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ABSTRACT 

--~ .------
A study WêlS carried Qu-t-~o;-:invêS\?-gate the faêtors' relating 

to dewatering at the opèn pit mines of the Iron Ore Company . , 
of Canada' in L~brador C~tYI Labrador. Information was 

r 

COlll~cted regarding cl-imate, geology, surface wat~r, ground /---1 
wattr~ vegetation and mining practices. The seasonal'/ li, 

-- rt' 

cli atic features were defined with respect to water a{fail 11 

l , " jl 

ability and dewatering requirements. ;:, 

The àrea surrounding the pits';was divided into a number of ,1 
.. ""-, w," ~~ r - - -~- _______ 

~ , small f-,,~ndè~dent surface and sub-surface drainage basins 
,---------- /' , 

. , 

~e ,lirnits of which we~e.mapped in the field. A technique 

of water budgeting was devised in order to permit calcula- ! 

tion of the dewatering requirements'based upon data co1-

lected in the study. An analysis ~as made of the dewateri:' 9 

potential of one pit in the'area using the water budgetin9.: 

technique, and it was fo~rid to give re!sults in close 

agreement with the actùal requirements'.' The> water budget 

analysis may be made in a conceptual form in advance of 

1 ! 

1: . 

the ~ining so that the dewatering requirements can be pre-: 
:\ 

dicted. It is believed that a study of thè type described ; 

herein is certainly justifiable in 

serve very usefully to improve the dewatering activities 

required by open pit mining in this region of Canada~ 

i 
"­\ 

!' 

'\ 

, 1 



'\ 

;, 

t , 

(. 
1 

If 

SO~IRE:: 

; 

! 

travail a pour but d'~tudie'les facteurs influant sur 

l'évacu;tion des eaux a~ mines ~fiel ~uver: de l'Iro~ Ore 

Company du Cana'da ~ Labrador City.' au Labrador. Nous' avons 
, 1 ~ 

reêueilli ·des données sur le clfma't. la végetation et le~ techni9ues 

d'extraction. Les car~eris?1qUeS climatiques sai90nn~~res ont 

été définies en termes de la ~isponabilité de l'eau et des besoins 
t 
l ' 

j 
d'évacuation df'eau. (1 

"'il{ 
La région entourant les puits d'extraction a été divisée en un 

J 
certain nombre de petit~/bassins 

~ 
I.t souterrains, ,dont les limites 

dl drainage in:~ependanu, en surface 

ont été cartographiées sur le terrain. 

Use méthode de compt,bni.t~ de 1 t eau basée sur les don,nées recueillies , 
lors dè cette étude1'a été '.tabliè pour permettre les calcul des besoins 

en 'évacuation des eaux. Une analyse Hes besoins e~ evacuation des 

eaux de l'une des mines de cette region utilisant cette méthode a 

donné des'résultants très voisins des besoins réels. La comptabilité 

de l'eau peut être établie avant les opérations minières, prévoyant 

1 . 
les besoin~en évacuation des eaux. 

; 
Nous sommes certain qu'une tell~ , 

-
étude est justifiable en terms économiques et pourrait être utilisées -

pour amélior'er les activités d'évacuation des ~ux requÙes par les 
---...... 

minës/à ciel ouvert de cette région du Canàda. 
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CHAPTER" 1 INTRODUCTION' 

This thesis is,presented in partial fulfillment of the 
,; 

~ 
M. Sc. degree requirement~, o'f McGill universi.ty, Montreal. D 

-, 

It i5 based upon work carried out while the author was em-

ployed w~th the-Iron Ore Company of Canada, duri~9 the 

field ~ason~ef MayjSeptember, 1973. Tqe ~ocation of the 

study a~ea is.shQwn in Figure lA: Figure lB is a plan of 

the area, identifying the lak~~ and the open pits. The 

~ining area is ap'pr?xiq:tately five miles .. in length, an\. 
< , \. 

three miles wide~ It cantains several pits in various 

~s 'of'dev~t4ment, 'r,~nging Hl size up t.o, lO,~'OO feet 

long, 2000 féet wide, ând 300 ·feet deep, these being the 
J 

approxima te dimensions of the Smallwood Pit~ 

The Iron-Ore Company has adtively mined the area for'over 
, ' , 

ten years. Initial work'was-begun on the smallw00d deposit 
(, " ...,. 

and subsequently expanded .as production increased-. T}:lé 

company decided, ,to .irii~iate a dewa-terj.ng poterit:i~l study', 
.. ~ , ~ ~." -. ....,;.... .. '" • : <> 

r~' ~ b • 

l '. 

to be carried o,ut by the Tech~icar Servic'~s-, Brar:tch· of ~~s 

Geotechnical Department, for two main reasons: .-" 

~i) S~ccessive deepenlng and enlargement of Small~o9d, 

and to a lesser extent Humphrey, Mines' h'~S in"Créased . . - , 

a,n~ con.cinues to increase their water catchmént,' ' . 

1-1 
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potentia1s from both surface and sub-surface 

sources. The present system of dewatè~ing 

with pit ,f1oor sumps iS'becoming less efficient 

as the quantity of water to be handled increases. 

(2) The 1atest lowering of the floor of Sma11wood Mine 

reduces it to almost the same level as the surface 

of Luce ,Lake. The projected ul tima"te depth of the 

pit is sorne 500 feet be10w this level. The prOx­

imity and size of the lake requ~re that' ~ts pos­

sible role as a ground wat~r recharge source be 

evaluated. 

There are two additiona1, specifie rœasonS why pit floor 

sump dewatering i9 unsuitable in'the mines of the study 
. -
'a:rea; 

et 
(1) Fo11owing large blasts, fly roèk, of boulders 

~ up ta several tons in weight, offe~s the likeli-
~ 

~ hood of serious damage to dewatering equipment, 

. , 

. ' 

• 1 especially whe~ these are situated at 10wer levels 

within the pit. In consequence, the presen~ 

dewatering system must be disassembled prior to ". . ' 

each blas t' (an inconyenience to be suffered on 

,average every second day). ,. , 

" 
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(2) In early wintert before the ~ound becomes éritirely 

frozen, water seepage from rock faces causé icing 
. 

over large areas of the mi~es. Serious disruption' 

of the m1ning work may result from this, depending 

upon the quantity of water flow and the thickness 

of ice that develops~ 

Dewatering by a number of ~allow or medium depth wells, 

peripheral to each mine is seen as a partial solution to 
" 

the problerns. This system is aiso favoured because ït has 
"-

been observed that most of the ground water seeping into 

the pits does so in localised regions, which·have been 

correlated with fracture zones, and would be ideally suited 

for the siting of wells around the pit margin. 

Tpe work for this project is the first of its kind in the 

area, so that witb the ~xception of occasional comm~hts-in 

drillers' anq engineers' reports, no background information 
) 

could be found. The author was also unsuccéssfui in a 
l , 

literature ~earch ~any previous studies carried out in 

other are as with\imilar hYdrOge~l~giCal and ciimatolo~~cai 

eondi tic;ms . t'li thln the study ar~a, abundant geological ' 
~"---------·~':"\l·'--.I 

.... information i9 available, having been p~oduced in the 

course of the surface mapping and drilling programmes of .. . 
the company (see Chapter 2). 'Reference was also made to 

1-3 
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the aerial photographs of the area, in the planning stages 

of the project, bU't these were of little use in detailed 

work since they predate the mining eperation. However, 

they do serve as a reference to show the ch9nges in the 
, 

geomorphology that have occurred as'a result of the Iron 

Ore Company~s activities. 

) 
,tI 

r 
In view of the poor state of knowledge of any part of the 

hydrological regime, the field activities in the study are a 

were designed to cover as, man y different aspects as possi-

ble within the time allowed. Thus, the scope of the th~sis 

is rather wide, but it is hoped that the comprehensive 

nature of the content will compensate for any paucity of 

specifie detail. Moreover, the thesis is intended to des-

eribe a praetical approach to water budget and dewatering 

analysis, given l~mited manpower and resources. Indeed, 

this type of approach is, by necessity, norrnally the only 

acceptable method within the field of ap?lied hydrology •. 

The economics of data collecting and analysing are a very , 
/ 

major factor, particularly with,respect to information 

about sub-surface conditions. Thus for a study ~o be 

worthwhile in an area such as mining, it must be justiJi-

able in a cost-benefit s~nse. It is hoped, therefore, 
-

that this paper will show how solutions to various hydro-

logie problems may be approximated within 'acceptable 

1 
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a .. 
budget res~rictions. 

ln 

\ 
1he primary airn of the thesis is to report the author's 

findings in the area of~research, and to' show how they may~4;. 
be âpplied in the formulation of a mine dewateri~g pro­

gramme. Some discuss~on is also inc1uded of the various 

advant,ages and disadvantages associated wi th working on 

a hydrological study in an area ,of active mining opera­

tions. Within this broad, practica11y orientated context, 
1 

the1thesis follows four major roads of enquiry: 

(1) Identification and delineation of the drainage 

network of the area. 

(2) Description and appraisà1 of the sub-surface~water 
fi) :( 

, candi tions • 

(3) Ouantitative assessment of the hydrology in the 

form of ~ water budget, study. 

./ ' 

. (4) Interpretation of the information from a dewater­

ing vieWpoint • 
• 

The author.is entirely responsib1e for the conclusions of 

the thesis. Àny opinlons stated herein are nct necessari1y 

1-5 

l' 

.., 

\. 



. ' .......... , ........ '- .' _.--.. _, --~_.- -' ... _--~~~------- -----~ . 

"', \ - . 
~ ___ ... ' _~-",.-. ~01 •. ____ • __ ~"""*' ........ 

• 
f () 

1 

\ 

shared by the Iron Ore Company of canad,~~r by any of 

its emp~oyees. 

The author is very gl:'ateful to the Iron Ore Company of 
. 

Canada, for- their generous assista'nce and co-operation, 
, . 

without which this thesis wouid not have been possible. 

In particular, the author is indebted to Mr. P. Stacey, 
, 

and Mr. F. Khan, Head of the Geotechnical Services Branch" 

" . and company Hydrogeologist, respectively, for their , 

extensive support. 

The author must aiso ~xpress his gratitude to the staff 
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CHAPTER 2 - BACKGROUND INFORMATION 

2.1 General Geolo9)' 

The study a a i8 located in the extreme southwest of the 

Labrador Troug (Figure lA), a, belt of late Pre-cambrian 

igneous and sedim ntary rocks. ft The sequence within the 

trough is separqted rom the underlying Ashuanipi base­

'ment complex by an unco ormity and large faults. More 

recent, Montagnais intrusi sare found throughout the 
" 

trough, but comprise. a very minor part of the rock outerop 
,( 

of the study area~~ 

The margina of the trough are far enough removed from the 

study area that none of the Arehean baaement complex is 

exposed within it; nor have they been penetrated during 

drilling. Thus, for the purpose of the study, only the 

Proterozoic rocks, shown in Table 2A need be considered 
, 

I detai1. This stratigraphie sequence (modified after 

Camb 11, 1962), includes sufficient mineralogical and 

petrogr ~ic~l information for identification purpos~ 

A more pert nent classification of geohydrological roc~ 

units is présented in Chapter 4. 

The sediments of the study area are believed to have been 
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la,id down as shallow basin 'deposits on an irregular 

basement surface. Composition changes are rnainly strati­

graphically controlled within the study area, but,may be 

partly due to lateral facies variations. The detrital 

input was mostly arenaceous with minor argillites. Clean 

quartz sandstones are intercalated with greywacke, lime-

stone, chert, and chemically precipitated ferrous oxide. 
~~1. -

,Regional metamorphism of Grenville age, produce-d the 

massive quartzites and schistose units of the present 
. 

stratigraphie sequence. Quite extensive ion migration 

accompanied the metamorpqism, particularly with regard 

)4', '" --------' to the iron prec1P1tptes, which are ~ow found as rnagnet-

ite, haernatite, martite, and siderite. The average grade 

of the metamorphism is almandine/amphibolite, and the 

intensity of thé schistosity varies rnarkedly with compo-

sition and structural ~osition. 

The rocks of the area were tightly folded during the 

Grenville orogeny and two main systems are now observable, 

bne with its axis N - S ± 20 degrees, the other N 75 de-

grees E ± 15 degrees_ The former system is best developed, 

'producing long parallel folds, usually overt~rned to the 

west_ The degree of folding is closely related to the 

competency of the rocks, with quite complex, local 

~ 
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TABLE 2A 

FORMATION COHPOSITION 

Quartz Specularite 

Specularite , 
Specularite-Magnetite 

,UPPER 
Magnetlte-Specularite 

Magnetite 

Quartz-Magnetite 

WABUSH Gradational Contact 

Quartz - Carbonate-Magnetite 

(Speculari te) 
\ 

LOWER Quartz Carbonate-Grunerite 

'. 
Amphibole 

Qùartz Carbonate-Grtmerite 

Ankerite-Sinerite 
o 

UPPER Impure Quartzite, Iron Oxides Common 

CAROL MIDDLE Massive crystalline Quartzite 

LOWER Massive Quartzite with Shaley Banos 

KATSA6 Garnet, Cyanite, Biotite, and 

Hornblende Schists and Gneisses 

STRATIGRAPHIC SEQUENCE 
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distortions appearing in the weak~r units, part~cularly 

at sites of interaction of the two fold systems. 

1 _ 

Generally however, ~egular folds of the main system 

predominate, having anticlines rather tighter ~han the 

synclines and an average wayelength of ,about 2000 feet. 
V ,'" 

The '1outcrop pattern of the '~aj'or units of Tabre 2A and 

the main structural features are shown on the geological 

map which forms Sheet l (in pocket). One important 

feature to note on thiJ\map is an outcrop-of hornblende 
1 0 J 

schist in the central p~rt ,of the study ~rea lying paral-

leI with the edge of fhe Smallwood ore deposit and partly 

underlying Pointer Lake:', It is not known whether this 

unit ~s a displaced member of the Katsao Schist group, 

or whether it is an isolated unit, perhaps the metamorphic, 

product of a small igneous intrusion. However, because 

of this unites important role hydrogeologically, it is 

termed the Hornblende Schist, and referred to as such 

throughout the texte 

Jointing and fracturing is commonly observed in thé rocks ., 
of the study area. Within the pit limits, the fractures 

are usually open and closel'y spaced. This appearance ' 

is primarily a result of blasting however, and, in the 

author's opinion, does, not truly represept the ~atural 
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state of the materials. Detailed observation ~in-si~u 
-' ' / '. ' .. 

, ' 1 
kocks, away from'the mining are~s, botn,at ~d below the 

,""'" \ , --..... 

ground ~urface," shows joi,nts and fractures tightIy ciosed 

in genera}.', and far less abundant. Inspection of driii 
, 0 -

core'fro~ many parts of the s~udy area seems to corroborate 

these observation$. Secondary carbonate, haematite, and 

quartz-fiii is often present aiong: larger fracture planes. 
l ' 

A few seeminglyo localised zones of open fractures do oc~ur, 
? 

and, are easily identi~ied wh~re they ~nter~ect a part of 

a pit wall. They are ptobably related to faulting withi~ 
\ 

the area an4may also show Ieaching effects. These 
.~ 

, 'f 

, p 

fracture zonéS are quite significant hydrologically, and 
, t ._____------. 

may w~rran~ dewateri~g on ~n individual ~w~~they . 

are observed discharging water at~t~êi~intersection with 
) 

the pit,margin. ~his dewaterjng c~uld be effec~~ 
c ~ , 

~ ) , 0 

shallow ta médium depth w~lls p~netrating the fracture 

~ /' 

l, part of the per;;~ar weIl, 

fully later, in the thesis. 

These wells would form a 

syst~m, Wbich is' discussed m@re 

;' 
/ 

, ' 

The carbonate members of the'tower and transitional Lower/-

. Upper,.Wabush Formation are composed of'a variety of 

schistose units. The mineraIs occur in crystalline bands 

from a few rnillimeters \0 severai ~entimeters thick and 
" , 
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\1 
they ~y be f9mposed of 51ngle mineraIs or two or more 

c 
mineraIs growing together. Quartz, coarse grain0d 

ferruginous carbonate, ankerite anù siderite are common, 

along with magnetLte, grunerite, cummingtonite, anthophyl~ 

lite, hypersthene, actinolite and diopside •. l'he amphiboles 

ofte'n occur a~ long lath-shaped c'):"ystal s which gi ve the 
" 'i' " 

rock a fibrous texture. Sorne parts of these carbonate 

rocks have suffered very heavy leach~ng. In extrema cases, , 

the whole rock i5 reduced tot'a highly incompetent, sugary 
Cl 

salld of a very friable and porous. nàture. Elsewhere, ,., 

bands and p6ds of leached mat.erial are tound' wit.hin the 
, , 

unaltered rock. In good ~~posui-es , , ... the leaching can be 

seen to follow the joint~ng' '§9stem, and ta sprcad out 

"into the adjacent rock mans. .Typic,ally, core rccovery 

from holes drilled in~é moré heavily 'leachec.l material . 
);:. 

is very poor. The amount of leaching ,usually decreases. 

q~iiê rapidi~ with depth below the pre~ent land surfAce~ 
: - .... -... -

~ ~i ~ 

HOWeV~!> .. wi thin' th~ ~rea shawn (F~gure' 2A) li{ a very t·~i:ck 

zone of leached material is ·present, "probably greÇlter 
t '" 

~ than ~50 feet ~t its maximum. ' . 

'Overlying the ancJent rocks of the area is· a sparse and 

pÇltc~~\ layer of .Pleisto,cene to' recent,' surficial material. 

Th'e ~idge cre~t:s an(Ï: hill 'slopeos rarely shoù'laer more 

than'two or three feet of cpver and are often bare-ràcked. 

... . ~ 

_~,,~ .. __ ~ __ •• ___________ ~6,--__ , 
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Only ip 1ake bot toms or on valley floors is soil found 

in any appreciable quantity, and then it ia rarely 
~ 

developed to a depth of more than 30 feet. FI uvio-glacial. 
'1 

and 1ùcustrine silts and clays are most common, often with 

a high organic content. Coarser saRds and fine gràve1s 

occur very sparing1y in circumlacustrine beaches, smal1 
1 

river deposits, and eaker remnants. . . 

In gen&ral, the presence of a reasonably thick soil cover 
o 

tends 'to increa$e run-off and redùce infilt,ation to the 

underlying rock body. 
/\ 

AIso, water that does infiltrate 

tends to be he1d in the porous but poorly permeable soi1 

'and does not migrate freely into the underlying rock.-. ~ 

Often.these areas become quite swampy fol10wing heavy u 

rainfal1. 

. .-
Sail cover is absent within most of the" area of active 

mine wor~,' since it is stand~rd practice to strip off 

a11 the superficial~materia1. One negative aspect of 

exposing the bedrock surface in this way is the resu1ting 

increase in infiltration and recharge to the gronnd wa'ter 
~ ... <..- ~ ... 

system!-;. 'f.rhe approxima te extent of this' denudation ia 

shown on Sheet 2 (in pocket), by anUouter-limit 1ine. 

2-7 

" ' 

.' 

'. 



a 

........----.. ..-...>,---' 

• '. 
_.,..! ___ ... _.~"i 

" c 

: 

.. 

. ' 

2.2 Physiography 

\ 

The ~otal relief of the study area varies between il low 

of 1910 feet at the surface of Luce' :J:,ake and p "high of, "", 
.;0 /" " • 

2955 feet ât Wabus~ Signal (see Sheet 2). Loeally, 
• 

adjacent hills and valleys rarely differ in ele~ation by 
~ . 
more than 300 - 400 feet. The topography has bee~ very 

signifieantly IDQdified over the last 15 years by the 

mining activitiès, whieh have removed or redistributed 

several hundr~d million tons of the rpcks of the areù. 

The Frontispieee 'ta the thesis show~ an a~rial view of 

part of the mining area, ·ihcl~ding Smallwood mine, and 

shows the scale of this modification. 

The natural landseape is primarily df an eros~anal type 

and mostly ~ates bac~tol the Pleistocene glacial ~eriod. 
~ 

The present day rate of natural weathering is very slow 

a~d mainly effected by freeze-thaw mechanisms. ln keeping 
1- l' 

wi}h this, the sediment transport system is mostly 

ineffective and barely suffiees ta move material off 
À' -. 

slopes into lake bottoms. Valleys have gently rounded ;. -

or fIat bottoms, and hill slopes and erests,' are well-

smoothed. 

J, lIT 

The topbgraphic exp~ession is closely contralled by the 
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geology of the area. High land is composed of the more 

resistant Carol, Katsao and Upper Wabush formations, whilè 

v~lleys tend to be restricted te Lower .Wabush .outc·rop 

areas. Since the positions of these units ~re deterrnined 
, 

. by the fold systems of the area, a definite cor!elation 

can be traced between the axes of the structural trends 

and the topographie grain. 
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2.3 Climate 

The study area is ,located about 20 miles from thè Wabush 

Airport meteorp1ogica1 sta~ion of the Canadian Atmospheric 

Environment Service. ~~e station was estab1ished in 

November 1960, and has been recording c1imatic condition~ 

on a dai1y basis ~ince that date. Appendix 1 inclùpes 

tables of total month1y and mean month1y precipitation, , . 
and mean month1y temperatures, over a ten year period from 

1961 to 1972. The dai1y temperature and precipitation 
\ ., 

information for the period of the 1973 field season is 
\. 

also presented. 

The general climatic picture in this part of Labràdor/ 

Quebec approaches extreme continental conditions, with 

~~ aver~e annu~l temperature range of about 125 degrees 

Fahrenheit. The average yearly precipitation is approxi-
\ 

mately :JI1"' inches, of which a, greater part' falls in the 

second half of the year •. In an average year, the mean 
< • 

daily maximum temperature remains below freezing point 

between mid-:-November and late-April". Taken throughout ....... . , 

the year the mea~daily temperature i8 approximately . 
25 degrees Fahrenheit. 

I~ i5 expected that the micro-climate of the study are a i8 

1 
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strongly inf~uenced by the physiography, particu1ar1y 

with respe~t to wind ve10city ana precipitation. Da~ly 

precipitation during the field season, measured adjacent .. 
~ 

$!a~'~ 

to Heath Lake with a ten square inch standard copper rain 

gauge (Appendi~ l, Table AS), 'can he compared with the 

Wabush Airport data. 

l 
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The study area may be'sub-divided into two major and one 

minor floral provinces, which result from variations of 

the sail characterist~cs and the topography. The most 

important.of these h~s been termed the "close-forest t~peh, 

by Hare (1950). 
, • l 

Black Spruce ~s the ma~n species, with 

secondary Larch, Balsarn·and White Birch. The ground , 

between the ,closely spaced trees carries a thick carpet. 
" ~ 

, 
of masses (Sphagnum), lichths (Cladonia), bunch-berry, 

,~ 

wood-sorrel, and many other small shrubs • 

• 
At-higher elevations, ~on ridge crests and steep slopes, 

"" ~ . . ' where there ~s poor so~l cover, good drainage, and very 

open exposbre to severe climatic factors, the second 
., -

major pro~ince i8 found. Trees are rare and usually 

stunted. 
.. . 

Grass_,. mosses, and l~chens abound along wi th , 

many species of shrubs, especially Labrador tea and b~ue­

berry .... 

Lastly,~in a few low-relièf areas are patches of muskeg 
1 

or sw~py ground. These areas are generally underlain 

by"past 1ake sediments and are poorly drained. Mosses, 
t 

'shrubs and marsh grasses predominate, though a few 

scattered and poorly developed trees may be present. 

2-12 
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Potential evapo-transpiration (P.E.t values have been 

calculated for differènt boreal fore st assemblages and 

are tabulated in Hare's paper. These values vary with 

climatic conditions and g~ographici distribution. Abstract­

ing his proposaIs, for the combination of floral pro~inces 

found i~ the stud~ area, ~ potential evapQ-transpiration 

in the order of 12 - 15 inch~s pe~ year can be expected. 

This is approximately equivalent to one third of the total 

ye~rly precipitation • 

• 

, 

" 
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CHAPTER 3 ,- SURFACE HYDROLOGY 

Introduction 

The e~sential/prerequisite for a drainage basin study is 

a topographie map showing the waterways and watersheds of 
, 

the region. Several problems arise when this base map 

inçludes an area of large scale open-pit mining. Firstly, 
(1:' 

the present land surface be~rs little relation to the 

published maps of the National Topographie Survey: 

Seeondly, the topography cannet be considered fixed or 

constant fo~ it is in a state of flux changing from day 

to day as mining operations proceed . 
. . 

The position~of watershed and stream lines can be moved1 

broken or created by the mining activit!es. HQwever, 

these changes wlll only be made i~ .the course of lateral . 
expansion of a pit. Once }he u1timate pit 1imit, the 

edge of the ore-body, has been rea~hed, the topography 

regains its stabi1ity with respect to surface drainage. 
~ 

Continued mining w~thin this pit limit(wil1, o! course, 
, 

continue to modify the sub-,surface drainage pa'ttern. 

The base map used in this stud~ (Sheet 2) is a c~mposite 
J 

of, the original topographie s~rvey and re-contoured spot 
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heights abstracted from the mine surveyors' log. The 

map is an accu~ate record of .the shape of the land 
" 

surface during August, 1973. Once established, the base 

map can be easi~ up-dated to keep pace with the mining 

activities. Proposed future expansions of the mining may 

also be superimposed upon the base map in advance, to 

permit long term planning of the dewatering system'- and to 

afford a precognizance of the changes to the hydrology of 

the area. 

AlI the surface drainage data, th~ positions of lake 

~ shorelines and streams, we~e chec~ed in the field by 

traverse mapping. The trav~rsè sJrvey along 200 feet ~nd 
',--' \ 

4nO feet parallels was als~ a sour~e of e~tensive back-

ground informa)f0n on the study ar~~. It allowed close 

observation of the rock types and their.physiographic 
. ~ 

expression and provide~ over~~l p~cture of the surEace/ 

sub-s~rface, recqarge/discharge char'cteristics. In 

addition, it furnished the opportunity to collect water-
'" table information from a number of abandoned dtamond drill 

" holes scattered about the study area (see Chapter 4). 

It ia convenient to define, for.the purposes of this 

study, a drainage sub-basin. This is a synthetic area 

of internaI surface drainage which has been isolated from 
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" 1 the natural dràinage system by the mining operation.-
"-, . 

Water from""a sub-basin may be" removed by piunp and pipa-

line into an adjacent sUb-basin, or alternatively, ~nto 

sorne part of the natJral drainage network and thence out-

of th~ study area. This sub-basin concept i5 very use­

fuI sinee it allows a quantitative breakdown of the 
, 

surface water budget into areas which relate to individûâl 

open-pits. 

• . \ 

There are six drainage sub-basins within the study area. 

These are shown approximately in Figure 3A which includes 

a schematic representa~i?~ of the pump and pipeline flow 

system. Figures 3B to 3G show the sub-basins in detai'l, 

including the relevant physical data of each. The bound-

aries of the sub-basins are also shown on the hydrogeolo-

gical base map, Sheet 2. 

The Sherwood sub-basin has been extended to incorporate 

a small, isolated,mining area immèdiately adjacent ~o ,it. 

This i5 done,for convenience, for the area i5 too small 

More\over, S1.' nce te be considered 5ignificant in itself • 

the mining of this area i5 actively progressing in the" 

direotion of Sher~ood Pond, the two areas wÀll coale~ce 

in the near future, if they have not ~lready dOhe 50 at 

the time of writing. 
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The central core of the study area, which is comprised 

of the six sub-basins, is bounded by three natural drain-

age basins. To the west, water flows into Carol Lake; to 

the north and northeast, water passes through a system 

of small lakes enroute 'to'wabush Lake; to the south and 

southeast, the water drains to Luce Lake, and also, even­

tually to Wabush Lake. The three watershed lines, radiat~ 

ing from the margin of the central part of the study are~ 

mark the limits of these three basins. 

From a dewatering viewpoint, it suffices to budget the 

natural precipitation into three components. Th~ first 

of these includes aIl the water'which is returned directly 

to the atmosphere, by evaporation, transpiration, or 

sublimation. This component represents a percent age of 

the total water input which may be omitted from the 
" dewatering potential calculations. 

The second component comprises all forms of surface run-

off water. Within the drainage sub-basin of a pit, thls 

represents water which finds its way to the lower levels, 

where it ma~ or'may not pool, depending upon the infil­

tration characteristics. In areas surrounding the 

drainage sub-basins, this component represe~ts water 

carried out,of the mining area, ajf therefore a second 
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part of the total input to be omitted from the dewatering 
J. 

calculations. 

The remaining component of the budget inc~udes aIl the 

water which infiltrat~ the ground and enters the sub-

surface flow system'. This component i q extremely difficult 

to measure, but can be calculated if the total precipita-
I 

tioh, and the evapo-transpiration and the surface run-off 

components of the water budget, are known. 

The greater part of the field'season WilS spent +n activi­

ties'designed to obtain actual valueo of the surface 

run-off and evaporation components of the cycle. Un for-

tunately, because the field season was only one summe~'so 
.-

duration, the measurements of these parameters were not 

completed, and 50 it w~s not possible to arrive at a 

figure for the infil~ration factor, It wa~ observed, 

however, that during the course of the summer, the surface 

ru~-off over the whole area decreased. A corresponding 

fall in ground water levels was also observed over the 

same time period with the result that the upper ground 

layers were drier in the latter half of the' summer than 

in the early part when, the ground was almost completely 

e saturated. It would appear therefore that the infiltra-

tion factor increqses through the summer months. 
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In order to perform quantitative an~lyses upon the hydro­

logie cycle, 50 that the estimates of dewatering potential 

can be obtained in Ch~pter 5, it is necessary to assume 

~ figure for the infiltration factor du~ing the summer 

months. It seems reasonable to suppose that this figure 

lies between 25% and 75% of the precipitation remaining 

after the quantity lost through evapo-transpiration has 

been subtracted. Since no accurate information is avail-

able, the calculations are performed using three different 

values: 25%, 50%, and 75%. The effect of having such 

a ~~~ range of uncertainty in this factor of the ana~yses 
) 

can he seen in the ca1culations, and is discussed in the 

conclusions presented in Chapter 6. 

The atmospheric return, and surface f10w components of the 

hydrologie cycle will now be considere~. The techniques 

emp10yed in the field in attemptin~~ ta quantify th~se 

components will be described, and the theoretical assump-

tions discussed. Before this can be do ne however, it is 
.. " 

necessary te consider the nature of the precipitation, 
. 

and the seasona1 climatic effects in the study area. , 

f 
-" 
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3.2 Climatic Effects 

1 

It 1s very di~ficUlt indeed to est1mate pre~i1~ the 

events of the hydrologie cycle~of the study area during 

the winter months. l Certainly for at least four monthe, ,... -

and perhaps for more th an five, the ground surface is 

solidly frozen, preventing infiltration. The lakes are 

also frozen, for about six months of the year, limiting 

evaporation fram their surfaces, but not water transfer , 

across the lAke/sediment interfaces. It i.s also,usual 

for the recharge areas of the land surface to become 

frozen before the discharge areas (i.e. pit walls ,and 

floors) during the autumn cooling periode 

The data presented in Table 'Al -of .Appendix 1 shows an 

averaQe annual precipitation of 35 inches, with a probable 

maximum value of less th an 45 lnches. Table A6 of Appen-
, . 

dix 1 shows the breakdown of the precipitation figu~es 

obtained from the Wabush Airport meteo~ological station, 

into rainfall and snowfall components. The data show 

that in an averàge year 48.5% 'of the total precipitation 

.falls as snow. They also show that this fi,gure is quite 
\ 

constant, and is ~eliable to within ± 5%. Interestingly, 

,there i8 no_apparent correlation between the total yearly 

precipitation gnd the snowfal1 component percentage; , 
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• Sorne of the early snowfall may melt and run off or 

infiltrate; howeve~, fhe bulk ,of the snowfal1. aécurnulates .. 
until the spring thaw occurs. - Orifting by w~nd action, 

the degree of "wetnes·s" of the snow will strongly affect 

its distribution. Throughout the winter,'water-will be 
:' 

recycled into the atmosphere by sublimation of the sn9w. ~ 

1 

. 
~~-Records of the snow depth are kept throughout the winter 

'/ 

(. 

, ",." /' ...~, ",. ....... .'-

at ~he Wabush Airport Meteorologioal Station·. ."C:?m;>,~u;irt9"' >-' ",< - ,-
these'to the precipitat~on r~cord ,~hows tha~, o~; .. flve~·age.,. 

, .. ~ • 1lI~ ...... -;.. 

betw~e~ 60% and 10% of the winter snow i5 Ipst pe.foi:e' the 
s .. "" ' .... .. 

spring thaw. Tfe station is situated in a low, fiat a~ea . .. 
" 

however, and wind action probably accounts {~r a,part 

of the reported 10ss. wind effects within tne study area 

will eertainly redistribute the snQw, but are not likely' 

to effect- such a significant reduction of the total r,. 

qpantity. '" 

r 

With. the spring thaw, a, large part of the accumulated . 
1 

snow cover will .elt and find the lower levels as surface 
1 

flow~ Then, as the ground thaws, infiltration will oceur. 

Evidence from water observation boles within the central 

part of the study area (see Chapter 4), seems to indicate 

that the ground becomes completely saturat~ during the 

spring thaw periode However, the rate of thaw and the 

~, 

. . 
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~uantity of precipit~tioniauring the thaw, may be impor-
" 

tant controls of the spring melt sequence. 

~ 40% reductioh figure is assumed to allow for sùblimation 

and 'other losses from th'e winter precipitation of the 
. , 

study, area a The r,emainder of th~ winter precipitation is 
, 

released' into the hydrologie cycle during the one'to two ... 
:" m.?n ... t~ ,.sp.;in,g 'melt periad. 1his increment qi water may be 

~ treated in the sa~e way as n6rmal s~er pre~ipitation 

for the purpose~ qf the dewatering potentia~ calcul~tions •. 

Howeve:r=, since the spring melt period 'l:'eflects the period 

of heaviest water addition to the system, it should be 

considered separately in terms of evaluating the ,maximum 

.' .' ,capacity of the dewatering system. 

rC? 

Quite cl~arly, the collection of data on the quantitative 

aspects of the hydrologie cycle during the winter montha, 

would in itself, be a major research project. Since such 

an undertaking is wholly impractical for the purpose of 

the present study, these aspects of the water cycle must 

necessarily be treated in a somewhat intuitive fashion, 

at risk of introducing significant errors. It is possible 
~ ta compensate any such errors in the final analysis of the 

dewatering system, for they pr\marily affect only the 

spring melt pertod of the year. 
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_ ,f,.3~.3 Sgr'face ,.wat~r Flow 

.' 

~heré are three measureable forms of surface ~ater flow 
! - - ~ .. , 

, within the study area: 
. ,-' 

(1) steady stream flow, int~rc9nnecting ~he lake\ or 

( 2) 

supplièd by grou~d water rech.arge •. 
, , t 

intermittent stream" flow draining'land areas as 

pure surface run-off~ 
\ • 

(3) pipeline flow delivered by pumps drain~ng la~es 

and pit floor ,sumps. " 
1 

'. 

'f' ., 

In a9dition to these, is non~channel surface run-off into 

lakes or pits following heavy rainfall. The land drainage:. 
- , 

n~twork comprising division (2) is quite weIl developed, 
, , 

carrying significant'quantities of water during the spring 

flood and up until the end'of June. After this time, 
-

however, ~t dr:i,e,s up and remains .inoperative exc~pt in 

times of heavY rainfall. 

Water flow measurements were made by a variety of means, 

aIl of,which are described in standard hydrology texts 

(see for example, Chow, 1964) . Pipe flows were calculated 
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from gra~ity, drop measurements at the discharge '~xits. 

Weir flows were calcul~ted according ,to standa,r'd equat:Ü:ms 

relating ta bath rectangular and V-natcn crest s.hapes. 
i 

The flow thraugh culverts was calibrated in a rather 

elaborai~ fashion, by mcasuring the flo~ rate with a 

Gurley ~lowrneter, and applying. the value ta the cross-

sectional area of the channel. Each of these techniques 

is described more fully in Appendix 2, particularly where 

modifications were made ~f.standa:d textbook procedures. 

Relevant figures, graphs, and tables of results are 
If 

inc1uded in thàt section~ 

MucH af the field season was spent in measurlng the quan-
~-----~ ---~---

.~~iv~ements of the surfac~ water flow netwQrk, and 
" 

in constructing and cal±brating the necessary equipment. 
~ , 

Because of the time-èonsumipg nature of siting, building 

and installing weirs, ree'ords were nat available from sorne 
<l. 

un~jl 1ate in the field season. Indeed two of the weirs 

(for Luce Lake input s~eams land 5, respectively, see 

Figure A7), wer~ never installed, but made in preparation , , 

for the fo11owing field seasoh. Sorne of the weir flow 

'" records are not com~rehensive therefore, but they aré 

certainly representative. 

" The ~low network between the drainage sub-basins is as 

Il 
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follows: 

"', (l) Sherwood Basin - no drainage .out1e't 
<:> 

(2) Noname Basin - no drainage outlet 

(3) Humphrey Bqsin - pumping to Heath Basin 

\ , 

(4) Pointer B~'sin - pumping to Heath Basin 

, 
(5) Heath Basin - pumping to Luce Lake 

(6) Sma1lwood Basin~'- pumping to LUC~ Lake 

" 
This flow network is 'shown" schernatically in Figute 3A and 

i5 quantified'according ta the resu1t5 of the water flow 
.;:" 

measurements calculated in Appendix 2. For the Humphrey 

and Smallwood Basins, which contain'operating open p~ts, 

the grouI}d water lis rnaintained by sump pump at a level a 

few feet be10w tHe pit floor. The quantity of water that 

is removed from thesé.sub-bas~~s is sufficient to support 
" . 

this balance, and approximat~ly equa1s the e~cess input 
, . 

fram rainfal1 and ground water sources. For the Heath . "-

and Pointer sub7basins, ~hc discharge wa1er 
, ! 

ta eq~al the input, and to effect a part al 
1 
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the ré~eetive lakes. For the r~maining 

-. ", ' 

,evaporati9n and" i,nfÎ;~t~ation and su,bsequent . . , 
loss of 

f 

, < 

water ta the~ground· wàter flpw'network, app 
\ 

balance the input f~om,preeiPjtation and 0 , 
( , 

ta 
() 

sources. 0 

-, , 

~, 

Untor~unately, wïth regard to maklng an accurate 'assessment 

o'f the water balance wi thin the sOO-basins, the. faet that 

, sorne o~ thè water iS'~urn~ed introduces many, pr' ~lem9.~ 
'" continuaI maln~enan~e work on th& installation i~ carried 

". 

out (replaceme~t of pipelines,- pumps, electric 1 supply 

uDits~ ~tG.)., Oceasional bre~kdo~n oeeurs and irregular . 
shutdowns l.}eeause .of blasting' or other ,mining peraJ:ions, 

A. .. ,",1. 

are qui te freque,nt.' Thus the pumps rarely run wi tl10ut 

in~efruption for any'Yong perlod of time~ and t'is' 

praotically impossible' to keep deta.lpd record of when 
_. '. 1 

,.. 1 

each Ra~~-of the purnping system i8 or is not; functionin9. 

, 1 
_" 1 

• ~ 0 1 
.Ag~in, t~erefore, 'a~~ with the topog,rap~ic, prob~ern, the ~ 

hu~an interference factor introduces further problems and 
• '. 0 \ . \.. , . 

complications. ~As a result, in areas ,of m~ning activity, , ' 

a greater depe'odeoce on ~stirnation 'and intuition is-re-, 

quired than wofld he necessary in a simi~ar study in an 
" , 

"'-
are a un6er purely na t'I.!ral controls. For whereas i t 16 

Il !. 

not poss~ble ta measure Many of the effects of humàn inter-1 ~ , 
ference, !:hey ~ay well be takeri 'lnto account ~hen maldng 

" 
" 
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a~~rage estimates of thè, flow'quantities. 

, . . , 

The combi'ned total surface outflow of the ~'tudy are a sùb:'" 
~ .. 

basins, as described 'above, is 4irected into Luce Lake.' 
• 'P , . . 

Irl addition to this source of supply, the l~k~' is, fed by 
" , oJ ~ • 

a "steady" 'stream from Hakim Lake', .Mhich is.situated off" 

the base map are~, approxi~ately 5000 ~~et in a southwest~ 
erly direction. Luce Lake is also fed by several int~r-

, .~ 

mittent streams w~~.qh flow -during' t,he spring melt per·i~d. 
. , , 

Luce Lak,e- drains <?~t 'through ·two· culve~ts at.~ i~s southern 
• • 1 .. 

~nd and the ~esulting s~ream flo~s sou~h to southeast. 

Along its course ,it is jo~ned by other minor stre~s until ' 

lt'passes o~er a wooden weir approximat~ly one mile down: 

stream to discharge;into Wabush Lake. Both the culverts ,/ , 

(Appendix 2B) a~d the weir (Appendix 2C) ~eré used to 
J 

calculate the outflow from t;he lak'e. 

r( 
The to~~~ s~rfac\ flow input to LUC~ Lak,e \in the August/":,, 

September period of the field season can b~ calculated 

f'rom the inform~tion prepent€d in. ~ppendix 2, ,Table AlI. 
~ , 

Figure A 7 shows the- loca~ns of the S'treams and th~. 

Smallwood Mine Pipeline.'~ ~' ~ 

~ " ~ 
The water" in streams l, 2, and ~I~'~S mainly supplied ,by .the 

Heath Basin pipeline, which terminates on the ridge above 
,'\" 

\ \ .. 
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this part of the lakeshore. The cumulative flow over 

weirs 2 and ~-~s about 1300 gal./min. The flow in stream 1 

is nearly equal to that in stream 3 (personal estimate) 

giving a total for the three of approximately 2400 gai./min. 

This figure matches well with the calculated flow of 3100 

gal./min. in the supply pipeline, allowing for sorn~'loss 

by infiltration. Streams 4 and 6 are minor streams with 

fairly steady base flow components of ground water origin. 
. ~ 

Their ,',combined . flow is about ,'300 gal./min. St.eam 5 car-

ries the flow from Hakim Lake 'and flows' at about 2000 

gal./min. (personal estimate). Finally the sump pump in , 
Smallwood Mine delivers an average flow to the lake in the 

re~ion of 1000 gal./min. 

Thus) the total inflow from aIl measureable sources in 

,late summer equals 5700 gal./min. ± 10%. A very signifi- f \ 

cant comparison can be m~de with Figure A8 of Appendix 2, 

which shows a nearly similar outflow value for Luce Lake 
1 , . 

during the same period of the summer. It is quite clear 

therefore, that very little exchange takes place between 

the ground water and the lake water in the system. 

The cross-over (see Figure A8) between the calculated flow 
, " 

rates from' the weir and the culverts, which oqcurs on 

July 29 may not be significant. However if it is remem-
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. bered that the culverts are upstream frorn the weir, th en 

o 

a 'simple interpretation can he put forward. Thus in the 
. \ 

ear~y summer, the ground between the measuring stations 

may be saturated and contributing wàter to the stream, 

whereas later in the summer, as the ground becomes drier, 
", 

the stream ass~es an influent condition. This inter-

pretation is in full agreement with the discussion of thé 

ground water conditions qiven in Chapter '4 • 

• 

• 

. , 

.~ 
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3.4 Atmospherie Return 

In any water budget study, the evapo-transpiratïon i9 an 

extremely diffieult compone nt of the water cycle to 

quantifY~j Lysimeter experimen~s are tim~eonsuming, and 

require speeialized equipment. Moreover, relating the 

experimental results to the aetual field conditions is 

not straight forward, sinee the évaporation rate depends 

upon many variabÎes. While the present work does not 

have sèope for including an extensive évapo-transpiration 
-

study, it tS an important factor, sinee water returned to 

t~e atmosphere need not be handled by the dewatering 

system. 

In view of these consideration~, a rather empirical 
, 

approach ta the problem is adopted. A percentage of the 

.total precipitation, representative of -the atrnospheric 

return for each of the three land surface types -

vegetatéd, non-vegetated, and water covered - is estirnated. 

Since any part of the study area ean be considered in 

terms of these three land types, an appropriate composite 

reduc~ion pereentage ean be calculated and used in the 

budget analysis. This represents the simplest t and' 

probably the only, practicab1e way of treating' the evapo-, 

ration and transpiration factors with regard tà the sp~ci-
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3.2, an atmospheric return figure of about 40% 

sted as reasonable for the winter season. Assum-

to be of six months duration - mid-October 

il - it includes approximately 44% of the total 

precipitation. ' Thus 18% of the yearly input can 

eliminated from the dewatering potential 

Of the remainder, 26% represents the spring-

melt domponent of the cycle. The final 56% must be treated , 
1 

as tp~ normal surnmer component of the precipitation. 

-Nebiker (1957) carried out evaporation and transpiration 

studies in the town of Schefferville,-which ia located 

90 miles north of the study area. The differencea in 

climate between Schefferville and the study area are 

slight, especially in the summer months. In particul~r, 

the precipitation ,cycle is very similar, while the mean 

daily temperature is only marginally lower in the more 

northerly locality. It seems reasQnable therefore, to use 

the results of Nebiker's work as most nearly representativè 
1 

of the study area conditions,' in the absence of any.in-situ 

research. 

Nebiker set up several lichen-covered lysimeter tests 
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.. 
and recorded 'an average 0.034 in./day water 10ss over .. ~ .... ~_. 

- -
the summer period. This res~lt i9 very different from 

Il 

the Thornthwaite calculated transpiration value,.,quoted 
! 

from Hare in Chapter 2. . There are twa clear reasans for 

this discrepancy. The 0.12 in:/day.value from the 

Thornthwaite calculat.ion refers ta a bo.~eal forest 

vegetation (more like that in the study area) and not 
• 

to a vascular-tissueless lichen cover. Indeed the latter 
'l 

appears to even reduce water los ses cornpared to a stand-

dard bare s~il test. secondly, Nebiker' reports lower 

than aver~ge sunshlne-hours throughout the who1e of his 

field season. 

In addition to the lysimeter tests, Nebik~alSO made 

l~tent evaporation measurements using a pe lani black 

plate atmometer. -His results from this app atus, repre­

senting the maximum posslb1e evaporation from a wet, 

horizontal plane, black surface, averaged about 0.08 

in./day. 

Within the study area, a 60-inch square, metal"evaporation 

tank was constructed and installed near the rain g~uge 

station by the side of Heath Lake. The tank, (see 

Figure 3H) was buried in sand to minimize h~ating of the 

walls, and had a 3-inch sand cover 9n its'bottom. 
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The tank was initially filled with water to within three 

inches of its top edge. The water level was then 00-

served at regular intervals. 'l'he results of severéfl 

tests are shown in Table A7 of Appendix 1. 

Despite its rather simple nature, the evaporation tank 

gave very sensible results, whieh agree weIl with those 

from Nebiker's atometer test. A better control was main-

tained over external conditions during the course of the 

shorter tests th an over the cumulative test. It is clear 

from the test results that a complete daily record of 

weather conditions would be needed in order to accurately 

predict the evaporation rate. However, sinee the cumula­

tive test includes a wide variety of conditions, it i~ 

reasonable to assume that this represents a neacly average 

value. A 0.06 in./day evaporation rat~~ver the 30~day 

period corresponds to an atmosphe~ic return rate of 52% 

of the total precipitation. Combin~ng the results of 

the tests therefore, with the fact that the rainfall during 

the cumulative period wris somewhat higher than the normal 

monthly average, indicates that a conservative free-water 

surface evaporation rate would return approximately 50% 
. ~~ 

of the precipitation'to the atmosphere • 

. , 

The_~vaporation rate trom the land surface surrounding 
-,,"" 
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t the lakes of the are a must now he considered. Where plants 

with vascular tissue predominate, as is the case in the 

study area, the transpiration rate will be higher th an the 
r 

free-water surface, evaporation rate. Clearly, Nebiker's 

0.034 in./day rate for lichen cover is not applicable 

und,r these conditions. However, the Thornthwaite calcu­

lat)}d rate must represent a near-maximum possible value; 

for this rate requires a 100% recycling of the precipita­

tion, which, since at least intermittent run-off is ob-

served, would imply a removal of water from ground .water 

storage. 

Ground water table fluctuations, where measured (iee 

Chapter 4) do show an overall decline over the summer 

periode Moreover, land surface drainage channels, without 

lake or ground water sources, are dry for much of the 

summer following the cessation of the spring flood. It 

would seern therefore, that while~the predicted 0.12 in./day 

value i9, from the total budget aliowance, approximately 

at a maximum, it does seern to be reasonable. However 
) 

in order to ,be consistent w~~h previous conservative;;. 
, 
.;. 

estimates, a transpiratiort value of 90% of the total '~ 

precipitation will he assumed. 

An estimate of the evaporation losses from the stripped 
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parts of the study area ~s very difficult to make, owing 

ta both the variety af the surface texture, and the absence 

of relevant information. Within the ~its, the land surface 

consists of highly fractured, open-jointed rock. Around 

the margins is more ~~e. less 

in parts, remnant soil cover:. 

• 

? 

permeable rock, with, 

If the land were perpetuallY,saturated, it would be logical 
, 

to expeat an evaparation value lying between thoae obtained 

for free-~ater and vegetated land surface. However this 

is not. the case, for, at l~ast during the lat.ter half of 

the summer, the unvegetated land surface is often dry. 

As a crude estimate, the 50% value of the free-s~iface 

water condition will at worst be yery conservative in 

relatipn to possible pumping requirements. 
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CHAI''l'ER 4 - SUB-SURFACE HYDROLOGY 

4.1 Hydrological Interpretation of the Hock .2:.yy_es 

The rock types of the study area are well indurated, 

Pre-c'lmbrian metasediments, and conscqu(!fltly have very low 
, 

primary porosities. As a rcsult, their hydrological, 

cha:r.acteristics depend entirely upon the development of 

secondary porosity. Thus, the permeabili~ies are con-

trolled by the abundance of open jointn and fractures 

throuyhout the éln.:<1, and by the amount oC leachjng in the 

carbona te members of the Lo .... ,er Wabush Formation. li'rac.ture 

densi ty i8 not the sarne everywherc, but ü; dependent: upon 

severai factors, ~speciallx the host, ro~k type, and depth 

below surface. 

It was possible to study the rocks of the area in surface 

expORures, and also in sub-surfacc sections along the many 
, 

thousand feet of ore-train tunnels that interconnect the 
t. 

loading pockets for the mines. In addition, 1.arge quan-

~ tities of drill core and core-log information were avail-

able for reference. The ore-train tunnels, which descend 

to several hundred fect below the surface, clearly show 

the impervious nature of the rocks" at these depths. 

For, only where rare, narrow fracture zones (probably 

. " 
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representing minor faults, and usually less than ten faet 

wide) are encountcred, is any sccpagc observed. 

o 

Three of the rock types, Carol quartzfte" Katsao ~r.hist, 
~ .. w \ 

and Hornblende schist, show very few op~n fractures at 

aIl. Thus, frornr'Pa practicaJ' viewpoin t·, ù.hey can, he con-

sidered impermeablei an assumption whl~h is supported by 

dircct'~icld évidGnce. For cxampie, during the reconnais­

sance mapping of the area, ~hen old drjll hales worc 
: j.l< • 

checked for water~table information, several holes were 
.. ' 

found in the Carol quartzite unit. However, aIl these 
. ~ \ ... 

hales were dry, even in one case tO,a 0epth ~f 500 [eet 
" . 

below the land surfa'cê. Furthermore, Figure ~B shows how 

the Hornblende schist q,rts ,as a wat~ f] ow barrier bctwcen 

',Pointer Lake and Smnllw.o6d, Mine. 

In addition to the three impermea~le .u.nits,~thc area is, 
J A •• 

mainly underla,in by rocks of the Upper.':and Lower Wabu"c;h 
, . . 

Formation. 
, . . ~ 

Thou<:fh t?e porosi ty of the. ,~fiÂtter may be ' .. 
augme~ted by leaching effects, water flow generally takes 

place through fiisu~es. Thht ~bese may not always be 
• 0 

fully interconnected, was demonstrated by a pumping"well 
, . 

installed in the Wabu~h Formation. The weIl sïte, located 
. 

on the east side of S~allwopd Mine, ~as drilled to 90 feet 

below surface by. ,two tènc~ncn diameter ~oles situated 30 
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feet apart. The wa'ter level in éaeh rose to wi thj n, ten to 
, : 

12 feet of the surface, and a 300 gal./min. p)lmp was 
1 

ins talled in one of tue holes 1 at.j él dcpth of 50 foot_ 

After several' hours of fjrnP.ing , t/ho' water level in t.he 

, hale was lowered to the level of 'the pumPi at which po~~nt 

~he Çlischarge becarne unst.eady and was n;duced by a factor 

of at least one half. However the water tn thp s0cond 
~I 

hale femained at ~ts original level, oyen after that in 

the jumPing well had been kept lowered for many hours. 

The-distribution of fractures within the study,èrcu is 

significantly affected by the mining activities. Within 

the pits, blasting, and stress'relief subsequent to the 

removal of mate-rial, t.end to open the fracture planes and 

inere\~se the permeability. It j salsa standard practice 

to drill the explosives holes ta about ten feet be]ow the 

• 
planned flocr level. This is do ne so that the bench floor 

Cdn be established on a'rock fragment base, to facilit.ate 

levelling and gradi~g. Thus beneath each part of a pit 

~loor is a sub-grade layer of repacked, fragmentary materi-
, i 

. al, between ten and 15 feet th~ck. This iS'a very high 

permeability zone through which \",ater flows, freely_ 
.. 

It ensures a steady supply for the pit floor sump, and 

"encourages efficient drainage. 

.~ , 
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The heavily leàchE:!d,' carbqn,il'to.'materiai' describE:~d in ~/ 
.• ", .,:.. \~$r 

Chapter 2 mu..,t be considercd in terltlS of an intcr-~anular 
" " 

,flow network ather than 'u fissu:ré 'flbw oystem. Whi1c lhe 
l 

area is 'not' very large, it is importapt, as was 
• r 

stated earlic , becuuse ~t lies between Luce Lake and 

ù.nd could possibly uct. "as a flow channel 

The permeability of,the uni~ was measured 

theref?r-e, in ·order ta .determine how muqh water seepaCJ~ 

should be expecte~ "~n 0 the fu~ure, "then the pit floortyis, • " , 

lDwered to its ultimate projected depth. 

It was pO~$ible'to perform packer t~ts~on thè leached 
/ 

mptert·al, becaus~ it i5 fai.rly.'isotropic and, has ,un inter-
, 

granular flow nctwork. 
, 1 " 

The te.sts'were made with a 'pneu- o 

matie, sin9lk packer system àt vai:ying depths. down diamond' , . 
dri 11 ~holes. ' The bàsic set"'7up 'is shown ."in Figure 4A and 

"-the tests we(e carried out s~uential~y down ~ach hole., \" ... ~ 

This 'is by aril1~ng~ \e~ting, drilling ,d"Gper, t~6ting"at 
the new -I.evel, drilliq..(."deeper, et cetera. 

1 
" . 

• Durinq "the Course, 'Ç>f eqch test, water,'i'\J pumped into the 

hole ~t varlous pressures, and "the flqw,rate is.measured 
'" - 0 

.J .. "" Jt .. 

at each pressuré. The graph of 'the flow rate versus the 

pressure is a curve, which, .,.~djusted: [for the dimensions 

of the paêker, and ,he wa~qr tabl; eleNation, can be 
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directly re1ated to the permp.abil~y. In the case of the 

tests in the study araa, very conr> ist:ent val~es wore ob-

tained for the leached carbonate pCLITIeabili ty, rélngj n~J 

between 0.22 and 0.58 gal./day/ft2 . (per.sonal communication 

F. Khan) ~1 This is within the normal ~ange of sllt/fino 
, 1 

sand permeahility, and thus closely approxi~ates the value 

which would be expected-from the physlca1 propertlcs of 

the material. 

\ . 

E~en with Luce Lake as the major recharge source; il 

permeabiltty of this.order of magnitude should nol(.. croate 

any'majorl(fewaterln~ pt'oblem. The evenlual situat.i.on at 
, 

Smallwood Mine can he equated ta ,t 2000 feet long pit face 

adjacent to the leached carbonaté material, extendini~o 

a depth of approximately 200 faet. Even assurning él poten­
,q . 

tial gradient of unit y, tbe resulting f10w would on1y be 
r,,~ , 

Q 

,., 

of the arder of 140,000 gal./day, o~ 100 gal./min. rn~order 

ta obtain a true picture of the conditions, and to obtain 

a more accu rate cstimate of the flow, detailed plans of 

th~ultimate pit shape are required, 50 that a complete 

flow-net a~alysiB can be performed. Unfortunate1y, th~e 

plans are not available to the author 'at this time. 
~ 
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4.2 §patial Distribution of the Rock T~ 

( 
From the discussion in the previous section, it seen 

that the rocks of the area can be assembled into thrcp 

groups of approximately similar hydrolugical propertie~. 

Namely, the leached Lower Wabush with il ;'clativcly well­

developed intergranular flow notwork, Lhe Carol quart~ite, 

Hornblende schis-t and Katsao schist group practically 

impermeable, and the upper and Lowcr Wabush units whleh 

forrn a group with flow characteristics that ar6 escentially 

dcpendcnt upon fractnre clevelopment and frequcncy. 

:1 
If this hydrologicnl Interpretation 1s considered wiLh 

. 
regard, ta the Htructura l pattern of tho area, a~ approach 

to hand1ing ~_he sub-surface water conc:li Uons' (for 

dewatering purposes) becomes evid~nt. The surface outcrop 

margins of the impermeab1c rock unlts dofjnc the edges 
V"" .... ~ .. 

to what ~ay be tcrmed ground wdter'sub-basins. These 

"~ sub-basins rnay be considered somewhat ônalagous to the 

~r 

surface drainage sub-basins, and, in places, their bound-

aries arc co-1incar (ref1ecting the geol.ogica1 control of 

the topography. 

From a dewatering viewpoint, with 

! 
a particular pit, the graund water 

J 4-~ 

,--_. --~._- .... - .. ---- ~-...........- ... 
~: .... _., " .. li.: :'," " • 

--I~>:;~-~ 
regard tOjwater entering 

/ 

SUb-;b'a(ins ~Y,alSO be 

I~ 
1 

! 

'1 
1 

J 

J 
! 

--------
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~I 

bounded, in ldteral extent, by elevation control. 

Thus, if t~grOUnd water flow network in visual;zed in 

a par~ of the study area, it is clear that water ean only 
" . 

flow down g~adient into a pit. For any one ground water 

sub-basin therefare, parts of i~8 l~teral boundary will 

~ goological contacts, and parts will be ground water 

divides. As the pit is deepened, the geological üontacts 
d' 

will not be affected, but the elevation-controllcd boun~-

~ies must be adjusted to the newly-defined f~ow network • 

The extent of the ~ound water sub-baslns, in the third 

dimension, may be controlled by two faetoIs (excopt. for 

.." 

the aren of heavily leuched Lower Wabush Formation, which 

must be cons~ered a special case), firatly by the natural 

c108ing of the fractures (main flow nctwork) wi~h depth, 
t. 

and ultimately, by the sub-crop cODtwat with thè impeI"':: 
~ ___________ c---

~ meab==-~~~---------
~ ~----" .-------
~--A 

section" running between Heath Lake and Luce Lake ls 

'" the presented (Figure 4B) to show the réal exi~tence of 
" '- ... 

ground water sub-bâsi~ concept. The ground water table -..... 
is interpolated from water observation holes, pit floor 

sumps, and lake levels. Informatio~about the sub-surfa~e 

geOlO~~ la taken fro~ numerous drill hole 10g8, and mine 
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en~~neers sect~ons. 

\ 

The section crosses an impormeable 

boundary in th~ form of the HornhJcnde schist unit, 

between two adjacent sub-basins and ft shows guite clcarly 

the discrete nature of the ground water systems on either 

-9ide of the boundnry. 

The reality of the ground wat~~$Û~basin concept'~s aiso 

,supported by many fiel/~vations. For example, \t 

places where most 'eepage occurs along the Pivlwall face. 

of Smallwood lt are found where the ground ~ater suh-basi 

ia of sig ficant extcnt beyond the pit lirnit. Converoely 

very l' tle scepagc occurs along the face of thp Hornblende 

lschi t unit, which corr"esponds to a sub-basin margin. 

he limits of the ground water sub-basins, within the atudy 
D' ~ r 

~ea, are shown on Sheet 2. The sub-basins are, unlike the 

,'. -; //drainage sub-basins, not necessar i1y comp1etely isolûted. 

For example, the sub-basin surrounding Humphrey Mine may 

be connected to the Smallwood sub-basin in the ~rea to the 

northwest of Pointer Lake. However this interconnection ia 

on1y of a limited nature, and it i.'unlik~ly ~hat any 

significant\quantity of ground water flows between t.he two 

basins. The\pproélch ta calculélting the dewatering poten­
"4 

tia10f selected mine élreas, ia presented in ,the fo11owing 

chapter, b~t first a more complete picture~f the sub-

( 
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4.3 " Temporal Effects 

Several permanent water observation holes were set u~ in 

the central part of the study area during the course of 

the field sèason. The holes were cased with plastic piping 

(one inch or two-inch diarneter), and provided with caps at 

the surface. In each hole,. the bottorn ten feet of the 

casing was perforated with quarter-inch diarneter holes to 

permit easy transfer of water. Most of the holes were 

set up late in the surnrner, when drilling equipment becarne 

available at the close of the exploration prog~am. However, 

water levels were rnonitored over much of the field season 

in the three earliest holes to be established. The sites 

of these holes are shown on Sheet 2, and the wa~er level 

data is presented in Figure 4C. -Information from three'of 

the holes was included i,n Figure 4B. 
""" 

The water level in each hole shows a quite distinct and 

fairly steady, decline over the summer months. The scatter 

about the trend lines on the graph is a reflection of "day 

to day rainfall variat:ion. The rnarked di,fference in gradi-

ent between the trend of W03 and that of WOI and W02 is 

caused by the difference in absolute elevqtion of bhe. holes. 

The water level in hole W03 is approaching th~ surface 

level of Luce Lake, which is undoubtcdly the ground water 
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FIGURE 4C 
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base level within the sub-basin containing toe obsurva-

tion hale. The rate of declinc o"f,~ the watèr'n table mm:t: 

na tural'ly be redueed as i t al)ptoaches 't~s base'- "!C'veL 
~ 
,> 

The steady deeline of ground water-levels observed during: 
6 

the summer months does I1:0t seern to con,L inue throu~hout 

the \.,hoh~ year. If this were 50, .1 t would "entail <:t contin­

uous dcwatering of the area,? whereiis in' reaiJty there has 
... 

been no noticeable change in the qround water condition 
, c. 

... \ . 

, ' 

" 
, 

sinee the mining bagan.' Moreover .,i t was observed that the \ 

perm~able ground was very ne~r saluration ip the' carly part 
, 

of the sununer: Clearly thereforc, the,water le'\Tcl decline 
, " , Q "1 

over the surruner perlotl IU;lU be ;re~late<.l to à seasoncll 
r!' ~ 

cyelicity of, thé grOL\nd" ter conditioIl. 

" 

In view of there being no marked y wei:, or dry" season in: 

the area, anô sinee, 'in winter ,tie ground'wa~er sys~em'is 

effec~i ve.ly sealeëi üp 1 i t followi th<1t spring mel t:.-wat,er 
, 

must pr~ide thè'~reçhat'ge nécess ry t.o balancè tho seasonal 

cycle. In absolute terms, the 

in the ground water leVels are 

, 

mits of the fluctuations 

sily defirted.· 

. ' 
1 

\ } 
,""i 

In spring, the ground may become,' fUl,ly, s~turated up to the ~, 
! 

ground sur.face. At the other e t·reme, the lake lêvels , . 

the. lowe~t stand of the ~ • 
\ 

within the area probably 

• 'i 
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ground water, since, as possihle recharge reservoirs, 

the lakes will act a,s buffers in Lhe system. Of course" 

where the mines are excavated belov7 thc! lake lave) s they 
e o 

.will artifieially lo~er ~he ground wator table,'and he 

susceptible to this'recharging effect. In a,cl::ual fact, 

the climatie conditions will determinc how nearly:the , , \ 
1 

ground water fluctuations approach·th~ absolutc ]imits~ 

The majo~ f~ctor is likely ta be thé nl0.cha~ism of .the 

spring thaw, sinee this closely contrals the recharge 
o 

of the system. A very rapid thaw favours heavy run-off 

and reduced infiltration, Whereas the reverse ls true 

if the thaw ~ornes slowly. O~ course, many other factors 
" 

are iIl~Qlved, 'p.articularly the quantity of precjpitation' 

in the yeé1.r .• the amaunt of evapa-transpiration" and the 

~ Q ~ . 

depth and degree of the winter ground frost. 

'/' ~ -- - ~ - ~-=~,~ .. " ~ , 

,1 A coJtlP~ete d~soription of the glround level fluctuéltions, 
. 

could only be obtaincd :t;>y contlnuously monitorin9' a larg-e 
~ ... ,.., . 

number of water observation hales, spread uver the whole 
~ % 

study area. The dewatering potent,ial calculation can--be 

made w.ithout this information however, beçause the ~pprox-, 

imate' nature of the seasonal cyclé is known, and the 

maximum possible recharge, in an~ bne year, can be esti-
. , 

mated. 
-. 

'. 
'. 

" 
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4.4 ~~EX 
(/ 

'l'he gLouO.d water pystem in the study ilrea consist.lJ of. il 

" numbe'( of, ~patj a lly restrict:.cd ~uh-ba~;ins. 'l'he watet 
• 

levels ln Lhesa sub-ba~ins tise and fall in response ~o a 

scasonil1, C::lim,atic: cycle. As far as cun he asccr.ta i.ncd , 
from the rcport:s, of mining petl;ionneJ., long-term recharge 

~.' . , ' 

l 

or dischqrge trends nre and the yearly water budget 

balances . 
( l, 

• r> \ ! 
Fly'ure 4D. and 4E are Httended to rcprencnt -the system .in) 

a schema.llc way; for an 

a la~c an~ an open pit. 
, -" 

idealised sU,b-basln, 

Th~ po~ the --, 
, ... . .. ' ,. 

con tal.n~ng 1 

1 

w? ter t'ublo 
1 

1 
.-" Il 

i5 s'hown, nt the '!:;pring high, and surrune.c low, -levels. Tho 

di6ensions of the section~ an~ the ,geol~gical condition~, 

arc based on the conditions fouRd in the st~dy'area. The 

{ground wat:;.f!r/pit floor relationship 15' closely mOdelCd, ,on 
.i , . 

: ot>serva,tions madE! in sm~llwood Mine, and ia strongly con- .. 

,~.~roll,~~ ~Y ti.e acti.o~ of th~· sump,"pump :' The pe:r.meabi~lity 

of t'He rocks wi thin the suh-basin should ,be envisaged,l in 

tèrms of the open fr~ctur@!. 'densi ty; and thus 'be expected ., , 

tq decrease with depth. 
~ 

.' '0 

\ " " . . 
.---~~ - Ïn 

J, , arder to calculate the dewaterinq potential o~ 'a pit, 

'J it 18 'nec~ssar-y to know how much water it receives' frOm 
" .. ' 

"1 1 .. " . , 

f . 

/ 
J 

t 
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ground water sources. ..t'J:1is will. be the quanti ty o~ ,ter 

tha~ drains into the pit from th90e ~artG of the Durround­

in9 sub-basln wi t:~ higher pit!zomo l:r i.e boad. In any one 
~ ~ 

year, the amount of water removed from !itorag.e is very , 
small, becc;use of thé relatively slow rate of pit-

deepenin9-
\ '. 

Therefo~e, the ground water entéring the pit 
, 1 

must be approximatcly equal ta tho'annunl flpw~through. 

~ , , 

\ The flow-through;n each .year can be (~qnated with the normal 

annual recharge, sinee'the ground wnter system is in near­

equilibriuIl,l. It i5 rea~~nC"lble, b~cnu!fè of the scnoonal 

cl'imat,ic cycle to quantify tne ground water r.echarge in 
l 

terms of two distinct components: - ~ 

(1) 

(2) 

, , 
,The ~esser of these, i5 coropo5cd of that pcrc~ntage 

7 of the summer precipitation whieh infiltratea the 

ground. This can be estimated,'over. the up­
'. . 

gradient areâ of 'the qround water sub-baain, us-. . 
1 - ' ~ .. 

inq the figur,~ derived in Chapter,.3_. 
~ , , 

The bulk of the ground water re~ha~ge ia obtainëd 
',' "\ 

during the spririg "thaw.. The spring mel t ... water. i8 

tg§sipated in two ways, by infiltration, lmd by~ 
. . . 

. surface run-off. Unfortunately, it 18. almost 
;J." • 

impossible- to say how the'-melt-water i,'pro~or-
1J' 1 • ,1 

" 

'~ , 

'\h- , 

t 

" 

'. 

,-



. .. 
tioned between these two routes. It ~ay be notcd however, 

that a slgnificunt percentagc must tnkc cach of th~ • 
,;1 

routes, in ordcr to account for both ,the obHerved TJ.,m-off 

r 
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CHAP'l'ER 5 - QUALIrrA'rry'~ AND Q{~l2.~'rITA'I'Jy!~ 
1 

MINE DEWATERING ANALYSES 

5.1 Introduction 

The pn'ccding chapters coni..aln a oummary of the tlvüj lable 

informat.ion relating to the hydrology and hydrogeoloqyl< 
\ 

of the BtÙ(~Y arCil. An attempt has been made to e:xplain 
, 

t.he obsprvcd phcnon\ena and to systcmal::i.se the complex 

hydrologlcal cycle by the Introductiun of Ruch concepts 

as drcünage and grohnd water, ,Gub-basi œ;. w~\rc documcntcd 
1 1 L:J 

inf~r~a t.ion WdS lackingCClconccrning ccr t.ain i terns j n thë 

hYdr~l~giCÇll cycle', ~i~h respect Jo t~~ jnfiltratio'n 
/ -versus run-off factor; reasoncd estimntec were proposed. 

It now rcmain~ 
) ~ 

to ~~o~~w the forcgoing may be used to 

1 dcfine the dewatering aspects of the mining ope~ation, ~nd 

how qu~ntitative a~sesBments of the dewatoring potcntial 

can be derived. 
-4 • 

Section 5.2 oescribes what qualitative deducfions can be 
1 1. 

made b~scd upon the information' gathered "and how these . 
could be applied toomodify an~ improve dcwatering practices. 

Several of the points are illustrated by reference tQ thé 

- dëwatering operation" at the Smallwood Mine. Section 5.3 . 

outlines, in general terms,.the approach and rnethodology , . , 
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for calculating t.he quantitative aspc:cl:n of lhe düwaUiF~~ 
" 

ing operation. Th~ approach ls based upon d straight 

forward wat.er budget application in th0 contcxt of 
" 

surface dr~inage and ground watcr, sub-basins~ This line 

of development is taken to its nat:urdl conclusion in 
1 

section 5 • .4 which presents a worked exarnplc of the dewa··· 
1 

" tcring potential calculations usinq the raw data frorn 

Smallwood Mine. It ls shawn, by repeating the calcula­

tions, how the final fig,ures are affected by varying the 

factors which wera required to be estimated in the dcvclop-

ment of the nnalysis procedure. 

qII. 

, 

~ ..... 

" 

r • 
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5.2 Qu~li ta ti ve Al!alysis of Mine Duwalcring rot.l'otlal 

The qualita~ive aspects of th0 hydrolnqj~al aystcm ln the 

mining are a: can be pictured more' cilsily on~ the drainage 

/ and grollnd wa ter sub-basins have" been def. incd. Th\1B, once 

the Gurface wdter and ground t1/ater r~!c;harge catchmcnL cln-!as 

have been idcntificd, they can be protccted~ as far as 

possible against ecologica1 damage in the hopc thaL the 

. maximum possible return of watcr Lo t.hE! atmospherc' wi'll 

be effected~by the natural f~una. Altùrnativ~ly, rcst~ra-

tive \'lork or modifications ta the IlJ,tural 1-lystem, :~uch un 

drainage re-al ignm<mt!3, Udn he pl'operly aasessed. 

Once the gronnd water sub-basin has, bc:en deseribed, and 

fhe recharge areas surrounding a pit havç been locatcd, 

predictions can be made as to wher,e likely souJ;:'ces o~ pit 

wall scepage will oceur. For example, at the western 
, 

extremity of the Smallwood Pit it can be seen (see Sheet~) 
4' 

that a large 'arca of the ground water eub-basln extends 

beyontl the pit limit, and, in fact, seepage along the, 
l 
,-

western pit face is quite noticeable in the field. It 
."" 1 

seOlas possible that, by combining ·this ty,Pe of information . ~ , 
with a modified dewatering potential calculation of the 

ferml presented in the following section, not only could 
Q . " 

suitable locations for periphcral dewatering wells be 
'lt~ 

1 f 

\ 



'\ 

< 

t: 
1 

identified, but their probable c~paclt)çS could alRo be 

predü:ted. 

Connidcring the climatic daté1. collüctNl jn the th~!sis, 

and particularly the importance of thn neasonal cycle with . 
respect l:ü water ilvail abili ty l ' i t V}()\l] cl appear thtlt an 

~ 

ic1eal dm ... a tcring plap could be dc~d gTH!c1. The aim .i n this 
j " ~ 

would not sole'ly be rto match the potential watGP'-~nput, , , 

but also to take into account some of the operatlng prob-

lems set forward ut the bcginning of the thesis, such as " , ' 

saepage water icing in early winter, or maintenance diffi-

culties as~iated ''lith dama'ge cilused by fly-rock following 

blasting. The basic outline of such a plan would be as"" 
1 

follows: 

(1) high capacity Bum~ pumps needed for approximately 

two roonths of tHe year ta control spring'melt-

'0 wator 'Ioun-aff: (.j,' 
amall to medi 1 c~a;i'ty,pumPs "l't in shall"aw (2) 

wells for ctiot, and located at the lower 

t levels of the it to carry away normal summer 

flows. 

(3) 
,f"-

sroall to medium capacity pumps Bet in medium ~, 

,. 
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... 

deplh wells a,t t~le pit margin to intcrcept t.he 
1 

recharge component from outlyin~ regions of the 

ground waler sub~~aqin. 
( 

,. 
/ 

The quantitative nspects (pumpage, totar?apacity, et 

cetera), of 5uch a system can be estimated from analyses 

of tho type prcsentcd in trhe following ~lection. Moreover, t' . 
the pos!Jibility exists, that, by mOdel~ng· changes ,in the 

parameters defining the drainage-and ground water sub-

basins according to the-future mine ex~ansion plans, 

system designs could be obtained in advance for each 

stage of a pit's dcvelopmen~ from inception to completion. 

This would greatly facilitate budgeting and pla~~g for 
" 

equipmant purchases, and would provide.for a systernatic 
.1 1 
growth ~f the dewatering system to keep pace w~th ~je 

~ 

oevelopment of the pit. 

\ 

) 
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5.3 Quan~itative Analyses of Mine Dcwatering_Potcntial 

In order to assess the quantitY,of water to be removed from 

a pit in the mining area, i ~'J is necessary to combine the 
1, . 

data and concepts described in the previous chapters into 

a water budget format. -~t should be recalled that sorne 

major assumptions were made with respect to certain aspects 

of the hydraldgical cycle, such as the winter precIpitation 

reduct~on fi~ure of 40% and the stripped land surface 

evaporation figure of 50% and that these estimates were , 

intended to be conserV'ative w.ith respec1. to calcul,pting 
-

the dewatcring potential. The problern of partitioning the 

normal surnmer precipitation between infilt~ation and' sur­

face run-off was discussed in Chapter 3 and it was proposed 

that, "'in the absence of '~my guid'ing information, three 
- , "" 

1 • 

different values, namely 25%, 50% and 75%, would be us~d 
1 

in arder ta assess the'effect of this parametcr. 

A further assumption ia required in order ta mak~ a similar . 
partitioning of th~ spring mel~-~ater between surface run-

~ , . 
of and infiltration to grddnd water recharge.- It has . 

- already been nateâ that, when the winter sn~w accumul~tian 
e.. --

thawb, ·it pravides ~echarge_enough to saturate muqh of the 

permeable ground in the area, and also'to pravide siqnifi­

, cant quant~ties of surface run-off. As the field work ia 
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/ 

/ 

/ 

con tinuèd, and records are obtained /:Ërom the \'leir 

installations made during the 

the surface run-off component 

/ -", - , 

field season, 
1 

/ 

of'the spring 
1 

1 

'<t 

valuc~ for 

mel t. will 

be availablè in order to dcfine the partitioning more 

) accurately. I1owev~r, as it wàs noted in Chapt1§r 3, the 
/ 

~ 

.., 
climatièP'èonditions at ,the time of the thaw are likely. 

",. 
, 

1 

to have a major influence t1pon the behavior of the 
, 

rnelt-water." !t ahould l?e/allO\Yed therefore, that a 

considerable degree of inaccuracy will always be involved 

with this p~rtio~ of the hYdrolog~cal cyclè. In order 

ta asaess the ef~cct 0) this factor, it will aiso be 

permitted to varY\betf' en 25% and 75% in the actual 

'calculations presente in the fOllowing section •. , 

Within the frarnework of these con~itions, the qua~titative 

analys~s of, the dewatering potential for a particular pit 

may be made according to the following plan. -Two separate 

caJ:culations are made, one to detérmine the normal s'ummer 

dewatering requirêments, and one for the peak spring 

dewatering capacity. ,The analysis,!os -:presented' in a 

step-wise fashion with a cômmentary of explanations: 

" 

(A) .: The averaqe',Swmner dewaterinq Eotential 
» 
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Step 
. (1) 

Step 
(2) 

Step 
(3) 

, 
1 

l " 
1 

,Identify the surface dr1inage Hub-basin containing 
'. l , 

the pit and determine tiü ground surface condi-
, ' ' . 

" " 
tlon~ within th~ area in terma of the perccntages 

/' 1 *' 
.;i 

of vegetated,' stripp-ed and lake-covered ~land, 
, 4 ' 

f~m the data pre~entc in Figures 3B to 3G. 
. , 

Pro~ortïon the normal uu~er precipitation (56% 

.' o,f the yearly total) a ong the three area~ and 
" "1. 

aPr?,ly the approximate ,tmospheric return figgre 

.J 

to each area, accordinc to the discussion présented 

in section 3.4~ Thus 

returned in vegetated 

areas and so .on.. The 1 

1 

sents the total availa 
·1 

su+face dr~inage sub1P 
1 
1 
1 

,1 . ' 

FOllowing t,he. ~;sc\}~Si 

tion of this input/ be,t 
, ' / 

infiltr~tion, ap~y th 

reductions in 0;ae~ t 

component. Th.ijs figu 
1 

/ 
ovèrland flow/input ,t 

. '/ 
months. '1 

~ 

Repeat thè ope 

the area 

, 

the precipitat~on is· 

50% in lake-covered 

of these figures rep~e­

atmospheric input to the 

ovér the summer months. 

n è'oncerning the distribu"'" 

ee~ surfaqe flow and ground 

app~opriate percent age 

obtain the surface Jlow 
• 

e', represent.s' the normal -
r ",., 

the'pi~er the summer 
, , 

carried out in Step Jl),_' f~r. 

water sub':pasi6 ... ' . 

.. , , 

" , , 

, A 
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" 

Step 
(4) 

• Step 
(5) 

Step, 
(6) 

• "1 

i 

<l 

/ 
" , 

surrounding the pit, in order to obtain ttle t~tal 
. '" . 
availab~e atmospheric input to this area ovor 

the sununcr months. 

Determine what proportion of this quantity is 
, ' , 

prûposed to be considered as actual recharge by 

applying the inverse of the actual rpd~ctjon f~ac-
'i> 

ti0t: employed i"ll Step (2'): The resulting quaptity 

z;-epresents the qua.ntity of ground water'rechalfge 
(~ 

which is obtained in the sub-basin over the summer . , ... ' 
months and \.,hich may be expected to move int,Q the 

'" pit. , 

"':+ ..... 1 H -, ~ 

Ta~e.the quantity of wintcr.precipitation supposed' 

,to be remaining at"the s\prt of' the spring thaw 
1 ~ 
1 .r. 
,(-60% of the q.ctual win ter 'precipitation>- and apply 

this figu~e over the area of the ground water sub-
" , 

basin. This represents the total available,melt-
,~ 

water input to the area. . ,~ 

\. Il , 

Redu~é this quantity by the appropxia~e surface 
'\ ' 

run~off vers~~ ~nfi}tration pa~iti9n. fac.tor, 
. ; . 

accqrdinq tq the discussioh pr~sen~ed at the b~gin~ . - .. . 
• 

ning of this section,. to obtail?- ~he .. proposed ground 
- " 

water rec~arqeto the sub-basin·arèa for ,the sprinq 

. .. 
" . , . 

'- S-9 . ; 
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• .... ~ - .. ~ .. :. 

... 

( 

," 
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" 

Step 
<7> 

Step 
(S) 

(B) 

. 
, Step 
. '( 9~ . 

•• ,<-"-~""------""""""----

~haw' perio~ This repr~sents a further'compon~nt 

b~ ground water storage , .. hich will be rèleased 

into the pit over the summer per~od. 

, ,1 

Sum the figures obtained in each of sections 

2, 4 and'6 to obtain a value for the total 'quan-
~ 

tity of water to be removed from the pit over 

the summer months.' 

Average this value over an eight-month period 

to obtain the .de\.,atering requirements between 

June, when the spring thaw is complete, <ilnd 

October, which is the onset of the winter. This 
.... 

value can be rcpresented in terms of gallons per 

minute by the use of apprcpriate sca~ing factors. 

'The value can then be directly related to pump 

capacity,requireme~ts to match the dewatering 

systêm des~gn. 

~ 
The peaJt Spring. dewatering potential 

Take the reduced winter precipitation quantiÉY, 

as in St~p (5), anà~ apply it over the area of 

the surface drainage sub-basin. Apply the i~verse 

fractüon o,f e1!e~ run-off yers,?s 'infiltration 
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Step 
(lO) 

Step 
(lU 

, . 
'. 

• 
~:f. -

; 1 

; . 

, . 

pa~ti tion factor- to obt.ai,n· the qu.anti ty of over-
~ , 

land flow derived from the sprjng thaw ~ver • 
'~, . ~ 

the ~urfaèe drainage sub-basin. 
J 

< • 
Avera~e this value over ~ two-month period to 

obtain the spring melt-.... ;ater fnput to the, pit 

during the months of April and May", This qnan-
~ 

tity shollld als0 be expressed .i.n gallons per 
1 

minute. 

The peak spring d~watering.potential value is 

obtained b~ cO~i~in'g the normal~summer mohth 

_flO~ (from ste~ w1th the additional spring 

>overiand'flow component; this figure represents 
"'-

the maximum.required capacity of the dewatering 

system. 

J -!. 

f, 

" 
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,Quantitative Analysis of Mine Dewatering "for 

"'''S Smallwood Pit 

The' analysis procedure outlined in the previduft sectiorf 

was performed using the'available data for the 'Smallwood 

Pit. In order to assess the effects ot',changing the sur­

fate run-off versus inf~ltration factor and ~he spring 

thaw run-off versus infiltration partition factor, six 

differ!,!nt applications of the ana).ysi's were made. .Firstly 

the sprlng partition factor wa~eld constant at a~~ 

value and tne calculationswere made u'sing sununer run-off-.. 
versus infiltration factors of ~5'/75', 50%/50%, ~nd ,., 
75%/25%. The roles were then reversed, 'and the calcula-

, 
tions were repeated for the same range of valueQ for the .. 
spring partition factor while holding summer run-of; 

versus infiltrati9n factor constant at 50%. 

t 
A summary of the pertinent raw data, and the actual calcu-
~ 

lations are 'presented in Append~x 3 of the thesis. The 

résults of the calculations'are presented on the folio~ing . 

table for comparisQn. It is quite clear from the ~esults , 

(1) changing the_v~lue of the sUIDmer rtln-off versus 

infiltration fac'tor has a very limited ~ffeét 

5-12' 
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TABLE 5A" 

RESULTS OF nEWATERING ANALYSIS y 

CALCULATIONS FOR SMAELWOOD PIT . 

·25 
7!; 

SEring Rdit .... Off/lnfil tr'ation 
Partition Facto~ 

25 50 75 
75 " 

. 50 25 . . . 
- . 
654 . Ave . 
IT66 Peak 

" 

./ 

Int. 
Ri1T:'" 

Summer Flow* 
S~ing Flow 

-
Ave .. SJnmer 

, 
50 524 689 . 855 FloW 
50 1589 1399 1210 Pea~ Spring ,,'Flow . 

'J 

• ~ 

75 ·738 . Ave . Sumrner . Flow . 
25 > l4ÏH;l Peak spring F:J.ÇlW 

" 1 

o 

~ . 
* AlI ~~ows expressed in U.S. ga~lons pcr minute. 

, . 

• 
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, 
upon the calcuÏations. The tqtal range of 

the flow. rates; for both-the '~0rmàl s~~er 
dewatering potential and the peak sp:t:ing , . 

potential, is within ± 10% of the me'â~ _~alu'e 

despite the fact that. the r\ln~off/infil-tratiôn 

factor was varied by ± SOlh of îts rnean value. 
. . 

This result reflects the fact that the a.ctual 

available precipitation input during the ffumme~ 

months i5 itself of secondaty importa~ce in 
• 

the overall water budget p~cturB. 

. \ 
(2) changîng the value of the spring run-off versus 

infiltration partition factor h~s a marked 

~ effect upon both-the average ,summer dew~tering . . 
", 

"potential and the peak spri.ng'· d~wateri~g po~e;;tialJ 

... 

• 1 

'figures. Toe effeçt does not seriqusly change 
'. 'w • _ 

the total water quantity to be removed in the 
" -. . 

year, bl.:!-t i t severely changes 'the timing of t~e 

removal. Thus when a largé part of th~ water 

" . . ruhs. off, high spr~ng peak values are .recorded', 

,with èorresponding lower averàge summer ,values. " 

The r~v~Tse i5 true when fhe largerproporeipn 
. ' . 

of th~ water i~filtra~es the ground. 

f "'--' 

. . 

~ . 
. In Order)rO;.· be ~ble to a~l: .~hese '.figures in a real 

,-=---.~' Jf 
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aqsessment of the dewatèring system ~or the p~t, it 
'-J r .. ., ~ 

should be reca11ed t.:hat.. a 'sizab1e variation' 'in t'he' 

spring, p'arti tJ6ri' fûctor 'is ,likély as il resul t of dif-
- 11" ' 

férinç cliIllatic effeç,ts :,frQm y~a±- to year, namely with 
) . " " 

respect ta thè condition? e~~~ri~néè.d d;ring the spring 
,," 

G ". 
Thus in .or~er ,to" fe realistic 1 .the maximum vi:llues 

(> ~ • j ~ 

thaw. 
~ ~ " ,,\ ~ 'Oc • 

for 'both the summ~r ~ewa~~ring patentir.l;l (855 U.S. 9i:ll./-
...... . 

min.) and the ~pr~n~·d~~atéJ;i~'g,potenti1,l (1589 U.S. 
• '\ .. c:l '" \ • ..' - • 

.. " .. ..t_ 

ga1./min.) should he, us~d~,. \poth· the6,~ figures might 'he , , . .. .,... 
.' , 

• l , ; • '}:O ...... • t,. .. ' c > 

furth~~' incr~a~ed (up'ta lO~1.by the ~ffect of changing 
1 It'I.

i 
.. \'). ., • 

• *\ • <l. • • 

the; sJlmm~r run~o'Ff ve'r~l1~" iQ,filtration :~actor.. Further-

IT1pre '<.,.bO\':h the f~~ures ar~., a~~ràg~d p~p'~~g vfi.lues ~md 
., , 0 

do, n~e,' into accoun-t ~Ùdd~n .. -wa~~r i~~ut .t.~ .the 'Cystem 

,,:hich, -U;ay: oç,~_ur aso a ~é .. s"u'l t 'jJf g}:;:ea,~l,}:" i n'cr~asèd oveil,and 

,~ flow fbl1ow,ing 1 fOr\exa~f?le 1 a torre:~t.i.~l rainfa.,ll. It 

would appear' '~l;1erefo~e,' ~)1at the d~wat-èr~n~ poteht.ial 
~ 'f ('>.,' • ~ • 

• i ~".. \ 
0\' • 1 \ 

figur.~p'~ for tHe' SmaLtwpod ,Pi,~, shàuld be: " 
.. 'b""", 1, 

~.. ~ . ' . \ \ 

• 

',' 

. .' .' 
, .. O.) for "th~ average s'-;lmm~r dewat~ring pot;en.tià~', 
, , 

'''' 
(2) 

855 +,2'0% = 102.6 U.S_~"gal./min.· 
, ' J 

\. " . , 
<;! '.' a. • ,...' .." , .. . , , 1 

, .\ i 

Q for th,e' peak 
, l' , 

sp'r~ng dewateri.ng potential,,', 
~" _ r." 

1589 '~~:CO %. ~ 
, . . : 

! ~ e ;-

< " 

* .~ , 

1907· u.s. gal./mi~.· , (>.. ~ .. 

, .. 

" . 

. , 

For comparison of these figures ta the actual, dewatering 
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conditions recorded 

," ,~ ,1\ 
J , ~ 

in 4~~e 73 'field the:fol-

"lo~ing observations maf be recalled: 

(1) 

(2) 

! 
fi , 

,/ 

,F e-

~ 

{ . 
1 ~ 

the ,prima~y fe\'Va'tering inst.allation in the pit 

was a sing~e high capacity (1800 u.s. ga1./min.) 
f • , " 

s~p pump/ which functidned in a periodic ~ashion 
( . 

dur~ng t~e.sununer with a resul~ average.esti-

mated ottput of approximatcly'lOOO/G.S. ~al./min. l ,.' . 
J 

Cr 
"11( 

in tbe spring period, this pump'was operated more 

or less continuously and was augmented during 
rr. " 
, -" 

several two-to-three day periods by a ~ma11er' 
/ 

~r~~ rated ,at 350 u.s. ~al./min. Thus the peak 

(pumpïng rate, in a, on~-month per.iod, was pxiobab1y 
/ 

of the order of 2i50 U.S. g.al./min'.,'and app:r:oxi-

mately 1800 U.S. gal./mi:n. in the second month. 

~ 

~ 

1 

.. 
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l, CHAPTER 6" - CONCLUSIONS 

severat,~spec~s of the hydrogeological cycle in the study 
, , 

area ;ere"investigatecf' during the summer field season., 
... ,~ ~ 

~ Stream ,flo\>1s 'were measured or estimated where time did .. " 

not allow for mèasuring facilities to be installed. The 

existing dewatering system was also monitored and measure-

men~s were take~ where possible in order to determine the 

quantities of water moving through the syst~m. The 

evaporation rate from a standing wàter body, and the 

precipitation in the study area were also measu+ed during 
• - 1 ,.', 

the field season. Certain problems were encountered 

during the field' work, which were specifically relatèd, 

to the mining activities and these .complicated the s,tudy 

• 1 

/ , 
- j , 

~yond what would be expected in an enviroflment..unaffected 

by man's activities. ·These prob1ems, :an~-t~Keir af~é~ts 
\ '., ;'\I;~-'~-----'-' ---------: 

upon the~~j~_udY-t"-are describeêr în the lhesA,ls. , 
~_ ...... ---­

~----

The,data 'colleçted in the field, season'were combineq with 
" . 

those avàilable in t~e lit~rature from nèarby locations; 
, , 

and a p.icture of th€ seasonal hydrological cycle was' de-

rived., The eff~cts df the seasonal cycle upon the mining 

activities werè thus àble to be defined. This information 
. , . 

wai, theh used in the 'latter part of the thesis ,in order 

to desèri'be a modified dewatering systel!' for the "mi,nes 

, , 
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\. 
in the area which wo~ld be better adapted te the c1i-

mqtic environment. 

The surface drain~ge network of the study area was en-
,0 

tirely re-mapped durin~the fie11 season, thereby taking 

into account the effects of ten yea~s of mining activity, . ' 

, which had cons{derably modified,the area's physiography. 

During the course of the work, si~ drainage sub-basins . " 

w~re identified, being areas without surface water out­

lets which were isolated from the natura1 stream'network 

by the mining activities. The distribution dt vegeta~ibn 
in fhese'areas was a1so mapped in oràer that they could 

be incorporated with information,obtained on'~he hydro-' 

-geo10gical' cycle tnto a system of calcu1ations aimed at 

determining the dewatering!Fotentia1'of the area. -----

. 
The geologlcal unite of the study area were observed' and 

separated into hydrogeo~ogical'types so that a model of .. 
the ground water system of 'the area couid be defined. 

Water levei measurements, pump tests, and packer te'sts 

were made in parts of the area in order that quantitative 
~- ... :. .. _ ....... ~ ... ~ l'''' .. 

data could oe'obbained, and that a true picture of the 
J, 

temporal and spatia~ fluctuations in.the ground water , , 

body _cE~l:c1~J:>e _derived •. These data.were combined~with 

these obtainéd for the climatic and surface water f10w 

'--'--' ---,.--------.,,-. 
• • . .J ,: • _ .;t "~'" ~"'. j. .. 
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conditions in arder 'that a complete 'de~i~itiQn of the 

~~drOgeOlOgiCal cycle Ûl1the~?t~ 'at~a could De made. 

'1 ~" 
M' 

'1 ~-----~ . 

It was Ro~siple~ because of the intef~r~l:t~ons bètw~~~~~ 

the hydrogeological ~nits and the structure of alternâ~ 
, ' 

ting synclines and antic1i~es'in thelarea, ta define a 
• l, 

1 
nuIDber of hydrag~~logica1 sub-ba~inf within each of which l 

\ 

• 1 

exists a re1atively independent body of ground water. 

This concept was uti1ized at the en~ of the thesis a10ng 

with that of surface dr~~nage sub-basins in arder to 

carry out a water budget analysis of the dewatering 

potential at one of the pits in the mi~ing area. 

/ 
Several concll,lsions .of interest were obtained in different ,Ç-

areas dur.i!lg the course of the study; the' most signi,ficant, 

of these are coll'ected be1ow: 

, (1) The evaporation rate during the summer months 
\ 

from a standing surface water body was found to 0 
\ 

be approximately equal to 50% of the\\verag~ 

precipitation in the Bame time period. It was 

a1so observed that the ca1culated Thornthwaite 

evapo-transpiration rate for the area, which 

gives a value of almost 100% recycling of the 

" .. 

q 

precipitation, appear~ to be apprOximatel; co~rect~ /'" . "-'/', 
6-3 .. 
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(2) 

: 

o 

\ 

(3) " 

• 

, , 
rJ,;~-"'-'-"-""--f~-

It was found, as expected, that the hydrogeo­

logical cyc~e in the area.is very. strongl~ 

dependent ppon the seasonal climatic-changes. 

The cy~le ~s.made up of three basic components, 

pamely: 

of water are relèàsed -into_the surface . -~ - ~ --

fIow'network and into the grQund"water 

reservoirs. 

(a) the summer period - during which the 

r (c)' 

are a experiences a graduaI drying and 

• surface stream and g~ound water flows 

decrease. 

the winter period - during which l~ttle 

water rnovernent takes place, but large 

accumulations of snow and ice occur. 

\ 
The ground water bodies in the area, which, are 

mainly found in fractur~d o~ leached carbonate 

rocks, undergo a steady, nat'ur~l dewaterirlg 

during the summer period. In the wint~r'period .. 
tbe ground is sealed by the frost layer through-

out much of the area and little ground water 
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recharge 
1 • 
1 f 1 

thaw.hpwever, the ground is heavily recharged by 

the melt~water and it a~pears that \he ground 

beco~s almost fully satur~ted, during this tim~ . 

. " " (4).\:' Since, as a result of the hydrogcological inter-
ç 

.pretation and mapping, it was possible to define 
, 

the extent of the ground water suh-baslns in the 

area, i~wa~ possible to relate these to the open 
~-- . 

-~i fs-:- 'In\thYs--way --i t -w_a~-possj.ble to prepict 

(5) 

-------- --------11_ 
6 areas from which significant ~uantities of ground 

water seepage could be expected. This information 

may be used to determine the ~locations ~or ~i-' 
phe~al dewatering weIl installations and a~o ' 

to select areas to be protected against ecological 
.., 

damage. 

<-
p 

~ 

A water budget analysis of the dewatering require-

ments of the Smallwood Pit was made using 'the 

concepts of the surface draina,ge and g~ound water 

basjns, the climatic data obtained for the area, 

and sorne basic assumptions about the hydrqgeologica~ 

cycle in the area. The analysis sho~êd that during 
1 

the spring thaw, for a per,iod of approximately two 

months, an average water flow of the order of 

6-5 
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ç , 

1900 g~l./rnin. could be:expected. In' the. 

summer period, of approximately fi~e rnonths, y 

a rnuch lower quant~ty of water would ne~dt . \. 

to be purnpëd frorn the pit and this should be 

of the order of 1000 gal:/min. It was found 

that thes~ figures ar~ in close agreement 

~with the real values estirnated for the exist-

ing de~atering sy~tem in the pit. 

#' 

(6) It was deduced, based upan the nature of the 

seasonal cycle and the quantitative require-

ments of ideal dewater-
, 

ing system pit in the area should consist of:' 

(a) , 

(h) 

surnp installation to 
~ 

hand,le t~P. ing mel t-wate\ which 

would be operational for approximately .. 
two months of the year. 

shallow pit floor wells which would 

provide protection f~r the pumps during 

/ blas·tingo and wh:ifch would comprise t~e . 

~normal summer dewatering ~~tem. ~ 

(c) medium depth~peripheral wells inter~ept-

. d f \, . ~ng groun water rom source qreas outs~de 

'. 
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, , 

the p~t margins. The locations of 

these çould be identifled from Che 

ground water sub-basin mapping, and 

they would serve to reduce' the icing 

problems associatsd ·with pit; \va11 

see~age ?uring the early wilte. 

months. 

. 
.The quantitative'~spects of the system cou1d oe 

defined from the water budget analysis of the 

\ 

dewatering potehtlal. Noreover, tHE! system 

C0~Planned i? adva~~e of' the mining opera­

tion by constructing a dewatering potential ,model 

based upon the mine development schedule~ 

(7) Assumptions were made concerning the infiltration 

LVèrsus surface run-of~ partitfpning of water input 

to the area in order to make the dewatering poten-

tial analysis. The effec,ts of these ass'umptions .. 
were ch~èked by r~eating the analyses using 

,di~ferent factors, and two main observations were 

made: 

(a) the èalculated dewatering .requirement5 

of a pit in th~ area are 'affec~ed v~ry 

\. 

little whether the available summer water 
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(b) 

." 

i!1put is cansidered ta flow as surface 

'run-off or in a ground water .flow system. 
" 

a major change in the ana1ysis is observed 

if the spring mGlt-w~ is cOhsidered to 
. 

f10w as mainly surface ~qter or as suô­
e 

surfacè watet~ it may a1so D~ noted t~at 

this edect is lar:.gely 'Unpredictable, j 
. ".1 

since the particular rate and mechanism 

of'the thaw mig~t lead.to much greate~ 
\ . 

surface run-off in one year and much 
~ 

greater grQund vlater infiltration in 

another. \ 
The studies caJried out in the area were of a 1imited 

. 
nature and are incomplete in severai aspects. Additional 

work is required in order that a better understandinq of 

the hydrogeological environment may be obtained, and 50 
o • 

that the dewatering potential an~lysis may be further 

xefi~ed. In particular, it is feit that additional info~ 

"'" mation wouid be most useful in th~ following areas: 

Cl) -Field observations d~ring the win ter months are 

required ta determine more accurateiy the snowfall" 

accumulation pattern over the study area and ta 

.. 
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C"I ,1 

_ .... 

provide information 'about ground water flow 
\ 

~" 
a t this time of the. year. .. 

(2) Additional stream f~ow measu~ments are required 

particularly through the spring,periud in order 

to permit a more accu~ate quantitative a~sessment 

of the overland flow component of thé melt-water 

input to the area. c, 

(3) Test wells should be constructed at.the peripheral~ 
~ 

r dewatering sites in order to verify and more -, 
, " 

accurately quantify the predictions made from 
l , 

the ground water sub-basin analysis. 
~ 

( 

Despite the shortcomings identified in the work done to 

date and the clear necessity for additional study in~ sorne .. 
areas, it is felt that considerable progress has been made 

towards' obtaining an understanding of the hydrological 
v 

'cycle in the study area, and in ~pplying the kno~ledge 
, 

s~ that the dewatering requirements can be identified and 

assessed. To date this has been achieved for a relatively 
.,. ~ \\ 'h 

slight cost which may be almost wholly e~pressed 

of approximately two man-years l~bour. While it 

in terms -
\ ~ '\, J 

is. diffi-
• 'l: .... ' 

/ ' ~ 
<l cult to assess the econ~mic val~e of the studies, i t would ' 

appear that the complete study would be )'ustiflied if only 
v 

-;' o{." 
\, 
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two or three days of pit production per year were saved 

as a result of applying the findi~gs of th~ study. 

• 

. , 
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APPENDIX 1 

The fOllowing tables s~rize clrmatological data 
\ 

relevant to the thesis. The ta~les referred to Wabush 
\ 

, 
Airport, contain data abstracted from the publications of 

thé'Atmospheric Environment Commission. Those referring, 
• 

td Heath Lake conta in data collected by the author within 
r~ , . 

the study area. 
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{. . TABLE Al Z> 

TOTAi. HONTHLY PRECIPITATION 1961-r~72* 
(inches of water) . ' 

Q , WABUSH AIRPORT 

, ;-

Jan· 

Mar 

Apr 

May 

Jun 

Aug 

Sept 

Oct 

Nov 

Dec 

Total 
Yearly 

-------, ----

61 62 63 65 66 6ï 68 69 -

1.42 3.80 3.56 l," ',02 3.25 1.44 3.12 

.0.63 0.47 2.96 2.50 1 ,08 1.84 3.24 2.39 
, , 
1.35 1. 38 1.61 0.89 1.94 0.59 2.74 2.59 

0.34 0.55 1.40 1.54 1.16 1.84 2.56 1.30 
,4 ! 

2.44 1. 74 1.11 0.91 3.03 ~.85 1.41 1.98 
. 

3.74 3~09 ,2.68 3.85 2.40 2.38 1.73 4.67 

2.58 3.23 5.29 5.09 6.22 3.87 4.00 3.87 
~ 

3.00 3.11 2.53 5.67 3.65 2.52' 4.96 4.62 

3.13 3.15 3.10 3.31 3.20 6.02 3.81 6.38 . 
3.31 1.83 3.13 2.86 5.30' 3.45", 4.59 3.50 

3.55 1.78 2.21 3.44 3.98 4.32 1.86 3.42 

3.75 2.61 2.30 1.87 3.85 2.40 4.53 5.44 

29.24 26.74 32.4€ 35.20 37.ft 33.3 36.87 43.30 

*EJcC1tding 1964 plus 1970 - datà incœp1ete 
'oC 

," , 

.. 
A-2 

71 72 AVERAGE 1 

1.67 2.74 ',61 

1. 73 2.26 l,CH 

1.95' 3.73 1.88 
Ir 

3.11 1.67 1.55 
.... 

3.34 1.19 .. 2.00 ,', 

3.37 2.16 3.01 

3.58 3.52 4.13 
, 

4.96 3.13 3.82 

5.38 6.12 4.22 

3.43 3.23 3.46 

5.70 2.01 3.23 

2.81 1.91 3.15 1 

~ 

41.03 33.67 110),0 
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TABLE A2 1 

~AN DàlLY fr~ERATURS ,1961-1972* 
(de9rees Fahrenheit) 

_k ~~ ~ ~. 

61 62 63 64 65 . 66 67 68 
.' 

-13.2 -14.0 -7.5 .-7.9 -U.4 4.8 -1l.2 -11.4 

- 7.0 -15.6 -11.3 .-1.0 - 5.7 2.9 -11.5 - 0.3-

7.2 16.3 1.2 -0.2 8.4 17.4 0.1 4.4 
-

30 .. 0 16.8 25.3 22.-8 21.1 26.4 17.4 26.8 
36.1 34.8 34.6 36.5 Q 35.1 33.9 36.0 3;;.7 

46.5 '48.0 47.7 47.2 47.5 48.6 51.6 49.1 , 
54.0 53.4 . 51.3 5l.Z 49.2 52.7 55.3 47.2 

~ . 
.. 47.2 43.9 40.0 43.0 41.8 43.4 45.0 1. 51.S 

32.8 . 33.4 33.9 27.3 26.~ 31.2 33.4 37.4 
1 

. 23.2 16.5 22.8 15.8 11.5 22.1 20.2 15.8 . 
-!li;);: · .. ··0.6 -6.6 -3.1 -3.1 1.1 4.6 5.7 

*Excluding 1970 - data i.ncœplete: .. .... ". 

.~... .. 
: , 

o 

'/ 

WABUSH AIRPORT 

,. ':>' 

~ 

69 071 72 
. 

4.3 -5.8 -11.6 

3~3 . -5.-6-- -12.7 
" 

'11.9 10.9 - 1.J j; 

11.4 27.1 "21. O' 

34.4 J8.9 31.4 

, 4.7.7 47.6 48.4 

53.8 51.5 52.0 
39.2 44.7 41.7 

26.7 34.4 25.1 

25.3 13.7 li.S 

5.9 -10~8 . -15.2. 

-

,. 

Av. 
-

-7.7 

-5.9· 

~ 6,.9 
-~: nA4' 

'. 
35.4, 

48.2 

52.0 

43.8 

31.1 
,18.0 

-0.9 

.. 

" j 
'! 
'1 .. , ., 
:1 

1 
j' 

\ 
'il 
f 
i 
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·1 , 
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TABtE A3 

TOTAL MONTHLY PRECIPITATION 197~ AND MEAN 
MONTHLY ~EMPERATURE DURING FIELD SEASON 

... 

January 

February. 

March 

April 

May 

June 

.1u1y 
• 

August 

September 

, Octo~er 

November 

De;,cember 

" 

l 
PRECIPITATION 

(inches of water) 
2.57 ,7 

1'.62 

2.45 

3.95 

2.09 

3.91 

4.20 

1.62 

2.01 

4.30 

2.33 

4.92 . 

35.91 

" 

\ 

A-4 

WABu"sH AIRPORT 

TEMPERATURE 
(de rees Fahrenheit) 

40.9 

53.2 

60.2 

57.5 

43.4 

J 

, 
l "e 1 

1 ,-

1 .' 

1 0 
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" 
\ lJ'ABLE A4, 

" DAILY PRECIPITATION FIELD SEASON 1973 

(.inche#3 of water) 

! 

" 

WABUSH AIRPORT 

MaX June July A.u~st/' SeEtembet 

1 .28 ' .10 f ... 
2 .20 .19 .15 .45 
3 .43 
,4 .04 0 5 .t3 .01 
6 .02 ~ .14 
1 .66 .20 
8 .03 .03 
9 .54 

, 
.17 .()4 

10 .02 .09 
Il .05 .96 ,.11 .19 
12 .29 .14 .26 .13 .11 
13 .01 ~ .74 
14 .en .38 .06 
15 .01 .04 .05 ' 
16 .07 .04 .04 
17 
18 - " .02-
19 ". O~ .09 
20 .03 •. 01 .05 
21 .22 '.02 - .29 .19 ' .02 
22 .46 ." .03 .23 .03 
23 .02 .01 .06 .05 
24 - " .10 .03 - . 
2S .09 .14 ""; 

26 .01 .29 • 04 
27 .09 1.09 .19.' .23 .41, 
28 .15 .56 .38 .23 .06 
29 .06 
30 :- .11 .01' , 
3lj .-Jt! 

2.09 3.91 4.20 1.62 2.01 

A-5 " Il 
, . 
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TABLE A6 

D 

SNOWFALL/RAINFALL COMPONENTS OF PRECIPITATION 

(inches of water and inch equivalents) 

1961-1972* 

'" WABUSH AIRPORT , 

'- Total Total Total c Snow % , 
Preç. Rainfa11 S~owfa11 of total r, 

r' ~ '" 
l· 061 29.24 
o. 

15.52 ,13.72 Il 47 

r 62 26.74 13.65 13.09 49 
" ~ 63 32.48 15.50 16.98 52 
r , 

f 65 35.20 19.11 16.09 46 

66 37.83 20.24 17.59 47 

67 33.33 17.44 15.89 48 

68 36.B7 17.43 19.44 53 

69 43.30 23.90 19.40 45 .. 
71 41.03 21.68 19.35 47 

.::' 
72 3~.67 16.93 16.74 50 

i . 
; 
" 

• Average 48.5% 
~ 
\ " 

\ 

, 
* EXCl.Udin~s 1970 - data ~ncomp1e.te 

• 
" 

>, 

c 
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1 

Test 
Period 

Aug. 9 
to 
Aug . 

Aug. 
to 
Aug. 

Aug. 
,to 

, Aug. 

Aug. 
to 
Aug. 

"17 

17' 

20 

20 

22 

22. ' 

29 

. 

Cumulative 
Test 

Aug. 17 
ta 
Sept. 17 

. . -

TABLE A7 

EVAPORATION TANK TEST'RESULTS 

(inchel:? of water) 
'l, 

" \ 
Average Initial' Fin'a:t Total Total Evap. 
Weather Lev-el Level Pree. EvaR·. per 
~ 0 day ~ . , .. 

~ 
[ 

Ouil 3.00 3.04 0.66 c 0.62 ·0.08 

3.0'4 
. 

Sunny 2.59 0.00 0.4"5 0.15 . 
and 
Breezy 

Dull 2.59 2.63 0.18 0.14 0.07 

, .. 
Mixed 2.63 2.88 1.04 0'.79 0.11 

'. 

l4ixed 3.04 4.75 3.56 1.85 0.06' 

/ 

, 
- \ 

" 

, " 

A-a 

,-...;...---- ,--~--,-" -------

1 .' ,-
~ 

f 
1 
1 

1 ., 
1 
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APPENDIX 2 

l ' 
This see:t:i..on cantains all the water flow data from tes'ts 

made in the study area. Brief autlin~G of the test pra-

cedures are also included. Flow rates refer ta U.S. 

gallons peT minute thraughaut. .. 

o 
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Pïpe Flow,Measurements '" 

1 
pipe flow rates were calculated'by first deriving the 

velocity of water flow, from the shape of the gravit y 

fall curve, at the pipe exit. The method used is re-

Tiable wherever the pipe is within a few degrees of 
/-

horizontal, at i ts dis~ha~g~ end. Il1: each case mC,asured, 

the calculated value was ~ound to maëch weIl with ~he' 

theoretical capacity of the supply pùînp. 

, 
The equation of the flo'W '.velocitY of the water in the 

pipe, and that governing ibs downward.acceleration a~ it. 

leàves the pipe, may he co~ined, and simplified to the 

expression: -

V ::: 4x 
y 

where, 

v = velocity of flow 

ty::;l f 
, 

x, l, f ::; see Figure Al 

The quantity of flow through the pipe is then calculated . -, 

as the ~roduct of the flow velocity and the cross-~ectional -

area of the flow. The l~tter value i5 taken directly from ... 

A-Il) , . 
. , ------_ .. '. 

1 

\ 
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PIPE DISCfiARGÈ MEA~[IJREMENTS 
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GRAVITY FALL FLOW,. CALCULATIONS 
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FIGU-RE A2 

RELMïONSHIP BETWEEN AREA OF FLOW CA) 

AND WATER DEPTH IN PI PES 

PIPE FULL CAPACJTY 
,1 

( , 
• 1 

~ .. 

" 

, -

'. 

·PfPE DtAMETER (ins)----. 

>,' - , ( 

" +.' 

2 " " 

, WATER QEPrH. (Ina)' .) , 
:, {d-"f)' .. ". . - .. 

"l" • 
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~ 
figure A2 once d and f are known. 

Flow measure~ents were takeh on aIl the pumping Set-ups 
\ 

in the s·1;.udy area, with the exception of that from the 
- . 

sump of-Smallwood Mine. Direct measurement of the flow 

in this sy~tern'was not possible because the discharge end 

of the pipeline was inaccessible. However, conside~ing 

the capaeity of the pump, and the periodic ~nner in 

which it functioned, it could· be expected te deliver an 

'average 1600 gal./min. to Luce Lake. Table AB shows the 

calculated flow values for the rernaining pumpinq ~ystems 

in the study area. 

, . 

. - \ 

. . 

• 
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TABLE A é 

PIPELINE FLOW MEASUREr.tENTS 

PIPELINE EXTENT 

From 
Pointer Lake 
to 
Heath Lake' 

c 

From 
Humphrey Sump 
to 
Heath Lake 

1 

From 
Heâth Lake 
to 
Luce Lake 

PIPELINE 
DIMolETER 

14" 

, 

1. J"0-

14": 

14'1 

. 

DATES 

Befcre Ju1y 5 

Ju1y 5 - J!-l1y 

-
After July 28 

\. 

Throughout 
Field 
Season 

Throughout 
Field 
Sea,son . . 

, 

.. 

. , 

FLOW RATE 

495 gpm 

28 B40 9pm , 
, ' 

1350 9pm 

( 

640 gpm' 

e' 

3100 gpm 
1 

, 
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2.B Culvert Flow Measurements 

The water, leavin~' Luce Lake does so by a stream 'Éhat pas,ses 

through two 60-inch diameter culverts which carr~ the water 

beneath a lakeshore road. The velocity of flow through 

eac~ culvert was measurea on two separate occ~sion~ by 

usin9 a Gurley flowmeter. The first set of measurcments 
1 

were made in a period of low flow; the second' set were tak-

en at a higher flow 'rate. For each set of readings, the 

flowmeter was placed in different parts of the culverts 
, 

in order to obtain velocity profiles. Flgure A3 shows the 

',approximate positions of the flowmeter within each of the 

.culverts (numbered positions refer ta the low flow rate 

set, letteFed o~es'to the nigher). The accompanying 

Table A9 shows the average of four velocity readings taken 

at each of the p~s1tions in Figure A3. 

The mean v~iocities thus der1ved were then plotted as a . 

func~ion of the water depth in ,the culvert Ch); see Figure­

A4. A linear relatJonship was assumed ta be representative 
\ ' 

within the narrow range of variation recorded. Figure A5 

shows the cross-sectional area of the flow throu9h a 60-

inch diameter cul vert, also as a function of the water 

depth (h). quantity (0) 1s the product of the 

flow cross-sectional area. By having both 

A-l.3 
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FIGURE 'A4! 

1 , , 

RELATIONSHIP BETWEEN FLOW VELOCITY (V) Q' 

AND WATER OE'PTH '(hl IN CULVERTS 
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RELATIONSHIP BETWEEN AREA ·OF FLOW (A) . , 

.AND WATER 'DEPTHeh) IN CULVERTS 
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these variables' calibrated in terms of (h), a record of 

the water flow was easily obtaine~ from regular measure-
, 

ments of the water depth in eaeh culvert. 

The total surface outflow from Luce Lake is the surn of 

the flows in eaeh culvert. Table A~ gives the values 

of thé flow rate during the field season. Figure AS 

shows these values plotted along side those obtain~d for 

the flow over the weir located downstream of the cul verts. 

... 
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TABLE A9 

FLO\iIvlETER VELOCITY M..EASUREMENTS IN CULVERTS 

-

\. ,( 

Cu1vert> A r Culvert B 
a 

-
lPosition Avg Ve1 (ft/sec) Position .AVg Vê1-(~c!Q~) 

" 

1 4.96 1 4.74 

2 4 .. 96 2 5.33 

3 4.55 
1 

3 3.36 

4 3.76 

. 
MEAN 4.82 MEAN 4.67 

-1 

A 6.41 A 
, 

'7.09 

B 6.53 B - 7.13 , 
" . 

C 6.15 C 6.86 

0 4.78 D 5.19 

E 6.11 E, 6.76 
\ . , 

F . 5.15 -
~ , . 

MEAN~ 5.85 MEAN 6.61 

~J-~-
, . . , 

-

A-15 

. 
---------,----------
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l' 
, 

- 1 

-

-
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TABLEoA1Ù 

CULVERT FLOW MEASUREMENTS OF LUCE LAKE DISCHARGE 

WATER DEPTH WATER DEPTH COMBINED 
DATE IN A fins. ) IN B (ins.) FLOW RATE (usgpm) 

JUN. 26 12.50. 15.0.0- 15,,296 
30 Il.50. 14.0.0 12,536 

JUL. 3 13.0.0. 15.0.0. '15,990. 
7 12.48 14.16 14.291 

Il 11.40. 13.68 !"Ç J " 
13 "1~.68 16.2.0 
15 o 1 ,80. 1J.30 2 ... ,_/4 
18 14.28 16.68 21',0.0.6 
~ 13.20 15.36 16,832 .... 

23 ~ ~-J~;]2 15.24 16,0.95 
25 12.24 1-- '----r3 ~. t-- 13,191 .~ .. 
26 12.24 14.16 ~,-184' 
30. 12.60. 15.0.0. 15,486 

,. 
AUG. 2 11.0.4 13.68 11,456 

4 9.60. Il. 76 7,392 
6 9.12 11.74 7,0.47 
B 10.56 12.84 9,659 

20. 10..68 13.32 10.,637 
, 

SEPT. -23 10..20. 12.65 

f 

of , 

( i 

10.-16 

----_. _ .. _-,.......--"- . ' ï , 
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2:C Weir Flow Measurements 

" For accurate water flow measurements, it is necessary 

that weirs be sharp-crested and not' susceptibl~ tO,leak-

age or under-seepage. The installation problems asso-

ciated with the latter conditions ar~ rnany and often 

difficult to eradicat'e. The sharp crest, which requirE~s 

that the wa~er ':breaks· ~ean~y ;rom the downstream face, 

, is necessary for ~h~ cali~ation equations to hold good 
l 

(see Figure AG). Two types o~ weir ~ used in 'the 

study: Tectangula~, for larger flows, ahd 90° V-notch 

for smàller streams. 

The quantity of flow (0) over a sharp-crested rectan9~lar 
, .. 

weir may be calculated from the formula: 

Q = CLH3/ 2 

where, C = discharge coefficient constant: 3.33 

L = length of crest 
J 

H "'" head 

When the crest length (L) is less than the width of the 

stream, a~ end-cor~tion must be made to allow for the 
.ç, 

contraction of the flow'. Thus: .. 

A-17 

-.;;;;;;;;;;;;.-.--,--- --
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FfGURE AG 

WATER FLOW OVER' SHARP-CRESTED WEIR 

b, 

" 'HEAD MEASU~ING STAFF IN BACKPOOL 
. 1: ' 

o 

1 WAfER' FLOW 
H 
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. , 

L == L' O.2H 

where, L' = measured crest length , 

with a 90° V-not~h weir, the flow is given by the equation: 

Q = CH 5/ 2 

where, C == discharge ~ 2 .. 5 

H = head 

'J 

The largest weir in the area is that on the outfldw stream 

from Luce Lake. This i5 an aid tirnher construction with a 
o 1 

large backpool' and observ~ble leqkage of the orde,l;' of sev-

eral hundredgaL/min'. (pe,rsonàl e~timate). During thé' 
"..,.--"' ..... , .. 

course of the field season, renovations. Were carried out' 

ta improve the break qf th~,nappe on this weir by instal­

ling a new higher crest. ~he leakage through.the weir 

represe~ts an error factor of about 5% of the measured 

,flow rate. 

,'­The remainder of thè,weirs were constructed and installed 

~ during the field season. They were arranged 'around the 

perimeter of Luce Lake ta meaaure the stream inflow. This 
, . 

par~of the project was not compl~ted however, and will be 
, . 

continued in a future field season. The locatio~ of those 
~ 

weirs which were installed are shown in Figure A7, and the 
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read~ngs from the weirs are çiyen in Table AIl. -Table 1\12 • contains the values of the flow over the la~ge weir on the 

Luce Lake outflow stream. 

Figu~e AS ls a graph of the flow rate over the large exit 
.,. 

weir versus tirna during the field,season. The flow values 

,from the culvprts on th~ -~me ~tream are also plot~ed along 

& with the daily precipitation values from the Heath Lake 

rain ~aug~station. Within the limits of measurement 
, ... , 

accuracy (between 5% and 10%), the two streamoflow curves , . ' 

j 

• <)natch 'Very c~osely. Tll.ere is also a significant. relationship 
o •• 

between rai~fall a~d streamflow. The two major. precipita­

tion periods, June 25 - 28, and, July Il - 14, are followed 

by peaks in the, stream flow, showing a time lag of between . 
tht.ee a~1.t ~our d~ys . 
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'TABLE A12 Jo 

rl~ . 
·WEIR FLŒ'l MEASUREMENTS OF LUCE DISCHARGE • , 

1 . 
'l 

. Il i , 
l) 

Ffow' Rat~ Date Hea.d (ft) (USgpm) 

June 26 1. 34 13,753 
June 30 1. 57 17,;306, 
July 3 /1.80 "- 21,079 
Ju1y 7 1. 52 16,525 
July 11 1.34 13,75~ . <. 
Ju1y 13 1.90 22,781 
Ju1y 15 .r 

2.19 27,910 .., '\ 

Ju1y 18 1.81 21,750, f.: 
Ju1y 20 1. 71 19,580 
Jl.1.ly 23 1. 61 17,890 
Ju1y 25 1.50 16,199 
July 26 1.620 18,118 
Ju1y 30 1.25 13,264 
Aug 2 0.98 9,290 
Aug 4 0.86 7,635 
Aug 6 0.76 6,131 
Aug 7 .' 0.70 5,733. , 

1 Aug 17 0.78 6'ffi> , 
1 L. Aug 22 0.71 5,~16 

Aug 25 0.72 5,529 
Aug 28, 

, 0 • 79 
'" 

6,340 
pept l 0.73 5,643 
Sept 4 0.82 6,698 

. Sept 7 0.79 6,340 
Sept lJ) 0.79 6,34,0 
Se:pt 1.3 0.,92 7,934 
Sept 17 0.86 7,185 
Sept 20 0.74 5;.758 
Set,Jt 23 0.73 5,643 
Sept 27 

l) 0.69 5,183 
Sept 30 '~':71 5,416 , 

'\l' 

4 

(-:' 
, 

,', ... 
\ 

q~ A'::21 

'1: " 
" 

. . ~. ~ -, :.~~i _\,~.~~-~:~,~ .. ~~.~;~~~~ff~}~, ~ 1 
\ ,)~ ~ .. -, -~ --_ ..... -..... 'II ____ ~-~f . ... -:,'.' .:i . " 

. , . " #" , ,,' ' . . ~.- " . - .. '.' .... ~, 
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'. '", .r. ,..1 • .:'.' __ '.k%\ .. ~ -"~,",, . ' ' '" 



. , 
This section contains aIl .th~ cé'llcula-çions carried out 

~~ , 

in order to obtaifi the Figures for the Mine Dewatering 
. " 

Potential'Ana1yses present.ed in Chapter 5. 

Summary of" info~ation abstracteq from text ôf thesis for 

use in these calculations: -

annual precipitation 35.7 ins. 

normal summer precipitàtion 20 ins. 

remnan,t winter precipitation 9.1 in!!:. 

atmospheric reduction figure -'vegetpted 90% 
" . / - stripped 

Sma11wood surfa~e drainage. sub~basin 

are a 21.92 X 106 sq. ft. 

stripped 65% 

vegetated 35% 

lake-cover~d 0% 
" 

Smallwood gro~ndl wàter .sub-bas,in 

area 40~85 x 106 sq. ft. 

stripped 56% .. 
ve«i1etated 44\ 

lake-9overed ,'0 % 

l 
A-22 

50% 

• 

• 

" 
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\. , 

(1) spring recharg~ partition constant at 50%, 

varying sUITlIl}er in:fil tration factor 25%, 50%·, 75~ 

(A) Average Summer Dewat~9 
Step l 

, 0 

~ ~~o x Zi.92 x î~ -; + ~ i~o x 21.95 x ~2 ~ 
7 . = 1.)05 x 10 ". cu. ft. 

( 100-25 ) x 1.305 = 9 79 . 106 ft ( 100 ) • x cu... 

Step 3 
. , 

( .56 40 85 10}... (44 40.85 x 2 ) 
( .. 1.00 x • . x 12) .( 100 x 12 ) --

7 . = 2~106 x 10 c~. ft. 

Stap 4 

.. ' 
25 . 0 
100 X ~.1 6 = 5.27 x 106 cu. ft.' 

Step 5 >J. 

'40.85 Xcr2~: ~'3.09~ x 10
7 cu. ft. 

\ 
. ~ 

St;ep 6~ _~ : .. :,: __ 
.. 

-, ,. '-
~.. ." .. 

)\-23 

.... ..,.._ ... _. _.,_ ............... _____ .......... ---~ ' .. ff 
• , " 

.. r 
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! 

( i 
, " 

. ~ 

-- -------- -- ~ - ----

'-, 

(8) 

\', . 

; , 

,. • 1',. 

~go x 3.0~8 =,15.49 x 106 cu. ft. 

Step 7 
~ 

, 9. 79 + 5. 27 + 15. 49 ::: 30 . 55 x 106 "cu • 'ft. 

Step 8' 

30.55 x 3 
365 x 2 ::: 1.26 x 105 cu. 

1.26 ~ 7.48 = '654 U S 1440 • • gpm 

Spring Peak Dewatering 

Step 9 

~1.92 9.1 100-50 
~ lt rr- x 100 = 

8.31 x 6 _ 1:37 x 105 
365 

8.3,1 

cu. 

l'T 3 ' x 7. -48 - 712 U,.5. 'gpm , 1440' -

ste~ Il 1 1 

, -
, 

6'54 + 712- = 1366 U.S. gpm 
,p 

,# 

13~ea t Us ing 51>% ' '-. 

,J" 

'~ A-24-

ft./day 

cu. ft. 

, ! 
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Il 

'~ 

a a 

Step ;! 
" 

100-50 ) 
X 1:305 = 6.26 X 106 cu. ft. 

100 J 

seeP:' 4 

50 2.106 :: 10.53 X 106 
cu~ ft. 

190 X 

Step 7 

6.26', + 10.53 + 15.49 = 32.38 X 106 cu, ft.: 

Step à '-' 

giVêS; 689 U.S .. . 9pm 
".4'-'. 

Step 11 

0 

gives 1399 U.S. 9pm 

\ 
Repeat,Uslng 75% ,'. 

Stel' 2 
:t 

( 100-75 ) X 1.305.0=: 3.26 106 cu. ft. 
( 100 ) 

X 

\ 

Step 4 
-

f~C) x'2.106 = 15~80 X 106 cu. ft. 

" (l .. 
,,-, 

A-25 , 

, 
., , 

, 
J 

j 
,1 
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" 

Stee 7 

10 6 ~ 
3.26 +.15.80 + 15.49 :;::; 34.55 x cu. ft. - ~ 

f 

Step 8 

• 

give$ 73.~ Il .S .. gpm 

.... 
Step 11 

,; 

,gives' 1448 ·U.S'. gpm 

(2) With summer infiltration factor constant at 50-% , .... \,/ 

" partition ~5%, 50.'6 ~ • varyinq spr~ng recharge 75%: 
'r • 

(A) Avèrage • Dewatering / Summer 
, ' . 

.... 
'S1;ep 2 

. gives 6.26 x 106 cu. ft. 
-. 

siep 4 

gives 10.53 x 106 cu. ft. 

Step 6 

• 25 10
6 

100 x 3 •. 098 = 7.75 x cu. ft. 

steE 7 

C,i 

A-26 .-

'\\ .. 
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'li a 'f 

t 6 1 26 + 10.5"3 + 7.75 ;::: 24.54· x 10? cu. ft. , 
~ , • f 

i Step 8 r . 
" 

gives 524 d.s. gpm' 
.... 

(B) Spring Peak 
.. 

De\tfatering 

Step 9 

21.92 x 9.f' 100-25 12.41 6 ft. 
. :~ 

'Ir x lOq = x 10 ,cu. 
(, 

vtf"" 

Stee 10 f ., 

gives 1065 U.S. 9pm 
) . ' , 

Ste]2 ·11 • . 
gives 1589 U.S. gpm 

... .~ 

" Repeat Using 50% 

" ~ 

" St.eE'S 

" 
.givès 689 u.s. gp!\t' 

Step Il 

il 

gives 139~ O'.S. gpm, . 

. ... 

(-'",. " ,.. 
·1 

.- , 
~ 
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Repeat Using 15% 

( 
Step 6 

'i~o x 3~098 ;: 23.24 x 106 cu. ft. 

Step 7 

" ' 

6.26' + 10.53 + 23.24 ::;: 40.,03 x 10 6. c~. ft. ,. 
Step 8 

gives 855 U.S. gpm 

21.92 x 9.1· 10,0-75;: 4 16 1LOOo/6 ."c' 
ï2.X ,100 . x F C,~ ...... ~\. 

Step ~, : 

gives, 355 V.S. 1Wm "J ' 0 

Step Il 

gives 121(j··u.S. gpm . 

" o 

:. 
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/il' 
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