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A study was carried eut—tONinVégsggate the faétoré‘relating
to dewatering at the open pit mines of the Iron Ore Company

of Canada in Labrador City, Labrador. ) Information was

col%écted regarding climate, geology, surface water, ground}////f =

water, vegetation and mining practices. The seasonal Ve |
N -~ il i‘
climatic features were defined with respect to water attail< U
/ ' . i

ability and dewatering requirements. _ l ! :

The aréa surroundlng the plts ‘was divided into a number of P :

[N UPMSIES WS

smallr\lndepggdent surface and sub-surface dralnage basins, !
£ S
/ .

\\@\\\Mfgefliﬁifs of which were mapped in the field. A technique

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

tion of the dewate;ing requirements based upon data col-
P lected in the study. An analysis Wwas made of the dewatering

potential of one pit in the-area using the water budgeéingf

technique, and it was found to give results in close

agreement with the actual requirements.’ The water budget

_\_/,W

analysis may be made in a conceptual form in advance of

the mining so that the dewatering requirements can be pre-

- -

dicted. It is believed that a study of the type descrlbed; o

herein is certainly justifiable in economic terms and could -

serve very usefully to improve the dewatering activities

required by open pit mining in this region of Canada.




TERTETL T -

S ol e v

N A

o S o NP

/
/
g #
SOMMAIRE *

\

1’ évacuation des eaux aux mines A iel ouvert de 1' Iron Ore

%

Company du Cana&a 3 Labrador C1ty au Labrador. Nous’ avons

s

recueilli .des données sur le cl;mgt, la végetation et les techniques

q' extraction. Les caracteristiques climatiques saisonni2res ont

été définies en termes de la stponabilité de 1'eau et des besoins

I
l

d' évacuation dfeau. i
. "\g\’

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

I
certain nombre de petitq/bassins dedrainage independants, en surface

) ,)

e souterrains, .dont les limites ont &té cartographiées sur le terrain.

Uge méthode de cowptﬁbilité de 1'eau basée sur les données recueillies

i

lors dé cette étudgfa été épablie pour permettre les calcul des besoins

i

en évacuation des eaux. Une analyse des besoins en evacuation des

eaux de 1'une des mines de cette region utilisant cette méthode a

.
|

donné des résultants tr2s voisins des besoins réels.

¢ les besoinqhen évacuation des eaux. Nous sommes certain qu'une telle
+ A

'

étude est justifiagle en terms économiques et pourrait &8tre utilisées

pour améliorer les activités d'évacuation dgg\}aux requises par les

mines/d ciel ouvert de cette région du Canada.
3 v . ]

/ .

[BUPINRN - e € et o A o e

ﬁg Ce travail a pour but d’étudieﬁ’les facteurs influant sur

La comptabilité

de 1'eau peut atre é&tablie avant les opérations minidres, prévoyant

\\‘ LY
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CHAPTER 1 - INTRODUCTION' ;

=~

This thesis is. presented in partial fulfillmen£ of the

M. Sc. degree\requirgments'df McGill University, ;'lontreal.B
It is based upon work carried out while the author was em- .
ployed with the‘Irpn Ore Coﬁﬁany of Canada, during the
fielg §éason*ef May/September, 1973. The 1ocation of the

study a;%a is shown in Figure 1A; Figure 1B is a plan of
the area, identifying the lakes and the open pits. The ”
m1n1ng area is apprOX1mate1y five miles. Ln;length, an§§

three mlles wide. It coqtalns several pits in various

-

”“Q?E;;s of'deéeldément,"panging in size up to\lO}QOO feet

lohg, 2000‘féet wide, and 300-fget deep, these being the

approximate dimensions of the Smallwood Pit:

The Iron -Ore Company has adkivély mined the area for over
- ! - !

ten years. ,6 Initial work was begun on the Smallweod eroéit'

and subsequently expanded .as production increased; Thé

company decided. to inltlate a dewater;ng potentlal study,

to be carried out by the Technlcal Servxces Branch of 1ts

Geotechnical Department, for two main rgggons:‘

(1) Successive deepening and enlargement of Smallwbod

and to a lesser extent Humphrey, Mlnes has 1ncxéased

s

and conilnues to 1ncrease their water catchment

e i A

p _’gg‘f
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potentials from both surface and sub-surface
_ sources. The present system of dewatéering

with pit floor sumps is- becoming less efficient

as the quantity of water to be handled increases.

(2)° The latest lowering of the floor of Smallwood Mine
reduces it to almost the same level as the surface
of Luce Lake. The projected ultimate depth of the
pit is some 500 feet below this level. The prox-

. ¢ R
imity and size of the lake require that its pos-

sible role as a ground water recharge source be

[T R

- evaluated.

L

There are two additional, specific reasons why pit floor

sump dewatering is unsuitable in'the mines of the study

“area; -

. Q‘

(1) Following large blasts, fly rock, of boulders v
up to several tons in weight,ooffers the likeli-
hood of serious damage to dewatering equipment,

» ' especially when these are situated at lower levels

LY

within the pit. In consequence, the présenp

. dewatering system must be disassembled prior to -

each blast (an inconyenience to be suffered on

.average every second day).

i . -
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(2) In early winter, before the giound becomes éntirely
frozen, water segpage from rock faces cause icing
over‘large areas of the mifies. Serious disruption:
of the mining work'may result from this, depending
upon the quantity of water flow and the thickness

of ice that develops.

Dewatering by a number of apallow or medium depth wells,
peripheral to each mine is seen as a pé:piai solution to
the problemqé This system is also'favoured because it has
been observed that most cf.phe ground‘watgr seeping into
the bits does so in localised regions, which -have been

correlated with fracture zonesg, and would be ideally suited

for the siting of wells around the pit margin.
Lt o . |

A

—

The work for this project is the first of its kind in the
area, so that with the exception of occasional comments in
drillers’' and engineers' reports, no background informatign
could be found. The author was also unsuccessful in a
literature gearch ﬁ6;\any previous studies carried out 1in
other areas with similar hydrogeological and climatolog%cal !
= eonditions. Within the study aréa, abundant geological
Al
information is available, having been produced in the
course of the surface mapping and drilling programmes of

Y

the company {see Chapter 2). 'Reference was also made to

o SN
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the aerial photographs of the area, in the planning sta;eQ(

of the project, but these were of litfle use in detailed !
work since they predate the mining 6peration. However,

they do serve as a reference to show the dﬁangés in the
geomorphology that have occurred as'a result of the Iron

Ore Company's activities.

#
4

In view of the poor state of knéwledge of any part of the
hydrological regime, the field activities in the study area
were designed to cover as many different aspects as possi-l
ble witﬁin the time allowed. Thus, the séope of the tbesis
is rather wige, but it is hoped that the compreﬁensive’
nature of the content will compensate for any.paucity of

specific detail. Moreover, the thesis is intended to des-
) !

. cribe a practical approach to water budget and dewatering

analysis, given limited manpower and resources. Indeed,

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

. acceptable method within the field of appiied hydrology._

The economics of data collecting and gﬁélysing are a very
major factor, particularly with;respé;t to information :
about sub-surface condiéiong. Thus for a study to be
worthwhile in an area such as miﬁing, it must be justifi-
able in a cost-benefit sense. It is hoped, therefore,
that this paper will show how solutions to various hydré—
logic problemS'ma& be approximated within "acceptable
u/ g 4’;‘)" ;

1-4 -
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te

budget restrictions.

’

The primary aim of the thesis is to repart the author's

findings in the area of.research, and to show how they fay = -

be applied in the formulation of a mine dewatering pro-

gramme. Some discussion is also included of the various
advantages and dis;dvantages associatéd with working on
a hydrological study in an area of active mining opera-
tions. Within tﬁis broad, practically orientited context,

the 'thesis follows four major roads of enquiry:

(1) Identification and delineation of the drainage

network of the area. ,

(2) Description and appraisal of the sub-surface_ water
- conditions.
(3) Quantitative assessment of the hydrology in the

form of a water budget study.

(d)ﬁ Interpretation of the information from a dewater-

ing viewpoint.
LA

The‘author‘is entirely responsible for the conclusions of

the thesis. Any opinfons stated herein are not necessarily

i

e s« b PR - 3y g
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shared by the Iron Ore Company of Canadék%gr by any of

its employees.

- {@Y‘

- &
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CHAPTER 2 ~ BACKGROUND INFORMATION

General Geology

'

The study area is located in the extreme southwest of the
Labrador Trougk (Figure 1A}, a.be}t of late Pre—cambrian
igneous and sedimentary rocks.“ The sequence within the
trough is separated Erom the undgrlying Ashuanipi base-
‘ment complex by an unconformity and large faults. More
recent, Montagnaishintrusi s are found throughoug the
trough, but comprisg a very minor part of the rqfk outcrop

of the study area;/////

The margins of the trough are far enough removed from the
study area that none of the Archean basement complex is
exposed within it; nor have they been pengtrated.during
drilling. Thus, for the purpose of the study, only the
Proterozoic rocks, shovn in Taple 22 need be considered
detail. This stratigraphié sequence (modified after
Camb 1f, 1962), includes sufficient mineralogical and

> petrogr picél information for identification purpose®)

A more pertinent classification of geohydrological rock
‘units is présented in Chapter 4.

' / . . .

Y

\

(} / The sediments of the study area are believed to have been

. ey gt s <t
A sibmass
;(
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laid down as shallow basinﬂdeposité on an irregul&r
basement surface. Composition changes are mainly strati-
graphically controlled within the study area, but may be
partly due to lateral facies variations. The detrital
input was méstly arenaceous with minor argillites. Clean
quartz sandstones are intercalated with greywacke, lime-

stone, chert, and chemically precipitatgd ferrous oxide.

At

_Regional metamorphism of Grenville age, produced the

massive quartzites and schistose units of the present
stratigréphic sequence. Quite extensi&e ion migration
accompanied the metamorpgism, particularly with regard

to the iron preéfﬁgfggggj which are yow found as magnet-
ite, haematite, martite, and siderite. The average grade
of the metamorphism is almandine/amphibolite, and the
intensity of the schistosity Qarieé markedly with compo-

sition and structural fposition.

" 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 t+ 20 degrees, the other N 75 de-~

grees E + 15 degrees. The former system is best developed,

"producing long parallel folds, usually overturned to the

west. The degree of folding is closely related to the

competency of the rocks, with quite complex, local

2-2
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! - UPPER
CAROL MIDDLE
LOWER

KATSAG

TABLE 2A

” ¥

COMPOSITION

.

Quartz Specularite
Specularite

Specularite-Magnetite

Magnetite~Specularite

Magnetite - .

Quartz-Magnetite

Gradationql Contact

S

Quartz

~ Carbonate-Magnetite

¢

(Specularite)

Carbonate-Grunerite

Quartz -

Amphibole >

I

Quartz - Carbonate-Grunerite

A

Geothite~Limonite
Alteration Common

Ankerite~Siderite

v

Impure Quartzite, Iron Oxides Common

- Massive crystalline Quartzite
Massive Quartzite with Shaley Bands
Garnet, Cyanite, Biotite, and

Hornblende Schists and Gneisses

¢

STRATIGRAPUIC SEQUENCE

~

/
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distortions appearing in the weaker units, particularly

v

at sites of interaction of the two fold systems.

2

H

Generally however, regular folds of the main system

predominate, having anticlines rather tiahter than the

syhclines and an average wavelength of .about 2000 feet.
ST :
The .outcrop pattern of the major units of Table 2A and

the main structural features are shown on the geological
map which forms Sheet 1 (in pocket). One important
feature to note on thié\map is an outcrop- of hornblende

f S

schist in the central pdrt .of the study area 1yiﬁg paral- ’ ‘

lel with the edge of the Smallwood ore deposit and partly oo

underlying Pointer LaKe.- It is not known whether this
unit ;s a displaced member of the Katsao Schist group,
or whetheriif is an isolated unit, perhaps the metamorphic

product of a small igneous intrusion. However, because

of this unit's important role hydrogeologically, it is

termed the Hornblende Schist, and referred to as such

throughout the text. -

t »

~

Jointing and fracturing is commonly observed in the rocks

of the study area. Within the pit limits, the fractures

are usually open and closely spaced. This appearance °

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

author's opinion, does not truly represent the natural

%
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quartz-fill is often present along};arger fracture planes.
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state of ghe.materials.‘ Detailed observation of/in-situ
‘ . SN
rocks, away from ‘the mining areas, both.at §ﬁ3 below the

ground surface,

f
t

T

shows joints and fractures tightly closed

in general, and far less abundant. Inspection of driil
; Pabie
core ‘from many parts of the study area seems to corroborate

these observations. Secondary carbonate, haematite, and

=

o

A few seemingly localised zones of open fractures do occur,

and are easily 1dent1f1ed where they lntersect a part of

a pit wall They are probably related to faulting within |

|

the area and may also show leaching effects. These

s ¥
fracture zones are quite significant hydrologically, and
L\

e
may warrant dewatering on an individual basis wheré they

9 . ,. »f.‘/. . o
are observed dlScharglng water at/thélr intersection with

-

the pit margin. Thls dewéter;ng could be effecbg&-bf/

“J
shallow to medium depth weils penetratlng the fracture ,

® v 4

zones outside the plt Iimlt. These wells would form a

» part of the perip e§a1°well_sysfem, which is discussed mere

fully later in the thesis. ) : ’
13 /,’ ]

. / .

The carbonate members of the ﬁower and transitional Lowerxr/-

" Upper,.Wabush Formation are composed of ‘a variety of

schistose units. The minerals occur in crystalline bands

from a few millimeters %o several ¢entimeters thick and 4

. SN S —

. s A3



they May be gomposed of single minerals

[
minerals growing together.

o

ferruginous carbonate,

along with magnetite, grunerite, cummingtonite, anthophyl=

lite, hypersthene,

often occur as

rock a fibrous texture.

ankerite and

3

Quartz,

actinolite and diopside.

v
or two or more
coarse grained

siderite are common,

long lath-shaped crystdls Wthh glve the

L

W'

Some parts of these carbonate

rocks have suffered very heavy 1eaching.

the whole
sand of a
bands and

unaltered

rock is

very friable and porous. nature.

b

The amphiboles

In extreme cases,

“

reduced to’a highly incompetent, sugary

Elsewhere,

-

pdds of leached material are found within the

rock.

In good exposures the leaching can be

seen to follow the jointingﬁgfstem, and to sprcad out

vinto the adjacent lOCk mass.

Typically,

core recovery

from holes drilled in4%Le more heav11y°leached material .

is very poor.

o

p -

The amount of leaching usually decreases

gﬁﬁiﬁé rapidly with depth below the present land sugface.

However,
-

4 2 4 M oa N
within'the area shown (Figure 2A) 4 a very tbick

zone of leached material is’'present, probably gréater

3 than 250 feet at its yaximum.

(S

o

-Overlying the ancjent rocks of the area is a sparse and

.

atchy\layer of Plelstocene to recent, surficial materlal

-

The ridge crests and*hill slopes rarely shoulder more

than two or three feet of cover and a;e often bare-rocked.

-

¥

7
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Only in lake bottoms or on valley floors is soil found
in any appreciable quantity, and then it is rarely
developed to a dépth of more than 30 feet. Fluvio~glacial
. ™

and lacustrine silts and clays are most common, often with

a high organic content. Coarser sands and fine gravels

occur very sparingly in circumlacustrine beaches, small

’ -
river deposits,.and esker remnants.

N

+
-

>

In genéral, the presence of a reasonably thick soil cover
tends 'to increase fun-off and reduce infiltgation to the

/\ N
underlying rock body. Also, water that does infiltrate

tends to be held in the porous but poorly permeable soil

‘and does not migrate freely into the underlying rock.’

Often. these areas become quite swampy following heavy ., =

.rainfall.

-

Soil cover is absent within most of the"area of active

r o, - T
mine work, since it is standard practice to strip off

all the superficial material. One negative aspect of

exposing the bedrock surface in this way is the resulting

increase in infiltration and recharge to the ground water
o - (\ .
system.= the approximate extent of this denudation is

shown on Sheet 2 (in pocket), by an outer-limit line.

I .
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2.2 Physiography - K
v ' ‘
’ ) . B
The total relief of the study area varies between a low R

-~

of 1910 feet at the surface of Luce Lake and a2 high of =
W .

/T A

2955 feet dt Wabush Signal (see Sheet 2). Locally,
adjacent hills and valleys rarely differ in elevation by

& . '
more than 300 -~ 400 feet. The topography has been very

&

sxgnlflcantly delfled over the last 15 years by the
mining act1V1t1és, which have removed or redistributed .
several hundred million tons of the recks of the area.

The Ffontispiece'to the thesis-shows an aer}al view of
part oé the mining area,nihcluding Smallwood mine, and - -~

shows the scale of this modification.

The natural landscape is primarily of an erosional type

and mostly dates bac(ﬁio«the Pleistocene glacial perlod

\.'¢
The present day rate of natural weathering is very ‘slow

and mainly effected by frecze-thaw mechanlsms. In keeping
- . U K ]
wijh this, the sediment transport system is mostly

ineffective and barely suffices to move material off
slopes into lake bottoms. Valleys have gently reunded
or flat bottoms, and hill slopes and erests;are well-~
smoothed. | -

7
The topographlc expression lS closély controlled by the
& ' Ed

>
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geology of the area. -High land is composed of the more

resistant Carol, Katsao and Upper Wabush formations, whifé

valleys tend to be restricted to Lower .Wabush outcrop
areas. Since the positions of these units rare determined

. by the fold systems of the aréa, a definite correlation

-

\ can be traced between the axes of the structural trends

and the t0pographic grain. .

. ( - -
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2.3 Climate
The study area is ,located about 20 miles from the Wabush
Airport meteorplogical station of the Canadian Atmospheric

Environment Service. The station was established in

November 1960, and has been recording climatic conditions

s S

on a daily basis since that date. Appendix 1 inclides

tables of total monthly and mean monthly precipitation,

- TR
°

and mean monthly temperatures, over a ten year period from

1961 to 1972. The daily temperature and precipitation

<

v TREEART RN

information for the period of the 1973 field season is
) L

also presented.

The general climatic picture in this part of Labrador/ ) s |

Quebec approaches extrenie continental conditions, with

an average annual temperature range of about 125 degrees

] Fahrenheit. The average yearly precipitation is approxi=-
. mately ¥ inches, of which a greater part falls in the

second half of the year. ' In an average year, the mean

e aR Sf L s

daily maximum temperature remains below freezing point

-

between mid-November and late-April. Taken throughout e

the year the mean,.daily temperature is approximately

b o

25 degrees fahrenheit.

T s

It is expected that the micro-climate of the study area is )

4

a
K

-
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3

1
F-4

strongly influenced by the physiography, particularly
with respect té wind velocity and precipitation. Daily
. precipitation during the field season, measured adjacent

to Heath Lake with a ten square inch standard copper rain

| gauge (Appendix 1, Table AS5), -can be compared with the . (

; ‘Wabush Airport data. . '

: .

i
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2.4 Vegetation

[

The study area may be - -sub-divided into two major and one
minor floral prPQinces, which result froh variations of
the soil characteristics and the topography. The most
important.of these has been termed the "close-forest type",
P by Hare (1950). Black Spguce is the mainlspecies, with

i secondary Larch, Balsam and wpiég Birch. The ground

f getweep the closely spaced trees carries a thick"carget

of mosses (Sphagnuﬁ); lich#hs (Cladonia), bunch-berry,
wood—gorrel, and many other small shrubs.

] * : . g
: ® At.higﬁsr elevations,“op ridge crests and steep slopes,

[ where there is poor soil cover, good drainage, and very

E open exposhre to severe climatic factors, the second

E major province is found. Trees are rare and usuhliy

| stunted. Grassqsﬂ?hosses, and licheps abound along with
E many species of shrubs, especially Labrador tea and blue-
|

berry.*

Lastly,.in a few low-relief areas are patches of muskeg
* or swampy ground. These areas are generally underlain
by “past lake sediments and are poorly drained. Mosses,

> we * .

-shrubs and marsh grasses predominate, though a few .

-

(i. scattered and poorly developed trees may be present.

2-12
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Potential evapo-traﬁspiraﬁion (P.E.) values have been
calculated for differént boreal forest assemblages and

are tabulated in Hare's paper. These valueg vary with
climatic conditions and gtographic¢ distribution. Abstract-
ing his proposals, for the combination of floral provinces
found in the study area,ia potential evapo-transpiration

in the order of 12 - 15 inches per year can be expected.
This is approximately equivalent to one third of the total

*

yearly precipitation.

. 2-13.
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CHAPTER 3 - SURFACE HYDROLOGY

~

3.1 Introduction

The e§sential/brerequisite_for é drainage basin study is
a topographic map showing the waterways and watersheds of
the region. Se;eral problems arise wﬁen this base map
incgludes an area of large scale opeﬁ—pit mining. Firstly,
the present land surface bears little ;elation to the
published maps of the National Topographic Survey.’
Secoﬁaly, the topography cannot be considered fixed or

constant for it is in a state of flux changing from day

-

to day as mining operations proceed.

’

The positioné’of watershed and stream lines can be moved,

broken or created by the mining activities. However,

these changes will only be made in the course of lateral

expansion of a pit. Once }he ultimate pit I}mit, the

edge of the ore-body, has been reached, the.topography
regains its stability with respect to surface drainage.
Continued mining withiﬁ this pit limit{will, of Lourse,

continue to modify the sub-surface drainage pattern.

4

The base map used in this study (Sheet 2) is a composite
, . \

of-the original topographic survey and re-contoured spot

3-1
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heights abgtracted from the mine surveyors' log. The
map is an accurate record of .the shape of the land
surface during August, 1973. Once establishég) the base
map can be easiiy\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.

All the surface drainagg data, the positions of lake
shorelines and streams, were checﬁed in the field by
traverse mapping. he traverse sdrvey along 200 feet and
400 feet parallels was also a sourze of extensive back-
ground 1nforma§}on on the study area. It allowed close
observation of the rock types and thelr .physiographic
expression and prov1ded\q€ overall picture of the surface/
sub-surface, recharge/discharge char?cterlstlcs. In
addition, it furnished the opportunity to collect water-

table information from a number of abandoned diamond drill '

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

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

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

of internal surface drainage which has been isolated from

5
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) B - ' ¥ )
the natural drainage system by the mining operation.-

Water from a sub-basin may be’ removed by pump and pipe-~

line into an adjacent sub-basin, or alternapively, into
some part of the nat&fal drainage network andythence out-
of~th? study area. Thisbsub—basin concept is very use-
ful since it allows a quantitative breakdown of the -

surface water budget into areas which relate to individdal

~ o

open-pits. . : .

-

N . .
* .

There are six drainage sub-basins within thé studf areé.
These are shown approximately in Figure 3A which inclgdes

a schematic reﬁresentagiqn of the pump and'pipeline flow B
system. Figures 3B to 3G show the éub-basins in deta;l,
including the relevant physical data of each. Thé bound-
aries of the sub-basins are also shown on the hydrbgeolo~
gical base map, Sheet 2. .
The Sherwood sub-basin has been extended to incorpdrate

a small, isolated mining area immédiately adjacent ;o,it.

This is done. for convenience, for the area is too small

to be considered significant in itself. Moreover, since
the mining of this area is actively progressing in the“q
direation of Shérwood Pond, the two areas wall coalesce

in the near future, if they have not already‘done so at

R e A R ik e
. e oy

(L the time of writing.

SRR SR h ot s TR
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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 aﬂd
soutﬂeast, the water drains to Luce Lake, an@ also, even-
tually to Wabush Lake. The three watershed lines, radia;é
ing from the margin of the central part of thevstudy arean

mark the limits of these three basins.

]
-

From a dewatering viewpoint, it suffices to budget the
natural precipitation into three components. The first

of these includes all the water which is returned directly
to the atmosphere, by evaporation, transpiration, orA
sublimation. This component represents a percentage of
the total watgr input which may be omitted from the

a

dewatering éotential calculations.

The second component comprises all forms of surfacelrun~
of f water. Within the drainage sub-basin of a pit, this
represents water which finds its way to the lower levels,
where it may or'may'not pool, depending upon ;he infil-
tration characteristics. In areas surroundin§ the

drainage sub-basins, this component represents water

carried out of the mining area, agd therefore a second

3-4
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part of the total input to be omitted from the %fwatering

;

The remaining component of the budget includes all the

calculations.

water which infiltratés the ground and enters the sub-

surface flow system. This component is extremely difficult

to measure, but cgn be calculated if the total pfecip%ta;

tion, and the evapo-transpiration and the surface run-off
components of the water budget, are known. -
The greater part of the field ‘season was spent in activi-
ties' designed to obtain actual Qalues of the surface
run-off and evaporation components of the cycle. Unfof—
tunately, because the field season was onlf one summe;'Sa
duration, the measur:ments of these parameters were not
completed, and so it was not possible to arrive at a [i\j>
figure for the infiltration factor, It was obsefved,

however, that during the course of the summer, the surface
run-off over the whole area decreased. A corresponding

fall in ground water levels was also observed aver 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
saturated. It would appear therefore that the infiltra-

tion factor increases through the summer months.

+
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In order to perform quantitative analyses upon the hydro-
logic cycle, so that the estimates of dewatering potential
can be obtained in Chapter 5, it is necessary to assume

a figure for the infiltration factof during the ;ummer
months. It seems reasonable to éuppose that this figure
lies between 25% and 75% of the precipitation remaining
after the quantity lost through evapo—traﬂspiration has
been subtracted. Since no accurate information is avail-
able, the calculations are performed ﬁs%ng three different
values: 25%, 50%, and 75%. The effect of having such

é qidg)range of uncertainty in this factor of the analyses

can be seen in the calculations, and is discussed in the

conclusions presented in Chapter 6.

The atmospheric return, and surface flow components of the
hydrologic cycle will now be considered. The techniques
employed in the field in attemptingtto quantify these
components will be described, and the theoretical assump-
tions discussed. Béfore this can be done howevef, it’;;

necessdry to consider the nature of the precipitation,

and the seasonal climatic effects in the study area. . '

<
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3.2 Climatic Effects

/ , )
It is very difficult indeed to estimate precisély the

events of the hydrologic cycle-of the study area during
the winter months. , Certainly for at least four months,
and perhaps for more than five, the ground surface %s
solidly frozen, préventing infiltration. The lakes are
also frozen, for about six months oﬁ the year, limiting
evaporation from their surfaces, but not water transfer
' acioss the.lake/sediuwnt interfaces. It is also,usua;
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 period.

~

The data presented in Table Al of Appendix 1 shows an

average annual precipitation of 35 inches, with a probable

maxiﬁum value of less than 45 inches. Table A6 oﬁ Appen-
1 . dix 1 shows the breakdown of the preciﬁitation figures

obtained from the Wabush Airport meteorological station,

into rainfall and snowfall components. The ﬁata show

that in an averége year 48.5% of the total precipitation

~

falls as snow. They also show that this figure is quite
A

constant, and is reliable to within % 5%, Interestingly,

there is no apparent correlation between the total yearly

i (fi dh ) precipitation and the snowfall component percentage.
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. Some of the early snowfall may melt and run off or -
o A -

—

. ¥ . . - _ -
infiltrate,; however, th bulk.of the snowfall accumulates

until the spring thaw occurs. - Drifting by wind action,
the degree of "wetness" of the snow will strongly affect

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

4 R

recycled into the atmosphere'by sublimatjon of the snow. .

'

-——-T° - -Records of the snow depth are kept throﬁqhout the winter .
~ . ; ..

— q

at thé Wabush Airport Meteoroidgical Station. :gpmgﬁrfﬁgva-'

¥ these 'to the precipitation rgcord.fhowg thif: qéﬁgvegggen
4 between 60% and 70% of the winter ;now is ggst péfoie'ﬁ?g-
spring thaw. The station is situated in a low, fiét area
however, and wind ac£ion probably accounts €9r ad;art
of the reported loss. Wind effects within tﬁe study area -

will certainly redistribute the snow, but are not likely-

to effect- such a significant reduction of the total "..

gunantity. : ' L,

N ! o

With, the spriﬁg thaw, a large part of the accumulated .
SNOW cd;er'will‘melt and find the lower levels as surface
flow. Then, as the ground thaws, iﬁ%iltration will occur.
Evidénce from water observation holes within.the central

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

3 A R W N ——_ . &

SMERE Y TR

that the ground becomes completely saturated during the

spring thaw period. However, the rate of thaw and the

R L
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quantity of precipitgtion~auring the thaw, mé& be impor- -

tant controls of the spring melt sequeﬁce.

A- 40% feductioh figure 1is assumed to allow for siublimation

and ‘other losses from the winter precipitation of the

o

= RTTRe e

study area. The remainder of the winter precipitation is .- -~
¢ released into the hydrologic cycle auriné the one-to two

month spring ‘melt period. This increment of water may be

T
]

treqted in the same way as nérmal summer preqipitation Z‘ ,
for the purfoses of the dewatering potentiaL_calbulations..
However, since the spring melt period reflects the period
I ‘ of heaviest water addition to the syséem,%it should be

3 considered separately in terms of evaluating the . maximum

; ) ﬂnl © .-+ .capacity of the dewatering system. . .

< - A

. Quite clearly, the collection of data on the quantitative

aspects of the hydrologic cycle during the winter months, ’
wouid in itself, be a major research project. Since such

: an undertaking is wholly impracticallfor the purpose of

v, the present study, these aspects of the water c&cle must J
'necessarily bé treated in a somewhat intuitive fashion,

at risk of introdﬁcing significant errors. It is possible
tgxcompensate any such errors in the final analysis of the

, dewatering system, for they pi@marily affect only‘the

(;, \ spring melt pertod of the year.

3-9
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.33 strface .Water Flow

'Theqé are three measureable forms of surface Water flow #

A L MY S i s - O

%

o L ‘ ) 4

- )
Y - .
(4 W,

t &

within the study area:

(1) steady stream flow, interconnecting the lake5 or

supplied by ground water recharge. , .. ‘

[ 4
x

e oo

(2) irrtermittent stream flow draining land areas as ‘
.. pure surface run-off: - v
° wer \'
(3) pipeline flow delivered by pumps draining lakes
/ and pit floor sumps. . B
N —

. “‘. \ s e ; \
In additién to these, is noﬁlchannel surface run—-off into
lakes or pits"following ﬁeavy rainfall. The land drainage -.
network.éomprising aivision (2) is qﬁite well developed,
carrying significant‘qu;ﬁtities of water during the spring
flood apd up until the end of June. After this time,
however, it dries up and remains inoperative except in oot
times oﬁ heavy rainfall.

Water flow measurements were made by a variety of means, ' -

all of which are described in standard hydrology texts

(see for example, Chow, 1964). Pipe flows were calculated

ST e et e w’



P o w m r foa——— e

from gravity drop meééurements at the discharge'exits.

3

Weir flows were calculated according to standard equatfbns y

€

LT

relating to both rectangular and V-notch crest éhépes.
‘ " b
» - The flow through culverts was calibrated in a rather ..

elaborate fashion, by mcasuring the flow rate with a

; Gurley Fio&meter, and applying the value to the cross-

é sectional area of the’channel. Each of these techniques

’E is described more fully in Apbendix 2, particularly where
modifications were made {}‘standard textbook procedures.

Relevant fiqures, graphs, ?nd tabies of rg§ults are

included in that section. °

Much of the field<§ggson was spent in measuring the quan-

e

Jtitative’éiéﬁ;nts of the surface water flow network, and

in constructing and calibrating the necessary equipment.
A @
Because of the timé—éonsumipg nature of siting, building
P and installing weirs, records were not available from some
4 .

until late in the field season. Indeed two of the welrs

-

>

(for Luce Lake input streams 1 and 5, respectively, see

£

Figure A7), werg never installed, but made in preparation

W R e b

for the following field seasoh. Some of the weir flow

! records are not comprehensive therefore, but they are

° L3

certainly representative.
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follows: - »

Sherwood Basin -~ no draigage<outlét
{

¥

el <

(2) Noname Basin - no drainage ouytlet
(3) Humphrey Basin - pumping to Heath Basin
N -
(4) Pointer Basin - pumping to Heath Basin
. « L4 e IR %-
(3) Heath Basin - pumping to Luce Lake

P

(6) Smallwood Basin - pumping to Luc® Lake

i
!

This flow network is 'shown'schematically in Figure 3A and

0 -

is quantified ‘according to the results of the water flow
0 . J '.v

‘measurements calculated in Appendix 2. For the humphrey

and Smallwood Basins, which contain operating open pijits,

the ground water is maintained by sump pump at a level a

J

few feet below the pit floor. The quantity of water that

-
is removed from thesérsub—bas%ns is sufficient to support
this balance, and approximately equals the excess input
from rainfall and grounq\wéter sources. For the Heath

!

and Pointer sub-basins, the discharge wajbr is sufficient

to éqgél the input, and to effect a partial dewatering of
! R . .
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evaporatibn and, infil%gration and subsequent
, evap bseq

water to the” ground water flpw ‘network,
/! -

,of the water balance withln the sub-ba51ns,

the respective lakes.

balé?ce the input from,preé;p}tation and other

P
»

For the remaining two basins,

" s s g S

et loss of

appears to ‘

R (4]
sources. .
/ .

«

Unfortunately, w1th regard to maklng an accurate assessment <

some 0f the water is ‘pumped introduces many. pr

~

Continual maintenance work on th¢ installation

out (replacement of pipelines, pumps, electric

?

units, etc.)., Occasional breakdown occurs and

shutdowns because .of blasting or other mining

the. fact that

blems.*
is carried
1 supply

irregular

perations,

not possible to measure many of the effects of human inter-

ference, they may well be taken

are quite frequent. Thus the pumps rarely run ﬁitnput

interruption for any Wong period of time, and it is

practically impossible to keep detakled records of when
eaeh rart”of the pumping system is or is not, func&ioning.
) “ . ‘ P ’ R ] 'S

]

/
Adain, therefore, ‘as with the Lopographlc probiem, the '

u‘l

human lnterference factor xntroduces further problems and

compllcatlons. ‘As a result, in areas of m;nlng activity,

a greater dependence on pstiﬁation'and‘intuition is re-
quired than wo@ld be necessary in a similar study in an

area under purely natural controls. For whereas it is

-
A ”

@

-

into account when making

%
1

€

& %
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average estimates of the, flow 'quantities.

The combined total surface outflow of the study area sub- g
1 o) f

basins, as descrlbed abgve, is dlrected 1nto Luce Lake.

[
4

In addition to this source of supply, the lake is, fed by
a "steady" stream from Hakim Lake cMthh 1s sxtuated Off -
the base map area, approxxmately 5000 feet in a southwest- »

N

erly~direction. Lucg Lake is also fed by several in;i;—
mittent streams w?;gh flow during the spring melt period.
Luce Lake~drains~gb£'thfough~two'culvekts at}i@s‘southérn

. £nd and the gesulting s?reah flows sou;ﬁ to southeast.
ilong its course it is joined b& other minor streéﬁﬁ until -’
_1t’passes‘o§er a wooden weir.approximately one mile down-
stream to dischg;ge}inté Wabush Lake. Both the culverts
(Appendix 2B) and the weir'(Appendix 2C) were used to

calculate the outflow from the lake.

. LA 4
y -

' :
The total surfacq flow input to Luce Lake in the August/- T

Septembé} period of the field season can be calculated
from the 1nfbr£$tlon pregented in Appendix 2, Table All.

y Figure A7 shows the'loc§EE§:;of'the gtreams and the

Smallwood Mine pipeline. P ' . 3

S

The water'in streams 1, 2 and 3.is mainly supplied by the

Heath Basin pipeline, which terminates on the ridge above

I A s 4
' : '
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’ this part of the lakeshore. The cumulative flow over

weirs 2 and %”is 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 o; approximately 2400 gal./min.
This figure matches well with the calculated flow of 3100

T gal./min. in éhe supply pipeline, allowing for some’ loss
by infiltratibn. Streams 4 and 6 are minor streams with
fairly steady base flow componénts of ground water origin.
Their combined flow is éﬁout*ﬁgo gal./min. Stxeam 5 car-
ries the flow from Hakim Lake and flows:- at about 2000
gal./min. (personal estimate). Finally the suge pump in
Smallwood Mine delivers an average flow to the lake in the

¢

region of 1000 gal./min.

Thus, the total inflow from all measureable sources in
.late summer equals 5700 gal./min. % 10%. A very signifi-
cant comparison can be made with Figure A8 of Appendix 2,
which shows a nearly similar outflow value for Luce Lake \
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.

0 b ® N 3

The cross-over (see Figure AB) between the calculated flow

) rates from the weir and the culverts, which occurs on

(» , July 29 may not be significant. However if it is remem-

3~-15 '
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. ‘ .
- bered that the culverts are upstream from the weir, then

awéimpIe interpretation can be put forward. Thus in the
eaf;y‘summér, the ground bgtween the measuring stations
may be saturated and contributing water to the stream,
Whereés latef }n the summer, as the ground becomes drier,

the stream assumes an influent condition. This inter-

-

,pretation is in full agreement with the discussion of the

N 7/

ground water conditions given in Chapter 4.
f

-
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3.4 Atmospheric Return

-

In any water budget study, the evapo-transpiration is an
extremely difficult component of the water cycle to
quantify$§ Lysimeter experimen}s are timg-consuming, and
require Qpecialized equipment. Moreover, relating the
experimental results to the actual field conditions is /
not straight forward, since the evaporat;on rate depends
upon many variables. While the present work does ﬂot
have scope for including an extensive evapo-transpiration
study, it is an important factor, since water‘returned to

the atmosphere need not be handled by the dewatering

system.

In view of these considerations, a rather empirical

approéqﬁ to the problem is adopted. A percentage'of the

_total precipitation, representative of ‘the atmospheric

return for each of the thfee land surface types -
vegetated, non;vegetated, and water covered - is estimated.
Since any part of the stuéy area can be considered in
terms of these three land types, an appropriate composite
reduc%ion percentage can be calculated and used in the
budget analysis. This represents the simplest, and-

probably the only, practicable way of treating the evapo-,

ration and transpiration factors with regard t® the épeci-

, ™,

0 4 : N ES o
Y M e e o e P

.

P




fic %f blems of the present /study.

In sectlion 3.2, an atmospheric return figure of about 40%
was sudgested as reasonable for the winter season. Assum-

ing the winter to be of six months duration - mid-October

to mid+April - it includes approximately 44% of the total
annual| precipitation. Thus 18% of the yearly input can
be completely eliminated from the dewatering potential

-

'calcuyations. Of the remainder, 26% represents the spring:
| ‘ ' : ,
melt component of the cycle. The final 56% must be treated N

i
as the normal summer component of the precipitation.

v

Nebiker (1957) carried out evaporation and transpiration
studies in the town of Schefferville, -which is located
90 miles north of the study area. The differences in

climate between Schefferville and the study area are

slight, especially in the sumﬁer months. In particular,

i o i

the precipitation cycle is very similar, while the mean

RGP perctad

daily temperature is only marginally lower in the more
northerly locality. It seems reasonable therefore, to use
the results of Nebiker's work as most nearIy,representativé
of the study area cénditiong, in the absence of any .in-situ

’

research.

(;n Nebiker set up several lichen-covered lysimeter tests

2
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and recorded ‘an average 0.034 in./day water loss over
the summer period. This resﬁlt is very different from
the Thornthwaite calculated transpiration value, . .quoted

from Hare in Chapter 2. , There are two clear reasons for

this discrepancy. The 0.12 in./day value from the v,

Thornthwaite calculation refers to a boreal forest
vegetation (more like that in the study area) and not

to a vascular-tissueless lichen cove£. Indeed the latte}
appears to even reduce water losses compared to a stand- *
dard bare s¢il test. Secsndly, Nebiker'reﬁorts lower

than avergge sunshine-hours throughout the whole of his

H

field season.

;p addition to the lysimeter tests, Nebiker also madel
latent evaporation measurements using a Bellani black
plate atmometer. His results from this apparatus, repre-
senting the maximum possible evaporation from a wet,
horizontal plane, black surface, averaged about 0.08

in./day.

wWithin the study area, a 60-inch square, metal evaporation
tank was constructed and installed near the rain gauge
station by the side of Heath Lake. The tank, (see

Figure 3H) was buried in sand to minimize heating of the

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

inches of its top edge. The water lcvel was then ob-

,?,
¥

serve@ at regular inte;vals. The results of severgl
tests are shown in Table A7 of Appendix 1.

Despite its rather simple nature, the evaporation tank
gave very sensible results, which agree well with those
from Nebiker's atometer test. A better control was main-
tained over external conditions during the course of the
shorter tests than 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
predictkthe evaporation rate. However, since the cumula-
tive test includes a wide variety of conditions, it is

reasonable to assume that this represents a neaxrly average

value. A 0.06 in./day evaporation rate.ver the 30-day
period corresponds to an atmospheric return rate of 52%
of the total precipitation. Combining the results of

the tests therefore, with the fact that the rainfall during

the cumulative period was 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.

-8

8

The _evaporation rate from the land surface surrounding

h

§
é
i
:
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the lakes™of the area must now be considered. Where plants
with vascular tissue predominate, as is fhe case {n the
study area, the transpiration rate will be higher than Ehe
free-water surface, evaporation rate. gleafly, Nebiker's
0.034 in./day rate for lichen cover is not applicable

undqr these conditions. However, the Thornthwaite calcu-
1a£3a 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. ’ .

W

Ground water table fluctuations, where measured d&ee
Chapter 4) do show an overall decline over Eﬁe summer
period. 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 seem therefore, that while-the predicted 0.12 in./day
value is, from the total budget aliowance, approximately

at a maximum, it does seem to be reasonable. However

}
in order to be consistent w%ph previous conservative

1

[T

estimates, a transpiration value of 90% of the total -

%
.
- .

precipitation will be assumed.

'

An estimate of the evaporation losses from the stripbed

R
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parts of the study area is very difficult to make, owing

to both the variety of the surface texture, and the absence

of relevant infébrmation. Within the pits, the land surface
consists of highly fractured, open-jointed rock. Around
the margins is more ma 'Qe, less permeable rock;’with, °

\

in parts, remnant soil cover:.

If the lané were perpetually‘saturated, it would be logical

to expect an evaporation value lying between those obtained
g for free—yatér and vegetated land surface. However this

‘ is ﬁop the case, for, at least during the latter half of
the summer, the unvegetated land surface is often dry.

As a crude estimate, the 50% value of the free-surface
water condition will at worst be very conservative in

relation to possible pumping requirements.
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GHAPTER 4 - SUB-SURFACE HYDROLOGY

4.1 Hydrological Interpretation of the Rock Types

The rock types of the study area are well indurated,

]

Pre-cambrien metasediments, and consequently have very low

primaryv porosities. As a rcsulf, their hydrological:

-

characteristics depend entirely upon the development of

v

secondary porosity. Thus, the permeabilities are con-

Ay MR Ty L €

trolled by the abundance of open joints and fractures
| throughout the area, and byhﬁhe amount ol leaching in the
carbonate members of the Lower Wabush Formatign. Fracture
density is noOt the same everywhere, bubt i depéndent upon
several factors, especially the host, rock type, and depth

2y

T below surface.

It was possible to study the rocks of the area in surface
exposures, and also in sub-surface sections along the many
thousand feét of ore-train tunnels that interconnect the
loading pbckets for the mfhes. In addition, large quan-

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

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

to several hundred feet below the surface, clearly show
the impervious nature of the rocks’ at these depths.

For, only where rare, narrow fracture zones (prébably

Ve w Y M4 MmN ey me 6 amemarome I et e e e (o oy gt &7
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Y representing minor faults, and usually less than ten feet .o

——®

' wide) are encountered, is any secpage observed.
- - 3

Three of the rock types, Carol quarpz;téh Katsaco schist, -

and Hornblende schist, show very few open fracturcs at

all. Thus, fromma practical viewpoint;, they can.bc con-

.

i sidered impermeable; an assumption which is supported by

% direct'%ield évidencé: For example, durin; the reconnais-— .

? sance mapping of t;e area, when old drill holes wverxre
checked for w;tefztable information; several holes werce ( a
_found in the Carol quartzite unit. However, éii these E

: 4 .. L
holes were dry, even in one case to.,a depth of 500 feet L

1 A

3 beiow the land surface. Furthermore, Figure 4B shows how
. €

the Hornblende schist agts as a water flow barrier bhctwecen

"Pointer Lake and Smallwoéd- Mine.

In addition to the three imperméable.qnits,“the.area is, - !

1 : A . -
mainly underlain by rocks of the Upper fand Lower Wabush

Formation. Though the porosity’éf the i@ttef hay be -
. ‘ -

augmeqﬁe&yby leaching effects, water flow generally takes

place through fissures. That these may not always B; .

fully interconnected, was(aemonstrated by a pumping'Weli

r . installed in the yabuéh Fo:matioh. The well site, located

“ . 4

: on the east side of Smallwopd Mine, was drilled to 90 fegé

-

below surface by two téh-inch diameter holes situated 30

(_ \\
- " > »; -
» . .

N <
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feet apart. The water level in each rose to within. ten to

1

12 feet of Ehe surfaée, and a 300 gal.}min. pump was

installed in one of tke holes, at/a depth of 50 fecet.

After several hours ofégﬁﬁung, uLc’water level in the

* hole was lowered to the level of ‘the pump; at which pobnt
the discharge became unsteady and was reduced by a factor
of at?}east cne half. However the water in the sccond

hole remained at jts original level, cven after that in

the pumping well had been kept lowered for many hours.

-

‘ The ~distribution of fractures withiﬁ the study, arca is
significantly affected by the mining activities; Within
the pits, blasting, and stress:reliefl subsequént to the
removal of matcerial, tend to open the fracturé planes and
incrqgse the permeability. It is also standard practice
to drill the explosives holes to about ten feet below the
plannad floor level. This is done so that the bench floor
can be established on a rock fragment base, to facilitate
levelling and gradipg.“ Thus beneath each part of a pit
floor is a sub—graﬁe layer of repacked, fragmentary materi-

." al, between ten and 15 feet thjick. Thisg is'a very highl ‘
permeability zone through which water flows freely.

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

-encourages efficient drainage.
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. grapular flow network. The tests were made with a pneu-~ °
. . . .

‘at each pressure. The graph of the flow rate versus the

- . . '

. 1 : -.‘-» , "t ! '-;' ‘e .. "\“
The heavily leached, carbdénatc material described in- - .

' ’ ~r

“ k-4 .
t be considered in terms of an inter-g%anularx

[

Chaptex 2 mus

£low network sather tban a fissute flodw system. While ﬁhe 4.

area of outcro

&

stated earlie

is not' very large, it is important, as was
: e

; because ét lies between Luce Lake and

smallwood Mine, and could possibly act(he'a flow channel .

between ,the twol The permeability of.the unit wag measured

thérefore, in”order to determine how much water seepage

L]

should be expected ln the future, when tHe pit floorams .,

lowered to its ultlmate prOJected depth.

< . ¢ -, -

<, 4
It was posslble to perform Packer testéion the leached _

material, becau&e it is fairly. lSOtrOPlC and has .an inter-

matic, singlE packer systeh at varying depths down diamond-
drill‘tholes. . The basic'set—dp is shown. in Figure 4A and

the tests were carried out sequentlally dawn each hole.

\ -
Thls is by drllllng, tegting, drilling degper, testlng at

the neW‘ievel, drillig4-'deeper, et cetera.

4
°

buring the courseADf each test, water is pumped into the

hole at various pressures, and ‘the flow rate is measured

‘.

pressure is a curve, whlch,,gdgustedffor the dimensions
[

of the paéker, and §he waker table eieyation, can be
. T S g

.
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direct}y related tolthe permeabiayty. In the casce of the Jg
tests in the study area, very consistent values were ob-
tained for the leached carbonate permeability, ranging
between 0.22 and 0.58 gal./day/ftz,(personal communication
F. Khan),., This is within the normal range of silt/fine
sand per&eagility, and thus closely approximates Lhe value
which would be expected-from the physical propertics of
the material. ‘

e
Even with Luce Lake as the major recharge source, a
permeability of this order of magnitude should noi create
any majorflewaterinyg problem. The eventual situation at
Smallwood Mine can be equated to a 2000 feet long pit face
adjacent to the leached carbonate material, extending\ﬁo
§ depth of approximately 200 feet. FEven assuming a poten-
tial grddient of unity, the resulting flow would only be
of the order of 140,000 gal.yday, or 100 g&l./min. In® orderx
to obtain a true picture of the conditions, and to obtain
a more accurate estimate of the flow, detailed plans of
th&?ultimate pit shape are required, so that a éomplete
flow-net é%alysia can be performed. Unfortunately, thQ%S

plans are not available to the author %t this time.
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4.2 Spatial Distribution of the Rock Types !

F v
1

From the discussion in the previous section, it ig seen

PR g A e AT

that the rocks of the area can be assembled into three
groups of approximately similar hydrological properties.
i Namely, the leached Lower Wabush with a ;clatively well-

developed intergranular flow network, ihe Carol quartzite,

Hornblende schist and Katsao schist group - practically

v

impermeable, and the upper and Lower Wabush units which

»

. ' form a group with flow characteristics that aré eséentially

dependent upon fracture development and frequency.
. ' }

. 7/ i
"If this hydrological interpretation is considered with

regard‘toﬁthe structural pattern of thc area, an approach

to handling the sub-surface water conditions (for

L

dewatering purposes) becomes evident. The surface outcrop 1

margins of the impermeable rock units gnfine the edges
S
to what may be termed ground water sub-basins., These

P sub~basins may be considered somewhat analagous to the

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

aries are co-linecar (reflecting the geological control of

the topography. ) e

. /'}‘:

u From a dewatering viewpoint, with regard to/water entering
" /

. . ! S
( a particular pit, ;he ground water sub;ba ins may-also be

b

-
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bounded, in lateral extent, by elbvation control.

Thus, if tﬂgi;round.water flow nétwork is visualized in

a part of the study area, it is clear ?hat.water can only
flow down gradient into a pit. For any one ground water
sub~basin therefore, parts of its lateral boundarykwill
Pe geological contacts, and parts will be ground water
divides. As the pit is deepened, the geological contacts
will not be affected, but the elevation-controlled bouﬁﬁ-

gfies must be adjusted to the newly-defined flow network.m

The extent of the ggound water sub-basins, iﬁ the third
dimension, may be controlled by two factors (except for
the area of heavily leached Lowex Wabush Formation, which
must be consfﬁered a special case), firstly by thc natural

closing of the fractures (main flow nct&ork) with deth,

and ultimately, by the sub-crog_ggg;actﬂwithfthé—imperﬁ*W
meable unitgkxf////LXI/ﬂ”rlg
P

A section, running between Heath Lake and Luce Lake is
presented (Figure 4B) to show the réql exi%tence of éhe
ground water sub~bd§in conggpt. The grouhd water table
is interpolated from water observation holes, pit floor
sumps, and lake levels. Informatioﬁ?about the su?-surfaée

geology is taken from numerous drill hole logs, and mine ¢
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engineers‘ sections. The section crosses an impermeable
boundary in the form of the Hornhlende schist unit,
between two adjacent sub-basins and it shows quite clearly

the discrete nature of the ground water systems on either

.side of the boundary.

The reality of the ground watgr/sﬁﬁiﬁasin conééﬁt\ig also

supported by many field 6bservations. For example, t

places where most sSeepage occurs along the pit/wall faces
of Smallwood Pit are found where the ground water sub-basi
is of sigpificant extent beyond the pit limit. Conversely
very liftle scepage occurs along the face of the Hornblende

{schigt unit, which corfesponds to a sub-basin margin.

-,

he limits of the ground water sub-basins, within the study ©

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

" ;}///Arainage sub~basins, not necessarily completely isolated.

N For example, the sub-basin surrounding Humphroey Mine may
be connected to the Smallwood sub-basin in the area to the
northwest of Pointer Lake. However this interconnection is
only of a l%pited nature, and it is.unlikely that any
significant\quéntity of grAund water flows between tﬁe two
basins. The\épproach to calculating the dewatering poten-
tial of selected mine are;;, is presented in‘the following

chapter, but first a more complete picture of the sub-
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4.3 . Temporal Effects

Several permanent water observation holes were set up in
the central part of the study area during the course of

the field season. The holes were cased with plastic piping
(one inch or two-inch diameter), and provided with caps at
the surface. In each hole, the bottom ten feet of the
casing was perforated with guarter-inch diameter holes to
permit easy transfer of water. Most of the holes were

set up late in the summer, when drilling equipment became

available at the close of the exploration program. However,

wéter levels wefe monitored 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 w$§er level

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

the holes was included in F%gure 4B.

The water level in each hole shows a gquite distinct and
fairly steady, decline over the summer monthé. Thé scatter
about the trend lines on the graph is a reflection of”dayu
to day fainfall variation. The marked difference in gradi-
ent between the trend of WO3 and that of WOl and WO2 is
caused by the difference in absolute elevation of the holes.
The water level in hole W03 is approaching thé surface

v

level of Luce Lake, which is undoubtedly the ground water

-
‘
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GROUNDWATER FLUCTUATION WITH TIME

FIGURE 4C
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base level within the sub-basin containing the observa-

tion hole. The rate of decline oﬁ,tﬁe water, table must
' &

’ »

naturally be reduced as it approaches this base Tevel.

]

The steady decline of ground water levels observed during:
)
the summer months does not seem to conlinue throughout
the whole year. If this were so, it would ‘'entail a contin-

uous dewatering of the area,.whereas in reality there has

s

- . .
been no noticeable change in the ground water condition

since the mining began.” Moreover it was observed that the

-

permeable ground was very near saturation in the'eaily part

i

of the summer:. Clearly t?ereforc; the water level decline

over the summer period iji be related to % seasonal
% o

cyclicity of  the ground yfater condition.

%
o

f ' - ‘I
:

In view of there being no markedly wet, or dry,, season in

]

’

cycle. In absolute terms, the 1imits of the fluctuations

!
1

In spring, the ground may becomefful;y s%turated up to the
!

4 3

within the area probably determi

4
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ground water, since, as possible recharge reservoirs, .

L

the lakes will act as buffers in Lhe system, Of course, - :'”

' where the mines are excavated below the lake levels they ' .

o

will artificially lower the ground water table,” and be
o susceptible to this'recharging effect. In ap%ual fact,

the climatic conditions will determine how nearly the

4t

B !
. ground water fluctuations approach "the absolute limits.,

The majoxr factor is likely to bhe the mechanism of the

t

spring thaw} since this closely controls the recharge

! of the syStem.. A very Eapid thaw favours heavy run-off

and reduced infiltration, vwhereas the reverse is true

o

if the thaw comes slowly. Of course, many other factors

>,

Cw

: 3 ; are invol&ed,'garticularly the quantity of precipitation’

in the yedr, the amount of &vapo—transéiration, and the

»

’ ' ) depth and degree of the winter groﬁnd Trost.
N . 7 .

‘
. - . . B v ~

—
-
. -~
o
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! 2 complete description of the ground level fluctuations:

could only be obtained by continuously monitoring a large

1

number of water observ%pion holes, spread‘ové§ the whole

study area. The dewatering potential calculdtion can-be

made without this information however, begause the appiox—_
imate- nature of theé seasonal cyclé is known, and the
maximum possible recharge, in any one year, can be esti-

)
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'4.4 Summary .

-,érc based on the conditions found in the study'area. The

: observatlons made in Smallwood Mine, and is strongly con- -

Jprolled by tge action of the'sump"pump.' The permeabi#ity
> . i . - . . /

" . - 3 ) Q

- .
.
‘ « . : . H +
. S
e

* ) £

The ground water system in the study area consi sty of a
b & *
number of spatially restricted sub—banlns. The water

4
levels in these sub-basins rise and fall in response to a
seasonal, climatic cycle. As far as cun be ascertained S
N N [}
from the reports, of mf;ni.ng,pexfsonnel‘, long—-term recharygo .

or discharge trends are absent, and the yearly water budget

balances. . o éﬂ T a .
o ‘ !

s
’

Y ’ )
Figure 4D, and 4F are intended to represent -the system~1m

»

. FN N : N <, : 3 é '
a schematlic way; for an idealised sub-basin, contalnlng; AN

a lakc and an open pit. The po;;;;;hng the water table
« < ’ - . 1

. - - ) /
shown, at the Bpring high, and summer low, -levels. The

L]
18
- ‘v

dimensions of the section, and the geological conditiong,

-

ground water/plt floor relatlonshlp 15 closely modelcd on

{

~of the rocks within the sub-basin should .be envisagedfin
terms of the open fracture. den51ty, and thus ‘be expected

to decrease with depth. :

In order to calculate the dewatering potential of a pit,

’
-

it is necessary to know how much water it receives from
sy ' . . o

i . B vt
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ground water sources. Jhis will be the quantity of water
that drains into the pit {rom those parts of the surround-

ing sub-basin with higher pitzomctric head. In any one
%' »

year, the amount of water removed from storage is very

small, because of thé relatively slow rate of pit-

deepening. Therefore, the grou%d water entéring the pit

-

must be approximatcly equal to thc}annual flow-through.

5 “ .
The flow~through;- each .year can be cgnated with the normal
X N - : B

annual recharge, since the ground water system is in near-
equilibrium. It is reasbndﬁle, because of the scasonal
climatic cycle to quantify the ground water recharge in

') o s -

terms of two distinct components: ~ ¢

&

(1) .The lesser of these. is Eomposed‘df that perégntage
» of the summer érecipitation which infiltrates the

ground. This can be estimated, -over the up-
: . -
gradient area of the ground wagér sub~basin, us-
' . ing the figurgs derived in Chapter 3. . '
. - X

. ! . -

’ v

“r

(2) The bulk of the grdund water recharge is obtained
during the spriﬁg"thay. The spring meltﬂéa§é§_ia
Qissipated in two ways, by infiltration, and by

" surface run-off. Unforﬁunateiy,yit ;a.algqst

s impossible- to say how thq~me1t-water iﬁfpropox-

-
‘, . 2 ¢ -
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tioned between these two routes. It may be noted however,

that a significant percentage must take cach of the

-

routes, in order to account for both the obscrved rxun-—-off

and the ground watcer level rise. Possible divisions are

discussed in section 5.2 below.
»
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CHAPTER 5 - QUALITATIVE AND QUAI\(J'PITA'I‘TV}}“

. I
. MINE DEWATERING ANALYSES

.1 Introduction

[8:4

~
-

The preoceding chapters contain a summary of the available

information relating to the hydrology and hydrogeology

{ .
of the study arca. An attempt has been made to explain

the observed phenomena and to systematise the complex
hydrological cycle by the introduction of such concepts

) . . '
as drainage and ground water, sub-basinsz. Whére documented
! \ ¥ wa

inforfmation was lacking@conccrning certain items in the

‘ - . l . .
hydrplogical cycle, with respect to th® infiltration

versus run-off factor, reasoned estimates were proposed.

L
It now remains to shaw how the forégoing may be used to
define the dewatering aspects of the mining operation, and

how quantitative assessments of the dewatering potential

*

can be derived.

* -

Section 5.2uaesc:ibes what qualitative deducfions can be
{ { *
made based upon the information gathered, :and how these

could be applied toumod{fy and improve dewatering practices. -

Several of the pbints are illustrated by reference to the
dewatering operation at the Smallwood Mine. Section 5.3 -

outlines{ in general terms,.the approach and methodology
1
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for calculating the guantitative aspects of the dewatax-

ing operation. The approach is based upon a straight

MERE L SR A i

forward water budget application in the context of

surface drainage and ground water, sub-basins-. Thig line
} - of development is taken to its natural conclusion in

{
section 5.4 which prescents a worked example of the dewa-
’

tering potential calculations using the raw data from

o

Smallwood Mine. It is shown, by repeating the calcula-

B G g AN L

tions, how the finalwfigures are affected by varying the

factors which were required to be cstimated in the develop-

LY

ment of the analysis procedure.

%
b
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5.2 Qualitative Analysis of Mine Dewatering Potential ’ ]
The qualita@ive aspects of the hydrological system in the
mining area can be pictured morc casily onge the drainage
and ground water sub-basins have been defined. Thus, once
the surface water and ground water recharge catchment areas

have been identified, they can be protected, as far as

possible against ecological damage in the hope thatl the

. maximum possible return of water Lo the atmosphere will

be effected“by the natural fauna. Altcrnatively, restora-

tive work or modifications to the natural system, such as

drainage re-alignments, can be properly assessed,

‘ !
Once thelground water sub-basin has\bcen described, and
the recharge areas surrbunding a pit have been located,
predictions can be made as to where likely sources of pit

wall scepage will occur. For example, at the western

extremity of éhe'Smallwood Pit it can be seen (see Sheet 2)

P

that a large arca of the ground water sub-basin extcnds

beyonl the pit lihit, and, in fact, seepage along the

1

-

western pit face is quite nq}icegble in the field. It
seowms possible that, by combining -this type of infoEmation
witp a mgdified dewatefing potential calgulation of the
fdrmfgresented in the following section, not only could

suitable locations for periphcrai dewatering wells be \
x# . o ‘ '
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© identified, but their probable capacitics could also be

prediuéed.

; . e [
Considering the climatic data colleccted in the thesis, )
and particularly the importance of the seasonal cycle with

respect to water availability, it would appear that an

ideal dewatering plan could be designed. The aim in this

ec S

j '
would not solely be to match the potential water Jnput,
i ' but also to take into account some of the operating prob-

lems set forward at the beginning of the"thesis, such as

1\ 2

“

" seepage water icing in early winter, or maintenancce diffi-

culties aséﬁ@iated with damage caused by fly-rock following

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

1 |
follows:

; | ’ 5
_ | | *

(1) high capacity sump pumps needed for approximately

REIR Sl ot o

two months of thHe year to control spring melt-

water fun-off. S
S )
’ ! .

' ~ (2) " 'small to medium capacity-pumps set in shalfow

R e

AR

wells for pro} ctioff, and located at the lower

¢ " levels of the pit to carry away normal summer
§ flows. E : ’
’ . . T .
(3) small to medium capacity pumps set in medium _ ‘

P ) [
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depth welkls %t the pit margin to intercept the

recharge component from outlying regions of the

ground water sugﬁbasin. ( o .

T ‘ 4
2 4 J \ ,
The quantitative aspects (pumpage, total capacity, et

g cetera), of such a system can be estimated from analyses
§ . 0f the type presented in she'following section. Moreover,
£ v
¥

the possibility exists, thét, by modeli?ng"changes in the >

s

parameters defining the drainage - and ground water sub-

k 0

il

basins according to the:future mine expansion plans,
system designs could be obtained in advance for each
stage of a pit's development from inception to completion.

\ This would greatly facilitate bpdgeting and plannipg for " i

equipment purchases, and would p;ovide‘for a systematic
)growth pf.the dewatering system to keep pace with Ep% ’
development of the pit. , : Ki Q

i \ N
¥ . - 1
1 .

- 1] > : . -
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5.3 Quantitative Analyses of Mine Dewatering Potential

. , In order to assess the quantity of water to be removed from
: a pit in the mining area, %ngs necessary to combine the
data and concepts described in the previous chapters into
a water budget format. It should be recalled that some
major assumptions were made with respect to certain aspects
Rof the hydroldgical cycle, such as the winter precipitation
reduction figure of 40% and the stripped land surface

o

evaporation figure of 50% and that these estimates were
intended to be conservative witﬁ respect to caléulﬁking

the dewatering potential. The problem of pafﬁitioning the
norﬁal summer precipitation between infilt{ation and sur-
face run-off was discussed in Chapter 3 and it was proposed

that, in the absence of gny guiding information, three
: LN
different values, namely 25%, 50% and 75%, would be used

{
« in order to assess the 'effect of thig parameter.

A furthe; assumption is required in order to make a similar
partitioning of tﬁq sbr;ng mel;-&ater Betwe?n surface run- |

of and infiltration Eg grdﬁnd water recharge.- It hgé -
: -Already been notea that, when the winter snow accumulation
) ‘ thawk, -it provides recharge"ehough to saturate much of the
pe;meable ground in the area, and alsé'to prov%de signifi-

» cant quantities of surface run-off. As the field work is

»




/.
/ continued, and records are obtaineq/@rom the weir

~ .
) ., L4

installations made duriﬁg the fie}d season, values for
the surface run-off component og/ﬁhe spring melt will
be available in order to define/the partitioning more ’ '
B accuratély. However, as it was noted in.Chaptér 3, the
climatid”¢onditigns at -the time ;f fﬁe thaw are likely.
i to ﬁave a major influence uéon the behay}or of the
F melt-water.™ It should bé/;llowed therefore, that a
considerable degree of inaccuraéy will alﬁays be involved
with this portlo of the hydrologlcal cycle. 1In order
: to assess the effiect oﬁ/thls factor, it will also be
pefmitted to vary\betw en 25% and 75% in the actual " e
» ‘calculations presentedl in the following section...
L]

* Within the framework of these conditions, the quantitative

analyses of. the dewatering potential for a particular pit

~

may be made according to the following plan. -‘Two separate
calkculations are made, one to detérmine the normal summer

: o dewatering requiréments, and one for the peak spring

-]

dewatering capacity. . The analysis_isapresented-in a

"

FOT TPt Tl e T D, o SRR

step-wise fashion with a commentary of explanations:

(A) - The qyerqéeZSummer dewatering potential -
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Step
(1)

Step
(2)

Step
(3)

Identify the surface dr%inage sub-basin containing

. ‘ ‘: ." | ' .
the pit and determine thce ground surface condi-

tions within thé area i terms of the percentages
. - ! ¢ ! . - o

of vegetaied{ sfripped and lake-covered land,

o i ) I‘ . .
_ fxom the data presented in Figures 3B to 3G. ¥

Proportion'the normal dhmmer précipitation (56%

<. of the yeaﬁly fotal) among the three areas and

apply the approximate atmospheric return figg;e

0 ?

[

to each area, according to the discussion presented

in section 3.4. Thus 90% of the precipitation is-
returned in vegetated areas, 50% in lake-covered

areas and so on.. The,éum of these figures repre-

sents the total avai%able afmospheric input to the

a—

surface drainage sub%basin over the summer months.
* o / .

.
/ !

! K /

. . ; .
Following the-dischsion concerning the distribu-"~

/

bet

tion of this ingub

-

infiltration, apply th appgppriate percentage
reductions in order td obtain the sgrfacé flow

component. This figu eﬁfépresentS’the normal
/

. ‘ / i ¢ . < .
. overland flow/input tQ the pit Over the summer

1y o

" months. C

‘{\ N o -

"iz' . -
Repgai the operations| carried out in Step Jl):for_

the area comprising the ground water sub-basifi

ween, surface flow and ground

-

¢
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g surrounding the pit, in order o obtain tHe total _

1 A .

available atmospheric input to this area overv et T

the summer months. ° f’
" 0
\ o
Step Determine what proportion of this qﬁantity is | :
] (4) - -
. proposed to be considered as actual recharge by . .

, applying the inverse of the gctual reduction frac-
S - - tion employed in Step (2). The resulting quantity

- ) represents the quantity of ground water rechaxge

@ " .
which is obtained in the sub-basin over the summer

! ‘ - -
4 ! N . [
months and which may be expected to move into the ,
. ' v ' ’ ‘
L. . pit.. Q
b . N . )
T (33 K " h e d oo . s
- '"Step Take _the quantlty of winter. pre01p1tatlon supposed . I

ito be remaining at the s%art of the spring thaw

(60% of the actual w1nter prECIPltatlon) and apply . !
w K

this flgure over the area of the ground water sub-

~ i . - ‘
basin. This represents the total available.melt-
¢ v ° ’ . E

water input to the area. T o

L TN ) .‘ég %
. ‘ ' \.~ n', ’ , :
Step. Reduce this quantity by the appropriate surface LT L
///)B (6) | run-off versqg\infiltration paftifignﬁfaqtor, ' ‘)° 23
; o aggqrdingltq éhe giécuséioh presenteé at the begin-'

ning of this section, to obtain éhg‘proposed ground

water rechargé‘tb the sub-basin area for tﬁe sprin§

. " | o B . * ‘e L
'1'-(} ) \ , . ) .- cn ‘ . - e
' |

|

|

|

- ..,
- & “
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thaw perloﬁ\ This represents a further component
of ground water storage which will be released

4 into the pit over the summer period.

- v s -ﬂ l °
N Step Sum the figures obtained in each of sections
(7)
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.-

Step Average this value over an eight-month period
(8) :
' to obtain the dewatering requirements between

June, when the spring thaw is complete, and
October, whichbis the onset!of the winter. This -
val&e can be represen%ed in terms of gallons per
. minute by the use of appropriate scaling factors.
"The value can then be directly reléted to pump

N .

capacity,requirements to match the dewatering

system design.

o «

g .
(B) The peal® Spring.dewatering potential
étep Take the reduced winter precipitation quantity,
.9y .

- as in Step {5), and-apply it over the area of

i the surface drainage sub-basin. Apply the inverse

(: ' fraction of th run—off yerQPS‘infiltration .
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\€k\ partiéion factor to obiain the guantity of over- ? '\;'
‘ ) : . : o

‘ ' ‘ land flow derived from the spring thaw over *
! &% )
the surface drainage sub-basin.
~ . F

- L N s

Step Average this value over [ 3 t&o»month‘beriod to | L :
(10) "

S obtain the spfing melt-water input to the pit . . |
' ' during the months of April and May, This guan- . ‘ t

tity should also be expressed in gallons per

minute. ~ . N

~

Step The peak spring dewateting‘poteﬁtial value is °*
(11) . ' - *

iniﬁgithe normal suwmer month
&

($)) with the additional spring Qg

obtained by, co

.flow (from Ste

-overland ‘flow component; this figure feprcients

. F\— o v
the maximum required capacity of the dewatering
system. a ' ool

i

e i
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) 5.4 .Quantitative Analysis of Mine Dewatering for
N ' ’ NS
o o . * Smallwood Pit , :

X

.

The’analysis procedure outlined in the previdg; sectiorf

[

‘was performed using the available data for thenSmallwdod

Pit. In order to assess the effects of .changing thé sur-

S

X fabe run-off versus lnfxltratlon factor and the spring
thaw run-off versus infiltration partition factor, six
diffeient applications of the analysis were made. Firstly

the spring partition factor waé“ﬁelq constant at a~90s

value and the calculations were made uéing summer run-off

versus infiltration factors of 25%/75%, 50%/50%, and

& . . , )
75%/25%. The roles were then reversed, 'and the calcula-
tions were repeated for the same range of values for the

L

spring partition factor while holding summer run-off

versus infiltratien factor constant at 50%.

s ,
A summary of the pertinent raw data, and the actual calcu-
P
' K lations are presented in Appendix 3 of the the81s. The

A}

results of the calculatlons are presented on the follow;ng .

table for comparison. It is gquite clear from the results
L4

obéained theat: - v

-

(1) changing the value of the summer run-cff versus
v . . o ' ﬁ,ﬂ
(:x_ infiltration factor has a very limited effect

A}

; , ’ 5-12° . g
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. TABLE 5A - ) .- S 3
e ./ S
£ - S | - - ‘3
. . RESULTS OF DEWATERING ANALYSIS . : ’
. . C,ALCULKTIONS FOR SMALLWOOD PIT Tl s .
% ‘e .
Spring Run=Off/Infiltration _
Partition Factor . «
" 25 50 75 Int.
oo 1 75, < 50 25 Rnf.
H ) .
43 — -
wl O
b= -25 654 . Ave. Summer Flow* |- .
i 75 1366 Peak S%ing Flow ‘
olulg : i
31310 R
|1 ~ o 5
H|O|m 50 1524 689 . 855 Ave.. Sufhmer Flow - . ,
| ‘é%‘j 50 {1589 1399 1210 Peak Spring. Flow
] iy 5
\ . s 2":: x “ k=" = . .
’ 5 75 738 | Ave. Summer-Flow
’ 25 R 144§ Peak Spring Flow
P - o
/ Inf. .
Rnf. > \ i .
v SN . ) -
* All flows expressed in U.S. gallons per minute.
. ’ . &}f-ﬂ &
. N ¢
9 ’ [N ‘ - " , ’
. B f“"’-:—l - h «
‘ d 3 B ‘ ‘ -
o - o
- 5“13 - '
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. upon the calculations. The total range of ' .
o o0 oW - .
the flow. rates, for bothsthe nermal summex

dewatering potential and the peak spring L

. potential, is within % 10% of the mé&gﬁﬁaldé

despite the fact that the run~off/infiltration - °

P

factor was varied by + 50% of its ﬁean‘vaiue. .

" This résulp reflects the fact that ﬁﬁe actual -~ 5
available precipitation input during the ﬁuﬁmen
months is itself of éecondaf§ importaﬁée in

the overall water budget picture.

e ~
o

- ‘ . \
2y . changing the value of the spring run-off versus

e

infiltration partition factor has a’markad’

*

effect upon both the average summeir dewatering .

M potential and the peak spripgﬁdéwateripg poteﬁtial.J -

2

\ .. v ~ 'figures. The effect does not Ee;iqpsly change

' the total water quantitydfb be removed in the
- a - :

year, but it seVerely'changes the timing of the

N - ) removal. Thus when a large part of the water

. s ' .

runs. off, high spring peak values are recorded,
with corresponding lower average summer values. °.

The reverse is true when the larger” proportion - .

-

of thé?watér infiltrates the ground. L

)

" »
- »
. s
- . . -
i .

-

« - . "‘ ™ . .
/}bybe able to apply these figures in a real

a1

. In order
e B PR

¥ .

Jot ' . i .
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aesesement of the dewetéring system for the p{t,.it, L .
) should Lé recal}ed éhat,a'sizabie‘variatioﬁ‘in the
sPring.partitidﬁ.factoriié likely as a result of dif—ﬂ
fering climatic %ffects from yéar to yedr, namely W1th
respect to the cond;tlong experlenced durlng the sprlng

thaw. Thus in order to\be realxstlc, the maximum values

.
e

for ‘both the summer dewaterlng potenelal (855 U S gal. /—

mln ) and the sprlng deWatczlng potentlal (1589 U.s.

‘gal /mln ) should be usedg \Both theae flgures might be

S

further 1ncreased (up to-lO%) by the effeot of changing

the spmmer run- off versﬁs 1nfxltratlon factor. Further-

-

more, bo\? the flgures are awer&ged pump;ng values 4nd )

do nzf’Egke into account sudden water 1nput to the wystem

{ w 4

. - Wthh may ! ogcur as, a reShlt éﬁ greatly 1nrreased overland
neflow fbllow;ng, for- example, a torrent;al ralnfqll. It

would appear therefore, that the dewaberlng potentlal

- A . e

s \ \
flgurggﬂfor the Gmallwpod Plt should be: - .

. e . ( “ v o

B - = o -GNt S

v

LAY

ff(})' for the‘aVerage summer dewatgrlng poﬁentlal,
855 +,20% = 1026 U. S gal /mln s 2, '”‘3 R
. o . . '-\' ‘_‘\ . . ‘, \“ \ . o ° \.
(2) * for the\peak spring dewatering potential,’ .
1589 # 20% = 1907 U.$. gal./min. R

- . i
# ST ot g .
< < . ' = . " vy
» 3

For comparison of these figures to the actual,dewetering

- e e
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copditions recorded in‘;he

- il) .

(2)

R T AL

/
of the order of 2150 U.S. qal./mln., and apppox1—

- S e ol S
vt it er g o . RS kd

73 Tield .cason, the /fol-

-lowing observations mqﬁwbe recalled: oL

v
.
N o
< ” .
N A
7

the prlmary/dewaterlng 1nstallat10n in the plt

was a single high capacity (1800 U.s. gal /min.)

4

/

sump pump; which functidned in a periodic fashlon

v

during the- summer with a resulzing average_ esti- .

mated od;put of apgroximately-lOOO/U.S. gal./mimn.

{r

/

in the spring period, this pump was operated more
‘ . ;

or }QSS continuously and was augmented during
N .
several two-to-three day periods by a
/
?umg rated at 350 U.s. gal /min. Thus the peak

smaller
”pumplng rate, in a one~month perlod was prbbably

’mately 1800 U.s. gal.]min. in the second month.
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- ' . CHAPTER 6 - CONCLUSIONS

Several\aspecﬁs of the hydrogeological cycle in the study

area were‘ipvestigateé’during the summer field season.
4 Stream flows were measured or estimated where time did .
LY W

not allow for measuring facilities to be installed. The

N & -

~existing dewatering system was also monitored and measure- ) .
ments were taken where possible in order to determine the
guantities of water moving through the system. The

evaporation rate from a standing water body, and the

precipitation in the study area were also measu;ed during

% the field season. Certaln problems were encountered
- 4

during the f;eld‘work, whlch were spec1f1cally related .
to the mining act1v1t1es and these pompllcated the study y ‘

heyond what would be expected in an env1ropmea€ unaffected

. by man's activities. .These problems, an@ Lﬁelr affécts

upon éhe study/ “are descrlbe

ihe"data’collected inlfhe field-season'were combined with

those avallable in the 11terature from nearby locatlons, ) v

and a plcture of the seasonal hydrologlcal cycle was de-
« rived., The effects of the seasonal cycle upon the mining .

activities were tpus Abie to be defined. fhis information ' \\ )

was, then used in the‘latter part of the thesié‘in order R

to dest¢ribe a modified dewatering system for the mines ) \\\\

K R T T
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“ k ) .
in the area which would be better adapted to the cli- ~ )
matic environment . o ‘

The surface drainage network of the study area was en- §
tirely re-mapped during the fiel§ season, thereby taking ;

" into account the effects of ten years of mining activity,

} ) which had cons{detably modified,the area's Qh&siography.

During the course of the work, six drainage sub-basins
- were identified, being areas without surface water out- ‘
lets which were isolated from the natural stream network

lad

by the mining activities. The distribution of vegetation

4

in these areas wds also mapped in order th;t they could
be incorporated with information\obtained on the hydro-'
. geological cycle f%to a sistem of calculations aimgd at I
detefgigiﬁgﬂggg,deyateringj ential- of the area.

The geological unité of the study area were obse¥veé'and
separated into hydrogeological“types so that ; godel of
the ground water system of'the area could be defined.
Water level measurements, pump tests, and packer tests

were made in parts of the area in order that quantitative

e, - Y e T . .
data could be obtained, and that a true picture of the

temporal and spatial fluctuations in.the ground water

N body could be derived. These data were combined with ... _ o

those obtaindd for the climatic and surface water flow _

o




N I
. *

. . . ’, L A e e gty LT TR A T

g ¥ W e e e e 3T bSPTIR GRS ® bty oy ga

- .
— N

| @

‘ : b

B ) . - \‘ ’
L) [ "

et s il e W K,

S R L T
g .
~

-
s

T
LN
[N
»
Kl

| - . '
& ’ T conditions in order ‘that a complete -definition of the Y
™ - l\ ' v
?ydrogeological cycle Iﬁ“thexﬁtud§ area could be made.
v . N - . . - . .
. ) ’ e —— . |
- e ’ \ §

1

g It was possible, because of tHe inter-—relations EEEWEeﬂ\\$\L\\\\\\;\\‘
: . ) thé hydrogeological units and the structure of alternd- / :

: . . . e ‘. i .
! ting synclines and anticlines in the! area, to define a

>
'

SR S A oL L

number of hydrogeological sub;ba§in§ within each of which

T oemy TNy
)

exists a relatively independent body| of ground water.

Vo

kel

o . \ -
This concept was utilized at the end of the thesis along

} with that of surface drainage sub-basins in order to , S

e

S b an

v carry out a water budget analysis of the dewatering

potential at one of the pits in the mining area. . '

I
R

Several conclusions .of interest were obtained in different -

~

.
. areas during the course of the study; thé’most significant.

of these are collected below: ‘ . ]

(1) The evaporation rate during the summer months

from a standing surface water body was found to o
' v ©

be approximately equal to 50% of fhe\everage '

precipitation in the same time period. It was

also observed that the calculated Thornthwaite

»

evapo-transpiration rate for the area, which

» gives a value of almost 100% recycling of the
a (-3 \\

precipitation{ appears to be approximately qprféqfl dﬁfy

-
. 1 «
- . * .

«

.
it*' S
-
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(3)

f({c) the winter period ~ during which 1little
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It was found, as expected, that the hydrogeo-

logical cycle in the area.is vefyvstrongly

3

dependent upon the seasonal climatic- changes.

~

The cycle is.made up of three basic components, - s
ge Y

namely: 4 ')"

the spring thay - when large quantities.

of water are feIéhSed»intoighg surface
£ T -

flow network and into the grqound wate¥

Rl
e L

reservoirs. s .
" ° ) . ) ‘ N
(b) the summer period - during which the ) i

area experiences a gradual drying and

L}

. 4 )
surface stream and ground water flows

decrease. .

water movement takes place, but large

accumulations of snow and ice occur.

The grou;d water bodies in the area, which are
mainiy found in fractured oé leached carbonate . .
rocks, undergo a steady, natural dewaéeriﬂg

during the summer period. In the winte¥r period
the é;ound is sealed by the frést.layer through-

out much of the area and little ground water . .
' 1
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(5)
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rechér@e or discharge takes place. 1In the spring
[ B . ! - -

]

thaw.ﬁpwever, the groﬁnd is heavily recharged by
the melt-water and it appears that khe ground

becomgs almost fully saturated during this time.

[

.

Since, as a result of the hydrogeological inter-
. ' ¢ ,
-pretation and mapping, it was possible to define

the extent of the ground water sub-basins in the

-

area, it} wa's possible to relate these to the open

pié%. ’Eﬁ\tﬁié“way~it_wagwpggsible to predict
- B \\w!_\
2 areas from which significant guantities of ground

water seepage could be expected. This information

[ 4

may be used to determine the locations for

'

i
N

pheral dewatering well installations and alse

to select areas to be protected against ecologicalv

b
damage.

P

A water budget analys{s of the dewatering require-

¢

ments of the Smallwood Pit was made using ‘the

concepts of the surface drainage and ground water

basins, the climatic data obtained for the area,

and some basic Assumptions about the hydrogeological

The aﬁalysis
1
for a period of

cycle in the area. showéd that during

the spring thaw, approximately two

months, an average water flow of the order of

¢ g

v o—
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ol 1900 gél.)min. could be :expected. " In the-

summer period, of approximately five months, «

a much lower quantity of water would need ) \"

to be pumpéd from the pit and this should be

of the order of 1000 gal./nin. It was found
. ' N

. Y .
that these figures are in close agreement

A “with the real values estimated for the exist-
ing dewatering system ih the bit.

\
-

P .
(6) It was deduced, based upan the nature of the
N seasonal cycle and the quantitative require-

ments of the dewatering, that an ideal dewater-

t . ing system forla pit in the area should consist of:’ -

o
%

acity sump installation to
! *

' 4
. , handle tg?%ip ing melt—watei\which .
would be operational for approximately i

P

. two months of the year.

(b) shallow pit floor wells which woulé ~

provide protection f4r the pumps during

blasting.and which would comprise the ]
L 4

normal summer dewatering §Y§tem. 3 o §

{c) medium depth’®peripheral wells interd¢ept-

. . ..
ing ground water from source areas outside

o
. o

o
. ~ » .
. .
- - ,n N o . A3
] N I
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the pit margins. The locations of

these could be identifled from the

ground water sub-basin mapping, and

they would serve to reduce’ the icing .

problems associated with pgit wall

°

seepage during the early wiwter L

monfhs.

-

. The quantitative’aépects of the system could be
defined from the water budget analysis of the
dewatering potential. Moreover, tHe system

coqlé*bg/blanned in advance of the mining opera-

tion by constructing a dewatering potential model

based upon the mine development schedulewv

Assumptions were made concerning the infiltration
w.versus. surface run-ofﬁ partitfpning of water input
to the area in order to make the dewatering poten-

tial analysis. The effects of these assumptions

4 r

were chgcked‘by reépeating the analyses using

N -~

.different factors, and two main observations were

made:

i 3
L
(a) the calculated dewatering requirements

of a pit in the area are 'affected very

little whether the available summer water

v
3

e T [ .
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‘ input is considered to flow aslgurface
3run~of§ of in a érOund water fiow system.\
@ ' {b) a major change in the analysis is observed
? . » ' if the spring mcelt-water is considered to
%; flow as mainly surf?ce water or¢as sub- .
i _ surfacé water: It may also be noted that i
; ‘ this egfgct is largely'unpredictable,/é T
: since the particular rate andfmechani%m
’ of the thaw might lead.ts much greater
: ' ‘ surface rtn-off in one year and much AT
b * greater éround water infiltration in
y ‘ , o another. \ ' -
: The studies caJ}ied out in the area were of a lim%te@
0 nature and are'incomplete in several aspects. Additiona;
work is required in order that a better ;nderstanding of )
the hydrogeological environment may be obtained, and so
thét thé dewétering potential analysis m;} be further ;4
‘ refined. 1In particular, it is felt that additional infor® l 1
' mation would be most useful in the following areas: ) :
— . ‘ ?
(1) Field observations during the winter months are :
! reﬁuired to determine more accurateiy the snowfall ‘ f
] accumulation pattern over the study area and to . ) ‘ i
¢ S - - |
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provide information -about drqund watexr flow
at this time 8% thes year. | .
(2) ‘Additional stream flo; measurements are required
particularly through the spring perxod in order
to permit a more accurate quantitative assessment
_of the overland flow component of thé melt-water
“ input to the area. ’ < <P
(3) Test wells should be constructed at.the peripheral.
¢ dewatering sites in~o;de§ to verify and more . ° ' S
accurately quantify the predictions made from : ‘
the ground water sub-basin anai&s{g. . . L
- ; ! s
Despite the shortcomings identified in the work done to .
date and the clear necessity for additiopal study in some ‘
areas, it is felt ﬁgat considerable pfdgyess has been made
towards obtaining an undefétanding of the hydrological )
'cycle in the study area, and in applylng the knowledge “
so that the dewaterlng requlrements can be identified and T :
assessed. To date this has been achleved for a relatxvely -
slight cost which may be almost wholly expressed in terms - f
ef approximately two man-years labour. While it 1& d;%fl- (
cult to assess theweconomlc value of the studles, 1t WOuld
appear that the com;lete study would be Justlfl?d if only
LA N ‘ ‘ B o - >
. w7 e T Lo
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two or three days of pit production per year were saved
o " v » - 3 )
as a result of applying the findings of the study.
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The following tables summarize climatological data .-

relevant to the thesis. The taBles referred to Wabush .
Airport, contain data abstracted from the publications of

the Atmospheric Environment Commission. Those referring.
) .

to Heath Lake contain data collected by the author within
oy - 4 . L
the study area. < ‘ 7 ‘

~8

&t
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TABLE Al °

*

TOTAL MONTHLY PRECIPITATION 1961- 1972%*
(inches of water)

[y

WABUSH AIRPORT ; 1

61| 62| 63 65/ 667 67 68 69 71| 72 AVERAGE |

J{an- 1.42{ 3.80] 3.56] 3.2702.021 3.251 1.44 | 3.12 1.67] 2.74 2.63

Feb  1.0.63] 0.47]2.96| 2.50|1.08] 1.84] 3.24 | 2.39] 1.73] 2.26] 1.1

4

Mar [1.35) 1.38 ] 1.61| 0.89]1.04] 0.59 ) 2.74 | 2.59 1.95 3.73| 1.88 *

Apr 0.34) 0.55)1.40{ 1.54]1.16{ 1.84{ 2.56 | 1.30] 3.11] 1.67 1.55

1 | -

May 2.44] 1.74 11.11} 0.9113.03] 2.85) 1.41 | 1.98] 3.34] 1.19| +2.00. -

Jun 3.74] 3.09 |.2.68] 3.85(2.401 2.38{1.73 | 4.67| 3.37{ 2.16 3.01

Jul 2.58 | 3.23 |5,29| 5.0916.22} 3.87 | 4.00 | 3.87) 3.58| 3.52| 4.13 ‘

Aug 3.00} 3.11 | 2.53} 5.6713.65] 2.52'| 4.96 | 4.62| 4.96} 3.13 3.82

Sept |}3.13 3.15‘ 3.70{ 3.3113.201{6.02]3.81 | 6.38] 5.38) 6.12 4.22

Oct 3.31}1.83 13.13) 2.86 i5.30:} 3.45<14.59 | 3.50] 3.431 3.23 3.46(

Nov 3.5511.78 {2.21]| 3.4413.98 1 4.32 {1.86 | 3.42( 5.701 2.01 3.23

j Dec 3.7512.61 }2.30}1.87 13.85 {2.40 {4.53 | 5.44} 2.81 ] 1.91 3.15

Total
Yearly|29.24]26.74 | 32.44 35.20] 37,83 33.33 36.87143.301 41.03133.67 1 _35.0

*Excluding 1964 plus 1970 ~ datd incamplete

b 1
%
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TABLE A2 ) .
——————————— ¢ - . L
_(degrees Fahrenheit) =~ WABUSH AIRPORT
61 62 631 64 65| 66 67 68 69| 71 72| Av.
Jan | -13.2| -14.0| -7.5| -7.6| -11.4| 4.8| -1.2| -11.4| 4.3| -5.8| -11.6] ~7.7
Féb. | - 7.0] ~15.6 -11.3| -1.0| - 5.7 2.9| -11.5] - 0.3| 3.3| -5.6| -12.71 -5.9
Mar 7.2 16.3f 1.2 -0.2 8.4 17.4 0.1 4.4 11.9| 10.9| - 1.34 6.9
Apr | 30.0| 16.9] 25.3| 22.8| 2L.1| 26.4| 17.4| 26.8| 11.4| 27.1[ 2L.0 %722,4‘
May | 36.1| 34.8] 34.6| 36.5 | 35.1| 33.9| 36.0| 37.7| 34.4[ 38.9| 31.4| 35.4. -
Jon | 46.5| '48.0| 47.7| 47.2| 47.5| 48.6| 51.6| 49.L|. &7-7| 47.6| 48.4] 48.2
Aug. | 54.0] 53.4]. 51.3| 51.2| 49.2| 52.7| 55.3| 47.2| 53.8| 51.5| 52.0| 52.0
Sep ‘| . A47.2}1 43.9 40.0 43.0 41.8 43.4 45.0 {- 51.5 39.2 44.7 41.7 ) 43.8
Oct | 32.8( -33.4] 33.9| 27.3| 26.3| 3L.2| 33.4| 37.4] 26.7| 34.4| 25.1| 311
Nov |- 23.2] 16.5 22.8 15.8 11.5 22.1 20.2 15,.8 25.3 13.7 11.5] 18.0
Dec. | 113} - 0.6] -6.6] -3.1] -3.1| 1.I| 4.6| 5.7 5.5 -10.8] -15.2] -0.9
_*Excluding 1970 - data incomplete ' - _—
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TABLE A3 .
— L4

: ‘ TQOTAL MONTHLY PRECIPITATION 1973 AND MEAN

’ MONTHLY TEMPERATURE DURING FIELD SEASON
“ ‘ k~ - WABUSH ATRPORT
N0 ' :
"  PRECIPITATION ,| '  TEMPERATURE
(inches of water) (degrees Fahrenheit)
. January . 2.57 ’ -
7 February | ‘ 1.62
( March 2.45 ° \ f
| april | .. 3.95 : i
May 2.09 " a0.9 |
June - 3.91 53.2
July . 4.20 i 60.2 (
August 1.62 i 57.5
September Q‘-/ 2.01 43.4
» October B I 4.30
November - 2.33 | *
December | 4092 )
35.97
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. TABLE A4

DAILY PRECIPITATION FIELD SEASON 197j'k

May

l20
.43

[N S S U I |

.05
.29
.01
.01

L

.02

!
=

EEEEEN

(}nches of water)

WABUSH AIRPORT

June

I28
.19

.02
.66
.54
'02

.14

'002 - A'

.01

.09
.29
1.09
.56

3.91

?

July

© .10
.15
.04
.13
017
.96
.26
.74
.38
-01
.07

.09
.01
<29
003
.06
.10

.04

-19»’

.38

4.20 .

August.

=

.03

w11
.13

.04
.04

L I

.19

.05
.03
.14

.23
.23
.06
11

1.62

f4

U P AR T R WY VORI et

September

.04 v

.02-

.03

41,
.06

.01

2.01




o ' . TABLE AS
‘ T ’ ‘ '

DAILY PRECIPITATION - FIELD SEASON 1973

(inches of water)

HEATH LAKE

L;g@ o July . August oo September
;“:&:‘\; " R 1 - -
e’ 2 v - -
3. _ _
u 4 . coo- -
5 - -
6 _ - R
7 . - . -02 -
8 v - .06
9 - - 1
10 - - ]
- 11 - .07
12 . - 555
13 . . - ;-
14 - -
' Te - 5 " .04
16 - .
¢ 17 - N ® -
18 ! - -
v *19 - . - -
- 20 - -
» 211‘ - -
22 - .17
23 - .15
24 - .21
25 - . -
26 ‘. Start* - .23
27 Start* ’ .24
28 - Start*. . «21
29 1.03 . -
30 ‘ ~ .06
31 . - .03
2.04 °
A-6
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TABLE A6

]

SNOWFALL/RAINFALL COMPONENTS OF PRECIPITATION

(inches of water and inch equivalents)
_‘i”

1961-1972%*

WABUSH AIRPORT

e N A T T T S S A A

TP T T L T

e ki, s
o

i Total Total Total - Snow %
: - Prec. Rainfall Spowfall gf total
? - ' 61 29.24 15.52 13.72 = 47 :
§ 62 26.74 13.65 13.09 49
{ ‘ 63 32.48 15.50 16.98 52
. ' 65 35.20 19.11 16.09 46
; 66 37.83 20.24 17.59 47
Y . 67 33.33 17.44 15.89 48
68 36.87 17.43 19.44 53
69 43.30 23.90 19.40 45
) 71 41.03 21.68 19.35 47
72 © 33.67 16.93 16.74 50
) - AVerage\ 48.5%
v ® . e s \ k
. ~ | N | :
, , : i
N

¥

.
o

N * Excluding 19%4 plus 1970 - data incomplete
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_ TABLE A7
‘-——r—**

EVAPORATION TANK TEST 'RESULTS

- (inches of water)

N
~
!

0 M .
Test Average
. Period Wefther
N \
Aug. 9 bull
to -
Aug. 17
Aug. 17 | . Sﬁnny‘
to and
C%% Aug. 20 Breezy
., Aug. 20 |- Dull
o -to
_Aug. 22 :
Aug. 22.° Mixedﬁ.
to
Aug. 29
Cumulative .
Test
Aug. 17 Mixed
to
Sept. 17 -
b
. -

]

B

Initial Final Total ‘Total Evap.'
Level Level Prec. Evap.. per
’ ° ' ) day’
3.00 :3.04 0.66 ° 0.62 0.08
3.04 2.59 0.00 0.45 0.15
2.59 2.63 0.18 0.14 0.07
2.63 2.88 1.04 0.79 0.11
2
3.04 4.75 3.56 1.85 0.06 |
J(he! ?Hn‘: ‘o
4 ?"1“{(5:”‘;
. \\
A-8
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‘ . APPENDIX 2

i ¥
. N . . o
Thzé settion contains all the water flow data from tests ’
: made 1in thejstudy aréa. Brief outlines of the test pro-
cpzdures are also included. Flow wrates refer to U.S. , » g

gallons per minute throughout.

,‘
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2. - Pipe Flow.Measurements = ,

Pipe flow rates were calculated’ by first deriving the

. ' aat
/ velocity of water flow, from the shape of the gravity
fall curve, at the pipe exit. The method used is re-

Iiabledyhérever the pipe is within a few degrees of

horizontal, at its disbhardé end. In each case megsured,

‘ -

" the calculated value was found to match well with the"

©

theoretical capacity of the supply pump.

“

The equation of the flow 'velocity of the water in the

pipe, and that governing its downward acceleration ag it.
leaves the pipe, may be comBined, and simplified to the

expression: -

2

ot

4x ‘ ’ ' e
V= = , ‘
y ' ' )
g R ) N i *
where, ' . o “
V = velocity of flaw
) Y=1-¢€

%, 1, £ = see Pigure Al

© The quantity of flow through the pipe is then calculated -
' 3 -
as the product of the flow velocity and the cross-sectional

area of the flow. The latter value is taken directly from

-

A-10

Az

C ol R 4 MR s v, _“

- ST * P N 4 2, 2 A R & SR RPE SR . . s s
PN SR T PRI 2o A S P - L

NA PR . s ? ia o N e




& ) ag Tt ' ’ i

- i A
~ a ] =
N % * - P4 . - \ B e e E 4 P TR T © e
o -
% - -

. »
. » “ a s
-

- e a . _FIGURE Al y

vt - !
- .

- _PIPE_DISCHARGE MEASUREMENTS N
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FIGURE - A2

RELATIONSHIP BETWEEN AREA OF FLOW (A) .

PRI L i D S ST ]
.
&
«

AND WATER DEPTH IN PIPES .

. O .
N . ‘ : PIPE FULL CAPACITY . |
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L ' |
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(i ES&ure A2 once d and f are known.
Flow measurements were taken on all the puﬁping éet-ups
in the study area, Qith the exception of that ffom the
éﬁﬁp of~sééllwood Mine. Direct measurement of the flow
in this systeﬁ‘was not possible because the discharge end
of the pipeline was inaccessible. However, considering
the capacity of the pump, and the periodic manner in
which it functioned, it could be expected to deliver an

4 { : :
average 1000 gal./min. to Luce Lake. Table A8 shows the

)

calculated flow values for the remaining pumping systems .

in the study area. ¥ ~ e
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TABLE A 3B
PIPELINE FLOW MEASUREMENTS ‘ IS
: PIPELINE : ‘ ,
; PIPELINE EXTENT DIAMETER DATES . FLOW RATE .
; From
5 ‘ Pointer Lake
i ¢ |to ' - ’ .
Heath Lake’ 14" ~ Before July 5 495 gpm .
July 5 - July 28{ 840 gpm
X s 2
After July 28 1350 gpm
\
° P { ‘
" jFrom
Humphrey Sump Throughout ' .
to ‘ ) Field r\\\
Heath Lake 4 14", Season 640 gpm
L o
From
# |Heath Lake : Throughout
to Field
Luce Lake 14" | Season . - 3100 gpm
o N e .
A-12
-
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were made in a period of low flow; the second set were tak-—

-approximate positions of the flowmeter within each of the

o e

1

2.B Culvert Flow Measurements

The water, 1éaving'Luce Lake does so by a stream that passes
through two 60~-inch diameter culverts which carry the water

beneath a lakeshore rocad. The velocity of Flow through

each culvert was measured on two separate occasiong by .

using a Gurley flowmeter. The first set of measurcments

1 A

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 ve10city profiles. Figure A3 shows the

culverts (numbered positions refer to the low flow rate
set, lettered offes to the higher). The accompanying

Table A9 shows the average of four velocity readings taken
at each of the positions in Figure A3.

The mean veiocities thus derived were then plotted as a°
fundtioq of the water depth in the culvert (h); see Figure.
A4. A linear relat%?nship was assumed to be representativew
within the narrow range of variation recorded. Figure A5
shows the cross-sectional area of the flow through a 60-
inch diameter culvert, also as a function of the water

depth (h). T

quantity (Q) is the product of the

flow velog4 cross—~sectional area. By having both

A-13
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POSITIONS OF FLOWMETER TO MEASURE
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G ' RELATIONSHIP BETWEEN FLOW VELOCITY (V) :
AND WATER DEPTH (h) IN CULVERTS_
L
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FIGURE AS
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these variables calibrated in terms of (h), a record of ’
the water flow was easily obtained from regular measure-

ments of the water depth in each culvert.

¥ N «

The total surface outflow from Luce Lake is the sum of
the flows in each culvert. Table AM gives the values T
of thé flow rate during the field season. Figure A8

shows these values plotted alond side those obtained for «

the flow'over the weir located downstream of the culverts.

A-14
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‘ | TABLE A9

FLOWMéTER VELOCITY MEASUREMENTS IN CULVERTS

A Q / .
Culvert A . Culvert B
Position Avg Vel (ft/sec) | Position " Avg Vel —(ft/seq)|
3 -
4.96 1l 4.74
~ 4.96 2 5.33
3 4.55 3 3.36
4 3.76
MEAN 4.82 MEAN . " 4.67
t \]
) A 6.41 A ; 7.09
B 6.53 « B . 7.13
C 6.15 C ’ 6.86
D 4.78 D 5.19
E 6.11 E, 6.76
F . 5.15 . ‘
MEAN,— 5.85 MEAN
¢
, N
\
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TABLE> A10 ‘ Lo

CULVERT FLOW MEASUREMENTS OF LUCE LAKE DISCHARGQ

WATER DEPTH WATER DEPTH .\ COMBINED
DATE IN A (ins.) IN B (ins.) - FLOW RATE (USgpm)
JUN. 26 12.50 15.00 : 15,296
30 11.50 14.00 12,536
JUL. 3 13.00 15.00 . '15,990
7 12.48 [ 14.16 "\ 14,291
11 11.40 . 13,68 S R
13 '~ 13.68 - 16.20 .
15 . 158,80 17.30 . 2a,./4
18 14.28 16.68 .+ 21,006
TTh—— 20 13.20 15.36 16,832 - Y
. 23 3222 | 15.24 16,095 )
25 12.24 = B a— 13,191
26 12.24 14.16 “’““r3x384
. 30 12.60 15.00 ) © 15,486
AUG. 2 11.04 13.68 " 11,456 i
© 4 9.60 11.76 7,392
6 9.12 11.74 7,047
8 10.56 12.84 9,659 .
20 10.68 13.32 . 10,637
‘ SEPT. "23 10.20 12.65
1 : «
) - 3 e‘f
’ L) \\,f
( -
‘ "~
(l{ Y] 3
‘“\‘%‘““-;~‘LH\\N ] 1
N . - ' ' . ! 9
' A“"‘l 6 4y &
- : : - ﬂ‘.,m:,‘umf ’:‘u‘ o / , S ’ ”—:”r""‘ SV
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2.C Weir Flow Measurements

]
r

For accurate water flow measurements, it is necessary
that weirs be sharp-crested and not'susceptiblé to. leak~-
age or under-seepage. The installationr problems asso-

ciated with the latter conditions are many and often

difficulf tq eradicate. The sharp crest, which requires

that the water "breaks" eanly’ from the downstream face,

'iﬁ necessary for the calibkation equations to hold good

(see Figure A6). Two types of weir we used in ‘the
study: rectanqular, for larger flows, and 90° V-notch

for smaller streams.

~ —
.
@

-

The quantity of flow (Q) over a sharp-crested rectangular
. »

weir may be calculated from the formula:

!

A~
Q = cru’/? v
where, C = discharge coefficient constant: 3.33

L

I

length of grest .
H = Jheadm ' ' " o : T
/ ‘ > |
When the crest length (L) is less than the width of the
stream, aq_end—corfegt@on must be made to allow for the

< 2 3
contraction of the flow. Thus: e

i . . \
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f£low rate.

dome x wer .t At g - [ - R - s R T

L =1" - 0.2H - - - : ’

where, L' = measured crest length 4 -

- { . “

x\ f

With a 90° V-notch weir, the flow is given by the equation: -

Q = CHS/z » {

L]

where, C discharge coefficient donstant = 2.5

a

H = head
)

The largest weir in the area is that on the outflow stream

A

from Luce Lake. This is an old timber construction with a

large backpool‘ahd observable leakage of‘the orxrder of sev-

: £ “
eral hundred gal./min. (pe;sonal estimate). Duringﬂthe

-~
L3

course of the field season, rencvations.were carried out’

to improve the break qf the,naﬁpe on this weir by instdl-

Ny

ling a new higher crest. ‘The leakage through.the weir

represents an error factor of about 5% of the measured

ST %
The remainder of the weirs were constructed and installed Q

during the field season. They were arranged 'around the

perimeter of Luce Lake to’meadhre the stream inflow. This
part”oﬁ the project was not complgéeﬁ hOWever: and will be
continued in a future field season; The 1oéatioﬁ’6f those

weirs which were installed are shown in Figure A7, and the

. A-18 .
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K\L;:) TABLE All

WEIR FLOW MEASUREMENTS OF STREAMS ENTERING LUCE LAKE

Date

Aug.9

Aug.17
Aug.20
Aug.22
Aug.22
Aug.22
Aug.22
Aug.30

* Aug.31

Sep.l6
Sep.1l6

Sep.16

Sep.23

Sep.23 -

Sep.23
Sep:28

SeP:ZB‘

Sep.2§

Sep.28

Weir No.
—— L

¥

B W N W NN W N R

‘a

T s W N N
rl

-

-

Héad:(ft)f' Flow Rate (USgEﬁ),

/|

’

!

o ¢ H

61.3 -
e .
- -278.8 '
“1091.4°

291.2
58.6
198.3
263.3
1080.4
316.8
.. 1064.Q
142.4 -~ .
278.8
96.6. S
198,3 - :
224.1 e
956:1 S
126.0
.367.7 ‘

. . A . ' ‘-a

'
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G - | T
- readings from the weirs are given in Table All. Table Al2
AY }.\

contains the values of the flow over the large weir on the

Luce Lake outflow stream. . J

Figure A8 is a graph of the flow rate over the large exit
welr versus time during thg field season. The flow Yalues
.fromlthe culverts on th~ -ame stream are also plotiked along
. with the daily precipitation values from the Heath Lake )
rain gaugé station. Within the limits of measurement
accurgc# (pe£ﬁeen 5% and iO%), the two stream.flow curves
giﬂatch vé£y:closely. " There is also a significant relationship

between iéinfall and streamflow. The two major. precipita-

tion peridds,'June 25 - 28, and July 11 - 14, are followed

. by peaks in the stream  flow, shoWing‘a time lag of between
three anh four days. .
a ° “ @3 s
L w )
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"TABLE AlZ #
WEIR FLOW MEASUREMENTS OF IJ4ICE E DISCHARGE -
* : .
Date . Head {ft) ’ Ffow-Rate {Usgpm)
June 26 ' 1.34 . ‘ 13,753
June 30 1.57 . 17,306,
July 3 -1.80 ~ 21,079
July 7 , | 1.52 - . 16,525 U
July 11 - ‘ - 1.34 13,753 .
July 13 : 1.90 22,781
July 15 5 < 2.19 27,910 ™ -
July 18 1.81 . 21,750 . “
July 20 . 1.71 19,580
July 23 1.61 N 17,890
July 25 1.50 16,199
July 26 1.62, 18,118
July 30 1.25 13,264 x
Aug 2 0.98 8,290
Aug 4 . 0.86 7,635
Aug 6 . 0.76 ' 6,131
Aug 7 - % 0.70 ' 5,733
Aug 17 0.78 i 6,
Aug 22 0.71 . 5,zﬁ>
Aug 25 1 0.72 : 5,529
Aug 28 0.79 , 6,340 3
Sept 1 ‘}0.73 ) 5,643
Sept 4 0.82 6,698
.8ept 7 ‘ 0.79 6,340
Sept 10 0.79 ' 6,340
Sept 13 . 0.92 7,934
_ Sept 17 ] 0.86 7,185 1
Sept 20 ) 0.74 - 5,758
Sept 23 0.73 . 5,643
Sept 27 0.69 . 5,183
Sept 30 , '0.71 . 5,416
\v/' " ®
' o _° '
/
1
¥ A-21

PN
i




2

v NI AL s £y K g $E 4 TS 2 " T ey — e Pes wem e s -

(o=

.
-

w APPENDIX 3 ,

ts

> @

This section contains all the calculations carried out
W 1
in order to obtain the Figures for the Mine Dewatering

Potential:- Analyses presented in Chapter 5.

1

Summary of information abstracted from téxt of thesis for

use in these calc¢ulations: -

annual precipitation - 35.7 ins.
normal summer precipitdtion 20 ins.
" remnant winter precipitation - 9.1 ins.

atmospheric reduction figure - vegetated 30% .

5
L

" .- ; ' : - stripped 50%

v

Smallwood surface drainage. sub-basin

area 21.92 x 10% sq. ft. _
stripped . 65% ‘
vegetated © 35%

lake-covered 0%

smallwood ground water sub-basin

area’ 40.85 x_lO6 sq. ft.
§tripped‘ _ 56%
vegetated 44% A

lake-¢covered - 0% - .
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" (1) W?th spring recharge partition constant at 50%,
varying summer infiltration factor 25%, 50%, 75%

' (a) Average éqmmer Dewatg.:i::g

: Step 1

| step ) Sy

‘é roo " ( 65 _ .- 10) , (35 2 )

% . (To-ox2l.92X—i‘T-)+(i~é‘0x21.95x1—§-)

i -

i = 1.305 x 10 cu. f£t.

o Stegif‘“'~ '
¢ 199523 ) x 1.305 = 9.79 x 10% cu., £¢.
Step 3
: - ( 56 100y |, ( A4 2 )
r' . , (~ ~‘1‘T6_~0':X 40.85 X I‘i’ ) + “( "“"‘00 X 40085 b4 E’ )
: = 2.106 x 107 cu. ft.
\ Steg 4 i
- . 25 ‘ . '_L) . 6
, Too % 2-106 = 5.27 x 107 cu. ft.
Step 5 .~ . ( ' _—_— R o
" A ‘ . - , Y e . e _ R ' - B
T 40.85 x,93> =3.098 x 10’ cu. ft.
\ . ) e ’ - ' ~
‘SfeE . — _’>
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o5 X 3.098 =.15.49 x 10% cu. ft.

L 4

“g

.9.79 + 5.27 + 15.49 = 30.55 x 10° ‘cu. ft.

Step 8 ° ' ;

-~

30.55 x 3 _ 5 cu. f£t./day

X3 = 1.26 x 10

H

1.26 x 7.48
1440

='654 U.S. gpm

&
Spring Peak Dewatering

- gtep 9

- e

g

wa . 9.1 _ 100-50 _ 6
21.92 XI-I—)f——m-— 8.3:1 x 10~

Step 10 o ST

8.31 x 6 5

3 = 1,37 x 10

cu., £t./day

1.37 x 7.48
- 1440

= 712 U.S. ‘gpm

Step 11 , L ““\

654 + 712 = 1366 U.S. gpm

4
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Step 2

6
c

~(100-50) ane - ﬁ
| (7106 ) x 1.305 = 6.26 x 10 u. ft. é
Step 4
i
., 50 - 5 106 = 10 6 .. !
g0 ¥ 2.106 = 10.§3 x 10" cul ft. %
0 i ’ , }
Step 7 :
: 6.26 + 10.53 + 15,49 = 32.38 x 10° cu. ft.
‘ : ‘ Step 8 B : = '

gives 689 U.S. gpm

Step 11
gives 1399 U.S. gpm ’
. : \
Repeat. Using 75% '
, Step 2 N B .
- K 100-75 ) 'x 1.305.= 3.26 x 10% cu. ft.
. \
Step 4
3 ’ T
75 6
' S : 50 X 2.106 = 15.80 x 10  cu. ft.
‘ v A - OQ ‘ ‘
(“) o N
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(2)

/

'gives 738 U.S. gpm

© Step 11 S )

-

Step 7

L

3.26 +.15.80 + 15.49 = 34.55 x 10° cu. ft.

-

Step 8

S

gives 1448 U.S. gpm

.\W[

With summer infiltration factor constant at 50%,

(a)

‘Step 2

L
AN

Avérage Summer Dewatering

-

- gives 6,26 x 105 cu. ft.

. Step 4

gives 10.53 x 10% cu. ft.

Step 6

%%6 x 3.098 = 7.75 x 10° cu.

ft.

v varying spring recharge partition 25%, 50%, 75%:
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; 6:26 + 10.53 + 7.75 = 24.54 x 10% cu. ft.-
Step 8 .
gives 524 U.S. gpm’ .
. . % ’
(B) Spring Peak Dewatering
Step 9 : "
S 9.t . 100-25-_ 6 .
‘ 21.92 X,12 X 16Q — 12.47\}{ 10 .Cu. ft- . :F‘
Step 10 ‘
gives 1065 U.S. gpm - ) :
Sl ﬁ
, Step 11
. gives 1589 U.S. gpm )
- . \
. Repeat Using 50% °
4 : . C - .
- Step'8 . : - :
\ - givés 689 U.S. gpm ST
Step 11 § : *
. gives 1399 U.S. gpm, - ‘
\
o ) 7 S i 4
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Repeat Using 75% o

Step 6 . e

x 3.098 = 23,24 x 106

15

5
GO

1 )
.cu. ft. e o

l r
.

ot

step 17 -

N -

’

6.26 + 10.53 + 23.24 = 40.03 x 10% cu. ft,

‘A

Step 8 ;

gives 855 U.S. gpm : . ‘ )
'{14“\ : )
Step .9 . .
. Pom e e Mo = 4426 x 10 e g
. SteE #@';,‘ ] e . .
. . gives 355 U.S. gpm
hY . % . , » @
Step 11 . @ I B
gives 1210°U.S. gpm - ' .
ol - -
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