closed by bui 1 ding a sma 11 dyke with sand 
ba·Q~~acro~s·s~-this- decant channel: 

The Cross Valley dam pond surface elevation was monttored daily to determine 
the rate of rise. The rate of rise in this dam indicated that a decant would 
start to flow from the emergency spillway invert in about 10 days which was 
too short a period to eliminate the high zinc from the pond. 

' • '1 

The intermediate dam decant X4 was blocked off by a dyke"on November"\ 24 ·and 
the intermediate pond daily.elevation was monitored to determine the rate of 
rise of this pond. The Cross Valley pond levels started to fall when X4 decant 
was closed. The projected date of a decant from X5-was calculated and indicated 
a decant would start in about 20 days. 

At that time the mine was pumping approximately 350 gallons per minute to the' 
pond and the mill was also discharging about 1,100 gallons per minute to the 
pond. On November 27 Number 1 Zone pit pumps were stopped and on November 29 
about 900 gallons per minute of mill discharge was piped across the tailing 
pond and discharged into the Rose Creek diversion canal. This reduced the flow 
to the pond from 1,450 gallons per minute to 250 gallons per minute. 

The .<.intermediate dam pond started to overflow the emergency spillway on Nov­
:~m~~r_ 30 and the pond had reached a constant elevation by December 6. The 

Cross Valley dam level was falling until December 3, at which time it started 
to rise again. 

The Zone 3 pit pump was div~rted into Zone 1 pit on December 13 which further 
reduced the flow to the pond to 200 gpm. 

Present indications are that XS decant can remain closed for an additional 
SO days. The Cross Valley dam will rise 0.45 metres before reaching the invert 
elevatioo of the emergency spillway. It is anticipated that the rise in pond 

2 
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elevation will cause an increase in the seepage from the pond so that no 
decant will occur until milder weather in the spring. The present rise 
of the Cross Valley pond is equivalent to 300 gpm. 

III. To Study Water Balance of the Tailing Pond System 

The closing of the Cross Valley dam and the intermediate dam decant, along 
with accurate pond elevation surveys and controlled pit and mill water 
additions has allowed a more accurate water balance survey of the tailing 
pond that was previously possible. 

The water balance survey results are appended to this report in the form of 
a table. This table is Appendix I. During the 20 day period the measured 
flow into the pond was 742,000 gallons less than the measured increase in 

. the volume stored. _This indicates that the seepage from the pond system is 
approximately: 5,5 .. gallons._ per: minute .. less .. , than the groundwater ~echarge to-~,··-

~the ·ponds. ~ n ~al .tl'!~f-4~, -~·<- ""'°f-- ~e ~'t ,_ ~~~,~<! . 
'-i.'f ~ ";,__:_: •. ~.-)c,\J.,.oJ ·t,.,_.... ~ ... ~ ~~ ,..,,.~Q..:\(._~ 

~~._ ...... ,,, ( 

The rate of rise of the intermediate dam from November 24 to November 30 
showed a net increase in the pond of 2,370 gallons per minute. The measJred 
seepage from the toe of the Cross Valley dam at flow weir Xl3 for the same 
period was 2,320 gallons per minute. 

We are aware of 600 to 800 gpm of inflow into the Cross-Valley dam near the 
south abutment of the intermediate dam .. :.' Th.ts; would indicate that a similar 
volume of seepage from the Cross Valley dam is not reporting to weir Xl3. 

IV. To Monitor Seepages, the Receiving Stream and Ponds 
~~""" ... ~~ 

On November 22 a ~iJ.y;monitoring program for pH and zinc was initiated and 
included the following sample points: 

Xl 

X4 

XlO 

Xll 

Xl2 

Xl3 

Xl4 

XS-13 

X23 

which was a combined mine water and mill water which had lime added 

when flowing 

Rose Cr:~k 

seepage from Cross Valley north abutment 

seepage from Cross Valley south abutment 

all surfacing seepages from Cross Valley pond 

Rose Creek below tailing pond effluent 

tailing pond effluent just prior to entering Rose Creek 

pit water from toe of dump 
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The average zinc level in Xl4 from November 23 to December 12 was 0.055, 
in Xl3 for the same period was 0.048 and sample XS-13 (the combined effluent 
just before entering Rose Creek) was 0.065. Rose Creek during this period 
averaged 0.07 indicating the effluent was lower in zinc than the receiving 
stream. 

A small area of the Cross Valley pond near XS decant was limed on a 15 metre 
grid and samples were taken near the surface and near the bottom at several 
holes during the liming process. The results are shown on Sample Grid Sheet 
I, Appendix III. 

A 100 metre sample grid was cut on the Cross Valley dam and sampled on Dec­
ember 6 and 8. The results are shown on Sample Grid Sheet II, Appendix III. 

A partial grid was sampled on December 10 and results are shown on Sample 
Grid Sheet III, Appendix III. 

V. To Test Storage Pond Lime Requirements and Add Lime to Storage Ponds 

Lime requirements to precipitate out the dissolved zinc were determined on 
mine water and tailing pond water. The mine water required .1 gms/l to raise 
the pH to 8.5 and reduce the zinc from 20 mg/l to less than 0.5 mg/l. The 
pond water was tested on three occasions and each test indicated less than 
0.06 gms/l of lime required to precipitate out the dissolved zinc. 

The volume of water in the Cross Valley dam and intermediate dam is shown 
on Storage Volume versus Elevation Curve for the two dams, Appendix IV. 

The lime required to' treat the Cross Valley dam volume of 1,950,000 m3 at 
0.06 gms/l is 117,000 kg. or 258,000 pounds. 

By December 10, 24,000 pounds of lime had been added just up stream of X4 
and 247,000 pounds had been added into the Cross Valley dam pond. Grid 
samples indicated the lime was less effective in the field than in the lab 
or some unreacted lime still existed in the pond. See Sheet II, Appendix 
III and Appendix V for location and quantities of lime added. 

The lime addition was reduced on December 10 to only that quantity of lime 
added directly to X4 decant to neutralize this decant (2,000 pounds per day.) 
The reduced liming program will be followed for a week and the pond resampled 
to monitor any change. 

CYPRUS 
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VI. To Determine Existing Tailing Pond Contrib.utions to Existing Zinc Problem 

The Number 3 Zone pit pump discharge has been redirected to Number 1 Zone 
pond. This removes the last flow from the pit to the tailings pond. After 
a few days the mill lime addition will be eliminated and the decant past 
the plug (sample S6A of Appendix VI) will be sampled daily starting on 
December 15. All the dissolved zinc in this sample (S6A) will eventually be 
coming from the existing pond. 

VII. Future Action 

The action required to ensure that licence standards are maintained will be 
determined as additional information as such as date of starting to decant at 
XS, Zinc levels in the Cross Valley dam pond, zinc contribution from the 
existing tailing pond and confirmed date for mill start-up,,.Js- obtained . 
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TAILING POND EVENT SCHEDULE 

NOVEMBER DECEMBER 

~ 20 ll 22 23 24 2S 26 27 28 29 30 1 2 1 ! §. ~ l §. ! lQ. 11 li 11 Future 

Reported to Controller x 
Limed XS x x x 
Closed XS decant x 
Water Resources present x x x x x 

Started daily samples x x x x x x x x x x x x x x x x x x x x x x 

Limed mine water x x x x x x x x x x x x x x x x x x x x x x 

Monitored pond levels x x x x x x x x x x x x x x x x x x x x X Water balance 
attached 

Closed X4 decant x x x x x x 
Stopped Zone #1 pumps x x x x x x x x x x x x x x x x x 

X4 decant flowing x x x x x x x x x x x x x x 

Reduced mill water x x x x x x x x x x x x x x 

Limed pond at "A" x x x x x 

Limed pond at 11 611 x x x x x x 

Limed pond at "C" x x x x x x x 

Limed pond at "D" x x x 
Samples area 11A11 x x 
Grid samples pond x x x 

Stopped Zone #3 pumps x 



WATER BALANCE 

~"'D ,..,_c...J 
z.z_ ~ 5 c.Lo~. Internediate Dam Cross Valley Dam Tailing Dam Vol. to Tailing 

Storage Storage Storage Dam From Mf ne 01 fference 
Surface Vol. Change Surf ace Vol. Change Vol. Change And Mill x 1,000 gals. 

Date Elevation x 1!000 gals. Elevation x 1,000 gals. X 11000 gals.[A] x 1!000 gals. [B) [A - B] 
Jc ~"--t 23 1066. 371 1063.682 
"l'"f 

24 • 371 .742 +l,929 1,929 2,088 J&JSo j I°""" . -159 -J..,.~.-
CV&l ~~ "-

25 ~'· .422 4, 145 .692 -1,47:~ 2 .~75 2,088 587 ~ 

26 .468 3,738 .657 -1,678 2,060 2,088 -28 
27 .514 3,738 .616 -l,883 1,855 2,088 -233 
28 .555 3,332 .584 -1,410 I 1,862 1,656 ~t p..._,r,~ rfa~.206 
29 .588 2,682 .552 l ,212 

t1So SP"'· ,, -1,470J \l<'l>o l ,656 w .. G... ~ aa-.u -444 
30 -:r't> ~ .• 623 2,844 .520 -1 ,470 VJ • l ,374 504 35o'Jp-~' 870 
1 .647 1,950 .501 -1.118' 832 360 2 So j't'"" 472 
2 .652 406 .479 -J,295 -8~9 360 -1 .249 
3 .654 162 .479 162 360 -198 
4 .656 162 .483 +183 345 360 -15 
5 .659 249 .487 183 432 360 72 
6 .661 162 .492 230 392 360 32 (-)~:.atva .., .... e... 7 1066.661 .505 59?- 597 360 237 ~fJ.-~~,it..:. 
8 .518 597 597 360 237 
9 .527 413 413 360 53 

10 .537 459 459 360 99 
11 .546 413 413 360 53 
12 .555 413 413 360 53 --· 45g-

):a 13 1063.565 _lli_ -1.§Q_ ~ "tJ 
"tJ 

TOTAL ') fTI 23,570 -5 ,9 78 17 ,592 16 ,848 74!\ 2 
CJ ...... ,'1' 

O..t.~.t...· ~O~f~ • >< 
l.,..,~ ...... \ 

~ \'lo ii' ~~~o-f 

c; "1 uo Ht J Iv PLt ' 
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Date 
Nov. 19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Dec. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 

Xl X4 

6.8 
6.8 2.59 '11.4 

7.9 0.16 7.0 2.81 
9.5 0.03 
8.7 0.18 
9.1 0.01 
9.2 0.05 

10.9 0.01 
11.5 0.14 
11.2 0.05 
11.1 0.05 
8.0 0.23 

12.1 0.02 
12.0 0.19 
11.9 0.06 
12.1 0.07 
12.0 0.16 
11. 7 3.94 
12.0 N.D. 
11.8 N.D. 
11.6 0.01 

6.7 5.63 
7.2 4.67 
7.2 3.31 
7.2 3.01 
7.1 2.97 
7.1 2.97 
7.2 3.01 
7.4 2.91 
7.3 2.89 
7 .1 2.58 
7.2 3.60 
7.0 3.84 
7.2 3.93 

XS 

3.52 6.8 
0.09 7.3 

7.3 
7.0 
7 .1 

' 7.2 

XlO 

0.01 
0.20 
0.11 

0.06 
0.03 
0.01 

7.0 0.01 
7.6 0.03 
7.8 0.14 
7.5 0.08 
7.5 0.01 
7.8 0.07 
7.8 0.04 
7.6 0.08 
7.6 Tr 
7.8 0.07 
7 .8 o. 10 
7.7 0.20 
7.9 0.07 
7.7 0.05 
7.8 0.05 

WATER SAMPLE SUMMARY 

Xll 

7.2 N.O. 
7.4 0.14 
7.3 0.30 
7.1 0.07 
7.1 0.03 
7.0 0.01 
7.1 0.01 
7.3 0.04 
i.o · 0.13 
1.4 0.06 

1i·4 Tr 
7.5 0.10 
7.6 0.07 
7.5 0.02 
7.5 0.04 
7.6 0.07 
7.6 0.12 
7.5 0.04 
7.5 0.08 
7.5 0.02 
7.8 0.05 

Xl2 

7.0 N.D. 
7.5 0.09 
7.2 0.05 
7.3 0.02 
7.2 0.04 
7.3 0.06 

7 .1 

7.3 
7.2 
7 .1 

7 .1 

7.2 

Xl 3 

N.D. 
0.12 
0.04 
0.03 
0.05 
0.10 

7.3 0.02 7.2 0.08 
7.4 Q.05 7.3 0.03 
1.4 o.q9 1.3 0.01 
7.3 Q.06 '7.2 0.04 
7.3 Tr 7.6 Tr 
7.7 Tr 7.6 Tr 
7.7 Tr 7.6 Tr 
7.6 Tr 7.5 0.01 
7.5 0.01 7.5 0.01 
7.6 0.07 7.6 0.04 
7.7 0.20 7.6 o. 13 
7.7 0.09 7.6 0.07 
7.6 0.03 8.0 0.07 
7.4 0.01 7.6 0.03 
7.6 0.01 7.7 0.03 

X14 

7.0 0.46 
7.2 0.04 
7.2 0.02 
7.3 0.03 
7.1 0.06 
7.3 0.08 
7.2 0.08 
7.2 0.04 

6.6 
6.6 
6.7 
6.6 

7.4 0.09 6.7 
7.3 0.06 
7.5 0.01 
7.7 Tr 
7.4 Tr 
7.4 Tr 
7.5 0~02 

1.1 0.14 7. l 
7.5 o. 15 
7.6 0.07 
7.6 0.16 
7.5 0.04 
7.3 0.02 

X23 

11.96 
15.02 

X5-l 3 
fil!. Zn 

11.30 7.3 0.11 
17.38 7.0 0.05 

7.1 0.11 
7.1 0.07' 
7.2 0.04 

11.34 7.5 0.09 
7.1 0.14 
7.3 0.02 
7.5 0.04 
7.5 0.03 
7.5 0.03 
7.4 0.01 

10.20 7.6 0.08 
7.5 0.13 
7.6 0.16 
7.5 0.01 
7.4 0.03 
7. 3 0.02 ):a 

"'tJ 
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APPENDIX V 
r .. 
:_ 

LIME ADDITION SUMMARY 
r--

I 
1...... Mill-Mine Area Area Area Area 
,-- Date Water A B c D 
i 

I..- Nov. 22 7,884 
r-- 23 7,884 
I 24 7,834 I.-

,__ 25 7,884 
\ . 26 7,884 I.... 

27 7,884 ,...... 
28 7,884 1,000 

~ 

29 7,884 5,000 
r- 30 7,884 5,000 
~ 

Dec. 1 4,032 4,000 
,..- 2 7,200 5,000 19,000 I 

i 
I- 3 4,368 28,000 
,..,.... 4 7,862 8,000 24,000 
i 

5 8,640 8,000 16,000 I.... 

,.._ 6 8,640 8,000 16,000 
I 
I 7 8,640 8,000 16,000 8,000 I ._ 

8 8,640 24,000 8,000 -
! 9 8,640 40,000 ._ 

10 8,640 8,000 8,000 ,.-
; 11 8,640 
..._ 

12 8,640 
,,...... 

13 8,640 2,000 : 

L 14 8,640 2,000 
r 
1 

Total 1'80,818 20,000 79,000 148,000 24,000 

I 
! 
\...... 

r---
Intermediate dam - 204~,818 pounds of lime added 

i..-
· Cross Valley dam - 247 ,000 pounds of 1 ime added 

r-

l -

-
-- I 

I 
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·Dear Sirt 
. f- =+. ~~ 

v. Milligan Review ~of 'eross'valleY nam· .. 
....... 

Rea 
"",..,r _,. - "'.'!: ::-.. ""---~~ "';_:::.: -~·· ..,><. .. __ ..,.."--,.., 

"!. - ~ : - .. r...,. ..... ,..,,~~ ..::. !:' ~ - -'- ~ ·-........ ""' ~~, - 11;:.,' ~ ~-.... ...:---... ,( 

we are enclosing herewith. 4·~-copy _of a piemorandum .writ·t~~ ~by: Mr. v;_-: -,. ' 
.. ~ ,,.... ~ ... 'I-- - - ';:., < .... - -, ... y .. $ - ,, ~"" •.. ~ ·-. .. \ ~ ... _. # .. 

, !.t11119~ ·~•ho 9~ne~~iiy ~ev1~-~~ in<y J~; · ~~d ·Aug~st-cth'e pE;r·{c;~~;ari';e< d~t~:~' 
'tor the ~:,;.sa ·~~lley D~~. ~~. ,;~e· ~lso. enclCJ~_i~~ a c:;Y;:of 'Mi•.: 
Milli9an'-s curricUlua vitae -f~r l"Qur informatio~._' ~~--~... 1 

"':.. 

' -:; : - > - <"'.".'. h-;: ~ ~ .- ~- - ;,;;:-: .. ... : ~- '" ~:·-- } ., /::· : ' --."" .: ,· -- ' ''h -< 

~; r-:11119~ ~;~'e; ~e ;iiii6~tig;ipo'. int~i':' .. : .. 
•,' 

. -..:.~ :~ .... ·. ,• · ~. ~02f\;>~ :;~~~r::"•·+::~~: :;,;.~./; ,._:~: ... ; • ,', ~".,.;.;{N,.:•.,;; ··~'- • :-~~ 
,, -\<- . ·• 1. The upstream blanket-~ls _perfo_rminq·---x_easonably _we~l- over~ll\i:l<:~-, ,/': :>:~-~ 

•.. =· ~ ... ,~, ~ · • « ~ iho~h he-~ ,,~'~·~ti~~~~IJ;~~~iri-;~~:~i~~~2~;~i ~ ·~;ib-f;~f~:{·?r)/:;:~j~:;::- ·~ , 
-·~ ~ ~: :~». ~ . 11C ur~ :~id~f '~f:~f !?.:~<~~~ A~?f if~:~~{1ff21f l1}f [(~:~~~~~fr:: ~·C > 

>r-"". ,.- • • -"~} 2 •. 'rhe piezometer conditions at Sta.0+570 diverge, from: wbat::would \ ~~~;,< 
; ; _ .;, ~:-' .-· . -, , •-~.~:';;,,t:: ~:, "-.'.-·. ·~-~·~~·:,":~;"':~~:i~~-·:·'.:'~:;,::,i-:':·-.:;..·~r,;::~:<~--:..:·:,~.~-1;::,:;~y.:::~t".'~·,J,.~?;;,_i-~L-i.:~-,.~~~:~~~3;_'~7;>:~~·~':f<': ·~:.,~~;~.,_ 

... ,..}; -·· ... _._... ~~ · · '. be-·ex~ted~for~_:_ar("_upstre~ _blanket ,,conf1~~,x-at~on.-:: (top: ~ .• J~"of ~.-~:~~<,~"-. · ~, /'· , ~< ; .. ·; -·: ·,·~~> ~ ~-~ ·~~ _:_J - ':':: ~i~~;Et;~~ qn ... ; · · :;,:,".:{~i;i~~-i~~;.x~~:j~:~~? ~~ -·~~· ·. 
~ :<"' · · ..... ~<-\~:·,. 3. The ·piezometric l~ela~"anct_· seepage fio-wsrciener.~ly~ contin_u~4-~_to ~ __ .. 

-:- , - - ~ r :. ., k :~ ,_ •• - - '..._~,·,: • "'~ ,-,,, _~ "-; :~:y~~~;]~':,;·~: ,..,: ':- --, _.? ::::~•- t- ~: . -r ;- .,__:.c·::;·::~:< '"~· -':: }' :;;.? :<-:~·_,_ ~- .-: :, ·:· -
, :.. '. ri_se in-spite· of ·<:onstant }?ond 1eve1:·and .thia:~la"·R_articularly ... ,,,. ,-:~cE_":,f;:.- "~~ ~-. " 

~~~~~~~ 
,~-, ~· __ Subj~t. to_ -th!!' revlew _ oi ___ Gol~er ,·~·.~•l:g~r.Y•.:~~,;-~dd~t_lc;>~_~'l_,:~~1~ .. :i?·,i~~:;~<~_Y$: 
~ :~ :.:'!,·:---~- ~ - .... -<-~ ~ ~ ~-:;.~' : .. ~ .... ~ .. : ~: .. ~~ ~*~.<"'~·-- :·....,, -::_~ ~ • .:.. .-;. t--_'""::_:: l",) )~: ... ;t~ ... ~~ ~/i<r - ~:::;,;~~44:_:,,..'~-Y~f;:; ~~ ::~~::<' ... ~~~~~~"":;':;:,...,,~~~i-: ... --.. ~:~~if~ ~~~ ~--,;,: ~.; ~ 

__ ·· _ -. should be lnstalJ.ed~at ·Sta .o+soo f"add1tlonal:Mple.ionieter:s ··should~;.":~~~~·:~~~?:_ . 

~ff. . --~~ ~~ 

, , 

, . 
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! --

' ·r' f 
• " 't.j, :. ~ - ..:_ .. ,.,.. t 

~f .. ~ ~ ~ ... • ... " ..., - ~... ..._.{~ ·~ .. "{ ': -::_;. ,._ > 

December 1 1982 .. ,_ ~ -~ , . :::~ ,,_~; - Y. 2 )~--~(' '"-~--:_ '- -- . ·::---~·:, _:· ... 822-2021::; :_ ~¢· -

,_ _,_ < , ,, -- ~ ...... ' ' ' • ..,-___ ~·~ - "'·::'._- .. /"' \,.:,'.~~~J __ ;~ f,;'-•"~-~~~:i~ .~--; ~ --~~,- --- .· 
,,,.. ~- - <. ,.,..:-- - ~ \ "' ..,,.~ - c ~ -- ... : \ t ,._ ;. ~,,e.. ...... ,_ v <..,. • :: ' ~ .,_ ,, .,, .J ..... ~ .. ,, ~ 1 - ~ .. 7. ; --:"' ,,. "}: ' 

.. ¥ -~~~ ;,. '- :- < ,_,, > .- _,_, '>:- '..... -.,;; - ~ l~~ ~~\"'"'_-<: <: ~,.. :. -~ ~'°' ~-......_-;. ~~:)!__ :T ...... -,;:_ ·~·~ .:~ "- _,$, <. 

- We believe that the piezomettric conditions observecS at sta .0+570 are·: ... -·· 
.. - .. : r ~.;, - _-" : :-.. ; .... : ,;. t -;; ,.' <J ~i >. .. · -e ... • •• f .. "": ·c ::- ~ ........ "" ,.::::. ....... -_, ,.: "" .. ,. < ~'"'-: ~~ ,.""'~:-_ --;~:1~~ :;,.t.; ;,_7t", ...... :_,"'":t':_-~---"- 0-. :.,. ~ .. -

· - most probably the consequence of a relatively fine grained _stratum at~?- ~- ... ·,,"" 
• ..... - ~ ... '"t af'_ .,.,. _,, > :!::~· ~ ":! 1 - ._.. ·~,,. - •-..., _,. ", ,..,. - _-.,.~i, .. ..,..,,'"""' .: - ."'- "" ·:: .. ~ < ~~';;.. -~" ~ ".:; :~~., ~ ·~f~ ,t· -:: : -,-:, '{ .,,_, ..._.._' ;-.f... t.f c ""~,. :-;- ~~ .. ,,,_ 

·shallow depth whlch--resulta-1D high head losses beneath" the.-- cove-' cutoff.<·~::~- .. J"- ';:_ 

- 't: ... ,:1; '\..., .. ~;"'_;<Cy-,~,,~~::~".:-~~"·~ .."~j<j~ --,-~~~~''_;., ".-=-:~'!:.,,-...... " ....... y,, ":::;:::': __ ,.~"~"",;._:,:'V"___,y--;' ~~ ... ,,~;£i~:'~~}.~./:~ ·$-

"trench. In effect_ it. would appear: that. U~e core _cuto~_f-, .. t~~nf?h. ~·- ~-
~..- !,. f "":; ~) ::._ ~~;...: 't,t ".- ~,-~ ~,. ..... __ ~ - ~-~ia.:: "7' ,.:..- ,_,"- ~-... -~-"'~~4 ... ~";'!A: .:,~~:£'/ ;.;,,.> .... ~\.. _,.¥ .. : ',.';;.·::,-.,:: i;-\:)' ;:·'..;.,~.,_-<.,:_-?~~~ :rir~~-_._;)'-<.1-;,-t: .... ~ 

constricting the shallow flow beneath the dam 1U0re effectively .than·, the~}.~~; 
:~•"< " . · •. -, '• • ~~-..," .;;-:. ~:_," .. _. ·,·. :--_ ·:-·.-"·~,,~:~""~->,.;;:-::! "~:'ff __ ...,,,·.~..1/"3<,:,_.:;.!::., •. "~:;,.,,~;;,;-.,; ).:~:·~·~_:_~~,.,..~"'\>.~1$.:~7:.'~:€.(~:''' 
upstream blanket is -capable of _doing~- ~we believe, that. the ·upstreaa r;<'.~~-r >, -~ 

~~ ·~- ~-;: ~,.__ ... f, .:- ,,~ - - °'--,,_ .#":-.. ·#~:" .. "~ ~"- .. "~~~., ~ - ' ... ~l~· ... -~r~~;~)-;~£.;:y::-......(.;:r~,...,;r...,;-::t:__:. .. ~: .. i/ ... "€:,.__,-....:r.>~~:~lf: .. >- 1T~!:~:'-.. ,.."'::-
blanket is intact in~ this, area and· that I bad-~ a "core cutoff - not·· be:'.:-~--~ 

_. • ~ ~ .: ~, --,. : .'~ , 1 . _: .. -: • ~-. -- , , / • •• - _"'- -t-~ ::-~~-:·Ii:-''·;:;,,._-~_·'::.-,,::~?::: . ..,.~:,;?_..,:_:,,::~:(".:- - :. 
installed the piezometric condtions. would J:>e, similar:. to .. those ,,.observed 

-- - -- .. -. '• - ,,.. -..""' ... ~ .. : : )_ • ":._ :.-:8"~} ~ ) ~ .... ;:"'\_:~ ;;:-;;- J :tc:",_,~/,._:.ro-5 -' -r; :: ;:-~~~ ·- ~- ... ~,"' - .... ,,. ... 

at Sta.• s 0+210 and 0+450. The relatively,~ high' pore·- p:i:e_ssure~·~:-:.:--:~~ ,r:_ -~~.<:" 

downst~~am of the" c~re could: ~~fl~t- ,a-1~~~ ~~'".i,;~f~~~~ _d~·: i?,.:~~~~-r\;;f:~\i:''~ ·.~ ;L ·~ 
qUali~y_ drain ma~e.rial, grou~_dlf!ater _di~~har9!!., ~r~m· th~. _south ·!~lley ": ~< -~, . 

-:... .t- ~ ..... 

w~ll, and~ ~r higher"' toe drain ei~ation •. ,. ; 
I 
I 
I 

---
; -

~ ..... - -- b-, " - ~ _.,,. ....., 

We ~ate that,· since\u-; •. ~ill·i~an' s review _~a ~ade, ·the_- pi~z~e·i;~s~~h.a~~-~ _:- :" .·_ "'-·· 

not "changed sig~ifl~antl~ ~i~h ~~o · ex~~p~io~~ ;:- · Th·e~'-=,;~~lio~ ··an~-~~eep ~-·:_ .< __ -· -~.,. 
-~i;zo~et~~s i~-~ lndl~~te. ess~nti~ly the ~e el~atio~s.~f~i··.th~·-;.26 -~-.. ·:·.__._._:. 

Au;~:~-; 1982 r~a~ding~ m~ani~g'. tha~ ~he. de~p · pie~m~~ei-~.-de?~~'e~~:;_d i~--~-· 
-: ... _ .... ..,- ~-" .: - -- - ~ ~·-.._,~'\ ~ ... ---- ·&'~ ~-.. ~ ~'·. ,.,.s "'~.~- .. ,.).'""-~":(...,_~ .. -~- ... ~ ~.:'~ 

elevation by about 1 m·ana the shallow piezometera-increased in~ 

e-levatio~--~Y- ~~ut --, -~~(~1th ~es~~t -~~ 20 July,· ·;982
1

)-~ ~~~ ~'~~9;Yi-~;·di~i~-~~ ~-
.... 1~·~ ~~ __ ,.._~ ~ :' :.-.' ~.,~:. - ~ :, #----:>¥-~;:t"_:_::~-.~,_~F.,:;; .. _:;...~-·~ ... ' ~~z-~,;:r"_~~>·:t~_ 

should.be checked.; If_ they 'are correct it would mean tbata:"f:~ :?-::0 ';:~~~""::·;;~, 

,, -;, o, ··:::_ J : . ----_: ·: - - , - .• - • , ; _ ; , .. - -. , c~ ;, ~- ,"}/5;t: :;A~~1~~~ .::-/:~:~f~,~~~~'.~~;-'.·? . . ; 
, a) .~e seal between the piezometers bas failed.. -~«.· ;,-: ;:_::;;: .. ~-~~---.;:;,. ·,z,-i:;- ,<y-:_.~. 

r"'"r ::~~~ .. : ;.<;'; : ~-'"'~,,- "'~ -<: -'~~ .. ~ ~-::' £~--~. -- ~ " '--:'[Y:c,.-~~~=· ,.~_.,"-'"'·_,-7:i;~J.:_-. 1 :f_ .. ~:-;;;_.;._1£;,"'v~;_,~-·~.~l!",.--~-,,~::?-.,;~ ~~ 
.- b) -..:.rbe_ confinement which bad been indicated previC?usly by~ the ,,deep_:"-~~~->~-~-"'- ""' 

- I 4-·~:.,.~-~"-'~./~~;'.'~~~!!="';f:._._ ::"• -~";~-~:::-:.-~~ t ~ -- ~.:~;;-',. ~~- ""> ~ ~·--~~~~ -:;<'- -~=~,,_--::,)~~~::\.-:_,·:-'"'..:~"- :-.f'-:~'~;.:t~::t~~;~~~,, ~~._:\~_.f.:._._;-t,:._·-~!:,,'_;".~-~=_.~:l"'c~;_-':-:.,~ • 
,-r. piezometer, baa p_een- ~ost, due_ to· communica ~io,n_·,~ey_elopin_9 ~.«.;~:\',':~~~;·/~,,. 

, ,_ -"'."' ~ -- ·;~_·> -,«·~ ,··. ·.t ··-.>:.:~·:;-., --1·::.~ •• ::.1"':--~.-.l";.' ·- -<. · f', -~ " · -~-~·:: .,. __ C.;_ ~~ .,,."' • ..._~~--:~·fr-::-.:zhr:~£~-~'-.:;'-:,-:, ~ ~- .:i~:.:·-,. .>1,,_,;l__:;·~:~ '".:-- ,,~-
~ ·-_: ~ - · .-_ · .. tbrougb'-the 'fine" grained 'layer between· .the :screened-_sectiona of .. ;· ~-_;.:c-,:-:-;:y:~,: _ 

:'.~ : ;. · "_, {:~;~, ~:~~~;f ~~t~:L ;:~ \:~~>\~i ~~~ri~~t·;;~~~!J..H~-~~--~ ·-,: _~,;:=~~~rJ'?·>·-
--wa also _-understand 'that· the ·total~ seepage flowa_]iay~I dec~e,~!!4·'-;,.>, . .,. ·~:.:~~-?:;~~~::~:;:...: 

->~· .. ,,·_; .. :'. -~, ::~i·-,,, /fi:~~~·.:r-·::<~~::~x:~~L_:~~E~i:D:;}}fr~~~~;~~§~~ 
--, . · With ··xespect" to the present"' situation,· we~be11eve" that the"'best- cou.rse:.''::'f~~-: 4,i~~'-

, ~ - J.~~.:~ ... ~~ ;i ~ ~~:r"::~ ~ :~-~-~ ~~'_:::;~--~~ <~?~ : .. -:;~-: ;J~ :!'"-s:A:k~;;_,_;~~-~~·5-,,..~{ ~~-!-~~:::_:~/,,~~! :--;~ ... ,~<-:~~r-~t;7v~:;~~.; .. ~.iI,~~.1:·~~ .. ~-y_:_~::."i~~~--:~~:~~~::~~s~~ 
-' ,., ...... ' ... 9f action is to continue. to_ monitor "'.the ~sltuation~closely. ·..,· _A;_set_,,~f f"I-o"!:.~ <··-~ 

. ' .... , , ~ ~· .~.~~--±"'"';,. ·~ .- -,./~~- ·~: .. ., • __ , ~~--:.\·~::;"'- j~ ;:<;·~, .. ~. ;;?.):.;l . : : __ -: .-..··-/-_' :·:-t;-t"~~ ;;/~,:. ;, ___ ;;-;:·";~_ ~d~'~;~=: <>,,:':-_t ~: .• 2:-:-·;. !·~:<;~< -~'-· i';<_;·,~,_ 
. - ·,( -~ · piezometr:ia 1.evela shou14 ·w· obtained for Deeember for, the- croae va1ley,·:;t~~ ... _;o,~:-..y;..;.:;~·~:,::,"~"' 

v .u :.:_ :_ ," -S , '-t~ -"Of ~ ... -o1~ .. ;\ ~ '".;;t ~~ _ .. ~ ... '""<, "f" _ > ~ ~ ~ .i .. ~~-t ·""':;.., - ,,9- ~ ....... /i,-¥ _1 ""-. ,...,.""-~: :.- , "'_ ... ,,,.·:~ ~:- ., ..f~ ... r ,.- ~-::;:i~~.~ --:1:~>.r~, ~-,,<~<:,-~ ~':'>.-r :~~~~ .. -i.:'~i.,_ 1 .,~ ":"~»----~ ;.~~ !~ .... ::;. (-:-- -<""~L ~ 
; ~ -~ . .- . :- ~~,,:-Daul/~~ ·~·-..-t~ "area -.sboUld bef lzls~t94. for ~evidence"' o( .~seepaga;?Jischarge:: ;~~~:;:.::'/';:.;_~-~·l-~-~ 
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seepa9e flows at-the toe 
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for additional 

should be reassessed. 
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... __ .. ,., ., ~ '\.- ~.;;. ,~ .... i-

We a.re presently preparing a.~ summary 'report· of all the_ Down vallei-:~:;;< 
I' 0 'f -. - 4 'V < ~ ~ .,. ..... ~ - J'i' - ~ .... • -\ .. - ,. A 8' \ ... f ~ ....,.,...:-.... , 

Project monitorin9 data· to date-.-·~-- We expec_t that th-is: r~po~t-~_~111'~?~9, .. :~~~···_.:.' 
· u~efui . ~n: Undei~ t~~1n9 ·the ~b;~~~~~ which' ~;, .;.,c ~ring •. ·: ·· .. ' ·< '" 

-· 
_-:,_. 

Yours- very tru;7;: 
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TO: 

FR: 

RE: 

MEMORANDUM 

V. Milligan (Mississauga) 

CYPRUS ANVIL - CROSS VALLEY DAM 
YOUR REF: 822-2021 

Further to our recent discussions, I have reviewed the 

recorded seepage and piezornetric data supplied to me by 

D. Goodall. 

Pertinent Understandings 

From the drawings supplied and our discussions, I under­

stand that,: 

i) 

ii)-

iii) 

iv) 

Impoundrnent behind the darn commenced about December 

1981 and was essentially complete about mid April 

1982 with a pond level at about El. 1063.5 (m). 

An approximate plan outline of the darn is sketched 

on Figure l; flow monitoring weirs are located about 

as shown. 

The darn is a simple earth fill embankment with a 

central till core and pervious shells; the till core 

is wrapped into an upstream blanket extending some 

90 m. upstream from the centre line of the dam. The 

dam foundation consists of sands and gravels of vary­

ing stratification and extent, interspersed with till 

and possibly overlying till or less pervious deposits 

at depth. My simplifying assurnp~ions are sketched 

on Figure 2. 
f 

Varying and erratic zones of permafrost exist in the 

south valley wall and adjacent to the south abutment 

of the darn. 

• •• 2 
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Estimates of Seepage · 

Based on my simplifying assumptions, estimates of seepage 

through the pervious foundation materials are sketched on 

Figures 3 and 4. (It is a~sumed that relative seepage 

through the dam is modest). 

Figure 3 assumes a 'perfect' blanket. (The length shown 

of about 110 m. as compared to an actual length of 130 m. 

has little difference on the flow net sketched). Figures 

4A and 4B illustrate an 'imperfect' and 'zero' blanket 

respectively. 

Assuming that the average permeability of the foundation 

materials, insitu, is about 10- 2 cm/sec, the .total under 

seepage calculated for the 'perfect' blanket is about 

3,000 IGPM (Figure 3), that for an 'imperfect' blanket 

(Figure 4A) is only about 30 per cent more, but that for 

'zero' blanket (Figure 4B) could be 300 per_ cent more. 

Assuming that weir 3 is representative of the approximate 

total seepage flow (about 3,000 IGPM), it seems reasonable 

to assume that the blanket is performing reasonably well 

and that Figure 3 is probably representative of the approxi­

mate average flow conditions within the foundation materials. 

Estimated Piezometric Conditions 

For the flow conditions sketched in Figures 3 and 4, the 

corresponding approximate piezometric conditions (in terms 

of head loss) inthe foundation material at the base of the 

dam are sketched on Figure 5. It must be recognized that 

these estimates are grossly approximate, but when they are 

compared to the actual piezometric conditions recorded 

(piezornetric tips at El. 1048± lm) two significant points 

arise - firstly, that at stations 0 + 210 and 0 ± 450 

there is reasonable correspondence with the 'blanket' 

Golder Associates 
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September 1, 1982 3 821-1212 

assumption but secondly, that at station 0 +. 570 there is 

a marked divergence from such correspondence. Indeed, in 

the area of the core, there is a pattern of piezometric 

observations ~omparable to the 'zero' blanket assumption. 

(However, in the upstream portion of the dam at 0 +. 570, 

the 'blanket' assumption still appears ·to be ~enable). 

Recorded Piezometric Levels 

The majority of piezometers (with specific exceptions) 

continue to rise even with a constant pond level. It 

is significant that at stations 0 +. 450 and 0 +. 570, the 

shallow piezometers,HP/S,exhibit lower levels than the 

HP/D series thus suggesting upward flow into the drain 

downstream of the core, yet the contrary is evident at 

station 0 +~210. A large measure of those changes in 

piezometer pattern may bt:?- due to erratic stratification 

within the foundation with attendant local anomalies in 

piezometric level. However, the consistent rise exhibited 

at station 0 + 570 is most marked and this pattern, to­

gether with the measured increased flow in weir 3, suggests 

more tha.n just localized-variations in stratification. 

Recommended Further Steps 

As compared to the other sections monitored, that at 

station 0 + 570 appears to be anomalous. Part of this 

anomaly may be related to seepage flows from the south 

abutment area induced by thawing of local permafrost zones 

or by leakage from the diversion canal. Of particular con­

cern, are the relatively high piezometric levels in the 

foundation at the location of the core and just upstream of 

it. It is recommended that further instrumentation be 

installed in this general area to check these concerns: 

Golder Associates 
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i) 

ii) 

iii) 

Install a new monitoring weir at about station 

0 + 500 near the downstream toe. 

Install piezometers just upstream and downstream of 

the core and outside the toe (HP series) with tip 

elevations of about 1040 at stations 0 + 600 and 

0 + 620+ = 6 piezometers in total. [These new 

piezorneters can then be related to piezometer 

CVDC 11 at the south abutment to define a possible 

seepage pattern relative to the abutment.] 

Monitor, and if necessary, increase the 'thermistor' 

instrumentation in this and to monitor possible 

thawing of permafrost. 

Please review these comments and, as you see fit, convey 

them to Cyprus Anvil. 

VM:baw 
821-1212· 

Attachment: Figures 1 to 5 

Golder Associates 
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