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ABSTRACT 

'l'he Rabbit Lake open pit tailing depository is a 
below-ground tailing disposal system which takes 
advantage of existing low groundwater hydraulic 
gradients and low tailing pemabilities in 
preventing the ex-Iigration of oontaninants. 
lstablishing a highly-pamable surround around the 
tailing connected to a pupad underdrainage system 
ensures sexism consolidation of tailing during 
place-ent. Hhen pulping ceases at abandon-ant it 
provides a preferential path for groundwater flow 
around the fully consolidated tailing. 

“IRWIN 
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In October 1982. Bldorado Resources Lisited 
purchased the Rabbit Lake uraniun sine from cult 
linerals Canada Lisited and is now its sole owner. 

with the 1983 closure of lldorado’s beaverlodge 
operation in Uranium City. Rabbit Lake is the 
longest-operating uraniua nine in Saskatchewan. 
The operation is located in north-eastern 
Saskatchewan. 3 kn west of wollaston Lake at 
approxilate latitude 58‘15' north and longitude 
103‘4‘ west. (Figure 1). Pros labbit Lake. it is 
91 kl‘ to the nanitoba border and 200 k- to the 
Northwest territories. 

the persenent populaton in the Uollaston Lake 
area is stall. the village of Uollaston Lake. 3‘ 
he tron sabbit Lake on the eastern shore of 
Iollaston Lake. has a population of approsiaately 
640 people. the next village is 130 k- away on the 
northeast and of Reindeer Lake and northward. at 
even greater distances. are the oo—unities of 
Black Lake (150 kl). Stony Rapids (112 kl). Fond du 
Lac (227 kl). Uraniu city (30‘ kl) and Ca-sell 
Portage (340 kl). 

s o b t e t 

the project began in 1968. when -an airborne 
survey of more than 1.5 sillion hectares of the 
Hollaston Lake region detected several radioactive 
anosalies. Dialond drilling in and around a ssall 
lake called Rabbit Lake eventually identified a 
uranim orebody containing approximately 4.5 ‘ 

sillion tonnes of orebearing saterial and 18 
oil lion kilograms of uranium oxide. 1n -l9'IO a . 

detailed engineering study established the 
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viability of the proposed operation and in 1972 
construction of the Iill and camp site began. 
construction laterials were initially hauled to the 
site over a winter road until Iloveaber 1973 when ~~ 

~~

~

~ 

the doverment of Saskatchewan completed an 
all-weather road to within 10 In of the operation. 
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FIGURE l: much! 0? m RABBIT LAKE Pm 
In October 1914. stripping of the Rabbit Lake 

open pit began with the removal of overburden and 
lake bottom sediments from the previously drained 
Rabbit Lake. The first ore was processed by the 
.111 in June 1915 and by october l9'75 the mill was



producing l.4 nil. kilograms of uranium oxide 
per year. Design acity of 2.2 million kilograms 
per year was first achieved in 1911 and maintained 
until‘ the early 1980's when lower ore grades re- 
sulted in lower production rates. 

It was clear when nining at Rabbit Lake "began 
that. without additional reserves. the Rabbit Lake 
operation had a life of only 10 years. uploration 
therefore continued in the i-ediate area in an 
attespt to discover additional uranium sineraliza- 
tion. 

Identification of a belt of anosalously radio- 
active occurrences on the Harrison Peninsula ap- 
proxisately ll kilosetres north of Rabbit Lake led 
to a closer esasination throughout the period 1971 
to the present. (Figure 2). initially a ssall 
orebody. the Collins Bay A-zone was identified. 
followed by the Collins Bay B-zone. D-zone and the 
lagle Point deposit. Although recent inforsation 
has confirsed that Eagle Point is the largest ore- 
body. an assesssent in 1979 of the inforsetion 
available at that tile identified the Collins say 
B—zone as the largest and. because of its location. 
the scat logical successor to Rabbit Lake. 

ns a first step towards obtaining regulatory ap- 
proval for develop-ant of the Collins bay b-zone. 
conceptual engineering began in 1919 and 1980. All 
electrical generating plant. a sobile equip-ant 
saintenance shop and a siners' change house and 
kitchen were planned to serve the i-ediate need of 
the Collins bay b-sone and the long-tern needs of 
the three other orebodies in the area. A haul 
road. stockpile area. contasinated water handling 
systes and an electrical distribution systes were 
also planned. Dyking sethods had to be considered 
since part of the Collins say s—zone was subserged 
beneath Collins say. the adaptability of those sett to the wholly-subserged Collins say name 
and D-sone was also isportant. hineralogical dif- 
ferences between the Collins bay h-zone. b-sone and 
D-sone ores and Rabbit Lake ore and changing regu- 
lations designed to reduce nonia esissions resul— 
ted in sill process design changes. It was also 
necessary to identify and establish the suitability 
of a new tailing depository since the depository in me at that rise was adequate only for the tailing 
produced frcs Rabbit Lake ore. mvironsental base- 
line data were collected and. with the results of a 
northern mity ispact study and a study of the 
many-developed northern esploysent participation 
progra-e. all the inforsation was assesbled in an 
enviromental ispact statesent. (1) 

In anvirotnental assess-ant and public review 
process led to regulatory approvals in late 1982 so 
that the detailed engineering and prelisinary de— 
velopsent work necessary to begin lining and sil— 
ling the Collins say l-sone ore could proceed. the 
dyke was cosplete by lid-1984 and stripping of 
overburden and lake bottos sedisents began. Ore 
was first produced and fed to the newly-sodified 
sill in lovesber 1985. ' 

nining of the Rabbit Lake orebody was cospleted 
in May 1984. although stockpiled ore ensured con— 
tinuity of sill operations until Collins bay B-zone 
ore becane available. 
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A critical part of the regulatory approval pro- 
cess for any uranium mine is of course the propos'ed 
tailing depository. when the Rabbit Lake project 
began the approved tailing depository which was 
constructed w_a_§ a relatively conservative 
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FIGURE 2: RABBIT LAKE PRQJECT PLAN 

above-ground design. Located approxinately 3 kn



south of the Rabbit .u mill (Figure 3). it con- 
sists of a north and th earth-filled dam. con— 
structed across an elongated valley between two 
north-south trending ridges. when in use. tailing 
slurry was discharged at the perimeter of the im— 
poundment area. the point of discharge being moved 
as required to ensure an even distribution of tail- 
ing over the area. The solids were retained in the 
pond and the clarified water was removed by a 
floating pump station for final treatment before 
release. The existing impoundment area had however 
only been designed to accownodate the 4.5 million 
tonnes of tailing produced from milling the Rabbit 

FIGURE 3: THE ORIGINAL RABBIT LAKE 
TAILING DEPOSITOR! 

Lake orebody. 'l'he environmental impact statement 
(l) submitted in the early 1980‘s therefore presen- 
ted two alternatives for containing the tailing 
produced from the milling of the new Collins Bay 
I-zone orebody. 

The first alternative involved the construction 
of an additional tailing retention dam downstream 
of the. existing south dam. It followed a detailed 
geotechnical and hydrological study of the proposed 
site and incorporated geotechnical designs devel- 
oped since the existing dams were engineered. 
Seepage through the dam was controlled by a soil- 
bentonite zone extending through the tills to the 
bedrock contact and a grout curtain extending into 
any- fractured bedrock zones. 

‘l'he second alternative was innovative and invol- 
ved using the exhausted Rabbit Lake open pit as a 
depository. rollowing two years 'of geotechnical 
development work it became clear that this alterna— 
tive was superior for three major reasons:

' 

. It avoids the use of any kind of low perme— 
ability liner. No liner is absolutely impermeable 
and the value of seepage through them although 
small. is predictable and real. It is also impor— 
tant to realize that construction difficulties and 
resulting liner weak spots can produce local leak- 
age. the repair of which even if detected. involves 
severe practical problems. 

. It avoids the relatively high hydraulic gra- 
dients existing across the low permeability liners 

47 

of conve nal. perched. above-ground systems and 
the enh leakage rates which they produce. es— 
pecially weak spots. 

. It encourages seepage and depletion of tailing 
pore water during placement. ensures a maximum de— 
gree of dehydration at abandonment and during depo- 
sition allows precise monitoring of the flow rates 
and concentrations" of all contaminants leaving the 
placed tailing. 

This alternative was eventually approved and 
began operation when the original tailing deposi- 
tory was abandoned. in November 1985. It is the 
subject of this presentation and is described in 
detail in the following paragraphs. 

8181'“ 03803191101 

c of 
k nt he bb t 

the now-depleted Rabbit Lake deposit lay entirely 
within the wollaston domain which is locally com- 
posed of amphibolite to granulite facies supracrus- 
tal gneisses of the hphebian age Hollaston Group. 

the major structural feature of the Rabbit Lake 
open pit is the Rabbit Lake Thrust Fault. (Figure 
4) a predominantly northeasterly trending fault 
which dips to the southeast at generally less than 
60°. the Rabbit Lake Fault Zone is a complex zone 
of sub-parallel faults that trends roughly south- 
westerly from Uollaston Lake's Pow Bay. through 
virst and Second Link Lakes. through Rabbit Lake. 
and southwesterly for several kilometres. It 
formed the footwsll of the orebody itself which 
occupied highly brecciated and altered rocks within 
the ccmplexly-fractured hangingwall. 'l'he footwall 
rocks are not highly fractured or altered. 

within the Rabbit Lake pit area. the fault zone 
consists of a wide (100 to 150 m) zone of strongly 
sheared and brecciated rock that shows progres— 
sively more severe shearing as the main thrust sole 
is approached. The fault zone and the thrust sole 
dip about 45' to the southeast. within the sheared 
and brecciated rocks of the hangingwall. inmaser- 
able subsidiary shears are evident. These subsi- 
diary shears show attitudes from horizontal to ver— 
tical. but on a gross scale they tend to parallel 
the main thrust sole. within a few aetres from the 
thrust sole are blocks of all sizes that have been 
rotated between anastoaosing subsidiary shears and 
often show well developed. caplexly—disposed 
slickensldad surfaces. It should be noted that 
within the pit area. the Rabbit Lake thrust faults 
are superimposed upon a northeasterly-trending 
vertical fracture zone. Near the main thrust sole. 
those earlier fractures are not recognizable. but 
to the east. away fru intense shearing. they are 
readily apparent. (l) 

Piezometric investigation progra-es carried out 
around the open pit and local lake and swamp level 
measurements all confirm that the ground water flow 
pattern is influenced by the dewatering of the open 
pit. Seepage into the pit creates an identifiable 
cone of depression near the excavation. Elsewhere 
in the mediate vicinity. topographic features 
influence shallow flow systems. Deep ground water 
movement below the zone of influence of the open 
pit is essentially horizontal. trending in an



easterly direction’eards Hollaston Lake. ' of 
special interest we the transmissivity of the 
Rabbit Lake Fault since it could possibly have 
provided a direct groundwater link between the 
proposed tailing depository and Hollaston Lake. 
Hater levels measured in piezoneters installed 
above and below the Rabbit Lake Fault zone however 
indicated that the fault does not have a signifi- 
cant influence on the groundwater system and the 
bedrock units above and below the fault zone behave 
essentially as a single hydrostratigraphic unit. 
This evidence is supported by the computed coeffi- 
cients‘.o£ secondary permeability which are general- 
ly in the rangeof 10‘6 to 10'7 ce/s.
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the original groundwater pattern prior to draw- 
down by dewatering in the Open pit is inferred from 
both the original Rabbit Lake water level and the 
groundwater table configuration beyond the cone of 
depression. (l'igure 5). 

It has been shown that hydraulic gradients are 
generally low throughout the area and that nowhere 
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are mgreater than a five percent gradient found 
in t gh ground to the south of Rabbit Lake. 

The Rabbit Lake open pit is located partly within 
the area originally occupied by Rabbit Lake. with 
the high wall on the south side standing some 30 m 
above the original lake level. (Figure 6). 

Typical design slopes of the open pit vary from 
45‘ overall for the greater part of its perimeter 
on the south. east and north sides. to 30' overall 
in the area of the Rabbit Lake Fault on the west 
side. Bench heights are typically 12 m and the 
final depth of the open pit is about 135 m. 
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FIGURE 5: INFERRBD GROUNDWATER FLUJ PATIERNS. 
RABBIT LAKE OPEN PIT 

A field inspection of the open pit produced the 
following observations: 

. The wall surfaces showed numerous open frac-



tures and nts. Joint orientations are 
highly, vari . although in one local area at 
least. a well defined prominent joint set dip- 
ping into the open pit was observed. ‘ 

Although spring thaw conditions prevailing at 
the time of the inspection resulted in a 
higher than normal amount of- surface run-off. 
lost of the water flowed for short distances 
only on the surface of individual benches and 
then disappeared into rock fractures and 
joints. ' 

Talus slopes occurred in many places on 
benches at the foot of local cut slopes. sale- 
tiles coupletely covering the bench surface. 

FIGURE 6: AERIAL Emma 01' THE 
RABBIT MICE OPEN PIT 

It was apparent free that inspection that a high- 
ly pervious zone of bedrock fractured by blasting 
and stress release effects. existed around the per- 
iphery. since this feature was isportant to the 
proposed ache-e of tailing deposition. a drilling 
progra-e was capleted and confined the expected 
presence of fracturing and loosening of Joints 
resulting from blasting and stress relief. the 
rock was in fact so highly fractured and pervious 
that it was found ilpossible to advance the bore- 
holes without casing. tree the total loss of drill 
water and the core recovered it was evident that a 
zone of very high secondary perleability existed 
for the full height of the bench slope. 

1’ to It 

the in pit tailing disposal. systes eventually 
developed (figure 7). takes advantage of the low 
prevailing hydraulic gradients in the below-ground 
envirolnent of the Rabbit Lake open pit and. with 
special Ieasures to enhance it. the extrelely high 
perseability of the walls. These features. toge- 
ther with the established low perneability of cone 
solidated tailing enabled the design of a system 
which: 

. encourages tailing consolidation during place- 
sent by pronoting drainage of pore water 

. provides total containment and collection of 
the pore water for monitoring and treat-ant 

low per-eability tailing to promote con- 
olidation during placement and to ensure that 

after abandonment. when the normal flow pat- 
tern establishes itself. the groundwater will 
flow around the tailing rather than through it 

. ensures that the integrity of the depository 
is maintained even if occasional departures 
occur from specified construction uterial 
properties and nethods. 

. ‘corporates a high-permeability layer around 

Pollowing completion of mining and to prepare the 
open pit for receiving tailing. construction of a 
pore water seepage collection system began in June 
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1984. After the heavy inflow of runoff free spring 
thew into the open-pit had subsided. a drift of 2.5 
I square section and about 425 l in length was 
driven fro. the pit wall at a level about 6 I above 
the pit bottom. dipping at five percent towards the 
pit brow. I raise was bored to surface from the 
end of the drift to house three 450 In diameter 
concrete-encased well casings. 'No of these wells 
were for active puping and a '15 L/s capacity. 
level-controlled electrical submersible pulp was 
installed in each. The third was reserved for
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- If necessary . 

standby purposes. The bottom part of the pit below 
the invert of the drift was filled with random mine 
run waste rock. The drift and an area around the 
entrance was filled with clean. screened mine waste 
rock fill grading between 25 to 300 In. to a level 
just above the crown of the drift. The remaining 
space of the pit bottom around and over the clean 
rock fill was filled by several layers of progres- 
sively-finer rock fill. finishing with minus 230 an 
crusher-run sine waste rock at a level about eight 
feet above the crown of the drift to complete the

' 

rock-filled bottom sump. ‘l'he backfilled snap was 
finally covered with a 1.5 s thick sand layer which 
would prevent the migration of solids during tail- 
ing placement. Diversion of seepage water to the 
submerged pump and i-obilization of placed tailing 
solids during placesent would be achieved by ensur- 
ing that both the sand and fine waste rock layers 
were continuous around the walls of the open pit 
from the rockfilled sup at the bottom to an eleva- 
tion above the rising surface of the tailing. Thus 
during place-ant. consolidation is encouraged .by 
continuous removal of all seepage water enhancing 
the expression of pore water from tailing sur- 
charged by the vertical loading of continuous 
placement. 

when placement is finally cosplete and the seep- 
age monitored at the pup discharge is satisfac- 
tory. the pups will be de-energized and the con- 
trasting permeabilities of tailing and permeable 
envelope will establish the groundwater flow pat- 
tern required to achieve total bypass of all 
groundwater around the tailing. 

FIDICI‘D 5mm PEWE 
-e f e 

During active tailing deposition and over a short 
transition period between the end of that operation 
and final deco-issioning of the facility. total 
oontair-ent of water-borne contuinants is achieved 
by operating the dewatering system. the cone of 
depression created in the natural groundwater table 
as a result of this dewatering operation. isposes a 
flow pattern which converges towards the open pit 
from all directions. thus positively preventing any 
outward migration of contaminants from the inedi- 
ate vicinity of the open pit. 

Seepage of pore water from the deposited tailing 
into the unsaturated zone of natural bedrock above 
the grotmdwater table within the cone of depres- 
sion. is of course to be anticipated at this 
stage. 
tually be recaptured when: it migrates dotmwards and 
enters the saturated zone where the above-mentioned 
flow pattern will return it to the dewatering 
system for routing to water treatment facilities. 

the contaminated zone of bedrock im- 
mediately surrounding the open pit can be flushed 
clean in the process 'of decasnissioning by pulping 
from the dewatering system at a suitably reduced 
rate to maintain a shallow cone of depression We: 
the top of the deposited tailing for a short period 
of time. 

As discussed later. long-term performance of the 
system relies on mitigation of sass transport po- 
tentials to negligibly-low levels on close out of 
the facility. One of the major mass transport 

.u, 

However. this contaminated water will even- . 

mechani’ of concern is the release of pore water 
from the deposited tailing due to consolidation 
under self weight and superimposed loading from the 
top cover. Lowering of the groundwater level sur- 
rounding the tailing deposit by operating the de- 
watering system. enables the tailing to be consoli- 
dated under its full weight which would be more 
than twice its buoyant weight under the submerged 
condition in the post-decomissioning state. Using 
the non-linear. large strain consolidation theory 
applicable to this situation (2). it can be shown 
that the surcharging effect due to lowering of the 
groundwater table during active tailing deposition 
would be sufficient to ensure an over—consolidated 
condition at the end of the deposition operation. 
consequently. it is anticipated that decounission- 
ing of the facility can proceed almost imediately 
following the completion of tailing deposition. An 
illustration of the results of consolidation model— 
ling of the iabbit Lake open pit operation is shown 
in Iigure a. 
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STRESSI WESSURE 

HM! 8: “PICAL REUL'IS 01" MSGLIDATION ANALYSIS 
In the cold climate prevailing in the Canadian 

worth. freezing of the tailing deposited in winter 
will interfere with the normal consolidation pro- 
cess. ' Although the upper part of the frozen tail- 
ing deposited in each winter will thaw during the 
following spring. the lower part will undoubtedly 
remain permanently frozen. The interaction of 
freeze. thaw and consolidation processes is complex 
and involves thermodynamic and osmotic effects 
mulch are not fully understood at present. It is 
Imown however. that the freezing front tends to in- 
duce pore water movement from the unfrozen material 
towards it and thus tends to pranote consolidation 
of the unfrozen material. this effect is of rela- 
tively minor significance in comparison with the 
interruption of the consolidation process for the
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material which free. and the resulting loss of 
storage volume . 

hon -Tem Per formance 
Having eliminated the transport potential of con— 

solidating tailing. the only controlling Iechanism 
for release of contaminants in the long term is 
hydrodynamic dispersion resulting from natural 

"groundwater flowing past the tailing deposit. The 
disposal system takes advantage of the initially 
10d hydraulic gradient of a body of natural ground- 
water and further sodifies it by introducing a 
highly conductive envelope around the tailing de- 
posit. It is clear that by increasing the trans- 
nissivity of the pervious envelope relative to the 
surrounding bedrock and the tailing deposit. the 
rate of groundwater seepage through the tailing 
deposit can be reduced to any desired degree. 

The systens's complex three-dimensional flow pat- 
tern and extreme contrast in dimensions and parse- 
ability values between different naterial zones. 
sakes precise Iathenatical nodelling of the whole 
system impossible. However. two—dinensional finite 
elelent nodels have been used (1) (3) to illustrate 
that it is practically feasible to use canonly 
available natural. inert aaterials such as rock 
fill or pit-run sand and gravel for constructing a 
pervious envelope with the necessary trans-issivity 
to virtually nullify the hydraulic head differen- 
tial across the tailing deposit. thereby elieina- 
ting the long ter- potential for seepage through it. 

A typical finite elesent sash and prescribed 
boundary hydraulic heed distribution used in such 
an analysis of the Rabbit Lake case is shown in 
Iigure 9. The sodel represents a horizontal sec- 
tion through the open pit. incorporating a two- 
layer pervious envelope aade up of a l a thick 
layer of crusher-run line waste rock and a 3 In 
thick layer of sand filter. The Rabbit bake Vault 
known to intersect the open pit is represented by a 
15 a wide zone in the bedrock for-ation. 
Using the input paraseters given in Table l. the 

analysis (Table 2) de-onstrates that the pervious 
envelope is sufficiently effective to elininate the 
advective couponent of the hydrodynaeic transport 
eechaniss thereby reducing the systea to a diffu- 
sion controlled condition in the long tern. 

considering steady-state diffusion through the 
send filter zone governed by Rick‘s first law (d) 
and conservatively asst-ins a .constant source 
boundary at the sand/tailing interface and perfect 
flushing at the sand/rock fill interface. the usi— u- rate of solute release when the open pit is 
filled to capacity. is estilated to be 2258 Go. 
Ihere Co is the source concentration. Taking a 
sisplistic but highly conservatiire approach in 
which the entire release is asst-ed to enter direc- 
tly into the reinstated Rabbit Lake. the increase 
in concentration of any particular ,

’ 

paraseter in the Rabbit Lake water is epproxiaately 
defined by the expression «.44 x to" Co. a: an 
exalplc. in the case of a. the system is pre- 
dicted to be able to tolerate a noxious source con,- 
centration in the tailing pore water of 250 Bq/L 
without exceeding current Saskatchewan surface 
water quality objectives of 0.11 bq/L. 

Recent test work on the Collins Bay B-zone 
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new 1: rum-r PWILITIBS (cs/s) 

llaterial Perleebility 

Rock £111 3 
sand nu v 0.1 
Tailing . s s 10-7 
bedrock 5 x 10-6 mm 1 s 10-3 

new 2: mum muss 
Para-eter Telling Rock rill Sand rill 

rot-1 flow' (we) 9.3110" 70.8 
Has. hydraulic 

gradient d .5x10'5 3. 0x10'5 3 . 1:10-5 
Has. Darcy 
velocity (l/d) 1.9::10‘8 7.9x10'2 2.7x10’3 

‘ for 30 cm thick model 

telling being deposited in the open-pit indicates



that its pore water .ains 22611.3 concentrations 
.of approximately 150 which are substantially 
lower than the maximum indicated source concentra- 
tion. 

ar on with Conventional Above-Ground stora e 

The most significant difference between the 
below—grade disposal at Rabbit Lake and convention- 
al above—ground storage is the underlying philo- 
sophical approach in achieving long term control on 
contaminant migration. The former seeks to miti- 
gate the causes of contaminant migration whereas 
the latter relies on barriers to resist it. 

By locating the waste in a low~energy environment 
below the permanent groundwater table. the driving 
forces causing long term migration of waterborne 
contaminants can be easily reduced as described 
earlier to achieve a high level of inobilization. 
In contrast. above-ground waste deposits are per- 
manently subjected to high seepage potentials which 
have to be resisted by long-lasting barriers. mu experience has reVealed the difficulties 
associated with selecting suitable materials for. 
and constructing such barriers to live up to. de- 
sign expectations. The use of natural. inert 
materials in constructing the pervious envelope in 
the present system. particularly in the cool 
groundwater environment of the Canadian North. will 
provide a substantially .higher level of confidence 
in long-term performance of the system compared to 
those requiring low-permeability seepage barriers. 

The performance of the present system is not only 
insensitive to major natural bedrock fracture zones 
but is more tolerant to minor imperfections in con- 
struction than are seepage barrier systems. The 
pervious envelope also has the advantage of being 
insensitive to settlement and able to tolerate 
minor disturbances due to natural phenomena or 
husan activities. 

Final close out of the below-grade facility is 
simply achieved by placement of a top cover and 
termination of the dewatering operation to allow 
recovery of the groundwater table to its natural 
position above the waste deposit. The top cover in 
this case acts only as a barrier to diffusion and 
long term radon and particulate emissions and is 
not settlement sensitive. By contrast. close out 
of an above-ground facility is costly and requires 
special efforts to avoid settlement of the waste 
deposit in the long term. 

In addition to the above long—term advantages. 
the positive control of contaminant migration dur- 
ing active deposition in the present system also 
gives greater assurance of adequate short-term per- 
formance than is achieved by above-ground systems. 
Although operation of the dewatering system is not 
required after abandonment. it can be reactivated 
if required thus providing a safeguard against una 
foreseen events. Its reactivation not only pro— 
vides imediate total containment of contaminants. 
but also generates a flushing action by reversing 
the direction of groundwater flow particularly 
along the more prominent pathways. 

Finally. its performance is easily confirmed by 
monitoring the head differentials across the 
tailing deposit usng piezometer installations 
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thereby reasing the level of confidence in the 
system.

u CONSTRUCTION AND MONITORING 

Demonstration Pro rame 
Imediately following the completion of the bot- 

tom sump described earlier. a demonstration pro 
grame began to prove the methods of construction 
of the pervious envelope against the walls of the 
open pit and the methods of placement of tailing. 
lining and milling of the Collins Bay B-zone ore 
had not yet begun and tailing from milling of 
stockpiled Rabbit Lake ore was therefore used for 
the demonstration programe. 

Extensive testing prior to and during the pro- 
gramme established the suitability of the minus 230 m crusher-run mine waste rock for constructing the 
pervious envelope. Although the non-Darcian behav- 
iour of flow through rock fill (5) is well docu- 
mented. virtually‘ no information was available on 
the flow characteristics of the rock fill under the 
extremely low hydraulic gradients of the existing 
system. It was necessary therefore. to fabricate a 
special large-scale constant-head permeameter 
measuring about 1 m in diameter and 2.4 m in height 
to test the rock fill. ‘rhe permeameter covered a 
range of hydraulic gradients over 2-1/2 orders of 
magnitude between 5 x 10" and l x lo". Test 
results substantiated the anticipated non-Darcian 
flow behaviour over the full range of applied 
hydraulic gradients and establised a clear and con- 
sistent trend of increasing permeability with de- 
creasing hydraulic gradients for all samples tested. 

it was clear that the labour-intensive and time- ~ 

consuming large permeameter tests were not suitable 
as a routine quality assurance test. A correlation 
between permeability and grain size characteristics 
was therefore established. a plot of measured per- 
meability values (k3) at an applied hydraulic 
gradient of l x 10'3 near the low end of the test 
range. versus the 15 percent passing size (015) 
of the test samples is shown in Figure in. From 
this plot. a simple criterion was established for 
subsequent quality control by specifying a minimum 
015 'size of 0.1 mm which ensured a minimum mean 9 

permeability of 3 calls at a hydraulic gradient of l 

x 10'3. Because the hydraulic gradients in the 
rock fill under long-term field conditions are an» 
ticipated to be approximately two orders of magni- 
tude lower than that used in establishing the above 
criterion. and because the actual rock fill used in 
construction was considerably coarser than the min- 
imum gradation as specified, the actual average 
permeability of the rock fill zone was anticipated 
to be in the 10 to 100 cm/s range. 

As a result of the well‘graded characteristics_ 
and relativelyvhigh fines content of the rock fill. 
an esker deposit near the open pit was suitable for 
providing sand which is filter graded with the rock 
fill. Although some local migration of sand into 
the rock fill did occur in practice. surface evi- 
dence indicated only limited migration into local* 
ized areas of segregated rock fill which were 
coarser then normal. 

Some difficulties were initially experienced in 
placing the narrow zones of rock fill and sand
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"filter against the irregular open pit walls. This’ 
was overcome. however. by using scrapers to place a 
wider zone of sand filter than necessary in the 
form of a low berm around the perimeter of the open 
pit bottom. The berm was raised in about 0.5 m 
lifts. the toe limits of which were flagged by sur; 
vey stakes to provide the required minimum clear— 
ance of l m from the pit wall for subsequent place- 
ment ‘of rock fill. The surface of the rock fill 
was maintained about 30 cm below the surface of the 
sand fill berm and provided a ditch section to cap- 
ture any surface runoff flowing down the open pit 
wall. In areas of concentrated surface flow the 
rock fill zone was widened to approximately 3 to 
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6 m to cope with the large flows experienced during 
spring thaw and heavy rain. 

Placeeent of filter-dewatered tailing began in 
early October 1984. It was hauled by scrapers to 
the bottom of the ramp and spread forward by dozer 
over the prepared part of the open pit bottom. 
Sane difficulties with trafficability over the 
freshly placed tailing were experienced initially 
although with the onset of subzero weather. trouble 
free placement proceeded over the frozen tailing 
surface. By the and of the demonstration progra-ee 
in larch 1985. the tailing deposited in the open 
pit was approximately 12 m deep. 

placement gf Quins Bay g-zone railing 
Hilling of the Collins say B-zone ore began in 

mid-November 1985 and continued intermittently at 
rates below the full design capacity. Raising of 
the pervious envelope and placement of tailing in 
the open pit up to the spring of 1986 essentially 
followed procedures established during the demon— 
stration programe. At the onset of warm weather 
however. trafficability of the tailing deteriorated 
and placement by hauling and spreading was no 
longer feasible. A field trial of delivery of the 
tailing by pipeline was therefore initiated in 
June. which is still on-going at this time. 

Producti.and placement of the Collins Bay B—zone tailing provided the first Opportunity for 
testing its geotechnical properties in place. 
Samples of the filter—dewatered tailing freshly 
deposited in the open pit were therefore taken 
before it froze. ~,Iesting of the samples provided 
information for the consolidation modelling men- 
tioned earlier. 'i'hat testing also demonstrated the 
relationship between void ratio and permeability 
(Figure ll). Consolidation modelling defined the 
distribution of void ratios with depth which in 
turn defined the permeability values of the in- 
place tailing used for long-term groundwater seep- 
age modelling. 
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Piped discharge of tailing into the open pit 
resulted in modification to the filter dewatering 
procedure to provide the right tailing consistency 
for transport. Instead of filtering all the tail— 
ing as practised initially. only part of the tail- 
ing is now filtered. 'rest work is now in progress 
to assess the changes in material properties and 
the impact on the consolidation behaviour of this 
procedure. 

P ezometer tel t And ser ation 

a nuaber of open-well type piezometers were 
installed in the deposited tailing during the 
demonstration prograne and subsequently when the 
Collins Bay B—zone tailing was deposited. Both 
were however winter installations and no useful
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~ 
0 pore Hater pressure fixation was expected unless 

the frozen tailing around them thawed in the fol- 
lowing stunner. They would however provide informa- 
tion on the extent of thawing of the tailing by al- 
lowing the installation of a thermistor to deter- 
mine the tip temperature. Observations to date in 
lost of these“ piezoueters have confined their 
pernanently frozen status. The fee which did show 
above freezing tenperatures at their tips showed 
practically no pore water pressures or HItOI.’ levels 
close to the tip. Although this provided prelimi- 
nary confireation of the results of consolidation 
modelling described earlier. nore data from future 
installations in unfrozen tailing is necessary. ‘ 

Pour clusters of pneusatic piezoseters were in- 
stalled in the rock fill and send fill zones of the 
pervious envelope. They were approzisately evenly 
distributed around the periseter of the open pit at 
a level about 6 to 10 s above the bottol of the 
tailing deposit. lach cluster consists of three 
piesueters plaCed side by side. They will monitor 
pore water pressures in the pervious envelope and 
hence the long-ter- hydraulic gradients across the 
tailing deposit during and after Missioning 
uhen the grotmduater table is restored to its 
natural position above the top of the tailing 
deposit. Uith the operation of the devatering 
systel during deposition of tailing. these piezo- 
eeters resain above the water level in the pervious 
envelope. escept during short periods of large sur— 
face inflow to the open pit. As a result. no posi- 
tive pressures have been seasured to date. except 
during the spring than of 1986 uhen high rates of 
water inflou and periodic shut down of the pups 
allowed the ureter level in the pervious envelope to 
rise to within 3 s of. the top of the rock fill 
zone. Piesaeter seasuresents during this period 
shaved head differentials of no core than l s 
across the open pit even though the flow through 
the pervious envelope was several orders of Iagnl- 
tude higher than is anticipated in the post- 
decuissioning state. Those readings confined 
that the existing pervious envelope is indeed suf- 
ficiently pervious for the purpose intended. mm 
The basic principles and predicted perforeance of 

the in-pit tailing disposal syste- used at Rabbit 
bate shoe that the systes is capable of a high 
degree of control of contasinant sigration both in 
the short tars during active tailing deposition and 
in the long ters after close out of the facility. 
The systes is insensitive to surrounding hydro- 
geologicel features and is tolerant of sinor iner- 
fections in construction. 

deneral observations during construction and 
tailing deposition. results of laterial testing and 
instruental sonitoring inforsation have all pro- 
vided prelisinary substantiation of the expected 
perforsance of the systee. The overall trans- 
sissivity of the pervious envelope essential for 
long-ter- control of contaainant sigration has been 
established and the progress of consolidation es- 
sential to the tisely close out of the systel on 
coepletion of tailing deposition is satisfacatory. 
Although sore definitive sonitoring data and fur- 
ther saterials handling developments are antici- 
pated as the systes natures. a high degree of con- 
fidence can therefore be placed on it to perform in 
accordance with design expectations.

~ 
mm... 
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